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FOREWORD

This is Volume III , The Computer Users Manual , of the final Technical
Report prepared by the Advanced Eng i neering and Technology Programs Department ,
A ircraft Eng i ne Group of the General Electric Company , Evendale, Ohio under
the joint sponsorship of the Air Force Aero-Propulsion Labora tory, Wright-
Patterson Air Force Base, Ohio and the Department of Transportation , Washington ,
D.C. under Contract F336l5-73-C-2O31 . The inclusive dates for this work
were December 1972 through Augus t 1975. The wor k was accom pli shed under
Project 3066, Task 14, Work Unit 07, with Mr. Paul A. Shahady (AFAPL/TBC)
as Project Engineer. Dr. Paul R. Knott of the General Electric Company was
techn i ca lly res pons ibl e for the work . Other General Elec tri c personnel were :
Mr . Dav id R . Ferguson , Appl ied Compute r Methods , and Mr. Michael A. Smi th ,
Acoustic Engineer . Additionally, Drs. C. L. Merkie and C. V . Chen contributed
to the work but, are no longer at the General Elec tri c Company.
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INTRODUCTION

During the course of this Supersonic Jet Exhaust Noise luvestigation ,
the General Electric Company has developed a number of computational aero-
dynamic and acoustic predictive schemes . These computational methods were
developed primaril y to charac terize key aerod ynamic and acous t ic fea tu res of
unheated and heated subsonic and supersonic simple circular jets. Extensive
accounts of these methods have been documented earlier. Some of the key
documents are AFAPL—TR—72—52 , AFAPL—TR—74—25 , J. of S&V 25 (1972), AIAA
73—188, Proceedings of HT&FMI[ (1974), as well as the results presented in
Volume II of this final report. This report is a computer user ’s manual for
the developed programs.

The overall computer system is called the “Supersonic Jet Noise Prt~-
diction System ” (SSNOISE). It is composed of four programs : JETMIX —

an aerod ynam ic program for  p lanar and axisymme tr ic compress ible tu rb ulent
mixing jets. It also contains options for confined jet mixing, a coannul~~r /
cop lanar f r e e je t , the influences of external flow on jet mixing, and
compos ition of chemically inert species throughout the flowfield . SSFD —

an inv isc id anal ysis of supersonic turbulent jets including shock waves.
MER (; E — a collation program of the aerodynamic output of JETMIX and SSFD .
NOISE — predictive schemes for turbulent mixing aerodynamic noise .

Section 1.0 contains the general program concepts and descrip tions of
JETM IX , SSFD , MERGE , and NOISE. Section 2.0 discusses the detailed input
requirements of the Supersonic Jet Noise Prediction Programs (SSNOISE) ,
while Section 3.0 describes the output and a sample case. Section 4.0
discusses the general operating procedures. Following Section 4.0, there
is a series of appendices which are dedicated toward the mathematical
anal ysis incorporated in SSNOISE , as well as a series of input sheets and
program listings . The last enclosure is the Reference listing.
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SECTION 1.0

PROGRAM DESCRIPTION

1.1 GENERAL DESCRIPTION

The Supersonic Jet Noise Prediction System (SSNOISE) provides an analy-
tical tool for  de termina tion of the aerod ynamic flow field and the associated
aerod ynamic noise of supersonic turbulent jets. The SSNOISE system is com-
posed of f our programs which may be either run alone or in sequence. They
are :

1. JETMIX — Analysis of Free and Confined Je t M ix ing

2. SSFD — Inviscid Analysis of Superson ic Turbulent Jet Including
Shock Waves

3. MERGE — Collation of the Aerodynami c Outpu t of JETM IX and SSFD

4. NOISE — Prediction o Aerodynam ic Je t Noise

A functional description of each of these programs is included in the
following sections . Also included is a detailed flow chart of the data flow
in the system and a description of the overlay structure on the CDC 6400/6600
computers.

1.2 JETMIX

The JETMIX computer program is a general aerodynamic analysis tool f or
the pred iction of both planar and axisymmetric compressible turbulent mixing
regions . The flow field may consist of either a single free jet , a coannular/
coplanar free je t , or a conf ined  jet  which is constrained to mix wi th  a co—
annular flow inside a duct of varying cross—sectional area. In addition to
de termining the ae rod ynam ic proper t ies of the mix ing reg ion , the JETMIX pro-
gram also traces the rate of diffusion of chemically inert species throughout
the flow field.

The transport of momentum , energy , and ind iv idual spe c ies by turbulence
effec ts is included in the analysis by means of a semiemp irical turbulence
model which relates the turbulent transport terms in the time—averaged equa-
tions to the amount of kinetic energy which is contained in the turbulent
eddies. This turbulence kinetic energy (TKE) is calculated , In turn , from a
conservation equation which keeps track of the net effect of the production
of turb ulence energy by the local shearing forces in the flow , as compared
with the decrease of turbulence energy by dissipation into heat , b y d i f f u s i o n ,
and by the st reanwise convection of the turbulence energy wi th  the time —
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averaged flow field . it is important to note that the use of the turbulence
kinetic energy in the turbulence model causes the turbulent transport terms
to depend not only on the local flow properties (and their gradients) but
also upon the history of the flow .

This turbulence kinetic energy approach for modeling the turbulent
effects is to be contrasted with the pure mixing length theories. Like the
TKE approach , mixing length theories (such as G.I. Tay lor ’s vor ticity trans-
f er theo ry and Van Karman ’s similarity hypothesis) have also yielded viable
results when properly correlated with experimental data. However, the exten-
sion of these theories over a wide range of flow conditions using a single
o:~ irically de termined mixing length has not proven feasible . This lack of
ger~erality is partially due to using local f low proper ties to de termine the
local viscous t ransport effects in a turbulent flow where advection and dif-
fusion are important. There is no flow history incorporated in the conven-
tional mixing length models; the prior development of the flow is ignored.

Rec en tly ,  statistical approaches for handling turbulence have been con-
sidered by Townsend (Reference 148), Hinze (Reference 149), Rotta (Reference
3), and several others. The analysis of homogeneous iso t rop ic turbulence can
be handled quite readily by the statis tical te chni ques , since the turbulent
flow properties have a random distribution that tends to be Gaussian . The
statistical methods have not proved tractable for nonisotropic turbulence in
flows with large velocity gradients. Unfortunately,  free turbulent mixing in
je t p lumes is characterized by large velocity and temperature gradients with
nonisotrop ic turbulence. Consequently, the prese nt anal yt ical method was
developed to incorporate a phenomenolog ical approach in which the results
were stated in measurable engineering quantities. At the same time , concepts
from the statistical methods were utilized to develop universal models for
the viscous transport properties. This led to adopting the turbulent kinetic
energy (e) as another flow variable in the analysis. The inclusion of t h e
conservation of turbulence energy permits the turbulenc e history to be moni-
tored along with the local generation and decay.

The turbulent kinetic energy can be related to t h e local turbulence in-
tensity by assuming local isotropy (Reference 150). The analysis thus relates
the turbulent axing to the mean velocity and the turbulence intensity . The
turbulence intensity represents the standard deviation of the random turbu-
lent velocity distribut ion. Thus , the statistical nature of the flow is
retained by utilizing representative population parameters , but the anal ys is
is tractable to numerical solution .

General Electric analysis is based on the work of Spalding and Pa tankar
(Reference 5) as well as Bradshaw (Reference 151). Prior to the development
of this p lume—mixing model , the turbulent kinetic energy model had alread y
been proven to be a valid approach for viscous flow in boundary layers
(Reference  152). A sim i lar mode l for  free je ts is also being used by Har sha
(Re fe rence 153).
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The JETM IX anal ysis uses a numeri~ a1 , fin ite dif lerence technique to
solve the partial differential t o r m  of  the conventional boundary layer
equations of motion . The use of the partial differential equat~~ons them-
selves , plus the use ol local turbulence properties for t h e determination
of the Reynold’s s t r e s se s , allows the J I - : i M I : ~: i n a l v s i s  t o  a~~~1\ e q u a l l y  w e l l
to the case of a f re e  j e t  m i x i n g  w i t h  a s t a t  Ic a m b i e n t  e n v i  ronm en t  or w i t  a
moving ex te rna l  s t r e a m .  For exam p le , f o r  t h e  case of I i~~ i n i r  f low ( w h i c h
can be ca lcula ted  b y ‘‘ t u r n i n g  o f f ’ ’  t h e  t u r i c! l , - i c  c i i  -~ l i t  l e n s )  • t he J L i  11 X
program yie lds  the  “exact ” s o l u t i o n  to the  c o n s t a n t  p r e s s u re  m i x i n g  p r o h I .~rn
regardless of the velocity ol the e x t e r n a l  s t r , i~i .  S i : n i l - i t l v . t . - only
approximation in the turbulent mixing problem lj,-s in t ot- sem i emp ir i ca l -
dling of the tu rb u lence , no t in the  m at l i ema t  U a i  an.  I v~ is . . t -  v~- N e less .
since the JETM IX p r o i ~r am m o n i t o r s  t h e  I - i l  t i r r h l. -o u ‘ :~~~

- - . in  t .~-
mixing region , th is  t u r b u  lence node I - t i  be e - x j s - c t  .- -l  t o  .~ - l v  eve r .i re I t  -

t ively wide range of cond i t i ons . ~-pe ~ it i c a l  lv , inc w o u l d  .- w p •  e t  t ~~~ t i c

local mechanisms f o r  the p r o d u c t i o n  and d t s s i ~- - t t  I a n  o t  t a - ~ - - a i ~ i ~
unchanged by the velocit y , temper it ir ~~, i t e s s i r t - . or ~ompos1 t [On ~~~

‘ i n .
external  f low in w h i c h  the  je t  Is p laced ( a l t  i~~

- -  .- a~ t , . a  r ~ - L i o n  to d
d i ss ipa t ion  would , in general , be q u i t e  st - n s A  t i .‘e t o  I ~ era ~ t r o l l - n t ) .
Comparison of JETMIX pred i i. t i ons w i t  H ~- ~~~~.

- r it- i t  i i  1 a  ~~~~~ a -a  * 1 1. 1 l O c’ i t

mixing conditions Including ci w c i - - -~ In all o, t L . - .. p~t r t:Ot ~ t~~~ f i  na - , .- e f  i f
this specula t ion.

Final ly,  it should be no ted  t h a t  t he J~~T~~1X so l - i t  i~~’n - - • -  I ~ - t i t

velocities , en tha lpies , c o n c e n t r a t i o r t i — , and ~.- -ts t t i e ~ i i  - ~~ - n t  ‘n  r t e ~
flow f ie ld . Thus , once the J E T M I X  s o l ut  i- ott tees t1~t .a1ctt .. t Ut t i .
stream—wise var iations and the r - ,s-- -~l re-am ii i - at toni, o t  . i ll.. .t gni 1 1
parameters  are available .

The JETMIX program is included in i t s  t u l l  ~~t - t i .  r al i t ~ i i i  - - ,

system , even though the acoustic model re q u l u - - . only a ~impl .- - l t - I o d - o a r ~~~L
flow field for a single free turbulent jet. FHe ime ~‘t  tOe t !r .-ia ~ .- inten-
sity and the mean flow profiles tor n o i s t  pr ed iLt ion is - . - - .- -rtb ed in
Section 2.4.

1.3 SSFD

The aer odynamic characteristics of a supeison ic exhaust c t  may rc- ~emb1e
eithe r an inviscid  two—dimensional flow field or a viscuas ~~i ixl n g region ,
depending on the back  pressure  to which the j e t  e x h . a u ~~Ls . In the case where-
the back pressure is substantially different t rom the static pr essure at t h e
nozzle exit , the characteristic features of the jet are sim il - .r to an invis-
cid , two—dimens iona l  f low f i e l d .  Th i s  pressure  mismatch generates an expan-
sion fan or an obl ique shock wave at th e nozile l i p which adjusts the dow to
the ambient pressure . However , as this initi al dis tu rh iace propagates through
the jet and reflects from the centerline , it causes the p r e ss u re  to  be
overcorrected. This overcorrection represents the beginning of the familiar
(nearly) periodic shock—cell structure . Quite naturall y , the et fects of
friction are not altogether a bse n t  , hut rat her are rest ri ted t~~ a n a r r o w
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reg ion on the outer edge of the jet. Because the viscous effects are confined
to such a narrow region , the dominant characteristics of the flow field can
be predicted by means of an inviscid two—dimensional analysis.

By way of con t ras t , if the nozzle is j u s t  precisely matched to the ambi —
ent pressure , no expansions or compressions take p lace at the nozzle  exit ,
and the inviscid theory predicts  a t r iv ia l , un i fo rm , parallel f low f ie ld .
However , experimental observations indicate that the flow field of this
ideall y expanded jet is dominated by viscous mixing in much the same way as
are subsonic jets. Such a flow field can be predicted by me ans of a viscous ,
boundary laye r analysis which assumes tha t the pressure througho ut the en ti re
plume is constant and is impressed by the external environment.

Despite the fact that each of the above classical approaches has app lica-
t ion by itself , there are many problems which require the simultaneous inclu-
sion of both two—dimensional and viscous mixing effects. For example , super-
sonic jets are seldom uniform , parallel , ideally expanded jets. Further ,
even though the dominant characteristics of the flow field of the nonideally
expanded jet may be calculable by means of an inviscid analysis , there may be
an interest in the mixing region itself. This latter situation is particu-
larly true for such contemporary uses of jet flow field calculation techniques
as prediction of the acoustic radiation , the inf rared  signa ture , or the
combustion emissions of the jet.

A technique has been developed for calculating the flow field in a super—
sonic jet which includes both the two—dimensional effects which are character-
ist ic of supersonic flow f ields as well as the viscous mixing losses which a rt -
caused by turbulent  stresses in the highly sheared regions of the j e t .  This
technique divides the flow into an “inner ” region in which the flow is super-
sonic and nearly inviscid , and an “outer” region where the viscous forces
predominate. Coupling between the two regions is provided by including the
viscous losses as known “right—hand—side ” terms in the solution of the  inner
equations . Provision f or handling discrete shock waves is included in the
equat ions for  the inner region , and an approximate technique which allows the
shock to r e f l ec t  at the centerline of an axisyminetric jet is also included .
The viscous analysis of the “outer ” region is r e f e r r e d  to as the JETMIX com-
pu te r  program (Section 1.2). The analysis of the supersonic , nearly inviscid
“inner” region is referred to as the Supersonic Finite Difference (SSFD) com-
puter program. Other approaches to this problem have been considered in
References 154 and 155, although their analyses were restricted to totally
supersonic flow fields.

Since the flow in the inner region is supersonic , the (hyperbolic)
governing equations could be solved by the classical method of characteristics
procedure . However, an explicit finite difference algorithm is used since
it is somewhat simpler and is more easily adaptable to matching between the
“inner” and “outer” solutions . Section 2.1 points out that the (parabolic)
boundary layer equations characterizing the outer region are solved by a
similar finite difference technique . Although the field points are calcu-
lated by a finite difference technique , the enforcement of boundary conditions
and calculation of shock propagation are accomplished with method of charac—
teristics procedures.
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The equations fo r  the innt ~r reg ion r equi re  t ha t  the  “ r ig h t — h a n d - s i d e ”
terms , r e f l e c t i n g  va r ia t ions  in entropy and s t agna t ion  en thal py due to the
action of turbulent stresses , must be specified before a solution is calcu-
lated. Thus , the JETM IX anal ysis must first be app lied to the entire jet in
order to allow approximate calculation of these terms . Then , the SSFD
analysis if used to recalculate the flow field i n  the inner region .

1.4 MERGE

The MERGE computer program is used to combine the output of JETM1X and
SSFD pr ior to its use in the NOISE program. Spec if ica l ly ,  the veloci ty and
turbulence energy profiles computed in the SSFD program for  the supersonic
por t ion of the je t plume override those computed by JETMIX . The JETMIX
pro files in the subsonic portion of the plume are retained .

1.5 NOISE

In the previous sections , program descr ipt ions we re given for the aero-
dynamic flow f ield predictive schemes for subsonic and supersonic (shock—free
and shocked) exhaust jets. One of the key aspects of these aerodynamic
programs , from a noise poin t of view , is that they are turbulent mixing
analyses of which a primary output is the turbulent kinetic energy . With
the outpu t from such programs , it was quite feasible to utilize acoustic
models whose source terms were functions of the aerodynamic input , thus
the name aeroacoustic turbulent mixing . General Electric has devoted time
to examining the advantages and disadvantages of such models . References
1, 10, 77 , and 156 discuss many of the details of this work. Appendix 6
gives a detailed account of the models available in this document .

The basic turbulent mixing (or velocity f l uctuat ion) no ise theory
which can best serve as an example to illustra te the rela t ionsh ips be tween
the acoustic far—field and the detailed aerodynamic proper ties of an exh aus t
je t is the Li ghthill/Ffowcs—Wllliams convected quadrupole theory. This
theory is founded on the hypothesis that individual and uncorrelated volumes
emi t acous tic energy given by the relat ionsh ip:

~ i-2 V
e 

4 ~2 1 1 - 2 of 21 5//2
= 

p 0a0
5 ~~~~ 

[(1 - Mc C05 0) + (~;) j

where R is the distance between the source term of turbulence and the point
of observation ; Ve, the uncorrelated eddy volume ; w , the radiation frequency
of f l uctuation in a reference sys tem moving at an eddy convection speed
Vc; T2, the mean square value of the quadrupole strength; 0, the angle
between the direction of sound emission and the jet axis; Mc the ra tio of
edd y correction speed to the sound speed of the ambient gas ; and, £ , the
scale of turbulence. With the assumptions Ve i3, T2 = p 2U4 and a frequency—
edd y—shear assumption due to P.O.A.L. Davies that wf l.lu ’, our acoust ic
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e q u a tio n  t ransforms into a qu i t e  t r ac tab le  form d i r e c t ly l ink ing  the  local
aerodynamic properties with the acoustic far—field (or near-field as will
be shown in Appendix 6):

2 ,4—4 r , 1 —5/2
~ r2 1 P u U 2 1-l .lu \2P - 

~~ c’ 0a0
4 1 [ (1 — M

~ 
cos 0) + 

~ a~

To further translate this simple expression to perform detailed acoustic
predic tions , the flowfield is divided into small—volume elements in the form
of circular ring elements of incremental volume V = 2-rr r~irLxx (see Figure 246),
based on the compactness assumption that each volume element is considered
to be a sound generator which emits acoustic energy at a specified frequency
de termined by the P.O.A.L. Davies frequency—eddy—shear assumption (or some
similar assumptions). For the whole jet then, the mean square sound pres-
sures from all circular ring regions can be combined comp u tationally to give
overall mean square sound pressure , sound pressure spec tra , overall sound
power spectra , or overall power level.

The NOISE program contained in this document includes , in add it ion to
the model described above , several other philosophically similar turbulent
mixing aeroacoustic models . They are Ribners , a classical Lilley model ,
and a model by Pao.

An item which is important to the predictive aspects of aerodynamic
noise , as well as for understanding jet noise emission , is how to account
for the influence of the physical flowfield on the noise source itself. The
work of Man i , described in detail in Volume II of this final report , shows
that the fluid shrouding of the noise source goes a long way toward accounting
for the convective/refractive coupling of the acoustic radiation . Appendix
6 will discuss a method by which this technique can be linked with the above—
cited turbulent mixing models.

1.6 SSNOISE CALCULATION STEPS AND FLOW CHART

The processing flow chart depicting the flow of data between the various
programs in the SSNOISE system is shown in Figure 247. The core program in
the system is JETMIX, which provides aerodynamic data to be used in SSFD ,
MERGE , or NOISE. The files shown in Figure 247 may be either disc or tape
and contain the following data:

File 1 — JETMIX Restart file (normally tape)
contains aerodynamic data from a partial execution of JETMIX
(File 2).

File 2 — JETMIX Output file
Con tains aerod ynamic data from a JETMIX execution. Used as an
input file to SSFD , MERGE , or NOISE. -
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File 3 — SSFD Outpu t f ile
Contains aerodynamic data from a SSFD execution . Used as an
input f i l e  to MERGE .

File 4 — MERGE Output file
Contains collated data from JETMIX and SSFD . Used as an input
file to NOISE.

Each program in the system may be either run alone or in sequence with
other programs; viz, a JETMIX file that has been saved on tape and may be
used to execute either SSFD or NOISE.

1.7 SSNOISE OVERLAY DESCRIPTION

The SSNOISE system has been structured for execution on the CDC 6400/
6600 machines under the SCOPE 3.3 operating system. The basic OVERLAY
features of SCOPE 3.3 have been utilized to reduce the memory requirements
to a tractable level (< 110K octal locations). Shown in Figure 248 is the
overlay struc ture , including all subroutines. As indicated in this figure ,
the program consists of a main overlay , four primary overlays , and four
subordinate secondary overlays. A brief descrip tion of the process ing in
each overlay is given in the following section.

1.7.1 Overlay (0,0) — Entry i4AT~

The main overlay (0,0) contains the main program MAIN , as well as
general purpose routines which are called by subprograms in the subsequent
primary and secondary overlays . The program MAIN provides control for execu-
tion of the four programs (JETNIX , SSFD , MERGE , NOISE) by loading the appro-
priate overlays in sequence .

1.7.2 Overlay (1,0) — En t ry JETMIX

Overlay (1 ,0) is the primary overlay for loading of the JETMIX input and
calculation overlays (Program JETMIX). Subroutines concurrently used by
secondary overlays also reside in (1,0).

1.7.3 Overlay (1,1) — En try JETMIX 1

Overlay (1,1) consists of the subroutines to read card and/or tape input
into the JETMIX program . The latter situation may occur if a tape has been
saved from a previous JETMIX execution and the user desires to restart the
problem and run further downstream. Th~ main input routine is JETINP which
calls JTINIT for initialization, JTFILE for tape input , and JTOUT1 for prin t-
ing of the input and initial profiles generated in JETIMP.
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1.7.4 Overlay (1,2) — En try JETMIX 2

The bulk of the numerical calculations of the mixing flow f ie ld  is
carried out in Overlay (1,2). The pr imary entry , JETMIX 2 , initially calls
the control routine JTCTRL which , in turn , calls the main calcula t ion
routine JTSTEP. At each output station , subroutine JETPRP and JTOUTS are
called to calculate jet centerline parameters and print (if specified) cal-
culated profile output . At this point , profiles are saved temporarily on
File 3 (JTFILE) . At the completion of the numerical calculations , JETMIX 2
calls JTOUTS to print a summary output page . If an output file is requested ,
the JETNIX input and centerline properties are written on File 2. The data
saved on File 3 are then appended to File 2 before returning to the main
control routine in Overlay (0,0).

1.7.5 Overlay (2,0) — En try SSFD

Overlay (2,0) is the primary overlay for  loading of the SSFD inp ut and
calculation overlays. Subroutines concurrently used by secondary overlays
also reside in (2,0).

1.7.6 Overlay (2,1) — En try SSFDIN

Overlay (2 ,1) consists of the routines to initialize SSFD data regions ,
read card inpu t, and read JETMIX flow field data from the disc (or tape)
input File 2. Initially,  INIT is called to read the card input and the
centerline output record from JETMIX. INIT also initializes the principal
SSFD data regions. Subroutine READT entry READT1 is then called to initialize
the da ta reg ions which contain the JETMIX profile data.

1.7.7 Overlay (2,2) — Entry SSFDCA

The supersonic flow field calculation is carried out in Overlay (2,2).
The main calculation routine SSFDM is called to carry out the stepwise
solution of the supersonic inviscid flow equations . During the process of
solution , imbedded shock waves are detected. Shocks emanating from a com-
pr ession corner , as well as imbedded and reflec ted shocks, are carr ied as the
solution proceeds downstream. At specified output stations , subrou tine
PRINT is entered to tabulate calculated output and store requisite output
data on File 3 (if specified) .

1.7.8 Overlay (3,0) — En try MERGE

The MERGE overl .-’y reads data from both the JETMIX ou tpu t  File and the
SSFD ou tpu t  File 3. The p rof i l e  data are then collated and w r i t t e n  as File
4 for  subsequent input  to the NOISE program .
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1.7.9 o verlay (4,0) - En t ry MAINNS

The final overlay in the SSNOISE system contains the routines for calcu-
lat ion of the aerodynamically generated jet noise.
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2.0 PRO GRAM 1NPI~T

2 .1 GENERAL DESCRIPTION

The following sections are concerned with the input to the four programs
comprising the SSNOISE system. Each program may be either run alone or in
sequence. The standard SCOPE file INPUT is used for card input. For each
pr ogram , selected input will reside on a data file (lAPEl , TAPE2 , TAPE3 ,
TAPE!4) which may be either disc or magnetic tape . The input sheets for the
progra ms JETMIX , SSFD , MERGE , and NO1SE are given in App endix 9. An initial
pref ix input set , consisting of identification information , is read once in a
given run using fixed—field format (6AlO). The firs t three cards of the
input deck consist of the name and address of the user and the problem identi-
fication .

Card No. Cols .

1 2—61 User name (1—60 alphanumeric characters)

2 2—61 User address or location (1—60 alphanumeric
charac ters)

3 2—61 Problem identification (1—60 alpha nume r ic
charac ters)

Blank card s may be substituted for input quantities not tequired .

The input par ame ters for  each program are given in the following sections .
Included in these descri ptions are the input items appearing on the input
sheets as well as input items not normally required.

2.2 JETMIX INPUT

The first card of the input set is a header card consisting of the program
name JETM IX starti ng in Col umn 2 , and a T or an F in both Columns 12 and 14.

Card Column Descri ption

2 JETMIX — Deno tes program name

12 Input file (tape) ? (T or F)

14 Output file (disc or tape) ? (T or F)

The header card is followed by the NANELIST $A and the associated JETMIX
input data. The NM4ELIST input is terminated with a $ in Column 2.
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2 . 2 . 1  P r o b l e m  S~!c if ica t i on

t h e  i n p u t  q u a n t i t i e s  MIX , AX ! , and TWO define the type  of problem. The
allowable combinations are :

M I X  = F AXI =

TWO =

M I X  = T AXI =~~

TWO = F

If these quantities are not input , the case will be taken as a f ree ,
axisymmetric , sing le jet. This is normally the predominant type of JETMIX
run within the SSNOISE system .

Preset
Parameter Description Value

MIX Problem type F — Free jet mixing F
T — Confined jet mixing

AXI Flow field type T — Axisymmetr ic  T
F — Plane (2D)

TWO Je t conf igura tion F — Sing le mix ing reg ion F
I — Coannular/coplanar

mixing reg ion

2.2.2 Description of Primary and Secondary Jets

The j e t  s t reams must be defined in terms of either Mach number or stag-
nation pressure .

Opt iona l  inputs  are turbulence  i n t e n s i ty ,  s t a t i c  t e mp er a t u r e , and veloc-
i t y .  If  turbulence in tens i t i es  are not spec i f i ed , the j e t ( s )  w i l l  be assumed
laminar . E i t h e r  s t a t i c  temperature  or ve loc i ty  may be sperified. If these
quan t i t i e s  are not input , the ve loc i ty  corresponding to SLS ambient conditions
will be computed.

4
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Preset
Parame ter Descr iption Value

DIAJ Diameter (AXI=T) or 2x half—heig ht (AXI=F)
of p r im a ry  j e t , in.

MJET Pr imary  j e t  Mach number b i t s

PTJET Pr imary  j et stagna tion pressur e , ps ia bits

I LJET Primary jet turbulence intensity 0

T~1ET Primary jet static temperature , ° R 518.688

VJET Primary jet velocity, fps

DIAO Diameter (AXL=T) or 2x half—height
(AXI=F) of secondary jet , in.

MJETO Secondary jet Mach number bits

PTJETO Secondary jet stagnation pressure , psia b its

TIJETO Secondary jet turbulence intensity 0

TJETO Secondary jet static temperature , ° R 518.688

VJETO Secondary jet velocity , fps

2.2.3 External Boundary Conditions

For i ree—mixing problems , the external boundary conditions are constant .
For confined—mixing problems , the external boundary condition input denotes
quantities at the discharge plane of the jet. Specif y static pressure , static
temperature , and either Mach number or velocity.

Preset
Paramete r  Descr i p t i o n  Value

PE Static pressure , ps ia 14.69594

TE External stream static temperature , ° R 518 .688

TIE External stream turbulence intensity 0

MF~ Exte rnal stream Mach number

VE External stream velocit y, t p s
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2.2.4 Fluid Properties

The f lu id  viscosity is compu ted as a func t ion of tempera tur e using the
Sutherland relationship:

u = MUREF ~ ( fl
312 (TREF±sc)

If no input is given , the fluid is assumed to be air.

Prese t
Parameter Descript ion Value

RG Gas constant , ft lbf/lbm ° R 53.34 (air)

PR Prandtl number 0.72 (air)

PRT Turbulent Prandtl number 1.0

SC Sutherland Constant for viscosity
calculation, ° R

MIJREF Reference viscosity @ TREF, lbm/ft sec

TREF Reference temperature , ° R

2.2.5 Step—Size Controls/Restart

The input parameters CXPC and CXTP control the streamwise step size in
the poten tial core and transition/similar regions of the jet. In the potential
core zone , the step size is taken as a fraction of the width of the primary
mixing Zone:

= C X P C ’b
PC

Follow ing d isappearance of the potential core , the step size is taken as
a fr action of the  jet radius or half—hei ght:

X = CXTP~~ Yjts

As the stepw1:~e solu t ion proceeds down stream , st reamlines are added at the
outer edge of the jet. Spec ification of CXPC and CXTP is equivalent to artifi—
all y spec if ying the rate of entrainment of ambient fluid into the jet. In

c e r t a i n  cases , the step size may be too large (entrainment rate too small),
and the solution for the  e f f e c t i v e  ed ge of the jet may experience problems .
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Th ese problems ar e usually mani f ested by a square root of a negative
number in subroutine JTEDGE , and may be rectifi ed by decreasing the value of
CXPC and/or CXTP . The prese t values CXPC = CXTP = 0.02 have been adequate
for most cases run to date.

A problem may be restarted from tape at a given X or XD station using
tne input RE STRT . The value of RESTRT must  appear in the X or XD table , and
the profiles must be stored on tape at the restart station . For continuation
of conf ined mixing problems using the free—mixing option (MIX=F) , input the
normalized r e s t a r t  s t a t ion .

Preset
Parameter  Descri pt ion Value

CXPC Step size control — potential core region . 0.02
Fract ional % of mixing zone width

CXTP Step size corrtrol — transition/similar 0.02
reg ion . Fractional 7. of jet radius or
half—height

RESTRT X or XD station for restart of problem

2 .2 . 6  Turbulence Scale Calculations

The charac teristic length scale of the jet turbulence is assumed indepen-
dent of the transverse coordinate and is expressed in terms of the geometric
parameters of the jet and the jet Mach number using the following semi—
empir ical rela tions :

Sing le Je t

1) Region 1 (Potential Core Present)

L
tl 

C
~ 1 

x b x (1 + C
~ 2 

M
J
)
1

2) Reg ion 3 (Similar P rof i l e s )

L = C  Yt3 t8 J

3) Region 2 (Transi t ion Reg ion)

The turbulence length scale in the transition region is less well defined
than those In the potent ia l  core and similar  regions , in tha t experimen tal
da ta  are sparse or nonexistent . The input  pa ramete r  LTERP may be used to
select e i ther  a linear or an exponential va r i a t ion  of scale in the t r a n s i t i o n
reg ion:
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(Linear):

L = [C (l+C M )~~ (2 — + C (
~ 

— I ) ]  Y~t2 tl t2 J x t8 xc C

(Exponential):

- lxL = C (l+C M ) (— ) exp [c (C -f-C M )] ~ YJt2 t3 tS J x t4 t6 t7 Jc

2.2.7 Coannular/Coplanar Je t

The turbulence length scale fo r  a coannular /coplanar  je t  is based on anempirical geome tric model . A schematic diagram of the dual jet flow field ,with per tinen t symbols , is shown below :
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The model is described as follows :

X~ (X (X

The reg ion Xj  .< X <Xm , upstream of the point where the secondary core dis-
appears consis t~ of t’~o independent jets which mix in somewhat the same manner
as the previously described single jet. The turbulence length scale is de-
fined in terms of the scale in the two mixing regions as follows :

L = C b (1 + C M
P t p p  t2 p

L = C b (1 + C M )
_l

S ts s t 2 s

a.) 0< Y .9Y

L = L
p

b . )  .9Y Y (Y — .9h )p 5 S

(L — L )
L = L~ ÷ 

— h (Y - .9Y )

c . )  (Y — .9b ) Y < Y
~

L = L
5

The fac tor  0.9 allows marginal in t e rac t ion  of the two mixing zones , in that
the scale in the secondary core region varies  l i n e a r l y  between the  twi’
extreme values.

X < X < X

When the ou te r  ed ge of the  p r imary  j e t  has intersected the  fn n e r  ed ge of the
secondary j e t , the secondary potential core disappears .  he co—ord ina t e s  of
the boundaries of the combined mixing zone are determined by fitting a linear
curve between the jet corner co—ordinates and the merge point; viz ,
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A ’B ’ Y = Y
1 +(~

m~1) (X — X
3
)

(outer  boundary)  in J

/Y —Y
- ,m  2

( inner boundary ) 2 + 
I~i~~XJ 

(X — X~ )

For the situation shown in the sketch , the scale may be defined as:

a . )  .9*(Y 5
_b

5
)

L = L
p

b . )  .9 * (Y 5
_b

5 ) < Y Y — . 9 ( Y —Y )

(L — L )
L = L + g ( y b )

P
8y~ 

[Y — .9*(Y 5
_b

5)J

c . )  [Y - . 9 (Y - Y ) ]

L =  L
S

special situations occur as follows:

I f b  
\
>y , set b = y

s ,/s s s

a . )  0< ~~ [Y — .9 * (Y — Y ) ]

(L — L )
L = L~ + .9 ( Y  + b  ) — .8Y [Y  

- .9*( Y — b)]
p 5 S

b .)  [Y - .9 * (Y - Y ) ]  Y

L — L
S
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I f  Y , set Y = Y
S

a . )  0 < Y < .9 * ~~ - b)

L 1.

h . )  .9 * ( Y -  b )  Y

(L — I. )
= L + —

~~

-

~~~~

- 

+ b )  ~~~~~~~ Y — .9 ( Y — b )

In th e region downstream of the point where the primary (-ore has disappeared ,
tb~ combined mixing cone scale is redefined to:

I. = C b (1 + M )
_l

p tm p  t 2 p

~i C  numerica l values assigned t o  the constants for the single— and dual— let
g eom e t r i e s  are~

Prese t

Par ame ter 
_________ 

Description Value

LTERP iransition region scale selection T
T — Linear va r i a t ion
F — Exponen t i a l  v a r i a t i o n

CT1 0 . 2 3

CT2 0.38

CT3 0 . 2 3

CT4 Cons tants  fo r  d e f i n i t i o n  of tu rbu lence  0 .05

cT5 
scale of single jet  0 .3 8

CT6 1.4

CT7 0 .43

CT8 0.1875

CTP Constants  fo r  d e f in i t i o n  of t u rbu lence  0.175

CTS 
scal ’ of coannula r /cop lanar  jet  0 .23

CTM 0 . 2 3
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2.2.8 Transverse Mesh Control

A semiuni form mesh is u t i l i z ed  in the potent ia l  core region . The number
of s t reamlines  in the ini t ia l  discharge p lane of the j e t  may be al tered using
the inputs  NJ and NJO (NJ is the number of s treamlines  in the p r imary  j e t ) ,
whereas the d i f f e r e n c e  between NJ and NJO is the number of s t reamlines  in the
secondary j e t  ( I f  p r e sen t) .  In the potential  core zone , streamlines are added
at a constant  ~~ un t i l  a maximum (NM) is reached. At th i s  point , the number
of s t reamlines  is reduced and the mesh r e f ined .  The semiuniform streamline
d i s t r i b u t i o n  is maintained un t i l  the potent ia l  core disappears .  Downstream of
th is  point , the j e t  grows rap id ly ,  and it becomes advantageous to redefine the
mesh. The s t reamlines are r ed i s t r ibu ted  such t ha t  the ra t io  of iLL ’s for  any
two adjacen t intervals is a constant .  The distance of the i — t h  s t reamline is:

(1(1 1  
—1 )

= 

~~l (K—I)

where , K mesh constant

= ini tial A~

~ I L  = 1 @ I = NNSH
i e

Preset
Parameter Description Value

NJ No.  of streamlines in p r imary  j e t  30

NJO Streaml ine number of secondary j e t  edge 50

NM Maximum number of streamlines be fo re  mesh 80
redis t r ibut ion occurs

NMSH 71
DY1 Mesh parameters  (see above) .001
CK 1.06064475

2 .2 .9  Species Di f fu s ion  Input

The JETMIX program contains the opt ion to consider the d i f fu s i o n  of up
to six chemically inert const i tuents .  The input  fo r  a case of Fhis type
given on JETMIX input sheet la , and includes variables to define the mole
concentration of the jet streams , boundary conditions , effective Schmidt
numbers , and coefficients for the molar heat capacity of each constituent.
The NC , CNAI€ input variables are provided to designate names of the species .
Note that this option may not be used if NANEL1ST does not permi t hollerith
input. The molar heat capacities of the individual constituents are computed
as a quadratic function of local temperature T; viz , C~ = a + bT + cT2.
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Preset
Parameter Description Value

DIFF Species Diffusion F — No F
T — Yes

NC N umber of constituents 3

CNAME Name of constituents AIR , C02, H20

AU Primary je t  stream species mole .92 , .04 , .04
f rac t ions , moles i/mole mixture

ALJO Secondary jet stream species mole .96 , .02 , .02
fractions , moles i/mole mixture

ALE External (boundary) species mole .99934 , .00033 ,
fractions , moles i/mole mixture .00033

SCM Effect ive Schmidt number for individual .7
species

CPC Coef f ic ien t s  in polynomial representation
of molar heat capacities (see input sheet
JETM IX/la)

2 .2 .10 Stat ion Input

The following parameters are termed “station input” and are used to de-
fine the print/data file stations in the free—jet case and boundary coordinates
in the confined—mixing case. In the latter situation , the streamwise coordi-
nate also serves as identification for printing. Station data may be input
in column format using the B array or in “f ree form ” using the symbolic names
associated with the columns of the B block. When no station input is supplied ,
the JETMIX program uses a set of input coordinates which has been optimized
for use in acoustic calculations .

Parameter Descr iption

B Input block for station data. See JETMIX input
sheet 2 and associated notes on station data.
The preset symbolic names assigned to each column
of the B block are :

Free mixing X, XP RN

Confined mixing XD, RD , YCB , XPRN

Data set to bits* will be interpolated relative to
X, or the last value in the table will be auto-
matically extended down the column .

Up to 100 stations may be input .

* bits 1 ‘C 1015 ( junk  word)
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X Dimensionless streamwise coordinate ( f r ee  mixing) , x/dj

XD Streamwise coordinate , in. (Conf ined mix ing)

RD Outer boundary coordinate , In. (Confined mixing)

YCB Inner boundary coordinate , in. (Confined mixing)

XPRN Profile print/file indicator :

O — Profi le  not p r in ted  or saved on f i le 2

1 — Profile printed and saved on file 2

—l — Profile saved on file 2 but not printed

XPRN(l)= 2 — All profiles printed and saved on file 2
XPRN (l)=—2 — All profiles saved on file 2 but not printed.

The various types of input are best illustrated by use of an example:

Confined mixing in an annular duct - 5 stations (0, 2, 4, 6, 8 inches)
with radii (1, 2, 3, 4, 5 inches). Centerbody radius — 0.1 inch .

Print all stations .

Sheet JETMIX—2

XD RD YCB XPRN
B (1) 0., 1., .1, 1.,

2., 2., .1, 1.,

4., 3., .1, 1.,

6., 4., .1, 1.,

8., 5., .1 , 1.,

Free Form

XD (1) , 2 . ,  4., 6., 8. ,

RD (1) = 1., 2 . ,  3., 4., 5.,
YCB (1) = 0.1 ,

XP RN (1) = 2 ,

This form of input  is u s efu l  fo r  m o d i fy ing input  data reclaimed from an
input tape 1. Suppose it is desired to add 5 or more stat ions with duct and
plug radii  equa l to those at the 5th station :

XD (6) = 10, 12 , 14 , 16 , 18,

•1 ¶ 17



The balance of the RD and YCB arrays will be filled with the values of 5.
and 0.1, respectively . As In the case of tabular input , missing inp ut will be
linearly interpolated or appended as required.

Station data input via the B block will override corresponding free—form
input. Inadvertent destruction of the free—form input may be avoided by
selectively de signating positions in the B array .

2 .3  SSFD INPUT

The first card of the input set is a header card consisting of the pro-
gram name SSFD starting in Column 2 , and a T or an F in both columns 12 and 14.

Card Column Descrip tion

2 SSFD — Denotes program name

14 Input file (tape) ? (T or F)

16 Output file (disc or tape) ? (T or F)

The header card is followed by the NAMELIST , $INPUT , and the associa ted
SSFD input data. The NAMELIST input is terminated with a $ in column 2.

2.3.1 Problem Description

The input quantities AXISYM, XMACH , and GAMMA def ine the type of problem.
Note that XMACH Is the actual initial Mach number , not the ideally expanded
Mach number , and generally will be different from the input quantity MJET in
JETMIX. Also note that the specific heat ratio must be input twice (i.e.,
GAMMA (1) = 1.4, 1.4), and that the two values must be identical for normal
program operation.

Prese t
Parameter Description Value

AXISYM T — Axisymmetric flow field T
F — Plane (2—D) flow field

XMACH Initial Mach number 1.05

GAMMA (1) Specific heat ratio 1.4, 1.4
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2 . 3 . 2  Program Cont ro ls

The input quantities XL , STAB IL , and IPRINT control the streanwise dis-
tance over which the calculation proceeds , the streamwise step size used in
the f ini te d if f e r ence  solu ti on , and the program output , respec ti vely. XL is
preset so that SSFD will terminate upon reaching the end of the potential core
region (as determined by JETMIX). The maximum allowable streamwise step size
at any axial station is set by the requirement that characteristics from
adjoining (cross—stream) points in the finite difference mesh must not inter-
sect between stations (CFL condition). The step size which is used in SSFD is
the prod uct of this m~ximum step size mul tiplied by the stability parameter
STABIL. If difficulties are encountered in obtaining an SSFD solution , it
may be necessary to decrease the value of STABIL.

Preset
Parame ter Descrip ti on Val ue

XL Final value of x/dj (s ee above)

STABIL Stability parameter for step—size control 0.5

IPRINT 1 — Print profiles and shock pat tern 1

0 — No pr int

2.3.3 Total—Pressure Input Stations

SSFD uses total—pressure data from the JETMIX solution at the stations
XPT. These are preset to:

XPT (l~ = 0 , . l ,.2 ,.3 , . 4 , . 5 , .  7, 1, 2, 2.5 , 3, 4, 5, 6.2 , 7.5 , 9, 11,
13, 15 , 20.

Preset
Parame ter Descri ption Value

NPT Number of stations for total—pressure 20
Input

XPT Sta t ions  at which t o t a l — p r e s s u r e  da ta  are (see above)
taken f rom JETMIX so lu t ion , x/d j  ~~

Optional Input Parameters

The fo l lowing  quan t i t i e s  were ori g inally included as inpu t variables
e i the r  to allow SSFD to be run wi thout  d i r ec t  coupl ing to JETM IX or fo r  con-
trol of d iagnos t ic pr in tout wh ich was used in debugg ing SSFD . They have been
retained to preserve full program capabil ities , bu t are no longer required .
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Parame ter Def in ition

NJ No longer used

X Initial value of x/rj

SSTRM Is there a slipstream at interface of Inner/outer
streams? (Logical)

N JJ Number of initial grid poin ts

RSTART Is this a restart of a previous run? (Logical)

TANTH Tangent (v/u) of flow angle at initial gr id points

ZM Mach number at initial grid poin ts

PRESS Static pressure (p/ptj ) at initial grid points

THETA Flow ang le ( tan~~ v/u) at initial grid poin ts

YIN Radial loca tion (yIr ~) of initial grid points

PT Total pressure (
~~t /~~~~

) at initial grid points

TT Total temperature (Tt/Tt~ ) of streams at initial
station

XLOW x/rj coordinates of stream lower boundaries

YLOW y/rj coordinates of streau~ lower boundaries

XUP x/rj coordinates of stream upper boundaries

YUP y/rj coordinates of stream upper boundaries

PUP Static pressure (P/Ptj ) on stream uppe r boundaries

PLOW Static pressure (P/
~ tj) on stream lower boundaries

PTOT To tal pressure (Pt/ptj ) in JETMIX flow field

PSIP T Streamline coord ina tes (Ii )  for total—pressure input

YEAR Y/rj coordinates at initial station (in place of
equal spacing).

IPUNCH Are cards to be punched for restart? (Logical)

XMI)LSC x / rj  coordinate of Mach disc

XSAVE x/ r j  coordinate of p r o f i l e  to be saved fo r  restart

50(1

~~~~



Paramete r  I ) e f ln i t i o n  -—
LDI SC Cont ro l  variable fo r  Mach d i s c/ r e s t a r t

MDISCC Is there to be a Mach disc? (Logical)

BARPRT Print control (Logical)

IPRTC Print control

XBDY Print control (x/rj )

XPR Print control (x/rj )

SHKPRT Print control (Logical)

XTKESH Print control (x/rj)

XTKE SF P r in t  control  (x / rj )

XRESET Print control (x/rj )

XENTRO P r in t  control ( x/ rj )

XTKEPR Print control (x/rj)

The subsc r i pt ‘j” has been used to denote nozzle exit—p lane properties.

2 .4 MERGE

No ca rd inpu t is requi red for  the ME RGE program with the exception of
the f ollowing header card :

Card Column Descr ip t ion

2 MERGE — Denotes program name

12 T — Denotes input files (2 and 3)

14 T — Denotes output file (4)

2.5 NOISE INPUT

The first card 01 the input set is a header card consisting of the
p rogram name NOISE star ti ng in Column 2 , and a T or an F in both columns 12
and 14.
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Card Column D e s c r ip t ion

2 N O I S E  — Denotes  p r o g r a m  nam e

14 I n p u t  f i l e  ( t a p e ) ?  (T or F)

16 O u t p u t  file (disc or tape)? (T or F)

The header card is followed by the NAMELIST $A on the associated NOISE
input data. The NA NKII ST input is terminated with a $ in Column 2.

2.5.1 General Input

The i np u t  q u a n t i ty  M FTLE den o tes  the input  f i l e  code fo r  the  aerod y n a m i c
da ta:

Nom inal
Parameter Description Value

MFILE An input file code for either 2
JETMIX (set to 2) or MERGE
(set  to 4)

In add ition to the aerod ynamic data file selection , a series of
q u a n t i t i e s  is necessa ry  as input before selection of the acoustic models .
These input parameters are defined as follows :

N o m i n a l
Parameter — Descr iption Value

SCALT Average Source—Receiver Dopp ler .5
Shift

SCAU J Jet Scale Factor (Model size to 1.
full size)

PREFN R e f e r e n c e  A c o u s ti c  Pressure  fo~ .0002
Sound Pres sure Lev e l (dy nes / cm )

BAND3 Selector for 1/3—Octave Band calcu— F
lat ion (T selects 1/3—Octave Band;
F selects Octave Band)

MC Selection of Fixed or Variable Con— 0
vection Mach Number (0 selects a
f ixed convection Mach Number ; 1
selects a variable convection Mach
Number )

CVMACH ‘Ilie convection Mach No. Constant .63

BETAIN Will BETA be input? (i or F) F
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BETA An Acoustic intensity Proport ionality .00425
Constant — .00425 for a cold jet ,
.002125 for a hot jet

JETTEM Indicator f o r  a Hot or Cold Je t  0
(0 — cold jet , 1 — ho t je t )

~CONV i or F Selector fo r  the Convec t ion  F
Singularity Function (F , q =
l.lu ’/ a 0; T , q = a u / a 0)

2.5.2 Acoustic Model Selection

The NOISE program allows the operator to select a number of far-field or
near—field acoustic models . The far—field acoustic models are of the Lighthlll
(L 1GHTH) , R ibne r  (RIBNER) , or Pao (PAO) forms . App endix 8 discusses the
anal ysis incorporated in each model.

Nom inal
Parame~~~ Description Value

LIGUTH Lighth ill selection (0, self—noise 0
alone ; 1, self—noise + shear—noise)

LILLEY T or F Selection of Classical Lilley F
Model

RI E NER T or F Selec tion of Classical Ribner F
Model

CRIB Acoustic Intensity Proportionality .2577
Constant in Ribner ’s Model (0 , self—
no ise onl y)

SE Select ion for Shear Noise in Ribner 1
Model (0 , shear noise only)

PAO T or F Selection of Classical Pao F
Model

PSPEC Selection of Pao Pressure Spectrum F
Calculation (T or F)

MU Selection of Type of Pao Model 0
(0 , self— and shear noise , 1,
s.~~f—noise alone , 2, shear
noise alone)

As for the  far—field acoustic models , there are a number of near—field
a c o ust ic  models the user may select. Their descriptions are contained in
App endix 8.
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1 — Isot rop ic tu rbu lence  model

2 — Lateral  quadri ’pole model

3 — Long itudinal quadrupole mod el
NEARFD = 4 — Combination model using lateral quadrupole in trans it ion

reg ion

5 — Comb ina tion mod el using long itudial quadrupole mode l
in trans it ion region

2.5.3 Microphone Selection

In order for  the user to have acoustic pr ed ict ion pr in ted , the number
of angle locations (NA) and the actual polar angles (referenced to the jet
axis) must be specified. Additionally ,  an arc or sideline pred ict ion can
be made.

Nominal
Parame ter Descr iption Value

NA Number of input angles (1 through Mus t inpu t
20)

ANGJ Angle (in degrees) input (a maxi— Must input
mum of 20 ang les may be spec i f i ed)

ARC F — Sideline conf igura t ion F
T — Arc configura tion

SLINE Sideline distance in feet

ARCL Arc distance in feet

2.5.4 Output Control Cards

In addi tion to the normal program output  of OASPL , SPL , PWL , etc.,
detailed acoust ic  prof i les  can be computed and pointed out. These detailed
acoustic profiles are controlled by the parameter ACSPAN and ACOUSP .

Nominal
Parameter Description Value

ACSPAN (T or F) ~cous tic radial prof ile F
computat ion at a radial loca t ion
for  a given angle (specify T for
each ang le)

ACOUSP (T or F) Acoustic profile indicator F
for axial locations specified from
JETMIX (S pecif y T for  each X
stat ion)
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3.0 PROGRAM OUTPUT

3.1 GENERAL DESCRIPTION

The output from the SSNOISE system may be logically divided in to the
fol lowing two sections :

1) Card inpu t and preliminary prin tou t
2) Specific output generated by each program in the system

The initial section of output  consists of a card image print of the problem
input and a designation of the tape (disc) input/output file selections ;
viz, TAPIN = and TAPOT = ~~~. Upon completion of the card image print ,
the file TAPE5 is rewound to its original status . The output from the
programs follows the section of preliminary prin tout and is described in
the following sections :

3.2 JETMIX PRO GRAM OUTPUT

The output  f rom the JETMIX program consis ts pr inc ipally of the dimen-
sional and dimensionless profiles at designa ted cal cula t ion sta tions and the
proper t ies  along the j e t  axis of symmetry . Profile printout will always
occur at the stations inserted by the program . These inserted stations are :

1) Potential core disappearance

2) Supersonic core disappearance

3) Merge station of coannular/cop lanar je t

The above prof ile printout is preceded by the defined and calculated reference
conditions and the initial profiles (U, E, 0, aj) at the discharge plane
of the jet. The calculated output variables in their literal order of
appearance in the printout are as follows :
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Dimens ion le s s_ and Dimens iona l  P r o f i l e s

Print Headin~ Descri pti on

I Dimens ionless  normal coo rd ina t e  I 2y/dj

PSI Stream fun ct ion i , ibm/f t
3

UD Dimensi onl ess veloc ity ,  U = u/ui

THD Dimensionless tempera ture , U = T/ T~
I

TI Turb ulence in tensi ty ,  u ’/uj

TTD Dimensionless temperature coefficient ,
(T T — Tex ) / ( T Tj — Tex )

PTD D i m e n s i o n l e s s  pressure  c o e f f i c i e n t
— 

~ex~ ’~~~Tj — 

~ex~

MACH Mach number

V Velocity (u), fps

T Static temperature (T), ° R

TOT Total temperature (TT) ,  ° R

PTOT To tal pressure (UT) , psia

(constituent) Species mole fractions ; the headings of the
(DIFF=T) columns refer to the CNANE input parameters .
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Jet Dimensionless Station Data (Summary)

Point Heac
~!~~ 

Descr ip tion

X Dimensionless axial coordinate , X = x /d j

B Dimens ionless wid th of mix ing zon e
Potential core — (

~e 
— “

, .)

Transition/similar — (2Y~~
’
~
’J

YJ Dimensionless edge of jet 1e = 2ye/d j

UC Dimensionless velo city along ~ 0

TC Dimens ionless tempera ture along ~ = 0

TIC Turbulence in tens ity along ~ = 0

PTC Dimensionless pres sure coe f f i c i en t along = 0

TTC Dimensionless temperature coefficient along ~ = 0

YSONIC Dimensionless location of sonic line (if presen t )

WJ En trained flow ra t io , (mass flow/mass flow at jet
discharge p lane)

Continued Mixer Station Data — Summary (MIX = T)

Print Heading Description

XD Axial coord ina te , in.

RD Outer boundary normal coordinate , in.

YCB Inner boundary normal coordinate , in.

YD Dimensionless equivalen t of RD

YCD Iterated dimensionless location of outer boundary

PD Iterated static pressure , psia.

FLOW Flow conditions at a given station
SUBSON — Subsonic
SUPSON — Supersonic
CHOKED — Choked
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Continued Mixer Station Data — Summary (MIX = T) (Concluded)

Prin t Heading~ Descr ip tion

THRUST Integrated momentum , lbf.

MA2 Mach number external to the jet.

VE2 Velocity external to the jet.

TE2 Static temperature external to jet.

3.3 SSFD PROGRAM OUTPUT

The output  from the SSFD program consis ts of dimens ionless prof i les
of aerod ynami c proper ties at the sta tions design ated in JETMIX , as well as
information on the location and strength of shocks at each calculation
station . The calculated output variables are summarized as follows :

Print  Heading Description

X/R x/r j
y / rj

Mach N umber M

Flow Angle v/u (actually the tangent of flow angle)

To tal Pressure

Static Pressure

Density P/Ptj Pt j 
is dens ity based on P~ and T t

U — Velocity uI
~~/a tj (at is sonic velocity based on Tt)

Shock Angle L~y/~x (actually the tangent of shock angle)
Turbulence Intensity u ’/ uj

XSHOCK x/rj

YSHOCK y / rj  at shock

P2 P
~

/P
~ J 

downstream of shock

P1 ~s/~~t j  ups t ream of shock

MACH2 M downstream of shock

MACHi M ups t ream of shock

The subscr ipt  “j ” has been used to denote e x i t — p lane p r o p e r t i e s .
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3.4 ME RG E PROGRAM OUTPUT

The MERGE program is utilized to collate the aerodynamic output  pro-
duced by the JETMIX a~d SSFD programs . The output produced by the MERGE
program is similar to that of JETNIX and consists of the merged dimension-
less profiles at the JETMIX output axial stations . The SSFD output is only
available for  those stations where the flow is nominally supersonic .  Downstream
of this point , the printed profi les  consist of only the JETMIX data. The
collated variab les in their l i teral order of appearance in the pr in tout
are as fo l lows:

Pr in t  Heading Descript ion

Y Dimensionless normal coordinate , Y = 2y /d j
PSI St ream func t ion ~~, ibm/f t3

UD Dimensionless velocity, u = u/uj

THD Dimens ionless temperature , B = T/Tj
ED Dimensionless turbulence energy , E = e/ej

RHO Density , Ibm/ f t 3

XLN Turbulence length scale, ft.

3.5 NOISE PROGRAM OUTPUT

The main output for the NOISE Program consists of the following cate-
gories : One—Third Octave Band Analysis , Acoustic Summary of the Aero-
dynamic and Acoustic Parameters , and the acoustic Power Summary .

3.5.1 One—Th ird Octave Band Analysis

The one—third octave band analysis consists of two parts; a tabulated
list of 1/3 OBSPL ’s and a compu ter p lot of the same data. The calculated
output variables are summarized as follows:

Print Heading Descr ipt ion

X/D Axial location of microphone in rectangular
coordinates (in diameters)

Y/D Cross—stream location of microphone in rec tangular
Coordinate system (in diameters)

R/D Radial location of microphone location in R ,0
polar coordinate system (in diameters)
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Pr in t  Heading  Descr i pt ion

ANGLE Polar ang le (0) from jet axis to microphone
location (degrees)

CENTER FREQ , Hz The cen ter one—third octave band frequency (Hz)

LOWE R FREQ , Hz The lower limit for the one—third octave band

UPPER FRE Q , Hz The upper limit for the one—third octave band

NPTS The number of vol ume elemen ts used in p e r f o r ming
the pred ic tion of a 1/3 oc tave band

SPL The one—third octave band sound pressure level
predic tion

3.5.2 Summary Acoustic Analysis

The summary acous tic analysis for  the NOISE Progra m consis ts of a summary
ot the aerodynamic parameters and the far—field noise parameters. The out-
put variables are summarized as follows :

Print Heading Descr ipt ion

TE Ambient static temperature , ° R

PE Amb ient static pressure , psia

VE External velocity, fps

ME External Mach number

TIE External turbulence intensity

D]IAJ Diameter of jet , in.

MJET Primary jet Mach number

TJET Primary jet static temperature , ° R

PTJET Primary jet stagnation pressure , ps ia

VJET Primary jet velocity, fps

TIJET Primary jet turbulence intensity

GAM Ratio of specific heats

RG Universal gas constant , f t lb f / lb m  ° R

PR Prand tl numbe r
PRT Turbulen t Prand tl numbe r

SC Sutherland constan t , ° R

TREF Reference temperature , ° R
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Print  Heading Description

MU RE F Reference viscos ity ,  lbm/ft sec

N Microp hone number

ANGLE Microp hone ang le location , degrees

OASPL Overall sound pres sure level , dB

SOUND PRES. Acoustic sound pressure , d ynes/crn 2

PNdB Perceive J noise leve l , dB

OBSPL Included in the acoustic summary are octave
band sound pressure level pred ict ions

3.5.3 Summary Acoustic Power Analysis

The acous tic power anal ys is cons ists of an over all power level pre-
dic t ion , power per unit length of jet slice , and a 1/3 OBPWL prediction.
The output variables are summarized as follows :

Parameter Descript ion

PWL Overall power level (re~ lO~~
3 
watts) per unit

length of jet , radiating from station X

X Axial station in jet diameters

CENTER FREQ , Hz The center one—third octave band frequency (Hz)

LOWE R FREQ , Hz The lower limit for the one—third octave band (Hz)

UPPER FREQ , Hz The upper limit for the one—third octave band (Hz)

NPTS The number of volume elements used in constructing
the prediction

POWER The one— third octave band power spectra
re lO~~-~ watts

3.6 SAMPLE CASE

The input/output for the Supersonic Jet Noise Prediction System
(SSNOISE) is best illustrated with a sample case. The sample case is
included in Appendix 10. The f i r s t  page of A ppendix 10 shows tvp ic~tl
card input of JETMIX , SSFD , ME RG E , and NOISE. This particu lar case was
run in series as one job .
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Following the requisite header cards and the program card , the
essential input to JETMIX consists of the following items , describing the
flow condi t ions at the discharge plane of the jet and the external
boundary conditions :

Axisymmetric — Isothermal — Single Je t

Jet diameter 4.3 in.

Jet Mach no. 1.559 (supersonic)

Jet temperature 5l8.7~ R

Jet turbulence intensity 0.1

Ambien t pressure 14.696 psia

Ambient static temperature 518.7° R

Ambient Mach no. 0

Ambien t turbulence intensi ty 0

The definition of jet temperature equal to ambient temperature causes the
JETMIX program to bypass the solution of the energy equation and to cal-
culate an isothermal flow field. Note that no station input (X, XPPN) was
supp lied for this case. As discussed in the Input section , a se t of
optimized acoustic stations are built in and used if station input is not
given . These 72 stations are as follows :

X XPRN X XPRN X XP RN X XPRN

O 1 .10 1 2.0 1 14.0 —l

.0001 —1 .12 —l 2.5 1 15.0 1

.0002 —1 .20 1 3.0 —l 16.0 —1

.0003 — l .25 — l 3.4 1 17.0 —l

.0005 —1 .30 1 4.0 —l 18.0 —l

.00 08 —1 .34 -1 5.0 1 19.0 — 1

.001 — l .40 1 6.0 — l 20.0 1

.002 —1 .45 —l 6 . 2  1 21.0 1

.004 — l .50 1 6.5 — l 22 .0  —l

.006 — 1 .55 —1 6.8 —l 23.0 —1

.008 —1 .60 —1 7 .0  —1 24 .0  —l

.010 1 .65 —l 7 . 5  1 25.0 — l

.015 —l .70 1 8.0 —1 26 .0  —l

.017 — l .80 —l 9 .0  1 28.0 — l
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X XP RN X XP RN X XPRN X XPRN

.02 1 1.0 1 10.0 —l 30.0 —1

.04 1 1.2 —l 11.0 1 32 .0 1

.06 1 1.5 —l 12.0 —l 34.0 —l

.08 —l 1.7 —l 13.0 1 36 .0 —1

The input of CXTP = 0.04 was utilized to speed the calculation in the
transition/similar region downstream of the point where the potential core
disappears.

The program output of JETMIX is given on pages 672 to 719 and consists
of the initial conditions at the discharge plane of the jet , the calculated
aerodynamic profiles at the stations where XPRN 1, and the f inal summary
page with calculated station data and the overall jet properties. Referring
to the summary page , it will be noted that stations have been inserted where
the potential core disappears (X 4.12861) and where the supersonic core
disappears (X = 12.12730). The corresponding profile output at these stations
is also printed. The output parameter headings are described in Section 3.2.

The input to SSFD consists of the following items :

Initial jet Mach number (XMACH) 1.05

Stability parameter (STABIL) 0.6

Final x/dj for calculation (XL) 1.7

This case corresponds to an underexpanded jet (recall that the fully expanded
“ideal ’ Mach number input to JETMIX was 1.559). The inputs of STABIL = 0.6
and XL = 1.7 were utilized to speed the calculation by increas ing the
axial step size and decreasing the distance over which the calculation is
performed , respec tively.

The program output for SSFD is shown on page 721. The output parameters
and headings are described in Section 3.3. Radial prof iles are given at each
of the axial stations for which XPRN was specified as +1 or —l in JETMIX , and
for which x/dj < XL. In addition , the progression of shocks through the flow—
f ield is monitored at intermediate axial stations.

The input to the MERGE program consis ts of a single card des ignati ng
the MERGE progr am , with both a file input (file 2) and a file output (file 3).
The output from the MERGE program consists of composite (JETMIX and SSFD)
profiles at each of the JETMIX stations where XPRN # 0. The MERGE output is
shown on page 766 . The output parameter headings are described in Section 3.4.

For the NOISE pred ict ions , two cases were computed using a Lighthill
model modified for a combination of self—noise and shear—noise (see pages S 13
to 847). The first case is for a prediction using JETMIX resul ts as input
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data alone , the second case is for a prediction using M ERGE resul ts as
Input (no—shock case versus a shock—flow case). The predictions are for a
model scale jet on a 40—foot arc . The program output is seen to consis t
of 1/3 OBSPL summaries at jet angles of 10 , 20 , 30 , 150 , and 160° . This
is followed by an overall summary page of the basic aerodynamic parameters
and the far—field noise OASPL , PN dB , and OBSPL; and a summary page for the
predicted jet power per unit slice , OAPWL , and powe r spectra . Section 2.5
describes the output parameters.

\s an examp le test case for near—field noi~-~e predictions , ~- e ~& the 1;~st
test case run in Append ix 10 (pa ~~e s  8I~ —~~ 1) The re ( l ie 1 a tel a 1 q u:~d ap o le
n e a r — I  it ld ae e)us tic model is shown • This  te~ I ease , with the’ inst r im t ions
given in A ppendix ~) — Input Sheets — should su f l  ie e as an example I i’ runn iila
a n y  of the other near—fi r’ id models .
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4.0 OPERA ’I ING PROCEDURES

. 1 GENERAl. DESCRIPTION

The SSNO I SE sys tem desc r ibed  h er e i n  may be run on any Control Data
6400/6600 machine operating under SCOPE ‘3.0 or a higher level operating

~ys t e r n .  ln general , operating procedures and control card ~tt u p s will
d i f f e r  f r o m  s i t e  to s i t e .  T h e  t o l i ow i n g  commen t s  on p rogram m o d i f i c a t i o n s ,
deck se tups , and o p e r a t i n g  i n s t r u c t io n s  are  r e s t r i c t e d  to  t h e  p r o g r a m  as
run  t h r o u g h the  CDC Cy be rne t  Sys t en~. M i n i m a l  changes  should  he n e c e s s a ry
for successful installation at other CDC sites.

4 . 2  MAINTENANCE AND MODIFICAT I ON

Ti m e SSNOI SE system source  deck cons is t s  of a p p r o x i m a t e l y 1~~,uUU FORTRAN
cards .  The source copy contains *DECK cards as the first card of each sub-
routine. These decks (tape) may be used directl y to initialize an UPDATE
f i l e  ( tape  or permanent  d i s c )  which  may s u b s e q u e n t l y  be used fo r  m a i n t e n a n c e
and m o d i f i c a t i o n  ( s t andard  SCOPE — UPDATE program) . i t  is r e c o m m e n d e d  t ha t
relocatable and absolute binary files also be maintained either on tape oi
pe rmanent  d i sc .  Execu t ion  f rom the  absolute  b i n a r y  f i l e  r equ i r e s  a cen t r a l
memory field length of 1030008 locations . A typical deck setup for execution
from an absolute binary file through CDC Cybernet System is as follows :

RFL (40000)

LABEL (S SNOV , R , VSN = S22 2 2)

COPYBF (SSNO V , SSN ) I SE)

REWIND (SSN OI SE)

COPYBF ( INPU T , ‘I ’APE5)

Rfl (103000)

SET (0)

S S N U I S E

678 
(EOR)

[Input Data]

678
9 

(EO F )

4 . 3  INPU ’I’ AND OUTPUT FILES

As mentioned previous y, each program , with the exception of NOISE
program produces an output file which may he used as inpu t  to t h e  o the r
programs in the SSNOJ.SE system. Fhme’ ti l es and their functional use are
repeated  here f o r  convenience,
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File Device Functional Usage

TAPE1 tape JETMIX restart file

TAPE2 tape/disc JETMIX output file
Input file to SSF[), ME RG E , NOISE

TAPE3 tape/d isc SSFD output file
Input file to MERGE

TAPE4 tape/disc MERGE output file
input file to NOISE

In a given run , if the file is not assigned via an appropriate tape card
(REQUEST , LABEL) , the file will be automatically assigned to disc when it
is opened . The o u t p u t  f ile fro m JETMIX , SSFD , or MERGE may be saved on
tape and used as input in a subsequent job . If the aerodynamic configura-
tion does not change , it is economically feasible to run the aero program(s)
once and save an output tape . The r e s u l t i n g  f i l e  may then be used as
input for parametric running of the NOISE program . In this case , there
is no need to rerun the aero program(s) with each NOISE case.

The following schematic input deck setups illustrate the flexibility
available to the user:
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1) Execut ion of all programs in SSNOISE system. NOISE executed
us ing both the JETMIX file and the MERGE file.

ICon trol card stack]

(EOR)

w
NAME =

AD DRE S ______________________________________________

IDENT =

JETM IX F T

(JETM IX input )

$

SSFD T T

$INPUT

(SSFD inpu t )

$

MERGE T T

NOISE T F

(NOISE input — JETMIX output file)

$

N O I S E  T F

MFILE = 4 , (NOISE input — MERGE output file)

$

(EOF)

2) Execut ion of JETMIX — Save output file on tape

Control card stack

LABEL (TAPE2 , W , X , SV , LABEL JETMIX)

(EOR)

w
N AME =

ADDRES =

IDENT _____________________________ _____
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JETMIX F T

(.J E I MI X input)

$

(EOF)

3) Execution of SSFD and MERGE using previousl y saved JETMIX output
tape . Save MERGE output file on tape .

Control card stack

LABEL (TAPE2 , R , VSN = Slll l)

LABEL (TAPE4 , X=SV , LABEL = ME RGE)

(EOR )

w
NAME =

ADDRE S ________________________________

IDENT =

SSFD T T

$INPUT

(SSFD input)

$

MERGE T T
(EOF)
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APPENDIX 6

AN ALYSIS INCORP O RATED IN JETMIX

Exhaust nozzles of contemporary gas turbine engines generally operate
near their ideal expansion ratios. In view of this , General Electric ’s
initial efforts at the prediction of the sound field of a supersonic jet
rel ied on an aerod ynamic analys is wh ich incl udes on ’~y the effects of turbu-
lent mix ing. Specifically ,  the aerodynamic model is of the viscous , boundary—
layer type . In this analys is , which is incorporated in the JETMIX computer
program , the t ime—averaged turb ulent boundary layer equations are solved
using boundary conditions which are appropriate for free jets. The turbulent
Rey n o l d ’ s stresses are included by means of a turbulence model which is based
on a turbulent kinetic energy concept.

The flow field under consideration consists of a plane or axisyinmetric
turbulent jet exhausting into a region of constant (ambient) static pressure .
This is illustrated schematically in Figures 249 and 250 for subsonic and
superson ic je ts , respec t ively. The flow of diameter or slot height (d r) dis-
charges at an initial velocity (up) into a free stream of velocity (uex) .
The flow field is characterized by three dis tinct regions. Region 1 consists
of a t urbulent mixing layer which penetrates into the uniform parallel flow
originating at the jet discharge. Upon disappearance of the potential core ,
the mixing characteristics undergo transition (Region 2), until , at some
d ist ance downs t ream of the discharge p lane , the velocity profiles normal to
the jet axis become similar (Region 3).

The dependent variables of interest in the mixing problem are the stream—
wise velocity (u), the transverse veloc ity (v) , the static temperature (T),
the turbulence energy (e), and the constituent mole fractions ( i i ) .  If trans-
verse grad ients are large with respect to streanwise gradients , the equations
of motion describing the flow field may be red uced to boundary layer form .
For plane or axisymmetric flow , the governing boundary layer eq uations app li-
cable to the free—mixing problem are :

CONTINUITY EQUATION

~~pu y )  
+ ‘[ (cs’ + , m ~~v~~ )y C

) = (232)

(0 Plane (2—0) flow

U axisyTmnetric flow
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where u and v are the streamwise and transverse mean flow veloci ties , respec-
tively. The term < p v ~ > represents the induced transverse mass flux of the
fluctuating portion of the flow . Using order—of—magnitude arguments , Brad shaw
(Reference 157) and Mellor (Reference 158) have shown that this term should
be properl y re ta ined in the boundary layer form of the compressible eq uat ions
of motion.

SPECIES CONTINUITY EQUATION

, r .
~~i4 1 ‘

~; 
1~~~Y ~~~ .

Pu —i + (p v  +<p ’v’> ‘—i = ~:— ( --~-—- ~~ (233)“m x c ~y \
S j  ‘m y

where:  5ie = e f f e c tive Schmid t number

= effective viscosity

X—MOMENTUN EQUATION

The static pressure may be assumed constant for the free—mixing analysis.

In this case, the streamwise momen tum equa tion becomes:

~u ~~ + (pv+i ~p v ’> = 
~~~~~~~~~~ 

y~ 
(234)

ENERGY EQUATION

The energy equation in terms of enthalpy is:

pu ~~~+ (pv + <p ’v ’) = ~ (ke Y
E 

~~ + ~ 
_
~

+ ~~~~~~~~ S
i 

+ 
gJ (~~~) 

- pu ~~ - (pv + cp ’ v ’ >) -~- (2’
~
5’t

where : h i = cons t i tuen t  molar en tha lpy

M — mixture molecular weight

F e exchange c o e f f i c i e n t
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The static enthalpy of the mix tu re may be el iminated as an indepe nden t
variabl e by using the following definitions :

h = ! 
~~~~ h1 (236)

M i

cp = C~ j (237)

Differen tiating,

3 h 1
~~~~~~~~

i
+ 1

~~~ h
i

N 1 N i

~h .5 h 1 ~~~ 1
÷

1
~~~~h

1

Using equation 236 and the species c o n t i n u i t y  equat ion , equat ion  233
yields the energy equation in terms of the mix tu re C~ and the static
temperature (T) .

Pu C~ + (pv + <p v >) 
~p 

= 2~ 
~~ (k e ,,c

+ L 
~-(r ~~ + ~~~~~~~~ ~;i (5~) 

+ 
~~~~ ( )2  (238)

— pu ~~. — (pv + e p v ’>) -~~‘ix

The pressure , densi ty ,  and temperature which appear in the above equa-
tions are related to each other by means of the perfect gas law :

P = pRT (239)

where: R mean gas constant for mixture .

The mean mixture heat capacity is considered to be a function of the
static temperature T. For constant R then , C~, may be related to the isen-
tropic exponent -y as:
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RCp = (24o)

Specification of y as a function of temperature then t’nablcN alculat i oii of
C~~.

The Prandtl/Glushko/Spalding model which is dis mlsN ed in the following
section has been incorporated into equations 23~~, 234 , and 2J8.

VISCOSITY MODEL

Introduction of an eddy viscosity (li e) permits 1’xpresNi on of t h e local
shear stress in terms of an effective viscosity and the mean flow velocity
gradient:

T T
L 

+ T = 

~~~~~~ 

(241 )

= (p + 
~~~ 

= 0 e (2 42 )

Phenomenological models , such as the Prandtl mixing length (Reference
114) have been used to relate the “eddy” or turbulent ” viscosity ( °t )  to the
local mean velocity field. These models imp ly that the turbulence adjusts
immed iately to changes in mean flow conditions and that a universal relat ion-
shi p exists between the turbulent stresses and the mean strain rates. Experi-
mental data have indicated that there is a delayed response of the turbulence
structure to sudden changes in mean conditions. The turbulent kinetic energy
eq uation prop osed by Prandtl (Reference 114), and utilized by Glushko (Reference
4) and Spalding (Re fe rence  118), provides a more fundamental modeling of the
“edd y” viscosity. In the presen t work , the Prandtl—Kolmogorov relations , as
given by Gl ushk o and Spald ing , are used to relate the “edd y” viscosity to the
mean flow quantities. After Kolmogorov (Reference 115), the turbulent shear
stress is taken as a universal  f unc tion of the Reynolds numbe r of tu rb ulence :

= ~ ~ (±~) = 0 t (243)

where Constant 0.2 pve L
T

R t Reynolds number of turb ulen ce =

e — Turbulent kinetic energy

Lt = Length scale characterizing turbulence

The “e f f e c t i v e ” v i scos i ty  is def ined as the sum o f the laminar and
t u r b u l e n t  p a r t s :

o + = I I ( 1  + (244)
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Del h u n g  a t u r b u l e n t  P rand t l  number as Pr t = ~~~~~~~, the “effective ”

the rma l conductivit y is given as: t

k
~ 

= ~~ + (
~-) 

~~

_] (245 )

The atove relations introduce the turbulent kinetic energy as an additional
dependen t variable. The boundary layer eq uations cited previously may be aug-
men ted by an additional partial differential equation describing the conser-
vation of turbulent kinetic energy . Specification or calculation of the char-
acteristic length scale (Lt) then provides closure of the system of equations .

TURBULENT K I N E T I C  ENER GY

The t u r b u l e n t  k i n e t i c  energy equation , discussed in Hinze (Reference 149),
represents the balance between the advection , d i f f usion , produc t ion , and dis-
sipation of turbulent kinetic energy . In the Prandtl/Glushko model (Refer-
ences 114 and 4), the pressure—velocity correlation term and triple velocity
correlation term arising in the development of the turbulence energy equat ion
ire combine d as a “grad ien t d i f f u s ion ” term. The resulting turbulent kinetic
energy equa t ion  i s :

+ (pv + ~p~~v > )  
~~~ 

= J~- f- (r 5 y r )
~ 

u t (su)2 
— De (24 6)

In modeling the dissipation term (De) ,  it is assumed that the small—scale
edd ies responsibl e for  the  d f s s i pat ion of mechanical energy are capab le of
hand l ing  all the energy t r ans fe r r ed  to them by the larger scale motion . The
process is then assumed to be diffusion controlled , and both the exchange
coefficient (r e) and the dissipation term (De) are expressed in terms of an
“intravortex ” turbulent viscosity (D):

re = liD (247)

D ( C u i D ) e
e 2 (248)

Lt

The c o et f i c i e n t , D , is given b y Glushko and Spald ing  as:

D =  1 + ctn R t (249)
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where:

Constant 0.586 (ifte r Spalding)

The constant (C) in the dissipation term of the turbulence energy equation
is assigned the value 2.59 (Spalding) for app lication to the turbulent mixing
problem.

The principal uncertainty in the turbulence model resides in the charac-
teristic length scale assigned to the turbulence (Lt). A partial differential
equa t ion for  l t~ 

similar to the turbulence energy equation 246, has been
derived by Rotta (Reference 3). In the present analysis , however , the char-
acteristic scale of the jet turbulence is assumed independent of the trans-
verse coordinate (y) , and is expressed in terms of the geometric parameters
of the jet. Experimental data are used to define the constants in the model.

Referring to Figure 249, the mixing region of the single jet may be
d ivided into three distinct zones. In zone 1, the flow consists of a mixing
layer whi ch penetrates into the uniform parallel flow emanating from the jet
discharge . The turbulence scale in this region is assumed propor tional to the
width of the mixing l aye r :

Lt (l)  = C~ 1 
b (250)

1 + C
~~2 

M~

w h e r e : b = Width of mixing layer

Mj J et discharge Mach number

Ctl , Ct2 Empirical constants

The above relationship, along with empirical values for Ctl and Ct2, is
developed in Re ferences 49 and 159 where comparisons with experimental data
are given.

In Zone 3, the velocity profiles are known to be similar. The turbulent
scale for this fully deve loped reg ion is de f ined , after Spald ing (Reference
118) , to be proportional to local radius or half—heig h t of the jet (Yj).

L
t(3) 

= ~~~ (251)

The turbulenc e length scale in the transition zone (Region 2) is less
well defjnt~d than those in Regions 1 and 3, in that experimental data are
sparse or nonexistent. Two models are iv ihi able for this region. in the
fi r~.,t , .iri exponential increase in length scale is assumed to occur upon

r u n e of the potential Core
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= 

C~3 
Y
J Ix \ C 4 (~~ 6 

+ C
7 
M~)L

t (2 )  1 + C M (2 52 )
t5 J c

The end of the transition zone is calculated as the axial station at which
Lt(2) f irs t becomes equal to or grea ter than Lt(3). The constants in this
model musc be determined from experimental data.

The second model assumes tha t the leng th of the transi t ion zone is eq ual
to the length of the potential core (Lc ) ,  and tha t the leng th scale varies
linearl y f rom the end of the core to the beg inning of the fully developed
reg ion:

Lt ( 2 )  = 
1 ± C~~ MJ 

(2 
- + 

~~~ 
~~~~ (

~ 
- 
1) (253)

Calculations based on this model generally have been fo und to show closer
agreement with experimental data than those based on the model of equation
(252).

The numeri cal val ues ass igned to the constants Ctl thru Ct8 are:

Ctl = 0.23 Ct5 = 0.38

Ct2 = 0.38 Ct6 = 1.4

Ct3 = 0.23 Ct7 = 0.43

Ct4 = 0.05 Ct8 = 0.1875

Using equations 247 and 248, the turbulent energy equation 246 may
be rew r itt en as:

pu + (pv + ‘p v >) = ~ ( f l .)I
E 

~
)

+ ~(i~) 2 
— (2~~-~~
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BOUNDARY CONDITIONS

Considering the jet to be symmetric about the line y = 0, the app l icable
bo undary cond itions are :

‘c If@ y O ~— = ~~- - = - - - = — — = O  (255)

@ y y  u = uex cx

T = T ex

e = e cx
= U~.

1 iex

TRANSFORNAT ION OF DIFFERENTIAL EQUATIONS

The preceding equations may be cast in a more convenient form by non—
dimensionalizing with respect to the primary jet diameter and the discharge

flow field variables up ,  ep ,  T~ . The requisite relations are :

x =~~—. ~~~~d~ 
‘ d~

U V - V ”
= 

‘ 
= , = (256)

p p p

E ~— , 0 =e Tp p

Sub stitut ion in equa tions 232 throug h 235 and equation 25’~i yields:

Continui ty

+ 2~~~ ( (p V  + <p V >) Y
C } = 0 (2 57)
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X-Momen turn

+ 2 (~v + <p V >) = 

(up~~~~) 
~y (~e 

i?” 

(25~~,

Turbulent Kinetic Energy

P U + 2 (pv  + <p~~V > )  
~4 

=( ~ 
~~ ~~~~~~~ 

2~ )
\ t i d Y  J (2 59)

I 4u \ 2 pCDd E

~1 P ~ I~_~r’h — 
pli

t \ 
u L

2
P t

Spec ies Continuity

‘
)~~~ / /~- Y

E 
, 

~.p u + 2 (Pv + <p v >) 
~~~~~ = ( ~ €

‘
~ 

-
~
-
~ (~~

-

~

— -
~

-
~

-
~
-) (260)

\ U d Y  J \ ie

Energy

PU + 2 (~v + ~Vv > )  ~~~ = 

ç

~~~~

-

~~~~:~~~~
t-) ~~ (k ~ ~~

p p p

~
( 4e \~ (unyE

u T d ~( E~~~~Y \
p p p p  /

~~ ( 
4 U

p
Pe \(

~~~ 2 ( 4 l i \
\
~~~ ~

k
\
C
p
g
c

JT
p
dp)\H)Y / 

~~U d M )  I S ic ~~~
‘

- (
~

) ~~ ~F (
~~

) 2 (pV + <p ’ V > )
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The boundary conditions become :

~ Y O

@ V U = 1’ ( 2 6 2 )

E =
1’ X

-
I

The c o n t i n u it y  e qu a t  ion 2 57 may be ident ica l ly sa t i s f ied by introduction
of the stream function coordinate ( . )  as one of the independent variables
(Von Mises transformation). Define a modified stream function , satisfying
con tinuit y as fol lows :

— (~~V +  <LV >) Y~ (263)

Using these relationships in equations 258 through 261 removes the
transverse velocity components (V,V~ ) .

The system of nonlinear parabolic differential equations (257 th roug h
261) ,  along with boundary conditions and suitably prescribed initial condi—
tions , repres ents a proper l y posed initial value problem. The solution may
be stepwise advanced in the positive X direction using a finite difference
appr oach. The imp lici t n ume rical tech nique utilized in the present investi-
gat ion closely parallels that of Patankar and Spalding (Reference 160). The
general programs of these latLer investigators were not availab le at the
inception of this project. The differences between the two approaches arise
primar ily in the type of finite difference mesh and the methods of controlling
the streamwise step size .

The Patankar met imm i uses a fixed dimensionless streaml ine grid. The
stream—wise step size is control l~ d by exp licitl y moni toring the flow environ-
ment over a given step . In th~ present work , st reaml ines are added in a
systematic fashion to cover the entire flow field. The streamwise step size
is related to the local geometric parameters of t h e jet , such as the width of
the mixing zone of the distance to the effective edge of the jet.

The part ial diff e ren tial equations are all of the general “diffusion
equation ” form:

= -~ T (
~ 

l~
) 

+ y + ~F + n ~~ (2 6 4 )

~‘ I

____________________________________ -J



where F may represent m v  of the Independent v a r i a b l e s  (U , E , - , c~i) . Th e
e q uat i o n s  .ire coup led princi pal l y through the normal derivative terms . Hence ,
a sequential solution techni que may be utilized , as opposed to direct simul-
taneous integration . The specific procedure consists of Initiall y formulating
the differential equations in terms of linear difference equations . The
l i n e a r i zat i o n  is effected by evaluating the coefficients of the differential
equations ut the known upstream mesh points. The X—rnomentum equation is
first solved for values of U and ~uI~ at the downstream station . Using these
quantities , the turbulent kinetic energy equation may be integrated to
determine E and oE/~~ . Finally, the species continuity and energy equations
may be solved using the results of t h e  p r e c e d i n g  two so lu t i ons.

VALIDATION OF ~i0DEL BY COMPARISON WITH EXPERIMENTAL DAT\~

The JET~11X analysis  has been compared with a wide ~pectrum of experi-
mental data. The comparisons (some of which are shown here ) have , in general ,
been very good . In particular , the JETM IX anal y si s has pr oven capabl e of
accurately predictin g the effects of changes in the external environment of
the jet , including changes in the velocity , tempe rature , composition , and/ or
pressure of the external stream .

In Figures .~5l , 252 , and 253 , the measured cross—stream mean velocity
prof iles of Laurence (Reference 161) are compared with JETMIX predictions at
each of three axial locations . A corresponding comparison for the turbulence
intensity is shown in Figure 254. The excellent agreement between the JETMIX
predictions and the experimental data for both the velocity profile comparisons
indicates the potential of the JETM1X analysis as an exhaust—p lume , flow—f ield
pred iction tool.

Comparisons between hot-jet test results and the free turbulent mixing
analysis are given in Figure 255 through 2~~~. These comparisons , wh ich
show the axial variation of the total temperature , the total pressure , the
velocity , and the Mach number on the jet centerline , are again very good .
These dat a were obtained at General Electric using a traversing water—cooled
rake . The experimental setup consisted of an exhaust jet issuing f rom a
conical nozzle at a pressure ratio of 3.2. The l icilit y temperature was
2400 ° R. The actual rake data indicated that the nozzle was operating at a
f ull y expanded Mach number , >1 = 1.45 , and at a total temperature of 2550° R.
These measured conditions in the supersonic core were used as the in itial
condition s for the mixing analysis predictions .

Additional comparisons between these same hot-jet test results and the
JETMIX analysis are given in Figures 259 through 266. Figures 259 and 2b0
show typical radial profiles of total temperature at each of two axi mI locations .
Figures 261 and 262 show the corresponding cross—s t ream velocity p r o t i l e - - ,
while Figures 263 and 264, and F igures 265 and 266, show the corresponding
Mach number profiles and total—pressure profiles , respect ively. It is
emph as ized tha t the emp irical constants which were used in the turbulen ce
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model were not changed between the cold—jet predictions of Laurence ’s data
and these hot—jet predictions . Consequently , the excellent agreement between

the hot—jet data and the JETMIX predictions verifies that the analysis is

capable of taking into account the effects of density changes in the flow .
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APPENDIX 7

AN ALYSIS INCORP ORATED IN SSFD / MERGE

There are two distinct techniques wh ich have been used to anal yze the
aerod ynamic flow field in a supersonic jet. In the first approach , the jet is
trea ted as a viscous , bo undary layer flow . The resulting flow field is of the
type dep icted in Figure 267. According to the usual boundary layer approxima-
tions , ~he rad ial velocity components are assumed small in comparison to their
axial coun terpar ts, and , in addi tion , the pressure is taken to be constant
throughout the whole flow field . These approximations imp lici ty ass ume tha t
the static pressure at the jet exit plane is identical to t1~~ ambient pressure
and that Prandtl—Meyer expansions and/or shock waves are not present in the
flow field. Consequently, this viscous boundary laye r anal ysis can only be
appl ied to subsonic jets , or to supersonic jets which are ideally (or nearly
ideally) expanded.

In con tras t to this viscous anal ysis , the second tradi tional techni que
for anal yzing superson ic je ts comp le tely ignores the effects of turbulent
mixing. In this second (inviscid) analys is , the full two—dimensional
eq uations of mo tion are used , and strong rad ial and axial pressure grad ients
can occur. These pressure gradients have their origin at the nozzle exit
plane where the static pressure generally is si gnificantly different from the
amb iemt pressure . In adjusting to the ambient pressure , the flow field
generally develops a series of shock waves and Prandtl—Meyer expansions in a
nearly per iodIc cell—like fashion . A schematic description of the quali-
tative features of a jet described by this two—dimensional analysis is shown
on Figure 268.

As indicated above , bo th of these approxi mate models ar e app licable to the
analysis of a certain class of supersonic jet. However , as might be expected ,
neither model applies to all supersonic jets. Thus , for examp le , the effec ts
of fr iction can never be entirely removed from the jet. Further , superson ic
jets are seldom uniform , parallel ideally expanded jets. Consequently ,  in
order to obtain an acoustic prediction technique which is app licab le to bo th
ideally expanded and nonideal ly  expanded je ts , the aerodynamic model must
include both two—dimensional effects and viscous mixing effects. This is
accomp l ished by d ivid ing the je t in to an inne r reg ion and an outer region as
shown in Figure 269 . The outer region of the jet contains that part of the
jet in which the effects of turbulent mixing are significant. Near the nozzle
exi t , the ou ter reg ion is composed of a narrow annular portion of the flow
field on the outer edge of the jet; downstream of the exit plane , the thick-
ness of the outer region increases until eventually it includes the entire
jet. In our analysis , this outer region is computed by our original viscous ,
boundary layer (JETMIX) computer program . Now , whereas the outer region of
the jet is dominated by the e f f e c ts of viscous mixing ,  the inner region of
the je t is domina ted by the familiar Prandtl—Meyer expansions and shock waves
which charac terize two—dimensional supersonic flow fields, in order to include
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these e f f e c ts in our aerod ynamic model , a new computer program has been written
to handle this inner region. This new program is called the Supersonic Finite
Difference (SSFD) computer program . Thus , in the ref ined aerod ynamic model , a
supersonic jet is analyzed in two parts by two separate computer programs .
The outer portion of the jet is analyzed by the viscous JETMIX analysis. The
inner portion of the jet is computed by the two—dimensional SSFD analysis.

As indica ted in Figure 269 , these two separate parts of the flow field
are matched along the sonic line . Thus, the inner portion of the flow field is
supersonic while the outer flow is subsonic. (In actuality some constant Mach
number line , which is sligh tly supersonic , is chosen as the ma tching line
rather than precisely the sonic line.) However , it must be noted that the
sonic line appears in the jet because viscous effects have reduced the Mach
number of the formerly supersonic flow . This indicates that the outer edge of
the supersonic region has experienced considerable viscous effects. Thus , in
order to include the two—dimensional effects in as large a region as possible ,
and in order to enforce as smooth a match as possib le between the inner and
outer solutions , the effects of the viscous mixing are included in the inner
(SSFD) analysis as known “right—hand—side ” terms. The magnitude of the
“right—hand—side ” terms is estimated from the viscous JETMIX computer program
as indicated later. This matching technique allows the total pressure to
vary continuously from the outer edge of the jet (where the flow is essentially
stagnated) through the sonic line and all the way to the jet centerline (where
the flow is supersonic). Then , by matching the static pressure at the sonic
line , we can be sure that all flow properties are continuous at the matching
line.

DERIVATION OF THE EQUATIONS USED IN THE INNER REGION

As indica ted above , the equations used in the inner region include the
viscous effects as “right—hand—side” terms . In order to obtain the form of
these “right—hand—side ” terms, the equations for the inner region are obtained
from the complete Navier—Stokes equations . An outline of the derivation
follows.

The eq ua tions of mo t ion for  stead y ,  compress ible , viscous flow are :

v . p ~~~= o  (265)

~
. (v . 7) + 7p = V (266)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7 . q  (267)

where : e — internal energy

p = pres sure

q — heat flux vector
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v — velocity vector

p — density

— viscous stress tensor

Two vector identities which are useful are:

V . (v . V) v — v . V [(v . v ) / 2 )  (268 )

v . ( V .~~~~) = 7 . ( v . T ) — T : V v  (269 )

If we dot equation (266) by the velocity vector , ~~~, and use identity (268),
we obtain :

~ v . 7 [(v . v)/2] + v . 7p — v . (7 . r )  ( 270 )

Then , combining equations (265) and (267) and using identity (269), the
energy equation becomes :

~ v • T h — v  . V p — V . (v . -) — v  . (7. -r) — 7 .  q (27 1)

where we have also converted from internal energy to enthalpy. Then , adding
equations (270) and (271) gives :

~~~~ , 7 h — V .(v . r) — ’7 . q  (272)

where : h — enthalpy

h° stagnation enthalpy

We now define the scalar function , Q, as:

Q (x ,y ) — p v . V h ° (27 3)

and , by equation (272), we also have :

Q ( x ,y) . . 7 . ( v .~~~) — V . ~~~ ( 2 7 4 )

If we now combine equation (274) with equation (271) and use the thermo-
dynamic equa tion of state , the energy equation becomes:

p T (v . V B ) — v . (V . T ) +Q  (275)
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where: s = entropy

T = temperature

Finally , defining the scalar function , uP, as:

(x ,v) = . . : )  (2 76)

we can write the entropy variation along a streamline as:

~ T V 7 s = — : + Q ( ) 7 7 )

Thus , the equations of motion can now be rewritten as:

7 . . :  v = O  ( 2 7 8 )

.: (v . .‘~~ v + ~p = R (279 )

~~ T v . 7 s = — .~~~~ + Q  (280)

where the vec tor R is def ined as:

R = 7  . T (281)

so that:

~ (x , y ) = .~~ (2 82)

At present , the SSFD program limits the function , Q (X ,’u) , to  the
t r i v i a l  f u n c t i o n :

Q (x ,v) = 0 (2 83)

Th is implies that only flow fields -which have uniform total temperature
throughout can be calculated. The extension of the computer program to
include an arbitrary specification of the st lknation enthalpy is relativel y
s imp le. Note that the function , ~, is not restricted ; it can (in ~‘rin’i p le)
be any func tion. When coup led to the J’~I M L X  visco us anal ysis , the SSFD
program automatically determines ~ from the tETMIX—predicted entropy gain due
to the turbulent stresses.



The equations of motion (278), (279), and (280) can be expressed in x—y
coordina tes as:

~I _  (p u ) + 

~~ 
(~vv

E
) 0 (284)

.:u + v —
~~ + --

~ = R (285)x 1

~u 
-
~~~~ 

+ 
~ v -

~~~~ + -
~~~~ = R (286)
~v 2

~~~~~~~~~ + v — ~ - ) = — ~~~ + Q  (287)

where: c = 0 Plane (2—D) flow

= 1 Axisymmetric flow

R1, R2 = Axial and transverse components of R

u, v = Ax ial and transverse componen ts of veloci ty ,  v

Since the inner reg ion is res tri cted by definition to be a supersonic
f low reg ion , it follows that equations (284) throug h (287) form a sstem
wh ich is hyperbol ic in character. Consequently ,  these equations , like the
(parabolic) boundary layer equations which are used in the outer region , can
be solved by a marching technique. Although the classical method—of—
characteristics (MaC) procedure could be used to solve these equations , we
have chosen to use an exp licit finite—difference algorithm , since it is some-
wha t simp ler and is more easily adapted to the matching procedure . During
the calculation , the inner solution is determined on a series of axial planes
at successively greater distances from the nozzle exit. The use of axial
computation stations in the inner solution is convenient , since the outer
solution also is determined on axial planes. Similarl y, both analyses use
the stream function , ., as the cross—stream variable. ~treamline—following
simplifies the enforcement of the desired entropy and stagnation enthalpy
vari ations along the streamlines.

TRANSFORMAT ION OF THE DIFFERENTIAL EQUATIONS

Before  be ing replaced by their finite—difference equivalents , equations
(284) throug h (287) are trans formed to the x— -, coordinate s stem . The
stream function , ~, is de f ined by :

= . 
= — cvv~ (2 88)x



The dependen t variab les also are replaced by the more convenient quantities :

• logarithm of pressure , ln p

• tangent of the local flow angle , ~ =

• entropy , s

• stagnation enthalpy , h°

These four quantities represent the classical dependent variables for two—
dimens ional superson ic flow calcula tions , with two minor changes. First of
all , the pressure has been expressed as the natural logarithm of the pressure ,
rather than as the pressure itself. This variation has been suggested in
Reference 162 as a means of obtaining more accurate results In finite—
difference calculations . Our experience has verified this finding , particu—
larly in regions of high gradients such as those near the focal poin t of
expansion fans . An unfavorable aspect of using ln p rather than p is that
an increase in processing time is required , but the improved accuracy and
reliability of the code seems to justify this added expense. The second
change , the use of rather than the flow angle , ~~~ is based on conupu tational
economy . There seems to be no accuracy advantage for using either -r or e as
the second dependen t variable ; consequently ,  -r has been chosen because it
eliminates extensive use of the trigonometric functions . The remaining two
primary variables (entropy , a) and (stagnation enthalpy,  h°) are chosen since
the variation of these functions will be specified along the streamlines.

Transforming to the x—~ coordinate system and introducing the new depen-
dent variables leads to the system of equations :

.: T u -
~~~~ — ~ (x ,,.) + Q (x ,.. ) (289 )

u -
~~~~ = Q (x , ,,) (290)

~ 
~2 + (1 -~ T

2
) i~uy~ 

-
~~~~ 

— t -
~
-
~~ — rR~ (29 1)

- 1) + ~~~ ~
( )  

+ - - 
~ + 

2 
(2 92 )

where we have used the assumptions of a perfect gas with constant specific
heats . Note that , since partial differentiation with respect to x implies
differe ntiation along a streamline , equations (289) and (290) rep resent
the substantial derivatives of entropy and stagnation enthalpy. These
equations explicitly relate the variation of s and h° along streamlines to
the viscous effects.
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Equations (289) through (2~ 2) are solved numerically b y the MacCormack
two—step finite—difference algorithm (Reference 163). This procedure is
simp ler and faster than the classical Lax—Wendroff technique (see Reference
164) , but still maintains second—order accuracy . Being exp licit , the
a l g o r i t h m  is only conditionall y stable , and the maximum s t ream—wise  s tep size
is l im i t e d  b y the Courant—Friedrich s—Lewy (CFL) condition (see Reference 164).

The m a c t h i n g  c a l c u l a t i o n  s ta rt s  by d e t e u - m i n i n p  t h e  e n t r o pY  and s t i n n ot i o n
e nt h al py at the new x — s t a t i o n  for  a p a r t i c u l a r  s t r e a m l i n e  f r o m  equations (239)
and ( 2 9 0 ) .  This is ba s i ca l ly a t ab le— lookup  o p e r a t i o n .  Then , the pressure  at
the ne~ x—station is determined from equation (292); and , finally using this
value of ~p/3 ,, the flow angle at the new station is determined from equation
(291).

The SSFD computer program is limited t 1  equa l sp aci n g in the stream
f u n c t i o n , ~.. Changing to var iable  c r o s s— s t r e a m— r i i~~-: spa cing is possib le ; but ,
with the MacCormack algorithm , a change to van .~‘le—mesh spacing would render
the calculat ion f i r s t — o r d e r  a c c u r a t e .  (Note that e a c h  downstream s tep size
is calculated as th computation proceeds so that , in general , no two—stream—
wise step sizes are identical but rather only the cross—stream—mesh widths are
the  same. )  Equal in te rva l s  in i~~ implies equal  amount s  of mass flow b e t w e e n
each of the mesh points in the field. In an axisymmetric flow calculation ,
this equal spacing in stream—function means that the grid points will become
less dense in physical space as the axis is approached. This tendency is
further amp lified in an underexpanded exhaust jet because the flow responds
to the lower ambient pressure by expanding and , by so doing, moves the points
nearest the axis of symmetry further from the centerline . In order to
c o u n t e r a c t  th is  g r i d — p o i n t  sp read ing  near  the centerline , an existing SSFD

~apab i l i t y  fo r  runn ing  two p a r a l l e l  f lows was used.  Thus , any j e t  c a l c u lat i o n
is run as a coannu la r  p a i r  of j e t s  with a comp lete slip—line boundary between
t hem. since the coannular jets are really comprised f rom a sing le j e t , no
discontinuity in temperature or stagnation pressure is used across the sli p
line . This coannular jet artifice is used only to increase the density
grid points near the axis of symmetrY w h i l e , at the  same t i me , m a i n t a : n u n ~
convenience and economy of equal cross—stream spacing. A~ t h e pro gram
currentl y set up, it will automaticall y divide any axisyimnetric j e t  i~~t -

coannular ones .
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A l t h o u g h  t h e  f i e l d  points are c.ulc uui at e d b y  1 I i n i t ~~ - - - 
-

t u e  boundary conditions are enforced by Wy lIe- oh  a tT~- t I~~ 
-

approach similar to the one used by Moret t I ( E e l  i t , - :  -
finite—difference calcu luit Eons . Tue d es ir uih i l l u -

‘

conditions In fInite—difference calcul i : l ore. ~u- -
st  tid y by Abb et t (Re fy  renee I bb ) , in wit len Li
app roach (a long w i t  Ii one other int’ t h in d  ) w i  - -

an ent  I r i .  ~ e r I es o or her nium r i (- m l  hI lul l 

-I-— -

~~ 

- 

~~~~~=•~~~~~~~

_
= 

~~~~~~~~~~~~~~~~~~~~ 

~~~ A



I—’, -—

F sD—Ao~~ 6zu GENERAL ELECTRIC Co CINCIMJATI OHIO AIRCRAFT ENSuE SROU° F/s 20/1 J- SUPERSONIC JET EXHAUST NOISE INVESTIGATION. VOLUME III. COMPUTE——!TCRn
AlL 76 0 N FERGUSON. II A SMITH. P N KNOTT F33615—73—C—2031

I UNCLASSIFIED R71AL5452 V0L—3 AFAPL—TR—76—64—VOI.—3 NL

I 
1 _ 

_  _

_ !! flEIEE9
_ _

~9F31 FflA
_ _

_ _  ~~flUb’ U _rriuo!r A
I _ _ _

flEX



V •

AV ••

II~II ‘~°1.1 I2~
8

• 
• 

~ I.25 

~~ ~



In app iying the boundary conditions , we first note that the characteristic
directions are unaffected by the viscous “right—hand—side ” terms and so remain
the same as in inviscid flows. The viscous terms, however , do affeet the
compatibility conditions which must be enforced along the characteristics .

By using standard techniques , the compatibility conditions can be shown to be :

±~~~
u
2

d T +~ ’~~~— l d p (293)

= - pUC - ~~~~ 
(
~~~ ) + u(l+~2) 

(T  ~~~~~ + 1)] di

where : c = speed of sound

H = Mach number

y = ratio of specific heats

At the outer edge of the jet , the pressure is specified ; and , the single
characteristic from the new boundary point to the previous x—station is
sufficient to determine the flow angle, v/u , as shown in Figure 270. Along
the axis of symmetry , the flow angle must go to zero. In this case, it is the
pressure which is determined from the compatibility relation .

In either of these MOC calculations, it is necessary to know the value of
the flow properties where the characteristic intersects the plane correspond-
ing to the previous x—station . In all cases such as these , the values are
found by means of linear interpolation . The use of higher order interpolation
formulas is not reconunended , since they frequently lead to increased errors
arising from the nonanalytic nature of the supersonic flow variables.

METHOD FOR INCLUDING DISCRETE SHOCKS

The presence of discrete shock waves in a supersonic flow field , and the
calculation of their location and strength , introduces two distinct problems .
First , since t~-~e shock wave , in general , will lie between two field points
(rathe r than being concident with one of them), additional shock—point
storage locations must be introduced. Once these additional storage locations
are provided , the propagation of the shock can be accomplished in a rela-
tively straightforward manner. The particular method we have chosen is
analogous to our technique for calculating boundary points , in that an HOC
procedure is used. Thus, in computing the shock locus from the previous
x—stat ion to the new x—station , the new radial position of the shock is first
approximated. The properties on the upstream side of the shock are then
calculated by using the complete MOC equations along both the left—running
and the right—running characteristics , as shown in Figure 270. Then, by
geometrical relationships , the shock angle at the downstream station can be
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determined. The known conditions in front of the shock, plus the shock
angle, are then sufficient to define all properties downstream of the shock
via the Rankine—Hugoniot jump conditions. Then, finally, the compatibility
condition for the single characteristic which overtakes the shock from the
downstream side can be used to improve the predicted location of the shock.

A second problem which must be surmounted when there is a shock in the
flow field is the calculation of the regular field points which are adjacent to
the shock. Calculation of such points requires a finite—difference technique
which “reaches across” the shock. In our analysis , we adjust the properties on
the opposite side of the shock by the jump values for that particular quantity ,
as shown in Figure 271. Then, using these adjusted values, we proceed to
calculate these near—shock points in the normal manner. This procedure
implicitly assumes that the gradients of the flow variables change by only
small amounts across the shock. Although this is not necessarily the case,
we have obtained good results with this method even in rotational flows. We
have also tried a variation of the method suggested in Reference 167, but have
returned to the present technique.

At present , the SSFD computer program is capable of including only a
single shock in the flow field at any axial location. When there are no
shocks in the field , the program monitors the developing solution to detect
the generation of shock waves, either from a sharp corner in a solid boundary ,
or due to the coalescence of characteristics . Since the program operates on
a finite—difference technique rather than along characteristic lines, the
characteristics are not readily available; however, their slopes are calcu-
lated at each axial station in order to determine the allowable step size to
the next axial station. The shock search procedure observes the angle change
between characteristics of the same family which emanate from adjacent grid
points. When these characteristics converge toward each other at faster than
a prespecified rate (currently set at 5 degrees), a shock is inserted and the
coalescing waves are represented by a discontinuous Rankin—Hugoniot jump.
ThIn shock search procedure Is quite simple and , to date, has proved to be
reliable.

SHOCK REFLECTION FROM AXIS OF SYMMETRY

As a shock wave in an axisymmetric flow field approaches the centerline ,
the shock becomes increasingly steeper. Because of this steepening, the
axisynsuetric equations will not allow the shock to reflect from the symmetry
axis in a regular fashion. Instead , some sort of “strong” reflection must
occur. As a result , a local pocket of subsonic flow appears behind the shock,
and any computational procedure which relies on the hyperbolic character of
the equations becomes invalid and has to be terminated . However , experimental
Schileren photographs show that this subsonic region is frequently small or
even nonexistent (Reterence 168). Thus, although the reflection shows up as
a nearly normal “Mach disc” or “Rieman wave” in some cases, an apparently
regular reflection takes place in other cases when the shock is sufficiently
weak (even though the inviscid equations will not allow this). In order to
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provide a means for continuing the flow field calculation beyond the location
at which the shock first reflects from the axis of symmetry , we have incor-
porated two approximate techniques for “calculating through” this presumably
small, localized subsonic pocket. First , when the incoming shock is weak , a
“regular” reflection procedure is used. However , for stronger incoming shocks,
we switch over to a “Mach disc” reflection procedure . Which of the two
techniques is to be used must be determined by the problem at hand .

The “regular” reflection procedure utilizes a suggestion by Oswatitsch
(Reference 169) that the axis of synunetry be “enlarged” near the shock im-
pingement point so that the radial coordinate becomes small but still remains
finite. The radial size of this “enlargement” is determined by the program ,
depending on the local strength of the shock . (Stronger shocks require more
“fattening” of the axis of symmetry.) It is emphasized that these “enlarge-
ments” generally encompass less than one half of one percent of the original
mass flow so that they are scarcely detectable on a “blown up” plot of the
shock locus.

The “Mach disc” reflection technique (which is considerably more compli-
cated than the “regular” reflection procedure) involves the insertion of a
triple point and the use of an iterative technique to determine its location .
In this analysis, a triple point is inserted at a chosen location on the
shock, and the oblique shock which is moving radially inward is forced to
branch into a second outward—running shock and a normal shock which extends
to the axis as shown in Figure 272. The normal shock represents the Mach
disc. A slip line is also generated at the “lambda” intersection . Downstream
of the Mach disc, this slip line serves as a boundary between the supersonic
flow and the subsonic flow. The supersonic flow is handled by the standard
SSFD algorithm, while the subsonic flow is analyzed by a one—dimensional
approximation. The height of this one—dimensional channel at succeeding
axial locations is determined by requiring the pressure to be balanced across
the slipstream , and by requiring the supersonic flow to be tangent to the slip
line. This matching requirement causes the Mach number in the one—dimensional
stream to vary as it flows downstream. The axial position of the Mach disc
is then iteratively determined based on the behavior of the flow in this
one—dimensional channel. The Mach disc is said to have been correctly
positioned when the slip line forms a “throat” which reaccelerates the sub-
sonic flow through sonic velocity in a smooth , continuous fashion. This
Mach disc model is very similar to the ones used by Abbett (Reference 170),
Averenkova , et al, (Reference l62),and Fox (Reference 171). Comparisons
between this Mach disc model and experimental results, have shown reasonable
agreement , but the iterative procedure is quite expensive (in terms of
computer processing time) and tends to be unreliable . Most of the results
presented in this report are based on the “regular” reflection .

CAL CULATION OF THE TURBULENCE FIELD

The previous sections have described the model which is used to predict
the velocity f ield in a non ideal ly expanded j e t .  Howeve r , be for e the acoustic
characteristics of the jet can be determined , it is necessary to know some—
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thing of the turbulence field in the jet. As indicated in Appendix 6 (or, see
Reference 6), the turbulence model which is used in the JETMIX computer
program is based on a turbulent kinetic energy approach. For ideally
expanded jets, the magnitude of this turbulent kinetic energy has been used to
evaluate the source terms in the classical Lighthill acoustic equations
(Reference 10). Once these source terms are evaluated , the acoustic sig-
nature of the jet can be readily determ ined. Since this acoustic formulation
is based on the local mean and fluctuating properties of the jet , it should
also be directly applicable to nonideally expanded jets. (This, of course ,
does not imply that the model would predict the same acoustic radiation from
ideally expanded jets, because both the mean velocity field and the turbu-
lence field depend on the expansion ratio of the jet.) Thus, it remains to
determine the turbulent kinetic energy in the nonideally expanded jet.

The conversation of turbulent kinetic energy is governed by the balance
between the production , dissipation , convection , and diffusion of turbulence
energy throughout the flow field. The ferm of the turbulent kinetic energy
equation which is used in the JETMIX analysis is:

ae ~e 1 ~p u + p v -
~~
-- — -s-— (C

1
u~ y 

-
~~
---) (294)

3/2
~u 2  

C2 p e
+ p (—) —

t ~y L
t

where C1, C2 
= constants

e = turbulent kinetic energy
= turbulent length scale
= turbulent eddy viscosity

The turbulent kinetic energy is related to the three components of fluctuating
velocity by:

e 1/2 (< u ’ 2 > + < v ’ 2 > + < w’~~>) (295)

As used in the JETMIX analysis, equation 294 applies to ideally expanded
jets. However, there is one flow phenomenon which affects the turbulence
levels, and which is unique to nonideally expanded jets, that is not included
in the conservation equation (294). This phenomenon is the presence of shock
waves in the flow field . These effects have been included in our anal ysis by
means of Ribner ’s shock—turbulence interaction model (References 172—174).

564



Ribne r ’ s analysis starts by decomposing the turbulence field into an
inf in i te  number of elementary vort icity waves of all wavelengths and orien-
tations . Then for any one of these elementary waves , he calculates the
manner in which the vorticity of the wave is altered as it is convected
throug h a no rmal shock wave . The results of his calculation show that the
magnitude of the vor ticit y is inc reased as the wave goes through the shock.
(Besides the increased vorticity, two new waves are generated , an entropy
wave and an acoustic wave.) A summation over all wave numbers of the
effects of the shock on each individual wave then yields an amplification
factor for the turbulence as it Is transmitted through the shock. Conver-
sion from turbulence convected through a normal shock to turbulence convec ted
through an oblique shock is made by a transformation of coordinates (Figure
273). It should be noted that , although Ribner’s analysis strictly applies
only to straight shocks, it can also be applied to curved shocks (such as
occur in supersonic jets), as long as the radius of curvature of the shock
is significantly larger than the longest wavelength of the turbulence.

In Ribner’s analysis, the three components of turbulence amplification
are def ined by:

2

2 3/2J ~s) cos
2 e2 co~ O
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(296)
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Figure 274 shows the amplification of turbulence by a shock in terms of
the ratio of turbulent kinetic energy in front of and behind the shock. The
turbulence amplification is plotted as a function of the ratio of the normal
components of velocity in front of and behind the shock. As can be seen , the
amplification is unity at a velocity ratio of unity (shock of vanishing
strength) but quickly increases to a maximum of some 20% amplification for
moderate shock strengths (normal component of incoming Mach number about 1.5) .

In our computer model, the turbulent kinetic energy Is monito red at each
point in the flow by means of equation (294), suitably transformed to x—i ~
coordinates. When a shock wave is encountered , the turbulence amplification
is determined from Ribner’s theory , and the turbulent kinet ic energy is
increased locally by the amount of turbulence which is generated at the

565 

— 
_ . _



Refrac ted
Shear-Entropy
Wave

Shock

e2
/

U1 
.. Sound Wave

—

~ U2

7
in i t ia l  Shear
Wave

Figure 273 . Passage of Turbulence Through a Shock.

566



1.4 - ) Out~ Oiflg Shear W a ~vr ~

R ipp led Shock Wave

Incoming

.
~~ i ¶~ - 

Shear
C.) Wave

a
0
~.1
C.)

1.2 —

0

4.
a
0
“-I
‘4-.
.4
‘-4
0.

1.1 —
am
0aam
a
.0

a I I I I I
1.0

1 2 3 •i 5 6
Ratio of Normal Components Across Shock, u2/u1

FIgure 27 - 1 . A m p l i f i c a t i o n  of Turbulence by a Shock Wave as Predicted by
Ribner ’s Shock-Turbulence Theory.

567



shock. The resulting turbulence energy profiles have a discontinuous jump
across the shock . Equation (294) is solved numerically using an implicit
Crank—Nicholson procedure . Since this numerical algorithm is unconditionally
stable , there is no restriction on ume axial step size which must be used .
Consequently, the step—size is determined by the supersonic flow equation ,
and the same (ax) step size is used for both the hyperbolic supersonic flow
equations and the parabolic turbulent kinetic energy equation . It should be
noted that despite their differing mathematical character , both the super-
sonic flow equations and the turbulent kinetic energy equation can be
solved by a “marching” process , and that the simultaneous solution of the
two equations therefore can be performed quite compatibly.

In calculating the turbulent kinetic energy equation , the velocity pro-
files which are used as coefficients are obtained from the SSFD solution,
while the mixing length and the outer boundary condition on the turbulent
kinetic energy are obtained from the original JETMIX solution.

MATCHING BETWEEN THE INNER AND OUTER SOLUTIONS

As described previously, the equations for the inner region require
that the variations in entropy and stagnation enthalpy due to the turbulent
shearing stresses be specified along each streamline before the solution is
calculated . In the computational procedure , these variations are first
estimated from a solution of the viscous boundary layer equations for the
entire mass flow in the jet (i.e., both inner and outer flows). This viscous
calculation also establishes the value of the stream function at which the
flow becomes sonic and , hence, the location of the boundary between the inner
and outer regions . Then , using the calculated entropy/enthalpy variations
as a first approximation to their actual behavior , the velocity field in the
inner region is recalculated by means of the two—dimensional (inner) equa-
tions. (The velocity field in the outer region is left unchanged except for
repositioning the streamlines so that they match with the streamlines in the
inner region.) In principle , this sets up an iterative process which would ,
upon convergence , yield the “exact” solution (except that the viscous terms
would be included only to the boundary layer approximation). Note that the
iteration would proceed by assuming that a known static pressure field is
impressed on the outer (boundary layer) equations . The boundary layer calcu-
lation then defines an entropy/enthalpy field which is impressed on the inner
(two—dimensional) “inviscid”) equations which , in turn , redefine the static
pressure field , and so forth . Nevertheless , for the problem at hand , it is
assumed that the use of a constant pressure field in the boundary layer
equations will give the entropy/enthalpy field to sufficient accuracy that an
improved approximation need not be determined . The computational procedure
is described schematically on Figure 275.

The boundary conditions along the sonic line complete the matching of
the inner and outer solutions. The viscous solution assumes that the static
pressure is constant throughout the outer region and is equal to the ambient.
At the matching (sonic) line , the static pressure in the inner region is

~. 68



__________________________________________________________________________________________________

‘—4
a)

a)a
0

0 V
-‘-4

- 4.
a
a a

a 0
o a
~ a

-‘ am .a a
~ a S Cl~ a)

am -. -..-4
S a 0 .~~ a

~) 0 0 .0
~ ‘—4 0 0  m-.

0 a a c m
Cl) 5

0
“-45 4.

a ao + 4.
V a

I a -,-. 5 0.a a  a am 4-~ a E
I a o ~-. ra ~-. 0a --i 0 a b~ C)

0. I 4-’ 4 . 0  0
am a) S Cl) V ~ am

4’ - I ~~ a .~ 4-’
O a E-. ~ a o _

~~ ~-. a)-
0. E-~ —. a) ‘-.4 ca 0 0  0

a) a - -. 0 0.
4’ — - n. L - — am ~-. -‘-4a) 

~ am a ~ 0
—4 ~~. ~. -.-. a o 00. I am a ~ -

~~S 
~ 0o I am 0o 0 m-,

.4-4 _ _ _ _  _ _ _ _ _  

a)
a

0 __________ .4
-.4

a) 4-’
a a
-4 0
-4
4-’
a
o ‘0 ~-‘

a m a—S ~ 4

L_
~. 

~~~ -,-4 ~ a 
_ _ _ _ _ _a am

0 0
~~~~~

-... ,.~ a
5— —4 a) a) -‘-4

v a ~a 0 -.-~ ~0 a
- - a m  rim

b~ a) ~ . 4.
a~ -e 5

a a a) 
~.

~4 5 - 1‘-~ a 0 a .-~4) C) Q . 0 S
÷‘ ,-. a ~., -‘a a -~ a 0
o ~~~~~~~~~

569



requi red  to approach the ambient pressure . Thus , by requiring the s t a t ic
pressure  to be con t inuous  across time sonic  l ine , and by o b t a i n i n g  the en t r o p y/
en tha l py f i e l d  fo r  tim e e n t i r e  j e t  f rom the o u ter  so lu t ion , we are assured
tha t  all  o t h e r  f low and thermod ynamic  p r o p e r t i e s  are con t inuous  at the  i n t e r -
face  also .

RESUL 1’S FOR SHOCK STRUCTURE CO~-WUTAI I ONS

Inviscid  Calculat ions

Some typ ical p red ic t ions  of the aerod ynamic f low f i e ld  are given in
Fi gures 276 through 2 7 9 .  The r e su l t s  in these f igures  have been ob t a ined
from comp l e t e ly  inv i sc id  ca lcu la t ions . Figure 276 shows the p r e d i c t e d  shock
shape and o u t e r  boundary  shape based on the  inviscid c a l c u l a t i o n .  The shock
or ig ina tes  nea r  the outer  ed ge of the j e t  due to coalescing c h a r a c t e r i s t i c s
coming f r o m  the curved ou te r  boundary . The shock moves radia l ly inward and
even tua l ly  r e f le c ’s  f rom the axis of symmetry  and r e t u r n s  to the  outer
boundary . The “ r ;ular ” r e f l ec t ion  technique  has been used in this  case.
Fi gures 2 7 7  and 2 i 8  show the composite resul t  of a number of computa t ions
s i m i l a r  to tha t  of Figure 276 .  In Figure 277  the d i s t ance  f rom the nozzle
ex i t  to the po in t  at which the shock f i r s t  crosses the axis of symmet ry  is
p lo t ted  as a f u n c t i o n  of pressure r a t i o , P j e t /Famb . These resu l t s  are fo r
both “ regular ” and Mach disc r e f l e c t i o n . Also shown on Fi gure 277  is a line
represen t ing the  exper imenta l  data  of Love , et al (Refe rence  168) . The
inv isc id  p r e d i c t i o n s  agree qu i t e  well w i t h  the exper imenta l  r e s u l t s ;  howeve r ,
th i s  is to be expected , since the viscous e f f e c t s  don ’ t s t a r t  to  have signi-
ficant effects on the shock shape until after it reflects from the axis and
nears tim e outer boundary . Figure 278 is similar to Figure 277 except that
i t  shows the he igh t  of the Mach disc as a f un c t i o n  of pressure r a t i o .  Again ,
Love ’ s e x p e r i m e n t a l  d a ta  are show n for  comparison . The p r e d i c t e d  Mach disc
hei gh t s  are only  in f a i r  agreement  w i t h  the  e x p e r i m e n t a l l y  observed values .
Never the less , the q u a l i t a t i v e  agreement is s u f f i c i e n t  to  show t h a t  t he  Mach
disc model can be used as an a r t i f i c e  to allow the two—dimens i ona l  supersonic
flow ca l cu la t ion  to proceed beyond the  point where the  shock h i t s  the  a x i s .

An overlay of the i n v i s c i d  shock shape p r e d i c t i o n  of Fi )~u r e  2 76  w i t h  a
Schi ie ren  pho tog rap h taken under  the  e x p e r i m e n t a l  p o r t i o n  of th i s  con t r ac t ,
is shown as Figure 279 . The agreement be tween  the  computed  shock and t h e
exper i m enta l  shock is e x c e l l e n t , except for  two p o i n t s .  F i r s t  of a l l , the
computed shock st a r t s  cons ide rab ly  c loser  to the nozz le  than  does the  exp eri-
menta l  shock.  However , the  computed vers ion of the shock represents  a Mactm
number j ump  of onl y about  0 .02  u n t i l  very near the  c e n t e r l i n e . A shock th is
weak would  not be expec ted  to show up on a Schl ieren  pho tog raph . Secondl y ,
t i m e  p r e d i c t e d  shock does not t u rn  no rmal to the f l o w  near  t he  ed ge of the
j e t .  This difference is due to the neglect  of t he  viscous e f f e c t s  in the
outer region of t ime jet. Some calculations which do include the effects of
viscous mixing are shown in the next section .
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Turbulent Flow Field Calculations

Figures 280 through 285 present the results of calculations based on
the fully coupled viscous—inviscid analysis. Figures 280, 281, and 282
show the effect of varying amounts of underexpansion on a jet plume . In all
three figures , the total—to—ambient pressure ratio , 

~T/~ amb = 4.10. The
static—to—ambient ratio , ~J/Pamb, 

is, however , different in each figure .
Figure 280 shows the radial variation of both the total pressure and the
static pressure for the ideally expanded jet , ~J/Pamb 

= 1.0. Here , the
pressure is constant (and equal to the ambient) throughout the entire jet.
Consequently, both the complete inner—outer analysis and the purely boundary
layer analysis give identical results for this case. At the axial locations
shown , x/R = 1.90 and 2.35, the total pressure near the centerline of the jet
has remained at its original upstream value , indicating that the inviscid
core is still present . Near the outer edge of the jet , the total pressure
falls off quite rapidly due to mixing . This decrease continues until the
total precsure approaches the static (ambient) pressure signifying that the
velocity has dropped to zero.

A slightly underexpanded jet (
~J/~amb 

= 1.6) is shown in Figure 281.
This flow field contains a weak shock, which , at the axial location shown ,
x/R 2.65, has just reflected from the axis of symmetry and is moving back
toward the outer boundary . Because of the shock, there are now two sources
of total—pressure loss. Since the shock has already reflected from the axis
of symmetry, the flow in the center of the jet has experienced a finite , shcck-
induced total—pressure loss as shown by the smaller shaded region . Between
this region and the outer mixing—loss region (also shown shaded) lies a por-
tion of the gas which is unaffected by mixing and has been traversed by only
a very weak shock so that its total pressure remains equal to its upstream
value . The radial variation of the static pressure is no longer trivial in
this case as it was in Figure 280. The pressure near the center is relatively
high , then drops across the shock to a below—ambient value and finally
asymptotically approaches the ambient value at the interface between the inner
and outer regions. The location of this interface , as well as the location
of the sonic point , is also shown in Figure 281.

The last figure of this series represents a still larger degree of under—
expansion than did Figure 281. Figure 282 corresponds to flow from a con-
vergent nozzle with sonic velocity at the exit. The pressure ratio is

~j
/
~ arnb 2.1. This figure again shows radial variations of both total and

static pressures at each of two axial stations , x/R 1.90 and x/R = 2.65.
The rate at which the mixing region spreads with distance from the nozzle exit
can again be seen , as can the increasing total—pressure loss due to shocks .
Note the relatively large levels of static pressure variation , even though the
underexpansion is still mild. Finally, note that the viscous boundary layer
analysis by itself would predict the same flow field for all three jets in
Figures 281 and 282, (assuming the impressed pressure were taken as the
ambient pressure in all cases). Also note that the considerable effect of U.e
mixing—induced total—pressure loss on the flow field would be ignored by pure
inv iscid analyses.
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The next two figures show the predicted shock—wave shapes for the jets
of Figures 281 and 282. Figure 283 shows a comparison between the shock
shape which is predicted by the complete inner—outer analysis and the shape
predicted by a completely inviscid analysis for the jet of Figure 281. The
inviscid calculation was made by specifying the entropy to be constant along
all streamlines (except for shock losses). As Figure 283 shows, the two cal—
culations give nearly identical shock shapes before and immediately a f t e r  the
reflection of the shock froni the centerline. Indeed , the minor differences
between the two calculations in this region is more due to small errors in
calculation (stemming mostly from undesired interactions between the initial
part of the mixing layer and the expansion fan at the nozzle lip) than from
the physics of the prob lem. However, the sharply curved portion of the shock
near the outer boundary is due to real effects. This sharp curvature comes
about as the shock enters the strongly rotational flow region which has been
created by the viscous mixing . As the shock traverses this mixing layer , the
Mach number in front of the shock approaches unity so that even as the shock
turns normal to the flow, its strength decreases until it eventually fades
out.

Also shown in Figure 283 are the outer boundaries of the inviscid calcu-
lation (which , of course , is a streamline) and the “sonic” matching line
(M — 1.].) which was used in the coupled analysis. Finally , the mixing region
is shown by the shaded area.

Figure 284 shows the predictions of the coupled analysis for the jet of
Figure 282. superimposed on a Schlieren photograph of the first two shock
waves for a jet at the same conditions. As can be seen , the agreement is
excellent. Note that the curved portion of the shock in the mixing region
agrees quite well with the Schlieren result , and that the predicted size of
the “Mach disc” agrees with the photograph (although without the theoretical
prediction superimposed — the photograph appears to show a regular reflection) .
Again note that , although the predicted shock starts much too close to the
nozzle exit , it remains extremel y weak until it nears the axis and so would
not be expected to be visible on the Schlieren photograph . Finally Figure
284 shows that both the predicted and the experimental outer boundaries show
a point of inflection at about the axial distance from the nozzle exit where
the shock reflects from the centerline. This inflection in the outer boundary
is caused by the displacement of the viscous mixing region by the inner
inviscid core of the plume . At the exit plane , the inviscid flow turns out-
ward through an expansion fan. Then the axisymmetric effects force this flow
to again turn and approach the axis (see outer boundary shape of the inviscid
calculations in Figure 276). The superposition of an everwidening mixing
region on these curved inviscid streamlines generates the inflection of the
boundary .

Figure 285 shows the predicted axial variation of mean and turbulence
velocity on the centerline for the jet of Figures 282 and 284 (

~J/~ath 
2.1).

Also shown are laser velocimeter measurements of the mean and turbulent
velocity distributions . What is noticed in both the analytical predictions
and the data is that the mean velocity has a wide excursion (over and below)
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about the ideal isentropic velocity for this nozzle, while the turbulence
velocity distribution remains relatively uniform . On the average, the mean
velocity distribution may be equivalent (in an acoustical sense) to the ideal
velocity distribution . If the shock waves have little influence in turbulence
amplification as observed in the centerline case , these two factors may
combine to give a reason why shock—free and shocked flow acoustic characters
on an overall basis are essentially the same.
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APPENDIX 8

ANALYSIS INCORPORATED IN NOISE

Over the las t two decades , a cons iderab le amount of theoretical and
experimental research effort has been directed toward investigating sound
generating me chanisms in subsonic and supersonic jets. As a result , several
d i s t i n c t ly  d i f f e r e n t  theore t ica l  schemes have been advanced to describe the
j e t  noise  generat ion prob lem. h o s t  of the schemes are in tended to deal wi th
the same general concept (that of a finite region of tu rbu len t  flow sur-
rounded by a uniform , homogeneous, stationary , acoustic medium), while
o ther  scheme s deal with the jet stability and nonlinear properties .

The first scheme was introduced by Ligh thill. He described the sources
of sound in turbulent flow by means of an acoustic quadrupole distribution in
a uniform medium at rest. Undoubtedly , Lighthill’s theory has exerted the
most profound influence on the subject. Ribner , Ffowcs—Uilliams, and many
others have followed this method of attack and have made s i gn i f i cant contri-
butions to the theory . Mathematically , Lighthill’s acoustic analogy has re-
duced the aerodynamic noise problem to essen tially the solution of the clas-
sical wave equation with a forcing term. The fundamental result of the theory
can be expressed in the form of the retarded potential solution :

a(~-p 0) 
= 

~~ I (xj_y j)(xjTh) ~~~ T..~ v ,t - ~~~~~~~~ (298)

where :

T . .  = ~~~~~ + + — a p )

This equation represents the instantaneous radiated sound pressure
= a~ (p — e.,~) in terms of tu rbulent  f luc tua t ions  In the jet flow. h~anv

conclusions of the theory have already been verified experimentally and some
of the observed characteristics of jet noise are explained by Li gh t h il l ’s
theory . For example, References 1 and 10 have demonstrated how Li ght hi l l ’s
model (modified for supersonic flow ) can be applied to spectral predictions
of supersonic jets.

However , Lighthill’s theory Is not without limitation . One of the
difficulties is that it does not effectively account for the refractive or
coupled convective/refractive properties of sound. In this respect , Ribner
(Reference 175) and Schubert (Reference 176) have attempted to offer some
improvements . ~ani (References 20 and 177) has illustrated that more
realistic moving sources exist which can explain more clearly the influences
of the jets shroud-Ing infl~’.ences on aerodynamic noise.
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A second approach has been advancea i n d e p e n d e n t ly  b y several  authors
(R e f e r e n c e s  178—180) based on the method of m a t c h e d  a sym p t o t i c  expans ions .
In L ig h t h i l l ’ s fundam9nta l  s o l u t i o n  (see e q u a t i o n  298) , t h e  in s tan t aneous
sound pressure  p ’ = a~ (

~ — ;~~) is given in terms of the  quadrupo le  s t r enc’th
Tj j ,  wh i ch involves t h e  unknown dens i ty  f l u c t u a t i o n .  However , in L ighth  i l l ’s
acoust ic  analo~y.’ , the quadrupole  s t r e n g t h  Tjj is regarded as a 1-nown
q u a n t i t y .  The essence of Li gh th i l l ’ s approaèh , t h e r e f o r e , is that the
d e n s i ty  f l u c t ua t i o n  in T1~ can reasonab ly he Lm o re d . T h i s  a p p r o x in a t i o n
has been considered as r a t h e r  u n s a t i s f a c t o r y  in some q u a r t e r s  and has led
several inves t iga to rs  to examine the prob lem on the basis of r a t c h i e d
a sympto t i c  expans i ons . Fsing inner and outer  expansions to desc r ibe  respec-
t ively the t u r b ulent  and sound f ields , they c o n c lu d e d  t h a t  Li gh t h i l l ’ s n e g l e c t
of the dens i ty  f l u c t u a t i o n  in Tj j  indeed ct ives the f i r s t  t e rn  of an as~ np t o t i c
expansion fo r  the dens i ty  f i e l d.  Uhile h igher  approx imat ions  have yet  to  he
generated , these s tudies have clearly illustrated that there are l i m i t a t i o n s
in the acoustic analogy scheme .

A t h i rd  approach applicable to the j e t  noise prob lem was given b y
Ph i l l i p s  (Refe rence  21) on noise generat ion f rom supersonic  shear layers .
He fo rmula ted  the prob lem in such a way tha t  the e f f e c t s  of convect ion and
v a r i a t i o n  in the local speed of sound are disp layed expl i cit v ;  whereas , in
L ig h t h i l l’ s acoust ic  analogy , they were described in the source term.
Therefore , an important issue for supersonic flow — the r e f r a c t i o n  of sound
in t r ave l l i ng  f r o m  i t s  point of generation through velocity and tenperature
gradien t s  in to  the ambient air  is taken in to  a c c o u n t  in this f o r m u l a t i o n .
Fur the rmore , the  problem of neg lec t ing  the densit ~ f l u c t u a t i o n s  in the
source term in L igh th il l ’ s approach does not arise in the  f o r m u l a t i o n .  Pao
(Reference 181) has presented a generalization of the Phillip ’s theory in
which the range of validity has been extended to include the low supersonic
and t ransonic  ranges .

A f o u r t h  method of a t t ack  was proposed b y Liepmann (P e f e r e n c e  182) .
This scheme is to extend the pr incip le es t ab l i shed  in s teady viscous  f l o w
analys is , i . e .,  tha t  the flow ex terna l  to a body is t h a t  e s t a b l i s h e d  in an
ideal p o t e n t i a l  f low around the h y p o t h e t i c a l  1 ody forme d when the bounda r y —
layer  disp lacement thickness supp lements the real body d i n en s i o n .  Liepmann
proposed tha t  the radiation field could be driven by an ideal b oundary
f a i t h f u l ly fo l l owing  the p r o f i l e  of t h e  i n s t a n t an e o u s  d isp lacemen t  th ick-
ness. The concept  is sound; however , all the emphasis is placed on the
computat ion of the in s t an t aneous  d i sp lacement  th i ckness  — a very  d i f f i c u l t
task.  L a u f e r , F f o w c s— U i  Il iams , and Chi idress (Re fe rence  183) h ave  made
probab ly the most comprehensive  a t t emp t at solving th i s  scheme .

A f i f t h  new approach is based on t h e  concepts  of t h e  e x i s t e n c e  of lar c ’e—
scale i n s t ab i l i t i e s  in j e t  flows . From tin e a r l i e r  work of Landau ( R e f e r e n c e
184) on the plane vor t ex  sheet  p rob lem , Sede lnikov ’ s ( R e f e r e n c e  185) eddy
Mach wave concept  based on I n s t a b il i ty  waves in o s c i l l at In g  ~et  bounda r i e s ,
to the more recent  i n s t a b i l ity  theories of Tam ( R e f e r e n c e s  80 and ~%) ,  f t
is becoming more poss ib le  tha t  I n s t a b i l i ty  c o n c e p t s  c o u l d  be u s e f u l  in the
u n d e r s t a n d i n g  of the heretofore unexplored phy s i c a l  a spec t s  of supersonic
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and subsonic jet noise. From numerous aerodynamic experimental investigations
(References 11 , 34, 46 , 187 , and others), the existence of these low fre-
quency instability waves cannot be denied . However , to date there has been
no clear cut acoustic experimental evidence illustrating by how much , if any ,
these instabilit y waves influence the acoustic radiation f i e ld .

Of all the techniques described , the basic turbulent mixing concepts
which rely on the jet being composed of compact quadrupole sources (in the
Lighthill, Ribner , Flowcs—Williams sense) modified by inclusion of the jets
fluid shrouding, as proposed by Hani, offered the most unified aeroacoustic
predictive scheme. Described below is an account of the basic turbulent
mixing acoustic analysis contained in NOISE and how it can be used for predictive
purposes.

GOVERNING EQUATIONS

Without restrictions , we postulate a general fluid motion in a continuous
medium being governed by the conservation equations of mass and momentum and
by the equation of state:

+ div (~ ;) (299)

+ div (cuu) div + (300)

p = p ( p , S) ;  di = + ds (301)

where :

~~~ . . a 2
ip

= —~T +

= Body forces

— Viscous stress tensor
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Lighthil l ’ s original idea was to combine two equations similar to equations
299 and 300 in order to derive a wave equation for the fluid density p.
Ribner formulated an equivalent equation with p rep lacing p as the dependent
variable, to do this , we take the time derivative of (298) and the diver-
gence of (299) and subtract:

- V~ p = Div Div - ~~) (302)

Adding a 72 p to both sides of (302) yields:

3 2 2 = 2 2a V p = Div Div (puu — T ’) + V (p — a p) (303)

or similarily adding 1 to Equation 302 yields :
~~~~

- V 2
p = Div Div - 

~~~~ + (p - a
2

p)  (304)

Equations 303 and 304 can be expressed in index notation as:

- 2 2 .2
— a2 ~ P — _______ (ou u —T ’ )+ ~ 2 (305)

~ 
-

. 
— 

~~ .~ 
ii 

~ T7 ~p— a c )
1 i i  1

and ,

2 2 2 2
— = 

~~~~~~~~~~~~~ 
~~~~ 

— 

~
‘
i~~ 

+ 

~~~ 

(p — a
2
p) (306)

Far from the flow region of the jet itself , the right—hand—side of equations
303 through 306 must vanish identically leaving the well—known homogeneous
wave equation , which , under homogeneous isentrop ic conditions , governs
linear acoustics in a uni fo rm medium of rest — the implied “acoustic
analogy.” One can now imagine the mediusi as being at rest at any point in
space and interpret all the additional effects caused by the flow as a result
of Inbomogenelties which are continuously distributed throughout a limited
part of the medium. By neglecting the last riph t—har.d term of equations 303
through 306 , the sound attenuation and variation iii the speed of sound are
neglected.
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Gl:NE-:RAI. I PTEGRAL OF T!IE ~‘?AVE EOUATION

The forma l t r a n s f o r m at i o n  of the d i f f e r e n t i a l  equations such as presented
by eq uat iens 303 through 306 into an integral equation may he performed using
the well—known Kirchhoff integral. For the pressure perturbation field we
may write:

~)hserver

source 
R

s0~~~~~~~ 

/ ~~~~~ 

= X
l ~~~ 2j~~ 

X
i~

r s

1 r igin

Sketch of (~oordina te System

p ’ ( , t) = (P~ P1)) 4~ R.ffl ~~
”O~~~

’
~O 

[TJ dV0

Noise resulting from fluctuating shearing stresses

+ ~~~ L 

H } (307)

Noise resulting from the effect of sol id  boundaries
on the flow

where the bracket , [ J, means evaluation at the retarded time t — R/a (the
finite time for the sound emitted to travel the distance R from the source to
the observer~ , and the tensor T is the Li ghthfll tensor [puu — i +
(p — a2 ~) II.
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Neg lec ting the influences from solid bodies , (307) may he wr itten in

index notion as:

p ’ (~~ , t) = i~— ./f_ii ~~~~ dV (308)

noting that ,

~~~~~~ ~~...)= 
~
[
~~

]
and the integral divergence theorem:

Jjj’a ... dV =f J .. dS

equation 308 becomes:

p ’(~ ,t) = 
~~~{~~~i~~

x
i 
f Jf~ [T ..J dV0 

+ ~—fJ~ [Tn ] dS
0

+ Jf~[~I1]ds4 (309)

The firs t term on the right—hand side of (309) represents Liglithills

integral f or an unbounded f low , as an equivalent quadrupole distribution .

The other surface integrals would contribute to back reaction of a solid

body to continuous flow (the impact of sound waves from the quadrupole
dis tribution on the solid surface to hvdrodynarnic f low). This develnpnent

concerns the first term only :

p’(r,t) — 
~~ ~x . 3x~~,[fJ i~ 

[T i . ]  dv 0 
(3 10)

Carrying out the double differentiation under the integral sign , t he

instantaneous sound pressure due to the distribution of quadrupoles becomes:

p ’(r ,t) ~f f f [~i-Y~~~2 
(

~~~t2 ÷3 ~~~~~~~

+ 
Tu\ 1 dV 

(311)

ii \R2a0 R~~JJ 
°
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where the dot denotes partial differentiation with respect to time , and the
stress Tij and its derivatives are evaluated at the retarded time t — R/a0.
In this form , the far—field sound pressure term is Tij/R, the induction near—
field sound pressure terms are represented by Tij/R3, and Tj4/R2 terms are
for the transition near—field.

APPROXIMATION FOR THE FAR—FIELD TURBULENT ?~~XING NOISE

To evaluate the acoustic intensity involves squaring (311) and time
averaging the product . The evaluation of such a term is a formidable task.
For the far—field terms, Lighthill pictured the turbulent flow divided into
regions such that strengths of quadrupoles within any one region are cor-
related perfectly , but strength at points in different regions are uncorre—
lated. The extent, I, of each independent quadrupole distribution is
assume d to be roughly the size of the energy—bearing ~~Idy.  The output of a
single region of this kind is:

p ’ ( , t) = 
xjxj Ve [

~ 
(312)

4~ a
2R
0

Since the outputs of the volume elements Ve are perfectly uncorrelated ,
their acoustic energy intensities, <p ’2>/p 0a0, must be added to give the
radiation field.

Therefore, the sound intensity for each uncorrelated volume is:

2 —
V
e T

p a~~R
2

0 0

or ,

v~
~ 4

where ,

~~ 
~-2

The sound intensity including eource convection , as discussed by Lighthill
(References 44 , 45 and 46) , is wr i t t en  as:

Ve 
~~ I(l—M cosO)2 +(~.&~

21_5 t/2 (313)
p0 a5R [ c
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where is the convection Mac h nu mber , 
~~ 

number , 
~~ 

= u~,/a

1 2 wi 21— 5/2
The convection fac t~tr (1 — Mc cose) + (;;•)

rep laces the ori ginal Ligh thill form of (l— M ~ Cos e) 6. This convection
term accounts for the neglect of variation in retarded time within an eddy,
and allows Lighthills subsonic analysis to be extended for convective Mach
numbers greater than one.

FAR—FIELD ACOUSTIC MODELS AVAILABLE IN NOISE

Lighthill Acoustic Computational Model

In order to compute the quantities included in equation 313, approxima-
tions are made (See References 1 and 187). The eddy volume was taken as 2),
The quadrupole strength was assumed proportional to p 2u4; the quantity, ~- 9 ,
was approximately by l.lu ’ (p.O. A.L. Davies frequency — eddy — shear
assumption). With these assumptions, the mean square pressure fluctuation
due to an individual ring volume element (See Figure 46) is:

2 , 4 r /
— ,2 L p u u  I 2 il.lu

= ‘ p a 4 L( 1_ Mc cosU) + a~

where 
~L 

is a proportionality constant determined experimentally :

—2.478 x 10 Hot Jets

.956 ~ io
_ 2 

Cold Jets

Empirical Self—Noise, Shear—Noise Model

The aeroacoustic relationship expressed by equation 313 describes what
is commonly referred to as “self—noise” generation ; i.e., noise generated
directly by a turbulence—turbulence interaction. Powever, the directivity
characteristics predicted by the self—noise model show some discrepancies
with the experimental results. Reasons for this disagreement with experi-
ment can be ascribed to refraction effects, quadrupole orientation ,
quadrupole source terme other than self—noise , or any combination thereof.

589



The term “shear noise” was probably first used by Lilley (Reference 187),
and it reflects the idea that the acoustic source term can also be described
in terms of a turbulence and mean “shear” interaction field. Related work
concerning the mathematical descriptions of there terms can be found in the
work of Ribner (References 11 and 34), Naestrello and HcDaid (Reference 188)
and Csanady (Reference 26). Jones (Reference 30) showed that , for subsonic
jets, the “shear—noise” acoustic intensity directivity character should be of
the form I (1 — H cos 0~~

3, as opposed to the self—noise form of I (1 —

H cos ~) 
5.c

W ith concep ts such as this , a model was formulated for NOISE. Refer-
ence 1 and 10 document these concepts in more detail. The model was form-
ulated as a composition of shear—noise and self-noise of the following form :

2 ~ 2 , 4
= ~ u u (x  c + y c + 7 C (314)
4~iR p a4 9~ 

\ x—x x—r 1/
0 o

whe re:

C Cos4 0 [(1 — M
~ 

Cos ~)
2

Cx r  = Sin 0 Cos
2 

0 [( 1 — M Cos 0)
2

2 w~ 21—5/2C1 
= [

~ 
— Mc Cos ~) + (—

~
) j

The factors X , Y and Z are empirically determined factors based on sub-
sonic jet noise data. Tables 7 and 8 show these factors : they are functions
of Strouhal number based on the ambient speed of sound (fD/a0), and of the
jet angle ‘~; they are fixed separately for cold and hot jets and are
independent of jet Nach number.

Ribners Self— and Shear—Noise Model

Ribner (Reference 3) also formulated a jet noise theory to calculate
the re~1ative contributions of self—noise and shear—noise cross coupling.
He postulated isotrop ic turbulence superimposed on a mean shear flow and
assumed a two—point velocity correlation separated in space and time . Ribner
showed that the expression of sound intensity from a unit volume of jet is:
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Table 7. Shear and Self Noise Table of
Experimentally Determined Constants .

a) Cold Jets

fD/ a0 0 V
2 

Z1

0.01672 0 1 3.18 3.18 7.94 7.94
0.02105 0 1 2.95 2.95 7.38 7.38
0.02650 0 1 1.45 1.45 3.63 3.63
0.03368 0 1 1.49 1.49 3.72 3.72
0.04203 0 1 1.63 1.63 4.07 4.07
0.05293 0 1 0.60 0.60 1.51 1.51
0.06658 0 20 0.91 0.91 1.30 1.30
0.08360 0 20 0.37 0.37 0.53 0.53
0.10526 0 20 0.16 0.16 0.40 0.40
0.13287 20 20 0 0.29 5.57 0.977
0.16721 20 20 0 0.40 7.56 1.326
0.21051 20 20 0 0.65 12.4 2.175
0.26500 20 20 0 0.93 12.05 3.09
0.33368 30 20 0 1.03 13.4 3.43
0.42027 30 20 0 1.42 18.4 4.73

~0.52926 40 40 0 1.44 15.8 4.79
0.66587 ~4O 40 0 1.44 15.9 4.81
0.83607 40 40 0 3.21 35.3 10.7
1.05255 50 200 0 2.93 30.3 9.77
1.32875 50 200 0 2.63 27.2 8.76
1.67214 50 200 0 2.52 26.1 8.41
2.10511 50 200 0 2.92 30.1 9.72
2.65004 50 200 0 1.91 19.8 6.38
3.3318 50 200 0 1.91 19.8 6.38
11.7527 50 200 0 1.91 19.8 6.38
60.606 50 200 0 1.91 19.8 6.38

Sin2O Cos2O
Note: Cxr = 

[
l—M

~ 
CosO)

2 + ((~~
)

2

] 

3/2 where :
a0 .

~ , e < e
~ 

1 max.
4 — Y , 0 > 0

Cos O 2 — max.
C~~ = r ~ 2~~ /2

CosO)2 + (;— ) jo z , e < e
1 max.

= [(1—Me CosO)
2 
+ ((~~)

2]_5/2 , 
~- 0max .

C = Z C + 1 C + Y C\ xr x xx /  1
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Table 7. Shear and Self Noise Table of Experimentally
Determined Constants. (Concluded)

b) Hot Jets

fD/a0 0
max X Z1

0.02000 70 20 1.0 1.0 2.0 2.0
0.76268 70 20 1.0 1.0 2.0 2.0
0.96016 70 20 0.18 0.18 0.36 0.36
1.20872 70 20 0.53 0.53 1.05 1.05
1.52196 70 20 0 1.4 9.5 2.8
1.91692 70 20 0 1.65 11.2 3.3
1.91692 70 20 0 1.9 12.9 3.8
3.03711 70 20 0 1.5 10.2 3.0
3.81342 70 20 0 3.3 22.1 6.5
4.80042 70 20 0 2.1 14.3 4.2
6.06061 70 40 0 2.5 16.7 4.9
7.62683 70 40 0 1.4 9.35 2.75
9.60163 70 40 0 1.4 9.25 2.8
12.08716 70 40 0 0.57 5.4 1.86
15.21961 70 40 0 0.54 5.16 1.87
19.16922 70 40 0 0.468 4.5 1.56
24.14028 70 200 0 0.456 4.4 1.52
30.37113 70 200 0 0.446 5.28 1.82
38. 13415 70 200 0 0.144 1.39 0.48
48.00817 70 200 0 0.75 7.25 2.5
60.60606 70 200 0 0.96 9.28 3.2
76.26830 70 200 0 1 .2  11.6 4.0
96.01634 70 200 0 1.5 14.5 5 .0
120. 87164 70 200 0 1.89 18.3 6.3
152.19612 70 200 0 2.37 22.9 7.9
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‘H

600



2 / 4 2 \ 1  2 2 1— 5 / 2

~ ~ ( A  + B OOS ~ + CO S °Hu—M COs 0)~ + 
-
~ ~

p a  2 / L  ~ a0~~J (315)

Self Shear Convection factor
Noise Noise

where :

4 ,4 3  2 5A = ~2 ~ u /4~ ao f  o

B = P 0~J f ~~ u2 u ’2 a/8 ~ 2 
a

5 (1 + )3/2

= .45

If the characteristic radian frequency (wf) is approximated by the radian
frequency (w) of turbulence, and w is approximated by 1.1 u’/9., the sound
intensity can be written as:

= 

~~~~ ~~~~~~~~ 
+ ~ ~

2 
~~~~~ + ~~~ 0)] [(1 

- ‘

~~~ 

cos S)2

0 0 ~~~

+ 
(~~~~~~~) 

2] 
-5/2 

(316)

where:

A = o/(l + 0)
3/2 

= .258

0 . 4  Ho t Jet
R 1.6 Cold Jet

The additional directional effect (Cos4 0 + cos
2 

0 ) ,  due to shear noise, is
displayed.

Lilley Turbulent Mixing Model

Lilley (Reference 187) formulated a turbulent mixing model. His model
is derived from the Lighthlll theory . Lilley ’s work was divided into a
contribution from self—noise in the turbulence , and the interaction between
the turbulence and mean shear, The first part of the calculation relies on
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Proudman ’s results , while the second part is developed from an approximation
for p/ -t covariance in incompressible sheat flow turbulence. The f o r m  of the
acoustic intens ity used in NOISE is:

= 

~ ~-
: ~~ 

u ’ 2 ~ 
~~~~~~~~~ ~~~~ [(1_H co5 0)  + 

Q~ 2~_5/2 (317)

where 
~ 

U- as given earlier.

Pao Tu rb ulen t ~-‘ixing Shear Layer ~ode]

The Pao model (References 2 and 1~~~) is  based on the convected wave equa-
tion introduced by Phil l ips in 1960. The. convected wave equation itself is
derived through the basic principles of fluid mechanics , and it is a natural
extension of the Llghthlll equation of aerodynamic noise. The linearized
vers ion of the general equat ion has the form of a s imple wave equation in
Lagrangian coordinates . The right—hand side of this equation contains four
terms: a turbulent quadrupole , shear flow and turbulence interaction , entropy
fluctuations , and viscous effects. If the flow field is free of shocks , the
acoust ic  pressure f luc tua t ion  can be assumed to be decoup led from the e n t r o p y
fluctuations. It is tacitly assumed in the analysis that all terms on the
right—hand side of the wave equation are known quantities and the contrib u-
tions of individual terms can be considered as independent of each other ,
as with all the models presented.

The Pao acoustic intensity (per unit volume) expressions contained in
NOISE are as follows :

p0
2 

~~~ 
3/2 

~~4 M
8 ~ . ~~

(
~~
)
4 
E A (A 2

~~
2 ~2)_5/2 SO

p a  R2 A2 9, q M ~ (l—M Us - - )  
~‘. c

0

P0
2 

~~~~~~~~~~~~~~~~~~~~~~~ 
- /2\ 13/3tan -~ Fl—i (cos e)

9R2 A 2 ~
4/~3 1/3

I = 
.(~ c)l3/3 [(l—M~ 

CosO) 2 + 2 

~~~ 
Cos

2
O]

8/3
, Sla (318)

2 3’2 4 8 4
3i/~ 71 

~ ( “ \ (  _~i ~~a1 cos~ ei-; .
a ~q J \ r 1  / F(O)p0 0 R2 AL 9.

1 2 2 ‘2  2 1 —5/2
L~

_M
c CosO) + c~ Mc Cos U] , Slh
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whe re :

= u ’/u
0

N = u-/a
3 °

Mc = u/a0

A = a/a
0

= 
j.3, cold jet
1 .5 , hot jet

~~~~~= .6~~~iM U
j

Ej = 1, self noise

F — 
~2 (Cos

4 
00 + Cos 2 0)~~ (3\2— 

2/~~ a~
2 M2

1 d I Mc\
= 

~~~~ k~
-)

2V’~ ~c 
W (Yo , 0) Li Cos 0

b =
9, T E(1 M~ Cos 0)

2 + a
2 

M e
2 Cos 2 ~~ l/2

= 
51, self noise

~ k2 , shear noise
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q0, A2 (l—Cos
2 0)

q0 
= 

( (l—M c Cos 0)2 — A2 Cos2 8

Ai (0) = 0.35503

F(b) eb
2
~~

2 (u—b) 4 du
b

A Cos 0
Cos ‘~ 0 1—M e Cos 0’ 

cos 0 = 1 when 0 < 8 2

W(y0, 0) = Jy
o 
M(~~) 

dy = Q/k1
tp

2 [ ~ + M  (y)]2 i,
= 

COS 0 C

1(
1
2 A (y) M ] N2

The choice of solutions is obtained through a selection process defined

below :

0 = 900

-.— Sla Si a

20,

(Sib) —

where ,

CosOj 8 < 71/2; 01 = 0 i f M~~
— A < l

Mc A ‘ 1

1
Cos02~~~~ T

1 11

C —Cos 03= 
—

~~~~ ‘~‘ 0
3 

< 11 if N — A > —1
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The quantities t~ , Q, and W(yo , 0) are determined as follows :

Coukputation

For a given source volume and far—field angle 0, determine t~ from the

equation (y = tp):

1 (0 < 0 )Cos 8 = M ( y) + A(y) 2

This means that , at a given angle 0, (0 < 02 ) ,  there is a unique y = t~ at

a given axial location X. See sketch below :

Source Volume at v

t 

-o

Slice of Jet ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
p

Q Calculation:

c
yo

Q = Mq dy, note W(yo,0) = Q/K1
tp

where Mq is given by:

2 1
9.— 1C0s L~ + Mc (Y) I — 1
k1

2 L A(y) M ] ~
— ?t~ Cos 0

Spectrum Calculations:

There exist two options for computing the spectrum. One is the way
described for all the previously discussed turbulent mixing models; the
second method is via Pao’s spectrum calculation. The latter is performed
as follows:

605



Th2 112 V~~~4 M8
_Lt j q ~~ (~~~~~ 

L1~~
( S~)) (Y.~~) 

= 
3 2 R 2 A6 f v~

-
~;-i ~~c 

Cos 0)

.exp
{4 [(k0~ 1)

2 
+ ( L ~~)

2
~~ (31°)

— 
~2 ~~

4 M
8 4 A .

2 (0) tan 8 Cos ) 13/3
(~ 1.i) ~~~~ 

- 

8k2 A2 ~~~ ~l[3 (l—M
~ 

Cos 0)
16/3

• exp ~ [(k1~~1)
2 
+ (~~~~~) 2~ ~ (320)

—2 4 8
(Sib) ~ = 

71 V M L~ 

~~ e 
(~~ Li Cos H )

p 32r 2 A 9-. \ / (lM c Cos 8)5

exp {- ~ [(k1~ 1)
2 + (~~~L t

) 2] ~ (321)

where :

Lt~~~ ~!Uj a B

= width of mixing zone

w = 2n St

= 2 n  St (l—M
~ 

Cos i), Source Frequency

f/B

= ~~~~ Cos 0

k N/A
O 0

- 

—b + %Tb2 + 8a2, Self Noise
- — 

4iia2 ~~ +j/~~~+ 4a 2 , Shear No i se
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b M W (y, 0) CosO

a
2 

= 
~ [(

1_M
e 
CosO)2 + a

2
M

2 
c~~

2
o] 

~~~ 

2

~~THODS OF ACOUSTIC CALCULATION IN NOISE

Sound Pressure Calculation

The mean square pressure fluctuation due to an annular ring volume
element of jet t V  = 271r~x, as shown in Figure 46 of the text , can be
written as:

—5/2
2 ,44 r 2 ~ \ 21

p ’2t~V = -—-s ~~~ I (l_ M
c 
CosO) ÷ { 

~~ 
2rrAri~x (322)

471R p a0 L L \o /  J

for the basic Lighthiil model (similar type expressions are used for the
other acoustic models discussed earlier).

The radian frequency at which each volume element emits energy is
approximated by:

w = Li. u’/f

where the turbulence velocity u ’ and the tu rbu lent  length scale (~~) are
determined for each local volume from the JETNIX and SSFI) programs descr ibed
in Appendices 6 and 7. The frequency , u , is the frequenrv in the eddy frame
of referance. The frequency at the observation point , w~~, is related to it

through a Doppler shift :

1/2

= [(1_Mc CosO)
2 
+ 
(

~~~
)2] u~ 

(323)
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The best correlation with lata was found , however , by ass uming:

0 = 1/2 05

This amounts to assuming that frequencies in the moving frame of reference
at u~ 

are half of those received by the stationary observer.

For the whole jet then, the mean square sound pressures from all circular
ring regions combine to give the overall mean souare sound pressure. The
1/3 octave (or 1 octave) band analysis sums the mean square pressures whose
frequencies fall into the range of a frequency band. This gives toe sound
pressure level for the frequency band . Thus, the sound pressure level
frequency spectrum of the jet is constructed by calculating the sound pressure
levels in the various frequency hands.

Acous t ic Power of the Jet

To obtain the acoustic power output from the circular ring of jet we
may write:

2-u 11

= 1
r 

R SinOdQRd O
0 0 (324)

= 211R2 j t
r 

SinOdO

or, for an incremental volume:

71
1

(x~r~w) = 21TR2 
Jo ~

-
~: SinOdO (325)

n



The geometry is defined by the sketch below :

~~~~~~~~~~~~~~~~~~~~ ou Flement

The sound power of the jet for one jet element is obtained by integr-
ation of the sound intensity over a large spherical surface enclosing the jet.

Integrating across the jet results in:

ç r~
J T~~~(x , r

1
u) dr (326)

This represents a power spectrum generated by a slice of jet at an axial
station X.

Integrating with respect to frequency -ives :

— d (327)ir
3

(x) — 11
2~~X ,W ) 0

which represents the total acoustic power output from a s1ict~ of j.-t at X.

For the entire jet:

= f 713 (x) Ix (328)

All of these quantities are availab le in the NOISE program. To illustrate
some of the explicit formulations , again consider the Llghthill acoustic
model:
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4— :~V L i 1
= 

~~~~ 
1(l~M~ Co (329)2I 

-5/2

+ ( ~p a
0 0  a 5 4iiR L - (

0

Then, integra tion of a volume element at x , r yields the following acoustic
power per unit volume of jet:

V u
4
1

2
___________ 

SinO_ dOe i  i 
_ _ _ _ _ _ _ _ _ _ _ _

t 
1(lM CosO)

2 
+ f~~~\21 

5/2 
dO 2~~~r= i

a
0 0

CL (330)

integration yields:

e i  i 1 C _______
V w

2
T

2 M 1
= 

5 2 
(1-M )2 + q 2]1/2 [( l_MJ2 + 2 

+

2~ a 3 M q c0 0  C

M +1
_______________  

1 + - ~ --- 2~ r Lr .~~x
2 2 2 i i i+ 

E(l+M~~
2 + q

2 ] u / 2  [(l+N~ + q q ] } 
(331)

where :

2 wi 2

\ 0 ’

Thus , through simple summation , it Is possi b l e t o calculate the power
spectrum (

~2) 
generated by a slice of j~~t at x , the ii - o w - ; t l c power (713)

radiated from the slice of jet at x , and the t~~t a ~ power (
~~T~~•

6 1 0



Mani Slug Flow Analvs i ;~

~ani ‘s model (see 5 - c t - i o n  1 of Vo l i r i -  T I  of  t h i s  f i n a l  r e p o r t )  r on r i~~~c ’ t s

the sound f i e ld  produced by a convect ed- -m i n t  qu adru p o l e  embe dded in , m~ I
moving along the axis of , a round  plur ’ j e t .  The essen t lal  f e a t u r e  of t h i s
model  is the incorporation of m - m l  f l o w  sh r o i i li np  e f f e c t  ~ on the  r a d i a t i o n
of the convective quad r ipo1e~~.

The s ta r t i ng  p o i n t  of ~an i ’s an a i v ~~is  is t i e  i i l i c v  e qu at i o n :

B
3
r ’ dV

1 ~ —2 r ’ D ~i ‘—2 ~r ’-— -- + 2 ~~~~~ ~~~- - ( a  - - - )  - — 
~~

- -  ja
dx~ ~x 1 \ -~x 2 Dt -ix . \ ax .

2dV 2 d (u ’ . u 
~~) .  -

= — 2 ~ 
d (u ’ u ’ 

‘

~ +dx Bx ~x \ 2 kJ Dt x . -ix .2 1 k  1 ]

?fani’s work deals with tl.e second term on the ri gh t — h a n d  s ide of the
above equation (the self—noise term). The detai ls  of the s o l u t ion  are not
given here , since they are comp let lv described in Section 1, Chapter  1,
Volume II  of this f ina l  repor t .  S u f f i c e  to say t h a t  t h e r e  exis ts  two
fundamenta l  s o l u t i o n s;  one bas ic  s o l u t i o n  f o r  u n h e a t e d  se t s , and a second

solution for heated jets .

Each solution is composed of an rco istic intensity expression cnns i~~tinc’

of quadrupole solutions which inc lude  the  i n f l u e n c e  of f l u i d  s h r o u d i n o . The
composite quadrupole  so lu t ions  are f o r r l I l a t e d  f r o r  s i x  basic  quad r l p o l e ~~
(x—x , x—y , x—z , y — z , y—y , and z—;~), w e i l ’ l l t e d  n ( co r ( i in g  to  P i hn e r ’ s 1070
s t u d i e s .  The basic  d i f f e r e n c e  between t h i s  model and R i h n e r ’ s ~-,o r~ is t h a t
the weak cross quadrupole contributions (I.e., of type xx—vv , xx—~~z , v v—z z ,
e t c . )  are neg lec ted .

For bo th  the unheated  jet and the h e a t e d  j e t  , tile acoustic m t  en ~~i t v  is
evaluated from the following formula:

I’ (mean square pressure ~f x—x quadrupoles) + 4 ( c i r c u m f e r e n t i a l
average of mea’ii sq uare pressure of ~—v or x—z qu a drupo le s)  -4- 2 ( c i r -
c u m f e r e n t i a l  ~verage of mean square  pressure of y—~~ or z — z  q u a d r up o le s )
+ 2 (circumferentIal average of v—z q u a d r u p ol e ) .

The far—field acoustic pressure expressions are given by equations 43—51
of Section 1.0 of Volume 11 , fo r  the unheated jet . F or t h e  h o o t e d  j e t
solution , representative average est1m atoi~ of T h /  r , - ‘~~: /-~r

2 , etc. are incor-
porated whenever  a quacirupole singularity for ti e h e a t e d  l e t  genera tes
additional dipole and source—like te~ is. For the heated l e t , then , tile
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i n t e r fe rence between d i f f e r e n t  orde r m ul t i p o l e  s i n g u l a r i t i e s  is neg lec t ed
(s -e equa t ions  55 — 59 of Sect ion 1.0 of Volume II  of th i s  f i n a l  r e p o r t ) .

A recommended procedure  fo r  p red ic t ive  purposes would he to use the
Pibner turbulent mixing model available in NOISE , m o d i f i e d  fo r  the inc lus ion
of f l u i d  sh ie ld ing  by 1”ani ’s model.  To p e r f o r m  t i le  co r rec t ions  fo r  f l u i d
s h r o u din g ,  use Tables 9 and 10 gIven here.

d A P — F IE L D ACOUSTIC MODEL AVA I LABl E IN NOISE

~i e  near sound f i e l d  of a j e t  can be considered as a region w i t h i n  20
to 30 dIameters  f r o m  the j e t  exhaust  nozzle . ~1or e precise  de f in i t ions  are
t he induc t ion  near  f i e l d  at dis tances less than a uavelength  f rom the source
and the geome t r i c  near  f i e ld  at distances f r o m  ti le sources t h a t  are less than
the orde r of the geometric extent of the source. In many situations , both
i n d u c t i o n  and ~c-ornetric near fields overlap each o ther  and , f o r  p r a c t i c a l
purposes , a reg ion w i t h i n  20 to 30 diameters from the j e t  exhaus t includes
both  types of near f i e l d .

T u e  near and f a r  sound f i e ld  of a j e t  disp lay quite different properties .

For examp le , the f a m i l i a r  f a r — f i e l d  sound pressure dependence on the inverse
of distance and the simp le relationship between the sound pressure  and i n t e n s i ty
I = (p — p0 )

2/~ 0a0 are no longer valid for the near field. In the far field ,
the distances f rom the observat ion point  to d i f f e r e n t  par t s  of the  source
d i -~t r i b ut i o n  in the j e t  flow f ie ld  are approximate ly  equal .  In the near f i e l d ,
the spa t i a l  d i s t r i b u t i o n  of sources along the j e t  flow becomes very importan t
because distances are different from different parts of the jet flow to the
oboe r v er .
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Experimental investigations (References 13 , 190—193) have provided some
useful information on the sound pressure spectra and constant sound pressure
contours of the near noise field of jets under particular operating condi-
tions . To estimate near noise field , there exis t semiempirical methods based
on near—field noise measurement from full—scale jet engines (Reference 194)
and based on tests from scale—model hot jets (Reference 195). However , there
is definitely the lack of a basic understanding of the near noise field and ,
therefore , the lack of an accurate prediction procedure .

Here , the method of calculation as described for the far—field acoustic
approximations is applied to the near sound field. The formulations are
based on quadrupole distributions studied by Franz (Reference 196). Extensive
calculations with the models to be discussed may be found in l~teferences 78
and 197.

Discussion of ~1odels

Equation 311 was a general solution to Lighthills inhomogeneous wave
equation for far—field and near—field sound due to a dis trib ut ion of
quadrupoles :

p t (~~,t) = 
1 fff [(xi

_Y
1
) (x
i

_Y
i

) 

(
~~~~ 2 

+ 3 3

- 6 . —b-— +~~~~ 4J~ dV
ij 

~\
R a  R3 J

Under the assumptions that the turbulence is essentially steady and the
distance R is large compared to the eddy size, Franz (Reference 196) shows
that the mean—square sound pressures due to the distribution of different
types of quadrupoles can be written in terms of the radiated acoustic power
W as:

____ / 2 4p a W  I -i a
(p — p ) 2 

- ° 
~ (15 sin 2O cos2O cos

2
.~) 1 + 3 + 9 j_a

~ 
(332)

4ii R R~~ R u
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for a iatt -ral quadrupole :

= (5 cos~ 8) [i 
+ -

~~~~~~~~ 
(3_ 

~~~2 + )
4-K R u cos cos - ,

4

+ ~~~~~~~~ (9 
- + -

~~~~~~~~~~~ 
) 1 

(333)
R u  cos~~i cos e j

for  a longitudinal quadrupole , and :

2 4- - - - -—- - -~~~ W I a a
(p - p )

4
= ~~

- - °-
~

- 
~l + 2  

2 2 + 12  
4 4  

( 3 3 4 )
4-- K - K - - K -

fo r  quadrupole radiation from an isotru~ i’.: turbulence.

These expression s were obtained based on a snail flow velocit\- , so tha t
th e effects of source convection do not appear. For n on — n e f l i g ib l e  convec-
tion speed , the expressions can be w r i t t e n  as (Appendix  C of Re ference  196) :

1 2p a W I a -)

— = 

4ir R2 (15 sin 2
& cos

2
~~) L°~ 

e + -
~
-
~

-
~~

- (3 2 
cos~ --

4
2 a - - 2 3

— 6 M cosO -I- 4M ) ~ ,
~~~~

, (9 ~ LOS e — ~S M Q cos’~C I- ‘4 -I C

+ ~ 
~~~~~~~ ~2 ) 

] 

~~~~~~~ 

K

f o r  a l i t e r a l  q u a d r uj l o l u :

2
2 

cos 4u + 
~~~~~ [3 Q

2 
cos u - 12 M Q cos

3
O

4

— ( 4  — 9M 
2

) cos
2
~ + 6 ~l cose ~ i1 + [ 9 ~~ cos

4
e

U C j  ‘4 ’4
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— 36 M Q 3 
cos

3 j — 6( 1 — 9 M 2)Q
2 ~~~~~

+ 12( 1 - ~~~2)  Q M cosO + (1 - 3 ~~2)2] } c
_ s 

(336)

b r  a longitudinal quadrupole:

2 4
~~~~~ + 2 + 12 

~
°
~

) C~~ (337)

b r  quadrupo le radiation from an isotrop ic turbulence , where:

2 1/2

C = 
[(i 

- M c o s u )
2 

+ ( w ~ ) ]
1 - N

= r ~ 
/~~-\2 1 1/~

1(1 — N cosO) +1—L C
\ 0

l ie  f a c t o r  C used he re , wh ich is obta ined b y Ffowcs—U i l l iar -is fo r  hi gh—
speed f l ow , rep laces Franz ’ original form (1 — ~~ cosO) .  The f ac to r  C 5 in
equa t i ons  (335) to (337) also rep laces C 6 of Franz ’ form to accoun t for the
increased number (C) of eddies whose soun d arrives at the f i e ld  point
simu1taneou~ lv . It is easy to see that , when 

~~ 
is small compared to unitY ,

bn t h  C and Q approach u n i t y  and equat ions  (335) to ( 3 3 7 )  reduce to equa t ions
(332) to (334). Thus, equations (335) to (337) are valid for both low—speed
and high—speed flows .

Method of Calcul ation

The mean square sound press u res given above can be considered as contri-
butions due to a unit volume of jet flow. The idealized structure of a
turbulent jet may he divided into several regions . The initial region consists
of a potential core enclosed by a mixing region of strong shear. Downs t re:u-
of it are the transition reg ion and the fully developc’d turbulent reg ion.
Differen t parts of the let may he considered to generate sound by different
tvpi-s of quadrupoles . In the present investigation , ea ch t yp e of quadrupole
is considered as an acoustic model for prediction , assuming that the entire
jet flow is represented by one type of quadrupole. This is followed by
investi gation of compositions of different quadrupoles for dii ferent parts
of the jet.
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To express the near—field sound pressure in terms of mean flow and
turbulence parameters throughout the entire jet flow , th e following approxira—
t ions are made:

C 1.1 U /~

~L

where the terms are the same as those discussed earlier for the f a r — f i e l d
noise approxinations . The method of calculation for the far—field flASPL
and SPL is also app lied for the near—field calculations of ~OTSE .

From extensive theory/data comparisons it was found that , at certain
n e a r — f i e l d  locat ions , one particular model may compare better with measure-
ments  than another .  References 78 and 197 describe these r e s u l t s .  To
improve p red ic t ions  b y use of individual  models , compos i t e  acoust ic  models
were also considered. To do this it was necessary to consider the structure
of the turbulent jet as divided into several regions : the initial region
(consisting of a potential core enclosed by a mixing region of strong shear),
the transition region (downstream of the potential core), and the f u l l y
turbulent region. The different parts of the jet are considered to generate
sound by differen t acoustic sources .

Composite Model I

The isotrop ic tu rbulence model is used in the po tential core and the
f u l ly t u rbu len t  reg ion (see sketch below). The lateral quadrupole , which  is
usually considered to bt~ predominant in any region w ith large mean shear , is
used in the mixing region enclosing the potential core and in the transition
reg ion which is approximately one core length  downs t ream of t h e  p o t e n t i a l  core .

________ 

e

~~~~ 1nitial ~~~~~l rans it fon Fully Turbulent

Reg ion Region Reg ion
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Composite Model II

The lateral quadrupole is used in the mixlnp rei ’ion , and the isotrop ic
turbulence model is used elsewhere for the jet flow .

P r e d i c t i o n s  w i t h  these two composite acoustic models have been made for a
supe n—o n i c j e t .  Model I was found to be almos t the same as t h i -  l a t e r a l  quad—
rupole model except at low f r e q u e n c i e s  (f 1000 H z ) .  ~lodel Ti , the  i so t rop ic
turbulence model , was found to be dominant for f < 2500 l ’ z .

Al thoug1~ thes e composite models were not  found to  y i e l d  much imp r o v e m e n t
on predictions , i t  was found that  there exists the p o s s i b i l i ty  of changing  the
pred icted characteristics by changing the composi t ion of t he  q u adr u p o l e  models
and , thus , through a better selection , pos sib l y arrivinC at a hotter pre-
diction .

Using any of the models described ab ove , it was found t h a t , by rep lacing
the term (C./a 0)

2 (1.1 u ’ /a 0)2 of the convect ive  a m p l i f i c a t i o n  terns by
q2 = 0.5 

~~~
, improvements fo: the low frequency spec t ra  were ob t a ined .  This

option is availab le in ~01SE.

I t  was also found tha t  a much simp lif ied model for the near f ield could
be obta ined  by us ing any - i f  the above sing le or compos i te  models w i t h  measured
far—field spectra.

Simp l i f i ed  Near—Fie ld  P red i c t i on  Procedure

As can be observed f rom the ear l ier  work , the n e a r — f i e l d  p r ed i c t i on  models
can he w r i t t e n  in the fo l l owing  functional form:

2
_ 2  Pt- ) / a d

p ’ (r ,~~) = 
- “—i ~1 + A

1 
—

~~
----

~~
- + A 2 

- -j ---
~ 

F(~~,M )
4iiR R u  R u

where :

= tb f a r — f i e l d  acoustic power spectrum

F( 5 , M~
) = the near— I icld dir t ctiviL v factors approI~~r i i t c  t o r  lily of t h e

models described earlier

Aj, A2 tti~ appropriate coef t ic ien lo for t h e  d i s c us se d  C lea r  h e ld

Fur ther , if the source frequency distribution is assumed as a unique
f u n c t i o n  of axial location , t hen , by using i measured t ar— f i e l d  power

sp e c t r u m, the near  field can be simp ly  computed for any observation point.
Ai-i appropriate source frequency distribution is (!‘t f erence 156):
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— I ~ 

—

~~

ii
(1

i-There I) ii ; t h e  jet d i a m e t e r, u 0 is  the i s en t  r o p i c  exhaus t spo ’2 , f is th e
observed f r equency , and x is the axial  l oca t ion . T h e  enp i r ica ] c o n s tan t s
are r~ 1 .2 2  and i~ = 1.22 fo r  c i r c u l a r  i e t n .

.~~‘-~~-:i~ ~~~-‘ !~J b F D I C T I V F  SCHE~~~S I N  NO ! SF

x t e n s i v e  comparisons have been performed usini’ the far—field and near—
f i e l d  acous t i c  models described above . J’ e f eren ces  1, 10 , 7f- , and 197 c o n t a i n
nanv such e x a m p l e s .  Included herr’ are some of t h e  r e s u l t s  ob t a m e d .

F a r — F i e l d  Acoustic Predictions

Fi H r es 28h to  2 92 show the pred ict ion of N O I S E  f o r  t he  L i  g b i t  h i l l  and t i c

Li gh t h i  11 ~clf—Noise/Shiear—Noise flodels.  Figures 293 to 2~ 5 show h i r e ! i c r  h e n s
~or t i j ~~ basic i i g h i t h i l l  and Ribner  m o d e l s .

Near—Fi t- I -~ i c o u s t i c  Fred  i ct  I Of lH

Flcii res 296 to 302 ~b i n -  exanple predictions using t h e  developed ne ar—
f i e l d  pr  d i c t i o n  sch enes .
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JET MIXING AN ALYSIS Page_of_
CDC JET MIX

General Flow Properties Sheet 1

N AME =

ADDRESS -

IDENT =

input tape? output tape?
T o r F T o r F

12 14
JETMIX 

___________ ____________

$ A Problem Type
(F) free jet  (T) axisyiiinetric (F) single mixing region

T confined mi xer F plane , 2—D T coannular or cop lanar
MIX- ,AXI= ,TWO=________________________

Prima ry Jet Description
diameter , in.

DIAJ=______________

— speci fy one line of reference q uanti t ies/specify either TJET or VJET—

Mach number turb . intensity (0.) velocity , fps
MJET= ,TIJET— ,TJET= ,VJET=___________

total pressure , psia
PTJET _____________,TIJET= ,TJE T~ ,VJET=______

Secondary Jet Description
diameter , in.

DIAO 
______________

—specify one line of reference quantities/specify either TJETO or VJETO—

Mach number turb . intensity (0.) velocity , fps
MJETO= ,TIJETO= ,TJETO= ,VJETO=________

total pressure , psia
PTJETO— ,TIJETO— ,TJETO= ,VJETO=_________

External Boundary Conditions

—specify static pressure and temperature/specify ei ther Mach n umber or veloci ty—
static pressure , psia,static temp., ° R , turb . intensity , Mach number, velocity ,
fps.

(14.69594) (518.688) (0.)
PE— ,TE= ,TIE— ,ME= ,VE=__________

Fluid Properties and Program Controls

gas constant f t  lbf / lbm ° R Prandtl number turb ulent Prandtl number
(53.34) ( .72 )  (1.0)

RG— ,PR— ,PRT —_______________________

—data for Sutherland viscosity formula-(air)
SC— ,TREF— ,MUREF—____________________

step controls , restart s tat ion , and transition region scale interpolation
(.02) (.02) (T)

CXPC— ,CXTP— ,RESTRT- ,LTE RP = 
— ,
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.JETMIX Sj a t~t 1 ( h a c k )
NOTES :

1. Supply the 3 prefix cards for identification (user name , address , problem
identification).

2. For no input tape file (01) or output tape (disc) file (02), set columns
12 and 14 of the JETMIX card to F. For either an input or an output file
set the proper column to T.

3. Parenthesized quantities denote initialized values .

4. The confined mixer option (MIX = T) is restricted to a single mixing
region ( IWO = F).

5. For imcompressible cases, input MJE T = 0.

6. For free—jet cases, the static pressure PE is constant. For confined—
mixing cases , PE denotes the static pressure at the discharge plane of
the jet. The preceding remarks also apply to TE, TIE , ME, and VE.

7. The step—size controls CXP C and CXTP apply to the potential core and
transition regions of the jet, respectively.

~~f D
j /2  

b 

~~~~~

_

_

~~~~~~~~~~~~~~~~~~~~~~

_

~
.. ~~t ia 1 Coa~~~~~~~~~~rans i t ion  ~~ 

_________  X = x/D .

In region I, L~X = ~XPC*b, where b = 
~iidth of mixing zone.

In region II, t~X = CXTP*Ye~

8. The isentropic exponent is computed as a function of temperature using
the following empirical relation :

y = 2.237O8T~~~
°70271

~ 800 ~~ T ~ 3600
T <  800

y 1 . 254 T>3600

9. RESTRT may be used to restart a mixing problem at a given X or XD
station . The value of RESTRT must appear in the X or XD table, and pro-
files must be stored on tape at the RESTRT station . For continuation of
confined—mixing probleme using the free—mixing option (MIX = F), input
the normalized restart station (XD/DIAJ).

10. LTE RP determines the variation of turbulence scale in the transition
region.
LTERP — T -— linear variation to fully developed region.
LTERP = F —— exponential variation to fully developed region.
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JET MIXING ANALYSIS Page of____
CDC JETMIX

Species Diffus ion Input SHEET lA

T —— Species diffus ion
(F) — No diffusion no. of constituents

(3)
DIFF— , NC=__________________

(AIR) (C02) (1120)
cN AME —_________________________________ ,______________________ ,_______________________ ,____________________ , __________________ 

, __________________

jet stream mole fractions/external boundary conditions

primary jet
A U — _____________________________ ,________________________ ,______________________ ,____________________ ____________________ ______________________

secondary jet
AUJO—___________________________ ,_______________________ ,______________________ ,____________________ ____________________ ______________________

external boundary conditions
ALE— ________________________________ ,__________________________ ,________________________ ,_____________________ _____________________ _______________________

fluid properties
effect ive  Schmidt number

(.7) (.7) (.7)
S C~~_____________________________ _________________________ ,_ ,____________________ ,____________________ 

,__________________

coefficients in polynominal for species molar C~,
a b c a b c

CPC(l) —_________________ ,__________________ ,__________________ ,_________________ _____________ ___________

CPC(7 )— , , ,
_____________ __________ _________

CPC(l3 )— , , ,
____________ _________ ________

1. The program is initialized to consider AIR , C02 , and 1120 as constituents
1, 2 , and 3 , respectively . These settings may be overridden by using the
C~ AME input . In this instance , the coefficients for the molar C~ of each
constituent must be specified. Note that this option may not be used if
the NAMELIST input routine does not read hollerith data.

2. Heat capacities are specified as a quadratic function of absolute tempera-
ture:

C~, — a + bT + cT2 Btu/lb mole ° R
cal./gin mole ° K
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JET MIXING ANALYSIS Page of ____
CDC JETMIX

Station Input Data Form Sheet 2

Free-Jet Mixi~ g

X XPRN
B(l) =___________ ____________

____________________ ,___________________

___________ , ____________

______________________ _,

____________ ,_____________

____________ ,_____________

_____________ ______________ 
,

____________ _____________ 
,

____________ _____________ 
,

____________ _____________ 
,

____________ 
, _____________

Confined—Jet Mixing

XD RD YCB XPRN
6(1)— , , 

—
,_________

____________ _____________ ___________ ,__________ 
,

________________________ __________________________ 
, _,

____________ ,_____________ ,___________ ,__________

____________________ ______________________ , _,

___________ ,____________ ,__________ , _________

____________________ ______________ __________________ ,________________

_ ,________________ 4

____________ ,_____________ , ___________ 4 __________ 4

____________ 4 _____________ 
, 
___________ 4 __________ 4

____________________ ______________________ 
, 
_______________ ________________ I
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JETM1X/ Sh~ et 2 (h ack )
NOTES :

1. For free—jet cases, the required input consists of the dimensionless
axial stations (X = X, in./DIAJ , [n.) at which a print of the jet
properties is desired .

2. The coordinates for the confined—mixing case (XD, RD , YCB) are input in
dimensional form. Select suitable intervals in XD to adequately describe
the intended curve. If bits = 1~ E+15 (junk word) appears in the lists
of RD and YCB , the missing values will be supplied by linear interpola-
tion agains t th e in dependent variab le XD or (if no subsequent data are
given) the last val ue in the list is extended down the column .

3. Specify XPR1~(l)=l at those stations for which tabular printout of
the jet mixing profiles is desired. If profiles are to be printed at all
stations , specify XPRN(l)=2 only at the first station . Also , if prof iles
at a given station are to be saved on file (2) , but not printed , set
XPRN (l) =l . To save all profiles , set XPRN (l) — 2 .

4. The centerbody coordinate is assumed 0 if the YCB column is left blank.

5. If desired , these data lists may be input in “Free fort& ’ under their
symbolic names X, XD , RB , YCB , and XPRN using FORTRAN IV Namelist conven-
tions . If data are specified in both the B—bloc k and in the Free form ,
the B—b lock data will take precedence .

6. The maximum number of X or XD stations is 100.

7. If no station input are provided , the program wil l use a set of X ’s,
XPRN ’s which have been optimized for acoustic cases.
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FLOW FIELD ANALYSIS
SUPERS ONIC TURBULENT JETS

FILE MERGE
P age I

(CDC) SSFD MERGE
SSFD/ME RGE Sheet 1 of 1

output tape?

~~~ ~
y

T or F

$INPUT

Problem Description

(T)axisynine tric initial Mach No. Specific heat ratios
F 2—D (1.05) (1.4) (1.4)

AXISYM= ,XMACH = ,GA}IMA ( 1) 
________ _________

Program Cont rols

final X/D~ stability parameter (l)prii~it profiles &
shock pat tern

(.5) 0—no print
XL— ,STABIL= ,IPRINT= 

______________

SSFD Total Pressure Input Stations

no. of stations
(20)

NPT=____________________

X/D J f rom JETMIX Tables (see NOTES)
XPT( l) = ,____________ ,____________ ,______________ _________

,_ ________________ , ____________________ , ________________________ , _________ ________

_________________ I __________________ __________________ ,

____________________________ MERGE

ME R GE T T
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SSFD
MERGE/Sheet 1 (back)

NOTES :

1. SSFD always requires a JETMIX input file for execution . If SSFD is
being run alone , using an input tape saved from a previous JETMIX run,
supply the 3 prefix identification cards (see JETMIX input sheets). If
an output file is to be generated (file 3), set column 14 to T.

2. I f  GAI~NA is inpu t , two equal values must be supplied.

3. Parenthesized quantities denote initialized values . The only item which
may normally require revision is STABIL. This input controls the step
size used in the f ini te  difference solution . If XL is no t inpu t , the
fi nal station will be taken as the JETMIX X/D where the potential  core
disappea rs.

4. SSFD uses total pressure data from the JETMIX solution at the stations
XPT. These stations are initialized to: XPT (l)=O ,.l ,.2 ,.3,.4 ,. 5,
.7 , 1., 2., 2.5, 3., 4., 5 . ,  6.2, 7.5, 9., 11., 13., 15., 20.,

5. The MERGE program is used to collate data from JETMIX and SSFD for input
to the NOISE program . Include the MERGE T T card if the collated data
are to be saved for a NOISE run (f i le  4) .  No namelist input are required.
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JET NOISE PREDICTION
P age_o f_
NOISE/Sheet 1

NOISE T F

General Input

(2) JETMIX input fi le
4 MERGE input fi le

MFILE 
______________

source—receiver je t  diameter scaling
frequency sh i f t  factor  ref .  pressure

(.5)  (1.) (.0002)
SCALT= ,SCALJ= ,PRE~~ =_____________

1/3—octave band analysis

BAND3 
_______________

(0) fixed convected Mach No. convected Mach No. constant
1 variable convected Mach No.  ( .63)

MC= , CVMACH=________________

(F) 
In ~ 

acoustic intensity proportionality constant
T Pu .00425 cold jet

.002125 hot jet
BETAIN= , BETA=_______________

(0) cold jet (F) q = (1.1 u’)/a0
1 hot jet T q =  aN

JETTEM= , QCONV= 
—

,

Acoustic Models—Far Field

(0) Lighthi l l  self—noise mode l (F) Lilley s model
1 Empirical se l f— + shear—noise T

LIGHT}l=________________ LILLEY=______________

(F) , 0 — self—noise only 0 — shear—noise only
T 

bn~~ s mode l (.2577) (1.0)
RIBNER= ,CRIB= ,SE=_______________

(0) self— + shear—noise
(F) , (F) Pao Press . 1 self—noise only

Pao s modelT T spect rum model 2 shear—noise only

PAO= ,PSPEC= ,MU= 
_________ __________

Acoustic Model-Near Field

1 — Isotropic turbulence model
2 — Lateral Quadrupole model
3 — Longitudinal Quadrupole model

NEARFD= , 4 — Combination model using Lateral Quadrupole model
in transition region

S — Combination model using Longitudinal  Quadrupole
model in transition region

X/D where potential core disappears
XCORE— , 665



NO I SE / Shc4 ’t  1 (back )

NO 1 1 S

1. I f  N t ) I-~l is being run aL~nc • u~ ing an i n p u t  tape f rom JETMIX or MERGE ,
supply the 3 ident if ! c at  ion prefix cards (see JETMIX input sheets).

2. Parenthes i zed quan t itfcc denote initialized values . These ite~~ need
a c t  he input unless d ltf c rent from preset values .

3. MFILE d&notia the input file code for the aerodynamic data. Set MFILE =

4 if aero input is from the MERGE program.

4 .  The p r o p o r t i o n a l i t y  constan t BETA may be determined from exper imenta l
data . If input , set BETAIN = T and supp ly the empir ically de termined
cons t an t .

5. If no acoustic model is selected , the Lighthill far—field mode l will be
used. Only one model may be selected per case.
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JET NOISE PREDICTION
Page of
NOISE/Sheet 2

Microph one Geometry Confi guration

no. of input angles

NA’~___________________

angle from j e t  exhaus t axis, degrees

AN GJ (1) = 
— ,__________ ,__________ 

, __________ 
, ,  

_______ I ,  __________ ,

____________ I ____________ ____________ , ____________ I , ,  ,_ _ ___ __ .____ ____ ____ ,___ _ ___________ ___ __ __ __ 
,_ _ ___.___ _ _ ,

(F) sideline configuration
T arc configuration

ARC=______________________

specif y either sideline distance or arc radius , f t

SLINE= , ARCL=___________________

Output Contro l

specif y T for  profi le  pr intout  at a given angle (ANGJ )

ACSP AN (l) 
_______

, , , , 
—

, ,
______ ,______ 

, ,
_____

___________ 
, 
___________ , ___________ I ___________ ~ _________ I___________ I ___________ I ___________ ___________ I _________

specify  T for X s tat ion (JETMIX) full acoustic printout

ACOUSP(l) = , ,
______ 

,______ 
, ,

______ ‘______ ‘______ ‘______ _____

____________ 
, 
____________ 

, 
____________ I ____________ ____________ I ____________ ____________ I ____________ ___________

___________ I___________ I ___________ ___________ ___________ I ___________ ~ _~~

_____________ 
, _____________ 

, ~~~~ —_ - , _____________ 
, 

_____________ , _____________ , _____________ 
, 

_____________

___________ ___________ 
, 

___________ 
, 

___________ 1 ___________ 4 ___________ I ___________ I___________

___________ , ___________ I ___________ I ___________ I ________ ___________ ___________ I ___________

~~

___________ 
, 

___________ I ___________ ___________ I ___________ I ___________ I___________ ___________ 1 ___________ I _________ I

____________ 
,_ _— —.-—— , ____________ I ____________ ____________ 

, ____________ 
, 

____________ 
, ____________ 

, 
__________ 

,

_______ 
, 
______ _ ,___ ________ _ , _______ I _______ I _______ I _______ I _______ 

,_ ‘

_____________ I _____________ I_~_____ ._~_~_ ~ ____________ I _____________ ~~~~~~~~~~~~~~~~ - —
, , 

_____________ 
,___ _ __ ___ _ _ .  I
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NOISE/Sheet 2 (back)

NOTES :

1. Acoustic calculations may be performed at a maximum of 20 angles
(ANGJ , degrees).

2. Specify the microphone configuration as either a sideline or an arc.
Also , specify the sideline distance or the arc radius in fee t .

3. The normal program output consists of a summary of the OASPL, SPL, PWL ,
etc. at the axial stations of the jet for each angle. This output may
be augmented by 1/3—octave—band PWL’s. If detailed output is desired ,
ACSPAN and ACOUSP may be used. Detailed profile printout will be
obtained when ACSPAN(I)~’T and any of the ACØUSP(J)’s are true.
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APPENDIX 10

SM~PLE CASES
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C ..aa a. IT~PUT COMMON
C a

C C s ~~~~ N / I N P J E T /
a D IAJ • ‘~J E T  • I J I T  , PI J E T  • VJ E T

,‘ 
. T I J E T

— 
S P f  • y E , U f • T I E  • TE
a A X I  , tIS ,J • ‘,04

‘ A (I00) • l I ~~P.’I i ( ) 0f l )
. 

a G A ”  ‘ 
• ~~c; • P R  ~~~~ 

‘

~ 
PRT ~~ 

‘ 

•
a 5~ • TR~~F • C~UN FF

I Ca
C a . a . a ~ C I I ~,ST A N T A~1D ~~~~~~ C(~MMO N C

~Ca C

~~ 
Cr )M” I~~ /C~ s f k R / _ O I T S ,,. F1~~_, • OC • GCJ  •_, Fpp T,_ _,_ . ‘ ‘ ‘— ‘ I _ ‘

C * a • a . •  k(, I I 0 ’ D A ’ ~Y C I I 5 . D I T I L C ’ J ~~fl~~~ ’ ( l ’~

‘ I ,C 

C 1 1 ’ ””ON /BC/ UED(4F • LE DGE •
(a . •a a a  ~I ( T F N T I A L  Ci~~ L CflM~ ON . ,—

[c. ~~~~~~~~~
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C OMMON /COPED/ ~CORf • C (IQF • CCPSTP
( I

C’’.’.’ SCA LE R (UNITS C O N V E R S I o N )  C (1MMPN
C.

‘ 
COMMO N /SCALER/ SR • SV • SL~ N

C’
COMM(IN IJF I I I ~LO’J. TT0I~

,A ,EJFT
. 

COM~ ,UN ,P C OP J T/  
- —- I I I _ I ‘ ~ ‘_ 5

a P • ~PL • PR T T  • I J GA S  • SCC
a TNF ~ • V S k E J ’  • M A C Il • A L C  •
a klFL ,C ,CH I , 4N0PM • S

a Rk (I(200),OUMIS (,0I)),*LN (200),0uR104 (U0Q )
CUIM04 (~N / A P R I N /  OPN TN
C O~~~c’ N /~~DA TA /  flL I M P ( 04);N~~C S V , N k v ,
CO 5IM I 15

~ 
/Cp 4 (le4/ / C T I.CT ? ,C T3~~CT .~,CTS . C T ~~,CT7 .CTf~ •CT 9,Ct I 0

COMM C ~~/ I”RUF/ P S I (2 C - O )  , Y (2 00), ID (200) •TkO(20 0) •E O (200)
CO MC~PN /JET/

a R(100)•UC(I00). TC ( 100), TIC(l 0O )~
a P )~~ I 1 00) .o.J( I 00) • YJ( l00).YSOICJIC (100 )

CO~~MlJN /J (12/ TIC(I00)
C OMN (Cr ~ ,C I ~L/

a N~~I A  • CM PRS • OJET • TUPI~J • CUEF’ (lO) •
a C~P(j • NPD • DA C • XL,) • ~DO , _
a 110 (200) • DSTuR(~~00)
COMMON /IAG/

~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~

__ I~
_
~~~~~ ‘C

C.
COMMON /M IX E W /  M I%. PD(100)• Af) (II )0),CF •YR (lO0) 

I

L OGIC A L M IX
COMMON /FLOcIAL/ ~Ax IT ,5 UP F~,NIT ,PSID~~ D0,YDC, 

I

- 
a 9T. P2.utL,TuL,uPST q

~’!CVG
L(~G 1cA L suP~~;cvG,u pSTRM 

I...- I ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ ‘  — I’

COM~~f1I, /AC ICN V G / Y (t)(100),PD ()00).JNOC(I00), CHF)KE . CHOKED
LOGIC A L CI~LJ~ E, C s’oOS~f O  

I I ‘ -

CO MMON /OFIT / CLSP (100)
COMMON /STA2/ •A Ck ?,1S2.SS ?,v ?, p I’oO2~~DP OX2 C
N E A L  MACI’42

- - 
CLC” (C14 /R CM IX c~/ GMAO U ,T~~;M (II~,PICU~~,P I~~ITTE 

‘- -‘I’-’ ’ _ I~~~~~~_ I  _~ ~ _ _  ~~
_ I_

R EA L  MUA

COMMON /M IXR M P/ MA 2 ( l00).VE2(i00).TE2 (100), TWC (l00)
R E A L  MA?
CobMON ~ T I’4RST/ I~v (l00)
CUMO( i?4 / OuTM Ix/ NYOPIG
COM~~1~ ’. /C ” S ’ fl Y/ Y(s4 (I0fl ),CLSPC~~~ Ifl 0 ),YC FF j • DCLI
CO,,~

w ( I P I /J F T 3 / STAI 1r , ’~V , S T A T F
(iJ (~ S, Is p , / K ~ C ~~ • E ~ ~ I 1 ) • CF 

‘Y b  ( ) ) ) • s’ (SLA ( I I I • ~OOF’ ( I I )
CO~~” ’~ 

lyE “(,E I I ~~~ 
IJ
• 

M~ .e ’~ T P , X~~’Ifl, S

~

I 

~~ J~~’ 7 4 I 1 C ~ / S C I P F  o~ / SI~o”L • S t s ~~S T P ~ A SUP
COMb I N /C’~~~~~?/ 

CT 0 .5•CTS .CTM
CO MMON /R~~OIIJ2/ tAC S’4U . M IFL ().YI,Y ().MEWC ,E S

(_ (J S,l ’4 / (  5,1 / (, II~4 S  TE  I C C III 1
CO~’MUN /FIL INO / I5 1 ’C F C ,P(X~

(a  
‘S 

E QU 1VA L EN C F (M flLf1~~~ ),ALX (I)) • (MST)LF? (I), AL* (?0I)) , C

L . .! _ ,,,,_ .,. (~~flL~ 1 ( ) ) • A L x ( o~o i ) ) • I ‘‘lL F (4 ( I ) • AL A (~~01 ) ) •

L • F ‘ I ~ 
I ‘S ( ) ) • A LA ( )fl ) I ) • ( ‘“ ‘L~ , ( I ) • A L A ( ) 00 I I )
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‘ C a
.— 

I) ) 5. ~ • S I I P’. LI ‘s2 ( I I ) • NS2A ( I 0 1 • L F ‘~ I ( I, ) • NSA I 14 ) 
I _

~~~~~
_
~~~ ‘_ _ _ — I_

~ ~U I V A L E ~~C F  (~~‘~ •~~ F I. 
FI~ Lj j ~,A I .F~~ (~ ( C o , C ( € ~~ (~, ))
O A 1 A  t ’i 1 0 4 Y 1 / T /

I’ 
P A T A  (I S A / I I ’,•I C IIJ .b.2 C4 J /

I s A T A  ~,~~?*/5 .2I’Tj, ),?H1L.1I •l k I , 1 0 ~~?I’IJ~~S~~?PlJ k/
5” r I.~ T A  I I L L A C ,. / s ’ ?02 C ’ c’f l ? 0 20 2 0 /

D A T A  I~~~~I1F/)C”APW (’F/

~
‘ D A 1 A  I~X X 1 , 2 M X X /
C.
C a
C. NTWV: ) ~,P 1 I E  PC()FILES AT ST A TT 1 1 (~ IX S

“(a NTI ~Y~~? ~ h 1 T F  CL PS~C P S. A~~I() !~~:I”~~C T v~~~IA MLES
C. NT Rv :5 0 4 t A I )  CL RR~~P5 A~II) INM tP T V A I C I A F O L E S

‘ 
C a NT IA Y~~cc W I C L A I M  PROF ILE AT S T A T I U ~ X X
C.

I GO TO (I0.t00.120,?00) • M TMY
Ca

10 IF( .NOT .ENT W Y I )  GO T O I l

‘ 
C AI, L ~

IM PYC (),V J~~T ,UD,U.NI~O) I I - — ’ ‘ I I

CALL fMP Y C ( 1 ,t J F T ,TM D,T ,N~~O)

‘~W F C  : 0
II F N TRY I :.fALS f .

‘S”FC :

~~* X  ~ C S C . X X ~~.C’, 
I-

- • I ~~~IIF (~~) p RI C .
IIAX ~~kRE 1 ,S1JPI).StJPSTP~~COI~E ,CflMSTP .MEW .M1RS1P .

a 
~~~~~~~~~~~~~~~~~~ ~

h I1 1 F0, t 1D , NH (C.XLN ,
a 

~~• 
t , TOI • %M 4CIC•PT( IT, TT D, PTO .MLjLf I ,VOL~~2,MIJLF3,~~i f U ,~~OL F ,~~O( Fb,J

GL1 TO 1000

100 RE .1N0 I
rW )T E  (2) C A A I ~~

$(FlFC •
a NAa - f . T 1 T L E ~~IOE0IT ,AOOR €S~~ OENTI ~ 

— I I I ’  . C

I T v ~flOT
a p 1 TS,EPR .C.C .1~CJ , P’OOTI
• OI A J , MJF T ,T,PI. PT J F I ,~~,!FT • I I J F T ,~~JET . 1~~~~~~~~~~~~~~~~~~~~~~ I~“‘ . 
U P

~ • ~f • 
w~ , I I L , T E  • A A I • N J  • ~~I’C • 

I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ——
- 

U I ‘F • P’~ ) % PR~ • A I. C’ • ~ L (I~aJ • 
ME I~ i,I • N V ~ C ON I • ~ I

’

a C T I,CI?.CTS • (14 •C I’,•C T b .CI7 •CT I~,CTQ ,CI P .CTS,CT M ,
I ~~~~~~~~~~~~~~~~~~~~~~~~~ •“~~~F~ •SP ,SV , SLI’J ,OPRIN .PLOT .. 
aC~~,I 1 I ,C~’ ,~” A X 1 T , T (J L ,S(,IP~~~.
‘X,AP ~~N .c4 .U C •T C ,T 7 C , PTC . s~J,YJ , TTC,
a Y5I)1vIC ,
a yCF . ,AO .RD, Y R ,YCl), Pfl~~90V .

’(A ?~~VE?~~TF2, N1T A ,T,
;. .P~C •C N A M F •A L J . A L ,Ii~ • A L F • S (’ •O t F F

t 0(1 10 1 IJ :I, rCW [C
I ‘SC F AO C i) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C

1 • r,Pi . ,P 5 7 . Y , i I ’~ T C ’ 1~, F I ) , I1O, I’C CI ,x i II ,
r — - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—---—

~ 
~ R I T ~ (2) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ NRD, RS 1 • ~ ,t’
,~ . T — [ ~, E  D• T 1 D ~~ I C s I I I , A L 1 I .

~ 
a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

10 1 CUF cIINUE
‘ L I I  10 1 0 0 0  .-.
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S 
12(1 Q~~4O (II ~~ A A F , K W f ( ~~ 1

‘ a PJA5 ” f~ TI TLE • ~~~~~~~~~~~~~~~ IDF I, T I , 
I~ I

I I 9 S C T  •
a
I L 1 I A J ,M IF I . TJ~ T, P TJF T .vJF 1 .1! Ii T ,~ lF ~T •
a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

a I E . ~~h I A P I • X LC , f L I ’ / ,J • ” r C’~C , F •~~IV ~~C f I C ’~I, S

. [ T I . c T ? , r T S , C T . 4 , r T ’ ~ , C T ~~,c y 7 ,( ’ T l o • (  T ’i .C I P , C T ~~ ,C I ’4 /~ 
I __

~~~~~~~

I ~~~~~~~ __ __ II 
~

I i .A k , 04 5 ’, , P o ~ • C’ ‘0 T • Sc • I ~ ~ F • ~‘ II, F ~ • s~’ • ‘
~ ~ • 

,~ i . ~‘ ~ • IC PI~ j ~s , P L U T  •
a (IC•~’) ~ • C~ •~~‘A A )  I • I~ ’L• ~~‘ IPf’ , ~aX • API. • B. UL. T C , T IC I P IC •  f s J .  Y J ,  I T C

‘ 
a V 5 (I s I C  , I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
•~~C , C N A M E • A L J , A L J i I ,A L F  ,S C M ,I) T F F  -- - ‘

‘ 
GO II’~ 1000

200 kPES : CSC C A A + .S
DO 210 IJ :1.~~~t C  

I

R~~A I 1 ( ) )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a NPD ~ “ I, ~ • ~ • Lu ’S , T 010 • F ii , I ~ (‘1 • I. ssf) ~ ~ L ~ ‘

a 0,1 .101, •I.’~~Ch .P T f l T .  TID, PIf).UOLI’ I •~ 1OLF?, UULF’3, MC JL~~04 ,C’(5 i_~~5.~1OLFa,J
)F( a A * .FQ .s~~LS ) (,(~ TO 220

21 0 Ct I ~~T 1 5 u E
fRP S .IPIJE.
90R 1IE Ce,.?) I ) Ax

‘ -I 

2 I I ~ L)~~” A T ( 1 hI • /123 • I 0IC~~T AT IL
’DJ A : • f ) 0 • ~ • ?A • 1 t C-I P,()T sN ~‘ ILE / / )

‘ ‘  ‘ ~_I

(,(
1~ T fl  1 00 0

220 n’~T TF  tF,•?21) Xx
221 fI ~~~~A T  (l1’I1.// /?A ,2OHCaJEIM I X CiESIAPT AC . V Z O .b//)

If (MU) M IX PM1~~.TPUE .

10 0 0  P~~TURN
E N D

1~ I •~ ~_~~ ‘. ‘ —-  

- - ‘  I I . 

I ;
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‘
aOfts ( L C F ’ I T

‘I 
S U F ~~~I

1
.LS T ! C F  L t F 1 T ( X , Y .~ - C ” IS . ~~os • XC. YC I A,~~C, IJOS C ) ’

C L C ~~I T I I C I F ( ,RA T F  OP 1P.T F’~PfJLATE “ L C~~IT”

C j~ , I F T ; I~A T F  (I I .  1 P ~T F i ~ P1L A T F  S 1 4 ( ,  A P A P A ’ I I L A  ,‘, H M C C S  V A ~~~~~ () Io” C~IuiJ Ik T I E  ITI S i
‘ C A 5 1() ( I • I ) “ I I ~ N) S I~~s S  I M j  SSF S THE C I — I I A ’ s 11 ( ~ +2 ) ‘~ S !~

‘ I S ( I F T H~ A

C E X I S T )  SLJC IC T I C A T  lICE, S( .I I A E fl~ T i— F’ ~“ F ’ -~ ! A T J f l ’ I J S  A “1~
j 1MLJ” . i4~i T ~

“ C 
I ‘ T I C A T  I IS u F \ F ~~ A L LY  S~ U C T F O  S UC H T S ’ C & T

C X (f)•LE . )IC.LT .~~~ 1 +I )
‘ C IC” F E~~iJ A T 1 n 1 I F (1~ T~ iF PAP A I 4O L A IS
C Y — y (1 ) : 5 4 1 ( X — X ( 1 ) )  • (T* (x—X (T ))..2

~ DI Mf ~I .5j [ )~, A ( ) 0 ) • V ( I 0 ) • xc ( ) 0 ) • ‘YC I ) 0 ) • C C I 0)
C- 

LL (;ICAL NE~

C INP UT—
C x •  v P T S . 014 CURVE
C NPIS NO . LW X
C raEo ’, •~~A L S E .  I f  TRF ~~~ A PPA~ LiE C’ ’~’~~F J C I F ~~TS I S
C A I~A 1 L A h L €  FROM A PR E V IO U S EC j T N Y
C XC LIST (Sf A A T  ~5H 1C IC CA LC TO kF OUNE_
C

_ _ 

~ YC (1) I N T E G ~~A T 1 O N  CUNS1 A I sT IF ICD: t 
~~

_ _ _ _ I I~

C N AC NO. ç)F XC
C

I 

NO :0 TI) GET COOPO, ~ i TO GET 1ST D E P IV A T IV E ,  
I I_~

C ~— 1 ~ flCQ I~ITE G RAT TO N

C OUTPUT I

C ~C COOR D IGA 1F OR DE R I V A T I V E  Al ’ XC OR
C YC (jC): I~ - TE G R A L (Y .OX) ~~P(S” X C ( I )  TO XC (IC ) VJIC E R t !C:2,T JAC

I

C 

I 

~ = A P C A Y  (iF (NPTS—I ) C IIE FF ILII IJT S

C raUtEs .
C 15 ,510 I N I E 1 . kA T I f l 1~ “ A C ”  M I I S T  ME IN fl”E S A P ’~E, f lPPE P AS “ A 11 FOR I N T E W P I J L A T I I ) N

I

C

__’ 
•A •’ M A Y  14 1’ jN E I T h E R  ASC~~In I~ ,r, 11CC D E S C E ~SOI~IG JRUE P.

I ~ 
NQ S P E C IA L  ORDER IS PF ()UIRFD

-- .- - 
CO M ~~n N / C L S P F  I !  I ‘I..

LU C ,ICAL ~ITH IN — —D A T A  “TTS /1.E+ 1S / 
S

‘ 
IF (.I.flT ,~ ,E~’s ) 1,0 T1~ 90S ~, : N P T S — 1

C E V A L U A T E  COE~~F IC ]F’N T C C I )

C 
DO 30 I:1. N
xl : X (j)

~ 
V I  : y ( j ): X3 : X( l s I ) — X I
L~OT : 0.
TOP : 0.

~ C C I )  : 0. 
.

I Y3 : V (I.1 )— Y I
t I~ (1 .11 • I •uCW • Y (1—1). EC ’J . R IIS ) GO Iii ?7

L A )  : x( I — 1 ) — x I

I, x 1 3  :
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r T~~P : A ).(Y3 .CI . (’y (I .l ) — Y I ) ’ IA f l * X 1 3
I 

F I S h  :x l .x I I . I~~..I~~a A 3

I 27  T~~I!.(~F .~ •(1OI . A (I + ?).Fr L .CI II S ) GO IO 2B
‘ 2 7) X ’i  :

* 043 :
I 

7 (IP : ILsR . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~IiII s F’1I1 T 4 %14 * . u* C L ~ 3 a A c J S a x 3

~ 2~ 1~ (~~OI .NF .0. ) C (  I ) :-TUP/CIIT 
I _ ‘  _~~ I ~ ‘ I I ~ . I I . ‘~ “

~ 
30 Ct ~ ,T T f ~uE

I 

~ kI G I ~I 1’~ T F R P ( ) L A T ) ~~I ’S LflI )P I;OR XC( IC) IC:1 .Ij XC

~

I 
q
~ ~ :M A A 0 ( I ~~~~

1 I C I0 (j,N))

I~~(N D .E0 . ( — I ) )  1:1
SGN :S~~t’N().,A ( ~~$I ) X(I ))
IC :

~ 
GO TO l.S0

~ C LOC AT E APPRUPI 1 IATE INTERVAL
too  ‘. 1 T P 4 1 ’ ~: •~~A L S I .

i.CHvNT : N
1 02 1 F ( • C i~i.)NT ) I I 9• I 0 3, 103‘ 1 0 1 ~~ 1 1 1 5 1. Ta  N C O u N T —  I

— 
X I : X(j)
xl) C X C (1C) — ~~1
IF ( ) IOU, 12 0 ,t OU

I ~~ 1F(S1, ’~.XD ) 105 ,1 07 ,110 
5

C F .LT .0. (F IS TICL FRAC TI()f ~I A L PO S ITION IN lICE IN T L W’ ~A L)
ID’, IF (1 .EOII ) G(~ T O 120

1F (’~I .E O . (—i)) GO TV 11 9
I :1.1
GO TO 102

C F .Efl .0
107 I F X (I,1).N1 .XI )  GO TO 120

GO TIC I I b

C F .C 5 T .0.
110 II (SG ~~a ( XC ( 1 C )— A ( I + 1 ) ) )  120, I 1 2 .11 04

“‘I
C F .f O .1.0, C S-CFC~< ! I I IP I N 1 F G ~~A T 1 O N A I,D DO (JBLE~~~~h 1 ’ , T C ~~~I I ~~E I,C~~~I . t r T I \ G

I I 2 1 F ( C ~ID • F ~~. C — 1 1 1 •(iP • ( I • ~ F • II • A~,Cs • A ( I • I ) • ~ I) 
• 

A ( I + ~ ) ) ) 
I,(j I~

) I ?0
“ C 

I 

~ • G T .1.0 
I ~~~

1) 04 IH I .F Q . N )  GO TO 12 0
S 

1F ( T~D.EQ .(—I)) (,U TO 125

L 11b I ~ 1 +)

I Go 10 102

~

- 
1)9 GO TI’) 900 

‘

~C PRE L 1 fr IN A P~ CALCUL AT IONS FOR I’sIIR POL~~T1ON lW 1~~T 1G~~A 1 IUN 
C

i 12 0 i~1TI ’~1 P’o:.1RU1.

~ 
125 X 3 : X(I ,1)—x (1 )

is v i ,,,,, ~ I Y(I) ~~~~~~~~~~~ . I

L. _
b ~ 0.
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CI : C(I)
,- ‘-— 

IF ( • •~ .T •~) • ~~~~ • L~ .E • 0 • ) ~Ii ~ ( V ( I a ~ ) —V I ) / • ‘ — C I • A

,. I?~ I IIN O ) 150 .1 04 0 , 1 0 4 1

I C ‘, r I :_ )  • T ’ I I C  I , S~ A I f
130 I F ( • C , UT .,’, I T ” I N )  C I ) : A~~

~ SI z (~~I • (II,? C C I /S . .~~f l ) * h dl ) .X O 
—C 

~ ~~ T ” o T N) Li t~~I ) 1I~,I 

~ ~~~ ~~ ‘l~ 1~’,(. T~~C~~~ I.’F ‘s T F D  1(1 T ? ~I’) AI . ’ P k I I P I 4 / U A T F P I 1 F ’ k V A L .  ‘5~~~
’ 

~
j’,

C
C (‘ i) ” I I LA I E T H F  1C ,IF1, ’~A L (‘~ TH I II~ I’11 L’~V A L .

C 
SA : ,5A + SI
G~i 1(5 t 1s’~

C I 
A PP lJC1 Pi ’1 ,~IF I~~T E ~~VA L 101 11 ,0 . X (fl ’1(1C) X (J + I )

65 

135 1’ (IC. t~~ .I) ‘3A :V [()L)’.SI

~ 
1~~(1C •~~E •1 ) YC(IC ):S,A,SI

~ 
GD T I) 150

,: s~~r:o ,  1 ’:TF ~~p (JLAU FOR CU (JPDINA TE S 
—

104 0 ~C 1 C): ~I • ( F’s • C !aXO )*XI)
‘ GO T O I ’ 0

~ C ND:1. F T~CST D E R I V A T I V E
I~c I YC( lC ): f~ a ?.*C I a XD

5. 
GO ID 150

I S O  IC :

I l~’0 IF (N ’.C—IC ) 900,l00,100

900 W E T~ ’R~
END

~~ 

-I ‘ I

I

t ,~ 

, 

‘C
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UO EC II P~~~S r j

~ I S 5 0 ( h i T 1 ’ IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C P P C ’ P J  PC ’ s ~ ~~~T I ~~S S I’ A L ’ ’5 11 .A ”  ~~~ III~~~ C IIL~~~

S S I  i~~~~r

C S I ’~~C’ ,I ~, /I I 1 I~~I \ 5/ DP’i I’~s
L~ , I C A L  W I l l ”,

1’ ~~f I .~~~R T”C I

L IS r . I C A L  I, T Ij ~~~C,
0 

~ F~~L ~~~~~~~~~~~~~~~~~~~~~~ • ( C P ,” u ’ C f  F ~~ 

— ——

C.
C a
C ’  1 ,I, II :1 s1 14(;LE JF’ I
C • I ~ (‘C ;2 CO .YI ,1, IL ~~ ‘ / C O P L A C 6 W  JE F

C
C 0 5

~~I~~~II I f ~~~~~~~~~ P~~LIi~E R T I [ S i - L Y
C U  :1 L A ” T 5 .~~” ~~~~~ T i ,,I C IC U LLI ,T  PS ~~

( I C5 f . R f 1 F S

I ’ ‘~I (. : I ‘‘ I A I ‘ I ’ C’ fr, ~, I ~ ‘I ( I •L I • ‘~L C  )
C * ~ ~ ~ (, : 2 1 II A ‘ S I T 1 S I r , ~ ~ I, I I ~ ~ ( A • (;F . • i, C )I 

~~ ~~~~~~~~ :~ (LA ” ~~~ 
0 S I ’ I L A ~ C’ IC (S~ ILES )

C • 0 : ~. C I A L “ — I ’C (II • A IF ( o u h F  I )
C.  ~ 

: f lII0SI’~~~L C LI ’. I ) J I I ’ J A T F , F T .
C. I ~ T~~, o ’ P E I . A r i I~~~~ I f l F L~ R
C a T I C I ~ I~ - C ~’s UL~ N T  •“,~~ ~s1I I)/LHM
Ca
C . ~LC 

: AC T A L  CO— C C S ) ! I IA T F _ _ S I A ~,I I  (,If IIQ~~’S S I I I O N  REI5ION
C. ‘ A d ’  j  I D 1 S C~’A PS ~’I’S MA CH ~, 55 ~~’ ’i~ U , ,  ‘C a
Ca

C, ‘~~~‘~~N J 1 ’ ’O P J T /
I I~ • ~ ‘~L • P~~T • ‘ G A S  • SC
. T ’ C F~ • ~‘~,I 0t F  • “A C CC • XLC •

a ç ’ f  I’ I. • C • CC I I , ~1
’sI ~~~M

. C _ S I(2 0 0)  • ‘C - L (?flO) , oCi” (?00)
I •‘S F A A  (?Oti ) • A l “(200) • fl~ I?00 ) • ‘~~ I
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U I • I • 2 . — I • S. I • — 1 • I • — I • I • — 1 ~ I • — I • 1 , — I • I ,

a 
~~~I • I • ~~t • 1 , 3 •— l ,~

’
~~1, — ) ~ 2 . — L , I , — l , l .  3 ’ — l , l ~~— ) •I, — 1 , ) , — 1 ,

. 
a

N L ” C F L T S T  /A / D 1 A J . ” ,j F T ,TJ F I ,PTJ~~T ,V J E T ,- 
a 1 I J E T  ‘

‘P f ~ • v E  • MF • T I C  , t~-.-—-..— 
a A L l  ~~ • 

•.,J , I ’ ’ •

a G A M • C~I”, • P R  • P’~lI
a ~ • •P~C I

• SC • T ”E F • ‘~
‘ - R f F

a SP • Sv • SL F ~ 5

. 
a )Pi’iIN ,P L r T

I I~~ 
c ’~~EO

, LX PC • L A I R

U ~‘CI”~~ II , • IOt ~ ?s 7a Y • UI) , IC-I D • Ci )  , III)
‘ 

a 
~ T~ ,CT 2 ,CT 3 , CT’J ,C V,,CT~ , C 1 F ,C T R .C’ (~~.

a C T I ,C T I ’ . C T P .1 .N~~.I~~i • C ~~5 D • T~ ID. ,, C S T Q T •
I 

•

‘ 
C 1 V, I : 

• 
r I ~~~. • “JE II • T IF  TO

I I J h I C ,C ’ h I ~~~T H ,~~~Ij i~~T I S ~~ II ,T H ,

I • ,C ~~~ ~ • A L J , :,~ ~J • A l ~ • SC~ I C I’I’ ~ • ‘( P~~~ • C ‘C • ~ ~ ~ • I) I ~ ~
‘

I ~ C SC’ • 
I ) j  I, I T • L I i “ ‘  • SI, A LL C

I , D A T A  II L I A 1. ’ /IO H f
C ’

I C ’I 
Ca RF A t )  C I ,~,P9 L 1~~I t  $ A

1 C ’
I 2 C A I ,L .J T I N I T
L - - 

(AL L “,I I” ( I •C I I T S • V ,1400)
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CA LL S FT V (1,~~LA N~ ,IDF~.T ,I O )
C.
Ca 1’~1 T I A L I l E  h A kkA y , D U w s ~Y SIrJ( ;IE CELL ~~PUTCI

.FA L SF.
( 1000 C A L L  S E T ’ ~ ( 1~,~~H5, t~,5U 3, ND,Sf l5 , X , I 0 0 , X D , I O 0 )

A X I  •IQLjE. - -

l~~~
) .~~AL SF . 

- - -

= .FAL S E .
St~P~ •FALSL .

(
~~~~

o IF( TA P 1N) CA LL JT F~1LE (3,D UMYF)
3 P E A D  ( 5 , 4)

9M~ I~~( E~~i~ ) I~ET U P N
C a
C a  M ESE T P (JSS TSL. E B I T S  V A L U E S  

-C a
1F f  • N11T .AX I ) JAX I :AX I
JF ( M I X  ) JM j X : M j *   

-

1 Ff T~.fl ) JTP ,O:Tn()
1Ff S~ P~ ) JSUP SUPt3 

-
1~ ( P ~A X I T ~~NF .IBITS ) ~‘MAX IT :M A X t T
IF(TOL .NE~BI TS) ZTQL :TOL 

— —  -

lF( C F .~~~.bI TS ) ZCF CF 
— —

IF(Cx PC. EQ. f~IT S •A ND . T1d1)) CXPC :.Oa

- 
IF (CXTP .F (~.BIT S .400. TwO) CXT PZ.O(1 ______
1~~(CXPC . H).RIT S .400. M IX) CXPC :.05
1 F (C xl~~.E(3.t~ITS •A NO . M I X )  CX TP .05

U00~ D’~ (1010 L j,%1  
-

I~~(L. GT .b) GD TO a002
1~ ~J~G (L).Nf .~~1T S) Z~ G(L):~ (,(L)  

—

1I- (()iA ~~(L).N~~.kI1S ) Z0IAO(L ):DIAO(L ) ____

11002 I~~(L. 1,T.7) GU T O  U00~
I F( I CMaNG(L~~.r~~.1h1 TS ) MC ((L ):lCiIANG(L )

U0 03 I~~(DIA J (L ). NE .~~IlS) ZDIA JCL) :OIAJ (L)  
- - -  

IF ( NO ( L ) • OF • I O ils) M~I~~ CL) :NB C L

~10I0 CONTINUE
Ca
Ca MOVE DATA BA CK TO D U M M Y  AR4 A Y
Ca

- 
‘40?0 CALL MD V E(5 ,ZOI A J ,OIA J ,1%,I, MCG, PICHANG, 7 ,I, 

- -

a ZU IA O, D IAU,b,I, ZM G . P (,,b,1,MO h.N$ ,I1.1 ) 
- -

Ax i J A X I
I~~O = JIAD

~~~~~~~~~~~~~~~~~~~~M IX JM IX
CF:ZCF — - —  — - -

TO1:Z 101.

~
‘Ax!T :MMA

~~
IT - - -

1’-(~~IX .400. TAO) GO TO 111J14 
TF(T~ O) CrI :• 17  

_____

I~~P( I ):IFIX (PM(l ))
- CMP~~S . F A L S E .  - - - - - - - -

KGO :?
C a
(a  

- 
M~~vf INPUT A P P A Y S  lii 5TflWA (;E 

--  —~~~
C a

-4
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~oj o ç A i t  !5()QT(jMIX ,T 4 ,~JM ,$,I~)~)*NtI ) - — - 1
C’ COUNT N U M M L W  OF A X I A L  ST AT IONS
C’
Ca
C a  IF M I X f P  NO/ ZLE CA SE, Nl 1 N _ DI M EN ~~I UNA LIZE
Ca A N fl Cu~~ E F I T DUCT C (J—O~ 0T NA tE S 

-
- C ’  

- - —  -- — - — - — -

C
C I N I T IA L I Z E  A COUSTIC STAT IONS
c

1 F f X (I).FU. BIT S •AN0 . C. NO i •M IX) ) GO TO (103I
GO It) ‘4032

- (4031 CALL MI)VE (2, XA C, X ,7,’,I ,I% PMAC, Xpk N ,72,I)

- 
u03? j F (  ME ST PT .NE .~4Il S ) GO TO ‘4300

I F C . N f l T .MI X ) GO TO ~4 1414 2 - -

00 ‘4 14( 10 L :I,I0C
IF ( XD(L).E(A.8I7 : Gil TO uiaS —

(111140 CONT IN uE
EMP .TPUE . 

— --   —
~~~~~~~~~~~~~~~~~~

— -
~~~~

GO 10 999
‘ Ca

44 14 (4 5 N X T A : L — I
- 

Ca F ILL UNFILLEL ) A W MA Y S
Ca

- 140(40 CALL FIL L (XD ,~~1,,I,OXTA)  
- —

CA L L FIL L (XD, YCB, I , N X I A )
- 

T f ~Q MO: I . / D 1 AJ  - - - - - - - - -

C A L L  FM PYC( I,TE PM D , XD,X ,NXT A)

C A L L  F M P Y C ( 2 ,  1ET ~MO, RD, YP , N X T A , YC H ,y C S , N x T A )_
C. - - - - — - - - -— —  — - - -— - - —— -—

C ALL LC FIT (XO, V P ,NXT A .I, X0 (I ).Y9Q ,I ,0,CLSP)
C A L L  LCFIT (XD,Y C~~,N *TA ,l ,X 0(I).vC~~I ,j,O,CLSPCB ) 

— -

GO 10 ~- Q- ’4 ’4 2 (JO 11 L :i,I00 -

IF fX (L).EO. B1TS) GO 105

~~~~~~ CONT INUE
14(114 EW M: .TP U E.

GO TO 999 - -

- ~~ N X T A : L — I
GO 10 ~~ 

- - -  -

C a
C a SPECIAL x— TA B L E P~~oCESSING ON ~F S T A q1 - — - - - —  -- - - - - - - - - -— --

C.
- 

14300 NxX :I~xTA +I 
-

NT O~ N V I
I £Li,C:~~E S T R T

L D (M IX ) PESTM T:R FSTRT/ OIA J  
—C a

S EA N C H FOP R E S T A W T  LOC .
Ca

00 11 310 L I.100
IF(~~CL).EtJ . PFSTRT) NPES:I.
I F ( 1 ( L ) . F G .44 11S )  GO TO ~ 320 -- -—I 14~~1 O C (iNTINUt 

- - - —  - — 

J
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H

(4 3 1 1  ~~~M :.TPUE.

~o 
qgg - -

‘432 0 ~.4T A:L .t
If(N4~ES •fr Q. I) GO TO ‘431 1

Ca
I~~(( .r~f l T . M(~~~) . A NO .  U Ix~~.E) GO TO 4~~2 ’)
I F ( . Of l T . ‘ Il )  ;c TO b

— O I l  ( 1 3 1 4 0  L 1 , 1 0 0
J~~ (~~l I ( L ) .E G .  b ITS) GO 10 14350

14 3110 Cu~~T t ’ ~uE 
-—

‘4 350 IXfl~~I(.:L—I
C L L L F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• C A L L  F I L L ( X D ( N x O ) , v c I ~ ( r X O ) , l1x f l , N x ( ~~ IG )  —— T~~~~- f l~~t . / O t A J 
-

I I~~~~~~X~ )M 1G. 1 — NXf J
C L LL F V P Y U ( 1  , T .4 W 0 , ) D ( N X D ) , x ( N x x ) , NUM)

• T~~~~[~:d. .Tf~4WO
C 4 1 L F ” P Y C ( 2 ,  T [~~ ’0 , ) (N~~0)  , YP(N kO),~~ t)M ,y C O ( N X O ) ,  y ( u ( O X D) , Nu-l )

- _ C ALL LC F IT(4 O,~~~ ,Nxfl k I G , I , xn (I),YQq ,I,o,cLSP )
CA L L LC~~IT( X O,YC b , U ~~I G , l, )j)(1),Y C 1i 1 , I , 0,CLSPbC) 

—

N~~TA:NxX ,0UM_ I 
—

‘432’~ Dl i  4 3 2 ’l  L:I, N X T A
IF  (~~LOC • E O . X O ( L ) )  PE PD( L)

4 4 3 2 B  C rlr -~T1NUE
Ca 

____________

C. TE ST F1,44 ~~~~~~~~~~~~~~~~~~~~~~~~~~ OF 0——INI TI ALI ZE
Ca

6 II- (~ JE T • • ~ I T S )  CMP ~? S .  TF Q II E
I f ( P T J FT .N1. h I T S )  CM PNS : .T PUE .
I F( . (.DT . C’- i - ~~5)  CA LL S~~T~~(t, HITS , PTC ,lO0)
I F ( M I X  • A N O .  ( 1 4 E S T N T . € ( ~ . S I T S ) )  NX OMIG N X T A  

____- - __-

C~ SET PM I NT IN DICAT OR
C’
£4050 I F ( ( ~~P~~N ( I ) . E 0 . ?)  •O1~4. (X PPNI(I) .EQ .?.)) CALL SET~ 1 (I,I,XP&N(2),

a N~~T A . t )
I~ C ( X P I J N ( I  I • E (2 . ( — 2 ) )  •OP . ( r ( - e~ J t  ( I )  • FQ. ( — 2 . ) ) )
i C A L L  S~ T~~( 1, — i  ~X I ~~ N( 2 )  , N X T A — j  - _

DO ‘ 4 O b t )  L : ? , N X T A
— 

I F (XPMN (L).L (J .INIIS ) XPNN (L):O
IF(~~P’4t)I (L) •E :~. 0.) DC) TO ‘40~~O- I F ( t 4 # - ’ S ( x P i ~N { L ) )  .E’4. I ) Dl) TO 440b0 

- -

IF(~~-~~N 1(L) ~LT . (l a )  GO TO ‘4055
— xP~~N(L) I 

--  -  — -

GO TO (40b0
‘4 055 4~~kN (L) —I •
44 060 (R~~T INUE

I F ( T I J E T .~~E.0.) Dli TO tO -

IUMBJ : .F 4 L S F .
rc . — —

~~~~~~~~~~
-
~~~~~~~~~ 

—
~~~~~~~~~~~

Ca
Ca
C a

10 IF(C MP(1 S)  GO T O  12
r a

VJ E T , V F , T J E  1, (I e . , S  ‘-~~ l P ‘~~ v fN 
- -  — —
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C a
M J E  T :0 .

:0 .
C~~:GA ~~i- ’ (T J(~T )
CPJ = CP
E J E T :I.5/ (,CJ .IIJET aa 2 .V JE T .a?
iF (1KV) (-JET (~:t.5/G C J*TI JETfl aa 2 .VJ F T a . ?
I TE :TF
P T F = F E I ( l . s .S a V F a a 2 / ( G C a I 4 ( , . T F ) )
GO TO ISO

12 C .AM: ( A~ ’H( 1 E)
V SF= SO(4 T (c.AM~~~G*GC .TE )
I F (ME .FO .MI TS ) GO II) 122
VF.~~~t *v SE
GO TO 125

122 ML :vE/V SE 
-

125 T (41i:j.,.5a (GAM—I.) a MEa*?
TTE :lE a IkM

*f 1k ) ** (G4~~/ ( c ;A~I— l. ) )
I f ( V J F T .L0.  %~I T S )  ~ G O:1
IF (PTJ1T .Efl.~~ITS) KGO 2 

- - -
GO TO (130,l44O ),KDO

Ca
114 0 IF (T J E T .N1 .BITS) GO TO 1(4 1

C. 
_____

C• DETE*M INE TJET (r ,AM=c.AM(T)) 
- _____ —

~~~
Ca

— 
T L T = V J E T . V J E T / ( W G a G C a M J E T a M J E T )  

- —

TJF1 :(TLt/2.237O ~~)a* (1 ./.Q?979)
l F ( 7J ~~T .GT . 800 . MID. TJ ET .LT.3600.) GO T0 141 --
GAM :I .4 

___________

IF TJ E T .GF .3a00.) ;A M:I .2S14
GO TO lul l

141 0 GAM:GAMH (TJET)
t~4 1 1  G A M 1 : f . A M / ( G 4~ ’~~1 .)

GA M? : , a ( G AM. l. )
GA~~3:1./GA M1

- - - C P ; G a M I . ~~G * G C/ G C J
(0 Ill 1 4 4 2

144 1 GA ~~:GAMN (TJET)  
•

VJ E1:~~J F T * S 1 4 P T ( G A M * W G a G C a T J E T )
Dli TO l U l l  

- —  --

1(42 EJ~~T :I .S /G CJ a T I JE T aT IJ I T .vJET’vJET
PTJFI;PE a (1 . ,~.A F ’ 2 a I ~J F T * . ? ) a a ( ; A M I  -  — - - —

GO TO ISO
•

Ca  
- - -

130 I F ( ~~J E r .E 0 . P I T S )  GO 1(1 1 3 %
A S S I G N  131? TO K~ G()
GA frG 1.38 

- _~~~~ •i
I T  :0
PFIA T  = P T J L T / P E

1 3 0 1  I T  = 1 1. 1
G A W G I  = ( G A I 4 G . I . ) / D A M G
TJET V J E  T I .~~ . ( ç ,A 0 ( ~ )/(2..~ ;A~~.akGaGC a (i ’kA T. *GA M GI~~l.))

•_ I F (  T J E T .G E . i ~00 .  .A O O . T J F T .LT .3h00 . ) GO III I SO? 
-

GA M = 1. 44 

-- - - - J
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IF TJFT .GF. S600 . ) GAM I ,?S14
-- GO 1’ 1303 —

1302 G A M  : G A U H ( T J E T )
1303 IF ( (A ~4s(GA i~.(;AMG)) .LE. .001 .OP . IT .GE.l0 ) GO TO I S I I

GA M I; =• GO 11 ’ 1301
13 1 0  GA V :I;4 .H( TJET)
1311 (.AP~l (;~~~/(GA M —I. ) - — 

(,AP.�:.5a (GAM ~~l.)
G A M 3 = I ~~/ G A M l  -

CI ~~ G A ~~I . k G a G C / G C J
TTkJ ; (PTJ~ 1/k~~) a a G A M 3
GO IC KPG O ,( 1 3I2 , 1 3 i”4 )

I~~T 2 EJ F T : I . S / G C j ~~T I J F T * T I J E T * V J E T a V J F T
MJE 1:VJfT/5(~WT( GA M aW G .GC aT JET )

- - 
DO T O ISO

131 A S S I G N  (36(4 10 KPGO
GO TO 151 0

13614 M J F T : S I ~ ( 4 T (  (11RJ—1 .)/GAM2) 
_____ ______

V JE T P ~JET*SO (4T(GA~~*M G aG C a T J FT )
EJ E 1= l . 5 / G C J * T I J ~.T a T I J E T a V J t 1 a v J f  I

Ca   
•

- 
150 CPJ :CP   

-  —_
C.

IF (.Nfl T . T~ U) GO TO 151
C Ia  LOGIC F O~ F L O ~ COND ITIONS OF 0011W JET
Ca.

IF (CMP(4 S) GO TO 160  — -  - -

MJFI(j:O•

GO T O ISI
180 IF (VJEIO .EO .RITS) K H 0 1  

_______ _______ ________

1F (PTJFTO .E Q .B ITS) ,cHU:2
GO T n (170.165) •

l bS ZF(TJETO .NE .(~ZTS) GO 10 268
Ca
C a DETF PMINE TJETO (GAMO :&AMO(T)) 

- - —

Ca

~~~~ 1i T~~VJ ETO a JET1ii (kG~~(,C,M jE JET~~1TJ~ f O : ( T L T / 2 . 2 3 l O ~- ) * * (  1 ./,Q?Q7 9)-- 
IF (IJI TO .GT .AOIT . .AND . TJET O .LT ,5600.) GO TO 1610
GA Vf l :  1. 14

- - - 
1F TJETO. G1.3600.) GAM I.2541 

- - - - — - -

GO TO 161%

~~ iE 10 GA I=GAMIn(?JETO )~~~~~~~
1 8 11 GA u I :r,Au,(( ;AM_ I.)

GA ’?= .S* (GAM—I .) 
- - - —

GAP ~~:l. /GAM%
C P : G A M I * W G . G C / G C J  • - - -

GO TI 169
- -  1é8 G A Y ( 1 = ;A 1 4 H ( T J F IO) - — — —

VJ F TO :M JETO*SQWI( GAMOaPGaD CaTJETO )
Gil 1(1 16 11  -

169 E J F 1 C 1 = I . S / ( , C J a T 1 J E T t I * T I J E T f l a v J F T~~V J E T
PTJ FTO = PE a (1. ,GA FI2.UJE TO aA 2)a .GAM L -   -

Gil TO 151 
______C-. - • - • -- • - - • _____-

- •
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r
C a

17 0 IF (v JFTO .F0 .FHTS ) GO TO 1,1
A S S I G N  17 1 2  10 KPGO
GA~ G = 1.38 

•

IT 0
P P 4 1  : PTJETO/PE

11 01 IT = IT .1
— GA~0.I = (GAMG .I. )/GAMG - -  -

IJE TO : V J 1 TOaa2 .(GAMG—I,) / (?.aGA M GaPGaGCa( PI4A 1a .GA ’(,I~~I . ) )
IF ( TJ (T(J.GL.800. .ANO . TJE TO .LT .3 600. I GO 10 170?
GA~ 1) = 1. 14
l Et IJETO .GE .3800 . ) GAMO=1.254
GO TI 1703

170? GA~ (’ = GAMH(T JE1L I) - -

1703 1 F f  (ABS (l, AMG—GAM U) ).LE. .001 •OP. IT .GE .I0 I GO TO 17 11
GA FG : GAMU
GO 10 17 01

171 0 i.AMO :DAMH(TJETO ) 
- -—

1 7 1 1  GA ~~I :&AMO/ (GAMO—l.) _____• 
GAM 2 .S*(GAM0.1.f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-

- GA M 3 :l . /DA M I
C P : G A M I  aII G aG C /G CJ
TIk J C I = (PIJE T O / P F ) * a GA M 3

— • 
Dii IC KPGi’ ,( 1 7 1?,176 ( 1 ) — — - -

1712 EJ E T i’ :1 .6 / G C J a T I J F T O a T I J E T O a V J E T a V J E T
MJ F T O : V J E T U / S ( I R T ( G A M ( ) a W G a G C a I J € T O )
GO TO 151

171 ASSIGN 17 64 TO KPGO 
--

GO 10 1 7 1 0
17 8’4 EJ~~Tu :1.S,(,CJaTIJETO .TIJETO*VJET .VJET

MJF TO:SG (4T (C TTW J P— l • )/GAM?) ________ _______

V J E T O :M JETC a SU ’T (GAM aW G *GC aT JETO)
151 IF ( TAO ) GO TO 152

IF(TJFT .1O .TE ) QJET :.F ALSE .
GO TO 153

- 
IS? IF (TJET .E0.TL .AND . TJE T .EO .TJETO ) QJET :.FALSE. —-

-- 
153 C O N T I N U F ~ - —  ______ •- - - 

1 F C. NUT . IJ JLT) CA LL SET~~(I,I., tC,I0oi 
—- — _______

EF :% .5/GCJa T IE • TI C ‘VJF T~~VJ~ T 
•

TTO:T JE T , . Sa V J E T a V JE T / ( G CJ a CM J ) ,E J E T / C P J
A MI~ 1 0: ~F AL SE

- 
DTi~O :Al3 S (TT0—T ()
I F ( I I T P O .LT . .5) AMH TO: .TW u ~~

~~~~ C A L L  MUvE(3,DI A U,ZOIAO,b,I.DIA J .~~0t A J , 1 1 . I , MC i1~~NC, ’ ’..7,IT~~~ 
— -

Ca
Ca IN I T IA L I Z E  PNOE ILLS

L C a
20 FIJ P:P4J+1

Fa J M ~~N J — 1  
-— —

Ca
Ca BOUNDA Ry CONDITION S~~~V/V JLT :vE/V JET ,THE 1Az0,
C a E.’ EJ E T Z E E / E J E T

~ C. - —2 3  TNEOC .E :TE ,TJE T

— -  — 
IF(Tu~.~~J ) LEDC .E:FI/FJFT -  - • • -— 
(JE.O&E z V L / V J L  I — 
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r~ .
Ca ~h S P 4 1j L F I F 4 I T I O N  A T Ir~I T 1AL S T A T I O N — —  I~ ~(1) •r-i E •BITS,

: c .  INP UT PW U F I L E S  OS lO  AS G I V E N
C a  NJ :CIJkk ENI  SPE C I F  lED M ES H N1IM~~(w OF J E T  CO MNIW

- Ca
• 00 :1.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --—-—- -— -— - - - — — — _

• THO I.
IF (TUWH J ) E0:l. 

- - -
Dli 2310 LL:1,NC
ALED (;f (LL )=A LE (LL)

2310 A LO (LL) :ALJ(LL)

L IF (.NOT . TI~O) GO TO 2313 
_____

T~~O :1JETO ,TJE T 
— 

UO V J ETfl /VJ E T
IF (TOWHJ ) E0 :EJETO/EJET 

•

• Dl) 2311 LL :1,NC
• 2 3 1 1 AL (j(L~~):ALJO(LL)

2313 IGO= 1 
______ ________ _____________________- - - 

If ( F 1 L S T W T .~i1.O I T S )  GO TO 38~~O
I F ( v ( 1 ) . NE . h IT S )  IGO :2  -

GO 10 (21,30), LCD 
- - -

Ca
C* GE N ERATE INITI AL PROFILFS

__ __ — — _ _

21 LGO:1
LOn:2

Y (fl:O
IF (M Ix ~ Y (I) YC81
00(11:1. ________________
T HOC I ) :1 • —

IF(T OPBJ) E0CI) 1. 
- • - - - - -~~~~~ - - - • - - - - -  • -  -•• -

DYI:(1 .—Y (1 ) )/FLOATC PIJ—t) j
OY 2: ,S a D Y I
LHO :1 . 

__________

( T ~~Q) LHU:?
IF (.NoT .O IFF ) GO TO 2161
DO 2160 LL :I,NC 

-

2160 A 1X ((,1.L ) : ALJ(LL)
- 216 % GO TO (22,2?22),L,’O 

- - -  • —

22 flu:UEDGE—U O 
______— iltH~ THE 0~~~~1~~~~~~~~   
_____

if (T U P PJ )  ) L : E E O G E ~~EO
1F( .i~O1 .OI F F )  GO TO 2e -

00 2170 LL :t,NC
1 2170 D~~OL(LL) :ALEDGE (LL )—ALO(LL)  

-

[ &0 T0 26
?222 OU:UO~~I 

- -

I)Tk:T PlO—I.
1 E ( T I J P N J )  DE :EO . l .  - •

IF (.NOT .DI FF ) GO TO 26
- 

DO 21 7 1 LL. 1,NC   
- -  -

2171 O~’ (JL(LL):ALO(LL )—ALJ (LL) - -
16 DO trcsLiin,NE - -  -
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T F (L.GT .NJM ) GO TO 25
- 

~~L ):Y(L—WOYI 
- - - -—

00(1 ):l0(LU~ — I
I HO C L ) : 1i-1 ) ( L (Ji~— 1 )
If 1 • ‘~I T .T II i 4 hJ) ~;~ n In 2~’l9—

28)9 l~ • NOT .DIFE  I G) 10 27
• C I I  2 6 2 0  LL:l,NC

2 620 A L X ( L , L L ) : A L A ( L I ’ l. — I , L L )
GIl TO 27

2 5 y ( L ) : y C L ~~I) , O I 2

1, - . I ) ( L ) : T H D ( L— l  ),.?SaOTH
I F ( . NOT .It IMrIJ)  GO TO 251 ’? 

- _  —

• F D( L) : E D( L . 1) , . ? Sa D E
25 19 I F ( . NUT . D I F F )  GO TI) 27

1)0 2520 LL :I,NC
2520 A L X ( i , L L ) : A L X ( L — 1 , L L ) , . 2 5a O MO L ( L L )

27 CON T I NUE• C 3 ? ;2 ? � 3 )  ,~ 
- Li-so - 

~~~

•- -
~~

—---- - —  - -  — — —

2223 (‘I5T :0IAO ,0 !A .J—(l . sDV I )
DY I :UI ST/ FLVA T(N JO—NE)
EOi .F ( s q  (NE)r LC I ~~:N E + I
N E s  N JO + 3

— NJM:NJ0 1
NJP:NJ O+1
LHO :1
C-U TO 22

3? NRMN NM—NE 
-- - - - - - -

31 NE 1:NFl- 1 
______— — 

C t .LL SE TY(I,Ui ~UG i,iIV(NE j ),NRF’N) 
- _  - - ______

CA LL S~~TIA ( I, THEDC ,E , T 5-.O(’~ 1) ,NWMN)- I F ( t U R i 3 J )  C A L L  S E T M C I , E E O ( . E , E O ( ~ - E I ) , I~P M N )  - - - -

i , 1 4( t) :y ( N 1 )_ y ( I IJ M)

IF .NOT . 0 1 F f )  GO TO 3119
0’’ 3120 LL I,NC
AL E I ;AL EDGE (Li)
C~~it. S I T T M ( I  S AL E  t, A L X ( f E 1 ,LL ),NWWN )

3120 C O NT I N U E
3 II Q GO II) (?? ,U0),LGO
29 OCi 2~ L:N~~l ,NM
28 X(L ) :YCL— 1) ,0Y1

I PU :PJ 1

~ P(j) :IIf f)GE

L 1,Ir’(i~PU ) : T p- l EDG E
I F C To ’~hJ ) F D(Ni~U):tEDGE
If .NCT .DIFF I GO 10 35
Cl ~X f l 2 LL:l,NL - -  - -

2 802 A 1 4 ( l s - ’II . L L ) : A L € O I ; E ( L L )
GIJ T O 35

~ Ca
C a  MM U FI L E S INPUT NY USER
C.

-3 0 Dii 36 L I , NM
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1 F f Y (L).EO .BITS ) DI) TO 37
CONTI NUE - — - _ - - - _ _ _ _ _ — - _ — - - _ ~~~ - — —

•TRUL.
GO TO 999

37 L : L— I
NE :L
LGO :2
CA LL FILL (Y,lO ,I,~’E)
CA L L  F I L L C Y , TIO,1, NF)
C A L L F I L L ( Y , T ~lD . l , N E )

C. Pkt)F j L~~S D I M E n S I O N A L — —  IN .,FPS .,DEG . ‘~~•
140 = 2 ./DLAJ

• OV : I./vJET
III = 1. /IJE I
CALL FMPV C (I,00,Y, y.NE ) 

- -  - -
CALL FMP Y C(l, Qv.UO,UD,NE)
CALL FM PYC (1,QT,TwO,THD, NE) 

- - _

C CALCULATE TkE FROM INPUT TUPRUL INT INTINSIT Y
C

T K E T  = l . 5 . V J E T IV J ET / ( G C J a E J F T )
00 38 L 1 , NE

38 E DC L )  T KETaTID (L) .a?
GO TO 32

Ca
Ca
Ca IDT P4 OF MIXING ZONE—— y (NJP)—y (NJM))— ~~ 3 MESN POINTS
Ca

(10 VJ FTF. = Y(1’4J)
UCCL I 00(1)
00 UI L 2 , NJ 

______

IF ( OD(L).NE.UCCLL ) GO 10 42
Ill CONTI NUE

: • T W U E .  
— _ - _

GO TO 999
112 k~~~~)) = Y J E T E — Y ( L — l )

P U : N E 
______ _______

NPO FiE
60 T0 35 

-
3134Q C A L L  J T F I L E  ( 4 ,RESTRT)

• NPU:NPD 
- - - •   - _

Ca
Ca
Ca COMP UTE CONST ANT TERM S IN CC FF IC IEN TS OF POEQS
C.

• 35 DIA :DI AJ iI2. 
- -

YJEIE: Y(NPU)
UCL I U O C I )  -—— -—•

IF (RESTPT .F4E. 1(115) YJE IE:VJ (NRES )
Ca 

_

C C)EF(I ):I •/(V J IT a OT A)
I f ( T ( ’W I iJ )  GO TO 7 10 - —

CPE F (2) 0.
Di) TI~’ 169

170 COIl (?):VJL T/(r,CJaOI A a E J ET
789 III II JE I I D,J ( ‘j  7 7 I  • 

• — — —— — —  ——
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C(I I F(  ) ) ~• _ 
C ( ~E f ( ’ 4 ) : 0 .  

• _  • _ • _ _ _ - _ _ • - - - — _ -— -—

GO TO 7 7 2
711 CI’E F (3):EJ1T/(vJ ~~T *DIA a T J E T )

C f l E F  (11):IjJf 1 / ((,CJaQ IAa TJE T)
7 7 2  C I~f F ( ’ - , ) : D 1 A / v J E 1

C U FF (6 ) :~~5.D1
C L 1 E F ( 7 ) : I U 1 4.eG C / ( V J L T * V J E I )  

- - 

• C ( 1 L E ( 9 ) : I U 1 4 .* G C / ( G C J a T J E T )
‘ C a

C a  INI T I A L I Z E  COM MON /P ROPJ/

PGAS :RG
IF (.NOT .D IF F )  GO 70 7772

CND (l)=1 . /(s~Mv~1a V J E T aDIA *TJET) 
_ _ —

7772 MACH:M JET
P:PE
V S F MIJRf F

I REF
5CC : SC
PRL :PR
PPTT PRT
MACHO:M J ETO - _ - • _ - • •  -

ENT (4YI:.TPUE .- 
jF (P%~STPT •NE .13ITS ) GO TO 996 
CALL JETP MP 4ra

C.• Ca PR INT INITIAL STATION DATA 
- - _ — -  -

C a 
_____

996 C A L L  JTOUT I   
_____

IF (TAPOT •AND . RE STMT .EQ. BITS ) CALL J T F I L E C I , X (NPES))
Ca

1000 R E T u R N
END - - - - - _ _ _  _ _ _ - - _ - _ _ _ _ -

L 
- 

_ 
- -  -_ • - -•- - - -- - - -  - - 

___ __ • I-- --- i• •- •-
~

- --_- - •-- -• - - - • •

-•-
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I OF CS ( J T T N I T  - _
SU~~’L’UT TNE J T I~~ IT  

- - -  -

C J T I N I T  I N I T I A L I Z E  NEv P,.I1IILIM
L1O~ I CA L  DP M I N
I’. T F G E ’ ?  PLOt
LI ( , ICA L  E~ T i- ly l
Ltl ,; I C A L  MC HA NG
L(I(~I CA L  E I - I k

L I ( - , IC A L  A X I  , X P P N  , C MI - ’W S • OJ IT  • T L J W R J , CORE
‘L A L UJET , ~‘E , MUPEf
C It ~~MI1N / (4STA~~T/ NkEC.S RE STW T ,NWFS , M IX PRE
L I IG I CA L  M I X P R E
C1)MMI)N / 0 1 Ff  0 1/  

—a ‘~C , C N A ’ ~E ( n-n ) • A L J ( ( r ) , I I L J ( ( b )  , ALE (6) . 
- -

a SC” (i-r ) , T C ’ ~~F ( b )  , HCPMf(,- , )  • CPC(3,b)
C(i~~”UN /DICTR L / 01 F I - , CND (I0) 

— -- —

L OG ICAL 01FF 
— -

Cl P~~MPN /MLIL ES/  A L X ( ? Q O , b )
CIl~~~OV / B C ~’ L’ L /A L E 1 l G E ( b ) , A L I l (b )  

_____

L a
C aa aaaa INPUT COMMON 

—C a
CO MM ON / I N PJ FT /

a OIAJ , ‘-JET , T J ET  , PTJ EI  , V J IT  — —
, 

-

a T I J E T
~~~a P f  , VE~~ , 

- _  

T~~~~~~~~~~~~~ ? E~~
* A X I  • NJ , n-4M ,

- •  
* X (100) , X PRN (lOO ) , 

- •

a GA M , • PP , PPT
• SC , I t’ l l  , F’OWEF

Ca
Ca
Ca MF5FS CO MMON A F T I P  D I S A P P E A R A N C E  OF P O T E N T I A L  CORE
Ca 

_ - - _ -

Ca ,aa aa CONTROL COMMON
-C. 

_ - _ -

COMMON /CT~~L/
a NXTA ~~ • C 14P9

~ 
- ; ~JFT , ( IJRRJ , C I ) F F C 1 O )

a Ni-’iI • NPO , D X C  , XII , XD C
- a D S T U R ( 8 0 0 )  -—

C’
C a a a aa a PRO FILE COM MON 

• -

I_ a
— CU~~~ON 7~~P O F/  PS I ( ~ O o )~~ ( 2oo )~ 

- P R F ( 2 ~~~ ,3)  --
~~ 

- - - — -  — •-— —  — - • —

C.
- - C a a a . a a  C O N S T A N T  A t O  E~~ROP C O~~~ON
Ca

CUMMh~ /C NE ’~~/ B ITS • ERR , GC , GCJ , F OOT
Ca
C a . a a * a  FIOIINOARY CONDIrIO TiCflM !.TO F~ 

- — 
~~~~~

— — - —  _ —

Ca •

CrI~rMrI N /f~C/ UEDGE , FEDGE , T n-sEDGE
Ca

- C a a a a a a  P I I T ENII A L CORE COM MON - ——

Ca
— CO P .IMC1 N /CI)~(f 0/  

- 
h OP E , C ~~ , C O P S )  P 

- _ - ••—- -- _ -  J
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C a
C a a a a a a  S C A L E k  (u~~I T S  CONVfJ ~S I( IN )  C U - ’ f I ~’
Ca

CO MM ON / S C 4 L E R /  SP , SV ,

Ca
C a a a a a a  J E T  P~~ili) t - R 1 ItS  CO ”(’N
C a

CI I M ’ ~~~,I- /~J f  I /
a 

~~( I f l 0 )  • O C ( I O 0 )  , T C ( I n O )  • T r C ( 1 0 0 1
a P I T  ( 1 0 0 )  • ‘~J ( I 0 0 ) • ~J ( 1 O O )
a Y S I I n I C ( I 0 O )
C (I~~~ I 1 /J~ 11/ FLCo~J, T T O , NX ,~~J F T
C J V I . FV / I IMISt1 / M CI  . C , , C K , D ’ y I ,n JMSs .~ , C X ~~C , C ( 1 ~-’ , N W F 0
C I l’~~~1 I1 . IH)&E/ Y J I T E  , S F E D G E

C a
CC )l/~~IIN / V I S C /  p M ( 1 O ) ,  P LOT 

— _

CO MM ON / I N P I/  E N T W Y I
C I1’~~ V N / J E T T I U /  —

I t O  , O IAO , MJETO • T J E T 1 1  , v J E T O  •
a P r J E T t J  , T I J E T U  ~ NJO

CO M~~oN / n~CI) / UO, 10, T I-SO
R EA L ~IJE TO , M A CHO
C O M M O N /CTRL2/

a lOGE ! , Sf1 , Mf~~~~ • XM FRGE , Y M E R G E
a SLI IP EI , SLOREO , CE PT I , C E PT I )
COPIMVN /~ E ,GE T / M I - k , MEMSTP • X~~k(,

LO GICAL T~~O, MER GE • M I - P  , M E R S T P
Ca

CO MMO N / Y I A F R /  ~‘I* ,RrJ ( l o o ) , x D ( 1 o o ) , c F , y p C I C o )
LO GICAL M IX
C OMMON /FLO BA L / ~A xI 1 ,SUPl4 .Nt T, PS1I) ,YI)D,VDC,

* I-~1, P2 , IJC L , T O L , U P S T k ~~, C V G
L O G I C A L  SU~’b. C V G ,  U P S T k M
CO~~M CIN / A C C I 1-IVG/ ~C D ( 1 I ) O ) , P f l ( I 0 0 ) , 1 I - I O C ( 1 0 0 ) ,  C H O $ -E ,  C k O t c E D
L ( I G I C A L  C” O~~E, CHO 5~E U
CUS’ MIIN / D F I T /  C L S P ( 1 0 0 )  -

CC1~~M fI N iST~~2/ PA C M ? ,  TS?,SS2, V~’,RHU?,[lPDX2
I-~E A L  V

~~C H2
C 0 i - M O 1  / N C M I X 2 /  G PA D U , T~.,MUps,PHf l~,,P T I - , T TE
P E A L  YJ~
C 1 ’ - ’-I~ / C t T ’J O~~/ ~C H ( I 0 0 ) , C L S P C I 3 ( I n 0 ) , Y C B 1  , UCLI
C~~ P’ I~~ ! /1 ,U T ’~I IX / O X I I I 1 I G
C i I ’~ r~ IN  / I ~NA ~- f  / 1 k , 1 ( 8 ( 5 )  • ‘lID, I AD (£4 )
C II’ ~~~IIN ILL T I- Pr ’/ LII 1W
L O D I C A L L T E P P
CL~~ ’-’ I~~ / S C A L L  I / S C A L E C
L U(. ICA L SC A L E C
C I M ~~l_ S I IV t  T A i ~ I ( 5 ) , T A U I ( L ) )
1I !~~~ ‘~S1P~ IMP ( 10)
F 1 . 1 1  ~ (LI ‘‘C E ( I  - ‘ ~ U)  • ~~ (I))
C I I- N SI ‘; t ~~“ (3), C P A  ( ) • CPCfl~’ (S ) ,  CPt ’ ?O (  3 )
D T M E ,S I I t , C I A i ~~ (s- )
D A T A  ( T A . ~1/  A IP , 5 t4 C f I~~.5 HH? I) , ?,a 1Ii /
D A I A  H I S / I 4 1 5 9 3 . 7 L 4 ,_ 1 4 i 4 5 1 . Q 4 ,..11q5 9 3 . I56/
D A T A  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DA T A  ~ l~(_ 1I ~’/ 6 .I-’ t ’ , ’-, . 7 i ’ l — 3 , — I . 0 1 ~~I — b /

• -

953



C A T A  c P~~? ’ , 7 .?~~~ , l . ? 7 7 E - 3 ,~~.7 3 c F - N /
D A T A  T A M 1 / 1 I . ,i~ t I , ? 1 ~ 1t , S ~1l Lk .U- r b PR N /
P A T A  T A O 1 / I H Y ,~~’-O f , S — T 1I) , S H T M D /
D A T A S~ I 1 S I/ 1 . ~~ . l 5 /

~~~~~~~~~~~~ T R U E

—• 
C n -~~I . 0 6 O b 4 ’ J 7 5  - - •
O V T : • O 0 I
C A P C ,0?
C * T ~~~.02
NPI- 0:1 0
UII S :RITS I

— 
2 CA L L  S F  IM ( ,kI IS, ‘~JF 1 ,1 0 )  _~~~~~~~ ~ — — - - _ _

5l 959
T E : S 1~~ .68i~
T IJ (T:0 .

T~~Il:. F A L S F  •

CALL SET~~(1 , F~tTS , M J F1lI ,14)
11 JE TI l ~~0
JfI 5 Q

~~~~ 1~E : • F A L S ’  •
A X  I: • T R U E  .
NJ:3O

GA M : l •L4
PC,:5 I • 34

51:20 1 .6
T R E F : O .
W U P I - F~~0.

C a
3 Q J F T : .T~~uE . 

- — —
TL I~~’~J:.IRU E .

C A
14 E~~P: .F A L S L .

G C : 3 ? . 17 4
1, (J : ? 5 0 3 6 . 444 2

l I k E  .FA L S F  •
SP; I ,
S V : 1
SL F N~~1 .

C a
S CA L L  c~~ Tv (, ,RITS,~~ , 1 f l f l , ’ ,2 Il0)

C A L L  S E1 ’ - (  ( , Q ,  4~~~k 1 ~ t O O )
UPP IN:.F A L S~ .

IC .

~~LL SE T ’~ ( I , 0 ., P R , I OY  - — - - -

l I - P C  I 1:0
PL (T:0
E N T t — Y1: ,TMI II

C I - :.f lOè  - —
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• TRUE •

C~~G:.FA L S E .
III 1 • E — b
CA LL SET~~(I, O .,YCk ,10D)
C A L L  SF T M ( I J , PI I S, kf l , I O 0 ,XD , 1 0 0 ,V P , l O O , Y C I ) , 1 0 0 )
C A L L  S E T M ( l , O , 1 i C ( , 1 0 0 )  

- — —

Ni) : 4
CA LL M OVE(?, T ARI,I A R ,S,1, TA DI, TAD, U ,I)

C A L L  M C I V E ( 1 , C T A I T T ,C N A M E , b , 1 )  
—

D I F F: ,F A L S E . - - —

C A L L  S E I~~( 2 , N I T S , A L J , 1 8 ,A L X , l 2 O O )
C A L L  S E T M ( I , . 7, SCM ,b)
£L E ( I ) : .Q99 34
A L E C ? )  : 005) 33
A LE (3):.0 0 0 3 3  

_

A L J ( 1 ) : .Q2 
- —

A L J ( 3 ) .I)4
A L J ( i ( 1) : .qb  

- - - -

£ LJ O(f l :.O2
A L J P ( 3 ) .02 

-

CA LL S F T M ( l, O .,HCPPF,2U)
C A L L  S E I M ( 1 , b 0 0 . , T C P R F ,3)  ~~~~~~~
C A L L  M I 1 V I - ( I 4 ,P-1H, I .nC PMF, 3 , 1 , C P A , C P C (  l ,1) ,3 , l  , C P C O 2 , C P C ( I , 2 ) , 3 , I

* C 1_ ? I 1 ,C P C C I . 3 ) , 3 , I )
P F S T . ~T : B I T S

‘ A j  X P W I-:.F A L S E . _____ _______ ______

LT E P P :  • T W O E .
S C A L E C :  .FALS E .

f~ iO - _

- _

- •



a~~% c K  J T O U T 1
- Su~ PCluT (NE JTOoTI - - - _

( J T O U T I  J E T  O U T P U T  A l  S T A T I O N  I
L O G I C A L  10— , E RR
L U (.ICAL A X I  , X PRN • C M P R S , (

~j I - T  , IU ~~ N J  , CO RE

~ F A L  MJ (- T , ~‘E , MO REF
CO~~~nN / J F T T A D/

- 
* T~ - C , D IA l )  , “JI- 1(1 , T J F T O  , VJ F.T D
a P TJE TO  , T I J E T O  , NJO

R E A L  M J E T I I ,’ l A C H O
C O M M O N / 0 1 — lO l l

a 1 C , C” s4 ’ -~ (I-’ ) , A L J ( 6 )  , A L J I ) ( 8 )  , A L~~(~,)
a S C M ( b )  , IC P R F ( 6 )  , HC P P F ( s - ,) , ~ P C ( 3 ,~~ ) 4C O M MO N  / U I C T I~L/ 0 1 f f , C N L ’ ( 1 O )

L O G i C A L  0111 — —
C (IM~ - (N /‘~ )LES/ ALX(200,o) 

—

C I1 ”-O~N / ‘~C 0 /  00 ,  EO ,  11-1 0
-— - 

Cfl~~ ’LN /CTRL2/ 
_ _

* F D G E I  , S F I  , MERGE , X MERGF . , Y MER GE
a SLOP E ! • SL OPI - U  • C E P T I  , C E P T O

C O M I-O l  /~~Ek, . E  TI  M E R , M EPSIP , XMRG

LOGIC AL TA O , M ERG E , MEW , MERSIP

C.
C a a a a a a  INPUT C(IMMON
Ca -

CO MMON /INPJIT/

— - 
a D IA J , MJ I - T  ~ TJ E T , PTJET - - 

, V J E T  
- - - - 

, 
- -

. TIJET
a P~ , 

- 
, ME , T IE   

-
- 
, TE 

-
a A X I  , NJ , NM ,

~~~X ( I O O )  
• ,?P~~~

(
~~0OL •  -

* DA M , RD , PR , PWT
a 5~ , T~~E F , MIJP~~F

Ca a
C a a a a a a  CONTROL COMMON
C.

COMMON / C T R L /
a r 4 A T A  , C~~PPS • Q J F T  , Ti jRB J , C U E F ( l O )
a NPU , SPO , D X C  , X U , AD O , 

—a 05TOP(~~OO )
Ca
C a a a a * a  P R O F I L E  CO MMON —

C a
- - - 

CO MMON /P” JF I 0 5 1 ( 2 5 ) 0 )  • ~ ( 2 5 ) ) )  , I J O ( ? f l 5 ) )  , T t-o) (?öo)  , 0 (2 0 0 )  —

Ca
C a a .a a a  C O N S T A N T  A n - .O F RRflR CO’li~’tl ’ l,
Ca

COMMON / C r I - W P /  ~ I T S  , E R R , GC GCJ • Foot
Ca
C a a a a * ~~~~ flUN0 A R ’ v C Or ~DT T ! O N  CI5 ’~ 0N — —

c.
COMMON / RC/  uEDr. E , I 11)01 , T H E DGE.

C.
l a a a a a a  POTENTIAL CORE COMMI) N - -

[Ca - CUMMO N /CI 1. 1 1  
~ £ “C I I~~F L , ~ 

I~~~S T O  
-— - —  - - - -— - j

956



~1- c a a a a a a  S C A L E I ~ (U N I T S  C O N V E W S I I ) N )  C ( l I - t I -O N - - —  -

1
C a

CO MM O N / S C A L E Q /  STM , SV • SLEN
IC .  I

C .a a a *a  J E T  P R O P E R T I E S  COMMON 1
Ca I- - - 

C ( M M ( I N / J f  11/  FLO ~~J, T T O ,NX, EJ ET 
- - - 

~~~ 
- - _ - -

CO MM ON / A O A M O I /r a NA M E ( n , ) , A DOR E S ( b ) , T I T L E ( b ) , I D E N T ( b )
C a  

— 
Ir COMMON / M ( * E W /  M I X . 5 4 0 ( 1 0 0 ) . X D ( I 0 O ) , C F , Y k ( I Q O )  1L LOGIC A L M IX -

COM MON /FLE III A L / M A X I T ,55jPB ,NIT, P5Ii),yO~~,yOC, I
• P1, P2,IJCL,T (JL ,OPST9M ,C V G
LOGICAL SU PII,CvG,OP STWI-I
C (IMM(JN /A C O a V G /  YCO(I00), PDC I0O ),Ir~DC (1 QO), CH0~~E, CHOI< I1O
L O G I C A L  CHIiP~E, CIIIJP~ED
C(1MMON /DFIT/ CLSP(100) 

— -  — — -

CUMM (IN /STA ?/ MACn-Q ,T52,55?,V?,WHO2 ,OP0x2
P EA L MACPI 2 -

CO~~~lIN / W C M IX 2 /  G W A D L J . T~~,MUA ,Pn-4 O~~,P T E , T T E  
_ - - — • _  _ -

REAL MU~I
C.

DIM ENSION HEA DI(2,?), H EA D ? ( ? , ? ) ,  H E A O 3 ( 2 , 2 ) ,
— a FCIR~~1 (?),FORM2 (?), ORM3 (?), 71 (200) — —— - -

DIM ENSION P-4I-A 0h4 (2,3),F i)PMU(2)
DIM ENSION HEA D~~(?,2),FIIWM ~~(2)  

- - •

EQ U IVA L ENCE (11 (1), OSTORC I)) I

EQU I V A L E N C E  (~~A r I , A x I ), CKQ,OJET ), (5~M PRS,CTMPRS) 
- -

E QUIV A LE NC E (kTOA ,t~~O)
QO IVAL EN C E (I I - I x , ~~Ix ) 

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ --- -~~

D A T A  -

—- a 1 A 1 4 0 1 ( I , l ) , W F A D I ( 2 , l ) , W F A D I ( I , 2 ) , H E A O 1 ( 2 , 2 ) /  - -

a S,”PLAI~i E,1 I -~ ,bH A X I S Y P~,NHMETPTC/,
a n - S EA O7(1,I ),HF4O? (?,j), n-~~Af)2(1.2), HEA02 (2,2)/ 

_ -

• hM 1SOTn - sI ,4HP~~A L , n ~HN_ ISOl,bH HI-W MA L ,,
a H EA P 3 H ,, ) , PIE A I ) 3 ( 2 , I ) , t I EA I )3 ( I , 2) , H 1 A 0 3 (� , ? )[ 

_ _ _

a 8HIN CI)MP . S H W E S S .,n-,HC 1 ) M P R E ,8 H 3 S I R L I - / ,
* I4[ A D U ( 1 , I ) , H I -A D ( i ( ? , I ), 1 ’ LA O L I ( I , ? ) , t- 5 -A I ) ( 1 ( ? , ? ) . k I - A D n l C I , 3 ) , l 4 E A I) 4 ( 2 , 3 ) /
a 6HSINGLE ,IH ,5 lRCf l~. PLA ,5H’ J A k , I C f i _ A O ’ ,,5J pj U~~A P / ,
• hf LO5 (  1 .1)  ,1-EA D 5 ( . ~, I)  ,M E A O S (  1 .?)  ,n-n FA O 5 ( ,’,2 )/
a (1HFR(- ,j,14 J F I , 6 H C f l N F I n -,hNFD JE T /

Ca
Ca S ET V A R I A B L E  I IEADIND S
C.

1 NAX I I
IF A X !  ) NA ZI:? --
NO I 

______- - 
1f T QJ~~T ) NQ:2 - • - _ _ _____ 

~~~

NCMP :2
1F ( •NOT .CMPMS ) NCMP:1 

_ - _

NT(1~ : 0
IF ( T~~I) ) NTUn~~ j 

- -

PIJ E T T  : NTU ~~4 N A X I
I F( NJ IT I .I• U . 2 • AN O, A X ! )  PJ JI T T :I j
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NM I Z  ~~~~ 

- •

- —  I F (  M ! * T K M I X : 2 - - - - I

Ca
‘ C a C O N S T R U C T  H O L L I - R 1 T H  HEAD INGS 

- - -

Ca
DO 2 L I,2 

-

F 0 M W  I C  L ) :HE 4 0 1  ( L , NAX I) 
_____

FC I RM 2 ( L ) : A O ? ( L NtJ )
F I I R M U ( L ) : H E  A 0 4 ( L , *s J E T T )
I - O A ’ 5 ( L ) : HIA DS ( L , I cMI* )

2 FORM 3 (L ):HEAO3(L ,NC MP) 
- -

rCa 
________

Ca -

~~ T~~~~ TR1~~~ ~~~~~~~~~~~~~~~~~~~~~
X MU RIF:M UREF
XSC:SC -
J F (T P€F •NE . 0.) GO 10 3
XT W E F:~3 1 T S  -

XMU RFF :SITS 
______________ ______— XS C:S IT S  ~~~~~~~~ ——

Ca
C a  ~~~~~ FIRST SECTION OF OUTPUT
Ca -

3 p , R I T E ( b , 1 0 0 ) F O R M 5 , FOR M I, F(JRM2 , FO RM3, F OR M R, 
- -

a NA M I - .A O D R E S , I D E N T , 
_____

a t E , D I A J , G A M ,PE, I- ’JET .PG,
a V L , T J E T , P R ,I-IE , P T J E T , PPT, I I E ,V J E T , X S C , T 1 JE T ,
a X T W E F ,FLO AJ . X MUREF

IF ( T A O )  ~R I T F  ( b , 1 0 5 )  D I A O , MJETO,TJETO, PTJETO,VJE IO ,T1JETO
- 

IF( . NOT . T w O )  w R I T E  (6 , 110 )  
- - - — - - - • - - -

C• £

Ca C O N V E R T  ED TO TURBULENCE INTENS ITY
C.

— - - 
4 CONV SOWT(7 .*GCJ*EJET/3.)/VJET

DO 5 L :I,NPU
5 TI (L ):COI-IVaSQRT (EO (L))

C. CH ECK FOR DIFFUSION CASE 
_______ ________ ________

Ca
If ( 0 1 F F )  GO TO 25

Ca 
- - - - -  - -

Ca ~P1TE 2—ND SECTION OF OUTPUT
Ca

1 0 wR ITE (6.150)

C.
20 w R IT E (8,200) (L,YCL ),PSI (L),uD(L ),THo (L), II(L),L:l,~~~U)

GO TO 30
[C .  

- - - - - -

25 nnPI T E (6,151) CNA ME
- A R I t E (o,2o1F (L, 1

~(Ly~ psrcL );UocL);1S-1i)nr;Trtrr, 
——

a (ALX(L,LL),LL :I,b),L :1, NPU)
Ca -

C a IF C O N F I N E D  M I X I N G , PPINT PS ! (iF DUCT SURFACE
— Ca 

- -

3 0 If ( M I X )  w R I T E  (6 , 250 )  Y R ( 1 ) , P S I D  

— - - • • - -_ - _ - — - — - - - — -
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‘C a a a a . a a a a a a a * a a a .a a a a  F(IPV I, T S T A T E M E N T S  a a a a a a a a . ”.aa a a a  1Ca - - -- - - - - - - -
,

100 F11 TM~~A T (l M I , ? S X ,3Hi ,2A6 , 11H PkI II,WAM a / / /,
• 5H a ,2 A b , III-I a a , . A 5 t , t O M  £ A ,2A 6,
a ION a J E T / / / ,

- 
a l bA ,bH a* ,246,?X ,20I-s I- ’IXI Ot, ~ 1GIUN aa/ //,

Ix ,n A 1 0 / I X , 6 A I O  /1* .6AIO //
— a 

~ ? x , 3~~ -4a 1’~PIIT A N D  I N I T I A L  C ( N D T I I O N S  ~ ,,, 
— - - - - -

* 2X ,1 9t.EA T IMI - ,AL N’.I)1T ION S ,IA ,~- -~J J FT D ISC HA R G E P4RA ~ ETFR S ,
• 5A , 1t I tIGA S PRI .1P E P I I ES / / ,?X ,Uhf l  :,I~ l4 • , b X ,

I . n-- e--I- I A J :,FI3 .5,5 x ,H HGAM :,FI3.5/,2X ,
a Ll~-’P~ :, E I U .4, bs ,#, HMJE T :,FII. 4, 5 X ,

I a n - , t .P f ,  :,F 1~~.S/,2 X, L5 1-4Vf :,I - t u .3.5lX,o H TJ E T :,FI3 .3,

- 
a 5 X , 8 H P P  :,Vl % .5/,?X ,u t-IME :,F 1~4 .4,bA ,bH p TJEI ,
a f I 3 . 44 ,5~~,b HP PT :,F I 3 .5/ 2 x , o N T I f : ,f 1 4 .4~
a b~~,5 lM V J ET  ;,F t 3 . 3 , 5 X ,6H SC :,I-13 .3/26X , 

- -

I • 6 T T JEI ,113. 4 ,5 X ,6HTP EF :,F 1 3 . 3 / ? 6 X ,8 H F L O w J : ,E13 .R ,SX ,
a 8 P-”~URLF ,E13 .5l/) — — —

- 110 F L JP~~AT C/ / / ) - -  -

105 F ( I k ’ A T ( 2 b X . T H D I A O  :,F 1 2 . 5,2 f , X ,7 ~1Wj F T Q :,F12 .U/ - -

a ?eX ,7n - 4TJE TO :,FI2 .3/?hX ,7HPTJf111: ,EI?. a/
a 2S-n~ ,7MV JETU :,FI2 .3/~’bX,7 n-47jJEI1 I:,E12.4//) 

—

L C* -
ISO FOR MAT (23X ,26Ha INITIAL P1511F ILlS a / /  

- -

* I X ,  IHN ,7A ,1n -’ Y , I 1X ,3P-IPSI,13 A , 15 10 , 1  l X , 5 R T H E T A , I O X ,2H T I / / )
C a

151 FO WMAT (5 3x ,2bHa I N I T I A L  PROFILES *1/
- 

a l X ,~~MN ,7X .11-4 Y , I I~~,3M P SI,IOX,I N U, 53X, SHTNE TA,~~X,2HT I, 

- 
a 71, A o , S X ,A ø , 5 X , A b , S x ,A w , 5 X ,Al’ ,S X , Ab/ / )   

- -

200 F1)R M A T (I I , 1 1 2 .4,E1I .U ,2F[h4 .t5 ,11 6.7) 
-

?01 F (IP~~A I (I3,EI2. U,E1 I.R ,2FII •R ,~ l5 .7,n E l I  •4 )  
______

2 5C F O k M A T ( / / 4 H ~s A L L , 1 P L I 1 . 4 ,E I ~~• U)
C a
1000 RETURN

END 
— - -

L - - -- — —  

A - - - - -

aDfCI’ JI M IX? 
_____ 

O V E R L AY(SSNOISE,I,2 ) — ~~~

PRIiGRA II J IM IX2
I C h’A IN —— —— J E T M I X  I ) V L I J LA Y ( 1 , 2 )  - - - - -

C
I C A L L  J T C TRL 

- - - —

2 C A LL JT OU TS
3 R E T U R N  

- _____

I END 
-

- 

- -  

- -  -- - -- -- - -
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.01-C ’S A~~T FR
S O D R O O T I S I -  A I T E P I ( I * , I ) X * )  —

CA I TER I T E- , AT I (1N CONI PI)L ROU1I N E
Ca

- 
C a  A I T I R 1 — —  COMPUTE H .I. Fo R NEXT T R IA L  AT MA 55 bA L A N C E

LL )C .ICAL IT K X -
COM MON /M I,tW/ ~9x ,WD (I 0fl),XD (1OO ),CF ,y P (lO Q ) — - -  -

~~~~~
LOGICAL M I X
COMMON /FLO8AL / ~A x l T,SUPI4 ,~.I T, PSIO ,YCID ,YCC,

a P I , P2,L JCL .T~iL,ljPSi~~M ,CVG -
LOGIC AL SUP~,,CVG , IIP ST R~ 

- 1
C UMI -ON /CNF~~~ / HI TS ,ERP ,GC .GCJ,FOOT --L1) GICA L E RR
CL I ’~ -’1I J /ACI JNVG / YCD(l0O ),PD(1Dl)),INOC(IOI)), CHOKE, CHAlK ED I

LOGICAL CHOKE, C ’-’ O~~Fl) -

C (IMMHI -I /DFI T/ CLSP (I00)
CL1WMI,N /STA I, MACM ?,1S?,SS.),V 2 , R5Ifl?,DPOX2   

- - -

R EA L  MACH ? -

C UWM( I N /kCV IX2/ GRA L I 1l.T~~,MUw ,RHUi, ,Pt1.TTE 
—

P EA L  MU.~C( IMMON /CMUDV/ YC I-5(lOQ ),CLSPCIS (100). YCBI , O C L I  
-

COMMON /OO TM IX/ NX(IRIG I
Ca  - I

C O M M o N / E DC . E/  YE, SEE
— 

CIJ~~I-nN / V 1  SC/ PM( I 0) 
- - - —  — - — - — _.. — A

COMMON /Il •PI/ ENT RY I
- L(i(.!CAL EN T PY 1 -

C (IM ’~~- N / I N P J F T /  I

a D IA J, MJ E T ,TJ E T ,PT J E T .VJE T, T IJ E T, P E , V E ,RE ,TIE , — - 1
a TE , A X I , NDUM (2) 

_________ ________- -  —— —
• X( I0O ),DUY j?( IOLY, DLIM I3(5)  

—

LOGICAL A X !  IPEA L ME ,MJIT 
- - - - - —  — -

CO MMON /PPV / ~SI(2’)0) ,Y(2Ofl),IJD(2flO), T s-.O(200),ED(200)
CI). W (N /1-4 1 / O E DOF. , I - E  Df.l , T~’E OGE 

— - 

C II IJ M O I J ,CTRL / -‘~x 1 A , D I P C I  C 10) ,CM .DIIMC2 (2) ,N P I O ,NPD,00MC3 (S03) I
CU’~~Iit s /P ’IUPJTi PP ,uiI ~ 90(1-’), ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —-——_-—_-—- — -

REAL MUL -

C.
COMMON /C1~IPEM/ TOLP ,EKRO,DEOP ,CTR PA X
DIM ENSI I )~ 0 V C 8 )
E~4Ll I~~A LENC E (TU ~ ,UPSTRM)

• 
- - 

EQ UI V ALE NCE (C~~PP S . O O ~~C 1( I f l  - -  -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — -

L O G I C A L  C MP RS
r Ca 

- - I

- Ca I N I T I A L I Z E  Oi~ I ST ENT RY 
I1 C a  
-

I IF (.NOT . EN T R Y I ) GO TI) t O  
_____

ITKX :.FAL S E .   ~~~~~~~~~~~~~~~~~~~~~~~~~~ _____ — -

CM :DTA JaV JET/F OO T 
-

P 1~~PE
P2:PE
PL IM:.9q4 qqq QaP T E -

- 
M X F A I L Z I Q 

-- -

- 

- - 

-
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DPDA 2:0•
GAM :GA MI-4 ( T I - )
TOLP: TOL
pJVp : O I ap f

I I~~(M J FT .GE.I. •ANI), MF .GF 1.) PJMp:..PJMP/S~ -
I F ( M E .LE . .1) P J Y P E X R ( b U a M E II.S1 5)
T O L P = T O t .  

— - - - -

F ‘S 40:0.

M X T : M A X I I/2
X N O M : F L O A I ( M A X I T )  — —C T P M A X : A M A A I ( X N U M ,0 . )
N1T:O 

-
Q V (  I ):0.
C V G = .FA L S E .
C A L l. LCF IT ( X D , V P ,NXOP IG,O ,xx *DIA J,YDD ,I ,0,CLSP)
PJI-TPA Z ,5aPJMP -

Ca
10 KGO : I

JF( UPSTRM ) KGO:2~~~ 
—

IF (.I-sOT. CMPPS) KGO:3
IF(.NOt. CVG) GO TO 20

Ca
C a CONVE RGED SOLUTION—— RESET— — EX T RA P O L A T E  I N I T I A L  T R IA L P2
Ca -

I5 DPU~~2:(P2—Pi )/0Xx 
— -~~~ - - -

P1 :P2
Pp:PI - -

P2:Pt.~DP0X 2 a DXX
IF NI T .GE.I2) PJ MP:.t apJMp 

—-  — —

N 17:0
CVG : .FALS E .
QV(I);0.
IE ( C M O K E )  C HOKE: .F A LS E .
CA LL LC FIT(X D , YW,N X ORI G , O,X X a DIA J ,YO D , 1,0,CLSP )
CO 10 21 

- -

Ca

~ 0 b~~I) ~~~~~~~~~~~~~~ 
-

21 DO TO (40,30 ,bO) , KGO 
-

C .
C~ UPST PI- :T—— ITE RAT E ISINTRO PIC PARA ~1ETEPS - - -
Ca

30 PR AT :PTF/P2
AS SIGN 32 TO M(;O
IK :0

31 GA / 1 : (GAM _ I.) /GA’
DAM ? r .S a ( ~ ,4M~~1 a )

IS 2 : T T F / ( I . ,G A M ? * . A C H 2 a a 2 )  
____- - .

~~~ 0 T o  MQ~~~~, U�,3l4 )   
______

Ca
32 GAM C :GA MM (T52) 

— —   - — -
DDA i1 :A1-~5(!.AM DAMC ) 

-  — - - - -
GAM :GAMC 

—

L 1’S :IK, I
IF (DGAM .LE • C. I ) •(5W~ I ~ , O T  • 10) o TI) iw

L. ,. . - -  -- - 4
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I I  T i ’  31 
- - —-  -- 

-

- -  

3~ ASSIG N 34 10 MGO
(‘0 TO SI

34 SS? :SN9 T ( G A M a G C  ak( , * T S 2 )
v2 :~~A C H ? a S S 2
Ii~:T S 2

- o .*O2 :I44 .a P 2 / ( W G a T S ? )  
- -  - —  - _ - - -

SET S.C. AT I-U(.E (IF J E T
~C.

UEOGF :V? /V J I-T
T HEDGF:TS2 /TJET
GD T O 5 ~~ 

— — — — -

C a j- 
C~ IM C UM PRI - SS I L1 bRANC H - _ -

Ca
60 IF (.1-AO l. UPS1 M~’) GO TO 40 

- -- - -

1S2 :TE ________
Pp-1I’2:144 . ap?/ (PQ.TS?) 

-

X ?:SI)RT((PTE/P2—1,)a2 . aGCaRG aTS2)
OEDGE :V? /V JET  - -

THEDGI:TS?/TJET 
- - - 

DO TO SO
--  -—---- ------ - -

~~

- 
C a UPSTRM :F.~ C AL C U L A T E  B.~~~ A T  DUCT W A L L  

- - - _
C.
C.

- 
Ca II-’PUSE lI -R h GR A D I E N T  CONDITIONS AT EDGE OF BL -— — - — —

C~ - 4
40 GWADU:O .

C. 
- - -  - SO RET U RN

Ca 
-

C. •

C a aaaa a ,a .a* .a .aaa ENT RY A l T E R ? — —  I - IF~~ I TR IA L VA LUE OF TM? 
_____

C a
ENTRY A I T E R 2  _ - -

Ca 
- - -  - -

Ca COMPOTE —— YDC
Ca

— 
IF ( •NC)T • LJ PS IRM ) GI) TO 120 

- —- - — — — - —
Ca

____ - - - — - —-— —- - — — - - _ —

C. COMPOTE O€L TE FOR urO F rI T RAI F J ED FLOw—— AlIt) TO YE 
-

Ca 
-

110 DE L~~F:2.*(PSIU .SFE )/CRHh J2aOEOC .F)
I F ( D E L Y L . L T .O .)  CELY E :O .

L - 
I F I A X I )  NI) TO L I I  _______ ___ _ - -~- 
YDC :YE,OELYE 

- -  - — - - ______

(‘0 TO I S O  
-

I l l  YDC:SQRT (v1.a2,?. aDELYE) 
-

C0 ?0 130 
- - - - - -

i ç~~~ UPSlRM:F.~~— — J E T  HAS IN TERS ECT E D ?,AL L 
-— - - --  — —

- -  - - ~~~~•
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120 ED C :Y E
C a
Ca C OMPOTE RELATIVE € R I I I~ ) ‘~ FLOw BALANCE

- 
C a

13 0 ER ’S :YD D/VOC— I.
Ca
Ca RESET PJMP IF NECESSARY

- _
C a

_ — — —  - — _ - - - - - - - - - — - _---— - _ - -  - - _ —

Ca
Ca RESET PJ MP IF NE CESS ARY FOP S0PLWSI)NIC BRA NCH

I Ca
IF SOPN •AND . CHOKED •ANO. fIJMP .G7 0~~) F’J MP:— I’J ’~P
lF(OPSTRM •ANO . MACS.42.L(. .1 I PJMP:E Xp (b4 .a MA C H 2 — 1 1 . NIS )

— 
PSV:Pl 

-—  - - - _ - _ -

C a
Ca CA LL QIREM FOR Nin VALUE OF P2 

- - - _

Ca  
— - -

13S CA LL OtPEM(P 2 ,EP ’S,PJ MP ,QV )
LE CU PSYRM) P2:AM1N1 (P2,PLIM)
IF (OPST$4 ’~) PJMPS :PJMP 

--  - _ 
-

I F C P2 . EQ .PS v ) UV ( I ) :0 .
- Ca
Ca TEST FOR CONVERGENCE _
C.

136 IF (QV(I).EQ.O .) DO TO 150 
—-

Ca
C. TEST FOR CONV ERGENCE ON CHOKE VA LUE - _
Ca

140 I F ( Q V ( 5 ) . NE.0 .)  GO 70 180 - - - 
—

C.
C a S E T _ CHOKE IN D ICATOR 

— _
C.

C HO’S I- 0: • I RUE
— 

C HO’SE :.TRUE . 
_—- - —5— - -

150 C V G ~~.TRUE .
I F ( U P S T P M )  GO TO 151
V2:VJET aUC)(NPD) 

________

1S? :TjET*THb(N ~~b) 
- -- _ -

C,A M: G A M 5 4 ( T S ? )
MACH2:v2/SQRT (GAMaRD .(,C .TS?)

151 PP:P2
- 

IF ((UPSTRM .AN0.YE.GE .YDD) •OP . (UPSTI4M .AN D .DELYI- .EQ . 0.))
OPSTRM:.FALS E .

GO TU~~~O0~~ 
— -

160 N1T :NIT.l 
- - - _ - -

If (NIT .GE . MA T) ITKX :.TRUF .r — 
If (F,IT .LT .M A X IT )  GO TO 200 - —

MKF:MXF4%r~i 
--- -— 

~~~~~~ 
- -  

~~~~~~~
- -

~~~~
- -

~~~~~~~~~~~~~~~~~~~
Ca TEST FOR NON—CONVE RGENC E ON YE .GT. YDO

r c a  - - _

IF ((UPSTPM •AND .YE .CT .YOD) .0W. (MXF .LE.MX F A I L ) ) GO TO ISOr ERR :.TRUE. 
— - - —

I C a
IFiTN~~~~~II PST k ”) TM J M P: IOO aPJ MP5

5 - -- -  . 5 - - — -  - - - 5 - - -  - - - _ _ - _ _ - -
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IF(PM(w). NI- .O . .OR .ITK * •OR .P? .FQ .PL!M) GO TO 201 
— — -

R E T ’j RN
?0I T T a . : .F A LS E .

‘-~~ I TE ~~, ? 5 I ) )  N I T  • ax , Y1)O. ~~~~~~~~~~~~~~~~~~~ ,UPSTRM
250 FI I I. ’A T (/,)X , I I M I T E  ~ A 1 1I 1  , 1 2/ / S . .  j .i~~~, lO X , c I ~~Y [ ) I ) , 9 A , 31—IYDC ,

a O a  ,?~.P?, JX , S~-,F kA • - I X .c M C H I I K F  • 7 x ,w ,iUP S T W ~’/ 1 X ,5E12. 5 ,2 L 1 2/ )
.~~ ITF (8,251) ~ v - 

251 ‘-I- ’- ’-~~T (/Ix ,l1 ~’~~I’f v E C T IbR . IX ,r~ 1 .o ,7E1w .$/)

~ ‘ I T E  ( 8 ,2 5 ? )  OA ~~,1-’ A C I 2 , V 2 . 1 S ? , PNf l2 , Y E , S F E  
-

252 F I I A T ( S X ,SHGA ~~,i a , 5 - ~VA C 1l 2,I 0X ,2HV2,10X,7 KT2 ,BX,
a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

260 Pf TURN
I-ND — — -

I
--- 

-

- - -

- _ -  
___ _5-i :i..: ~~~ii~~~iii: :

.QECK DEPIV
SIJbROI ’TINE D F R IV (Y , F ,DFI)Y,J1 .J2) 

— _______

CD ERIV OFED C 1 IMPA T I ,~LE D E R I V A T I V E
DIM ENSION Y (2),F (?),DFDY (2)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I DO 10 J:JI,J2

t )ELA ? :Y( J )—Y(J—1) 
DELt32:Y (J,I)—Y (J ) 

— —  _______ - -  -- 1-

DOD :I. /DI- NUMCY (J), Y (J~~1),Y (J.1))
cFry(J ):(CELA2aDELA2a (FCJ,I )_ FcJ)).oELti2aolLl32a(f(J)_ F(J_ I)))aob D

10 CO N T IN U E
II RE TURN

END 

-- - - - - - - ---- --- ----- - _ --- ---_ - - - - - -  

H

L_  - 
~~~~~ - -  

- -
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aDECK OFED
- 

SU bR( ’ U T I N E UI- F 0 (501FF , ‘NhCL , NF ~CU , If kf t I ) ) 
— —- _ -

CITE EU GEN • P I 1 U T I  N E — D  I I-F uS J  i)t~ I- (lil A 1111 -
~ EUN”CE S T E  W E D ~~ ~ N CE’~TCRF 0- 

LOGICAL FIRST
- C a
Ca
(~ P01 -0—— EP SL \aCD F /( x ) : AL PH A a D (F TA * (l I F / D PH j ) ) /O P H I ,OA~~~A ,OLTA aF 

- -

C a  •F T A * ( 1 ) f / O P , - i l )
C~ FMI :S f lL O r t Q I ~ VI - C1uR~~~PW E i V I L I I O S  S T A T I c - N  N E 5 T ~~- ) ~~F D  ISV Cu,’’-I l - N T  S T A T I O N
Ca L F M I :  D E R I V A T I V E  V E C T O R
C a A L PHA , h E T A , G A M ~

.A ,h,LTA ,E PSLN , f T A _ _ C r , E F FjC!~~
.-ITS I’~ POEO

~ C a  O E L M I , D E L M :  Nt)R’~~~L STEP S I Z E S  A T  P R EV I O U S  A Nt) CIJ~~k L N T  STAT IONS
C a  DEL , :  A X I A L  S T E P  S I Z E

- C a  b 1 ,C I , D l , A N , HP i ,D t j: IIOUN DA R Y  C O E F F I C I~~I- lTS

I C a USES NON C E N T E R E D  3— PO INT DIFFER ENC E S
( Ca

i~
ca 

_ - -

- C a STAND ARD IM P L I C I T  FORM 
—— - - -

C~
C a BRANC H FOR DISCCNTIN000S FUN CTION F[Rl# REI~U IRES INTE ’~POL4IION 

- - —

Ca AT EACH MES H POINT ....
~Ca- C a
Ca NfI C~~~1-,OWMA L SC lN D IC A T O P— — L :LO~~FR ,O~~hJPPER
Ca :0 RAC K ’S A R D  D I F F E R E N C E
Ca :1 USE T~ IU P I J I ? T S  A h O v L  (hR hIELO~ ~‘ DU NDA PY
Ca E X T R A  C n E F V I C I E I - T - S STO RE D IN C A R R Y ( I , I )  ANO /LI ’~ C A R R Y ( S , N M )

Ca :~ USE b .C. ~-P’ICN S A T I S F Y  D I F F E R E N T IA L  EO IJAT I( (N
Ca 

_______

C.
C a F J D I F F — — I N D I C A T F S  D IFFE R EN CE FORM FOP D(BETAIU F/OPH I )/D PNI
C a :0 ExP AN D  2— N D D E R I v A T I V E
Ca :~ uSE F O R M  AM PL IC AB LE FOR DISCONT INU OUS FUNCTIONS
Ca

COM MON / P A RA M /
a A~~P H A ( 2 0 0 )  • H F ) A ( ’ Q O )  • GA ~1MA (200 ) ,

- -  * E R ~~L N ( 2 O O )  , O L T ~~( ? 0 0 )
a f~~ I (?OO) , DF-I (200) , - -
a PHI~~(~~flOj • hlM~ , ~w (~~(2~~Q) • NM

* 0 *  ,
a R I , Cl • Dl
a .XU , SIN ,

C I ) / M lN /PA M A M I /  1 - T A ( d O 0 )
-- 

CO~~~IjN /YI F X 1/ I .LC
I- OU I V A L E  NC F ( P,i~ ( I ) ~ PHI 2(1))

- _ D I”F’ S IUN -~~I (2O0 )— 
OENI I (~(A A, bb, CC) :(A A—AH) .(AA ~~Nh )a(CC~~AA ). (CC .AA ) a(CC — A A ) * ( A A — I I t I )

LCa
D A T A  FIPST /T/ , Nu- / ?O O/

[Ca
( 1 IEPIND:O

L-. I F C D ~~.E0 .O. ) DX :l . -

- - 
NCOL :NUCL,1 

—
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NGOU:NBCU,L
NOF :ND 1FF a I
1F (PHI2 (NM).LE. PNII(N~tI)) GO 70 10

Ca
C. ADD POINTS TO PREVIOUS ST A T I O N  TO ACCOUNT FOR MI- SH SPREADING

C~
OEL M 1 :PH 1I(NM I ) .PSs II (NM I_ 1 ) _____

DELTA :PHI2 (NM )— PH Il (NMI)
N E N D : 2 , I F I X ( D E L T A / D E L M I ) + N M I  

—
J:NM 1,I

5 P5aII (J ):PHII (J—I )+DEl.M I
A L P H A ( J ) : A L P f S A ( N M I )
tiE TA( J ):NF TA C N MI )
GA ~’ MA ( J ) :GA ~~M A ( T ’ 4 M1 )
E PSLN (J);EPSLN(NMI)
DLTA( J ):OLTA(NM I) 

-

E TA ( J ) = E T A C N M I )
o fMl (J):FM I (NM I)

J:J+I
IF(J .LE. SE ND) GO TO S
NMI:N ENO

~ C a
10 NMM I :N M..L -

Ca
Ca CO NSTRUCT COEFFICIENT A RRAY FOP sOOFS 2 TO (NUMI ) 

- —  - - -
Ca DELTA—S AT EACH STATION ARE SA ME, BYPA SS INTERPOLATION SECTION
Ca

12 J:1
1 3 J:J,I 

— -— -

DEL 1:PHII(J )—PS-411( J—l )
DEL2 :PHII (J,l)—PHII (J) 

_____ _______

OEL3 :PSII2 (J)—PH i2U—i )~~ ~~~~~~~~~~~
DF LU :P’-412 (J+I)—PHI2 (J) 

- -

DEL 34:DEL3+DEL4
DEL 3 SO: DEL 3 a O FL3
Dl L U SD: DELU a OEL4 

________ _____ ______

ASS IGN 21 TO ‘SCO 
- --

IF (DEL1 .EU .01L3 •A ND . DEL2.E0 .DEL U) GO TO 19 - —A S S I G N  3 7  TO KGO
C.
Ca LIN EA R tNT E RPO LA T ION FOP ALP ,GAM ,FM ?,E PS,BETA 

- E T C
Ca 

_____________ ~~~~~~~~~~ -

14 A L P : Yf l F ( Y ,Pps l l,A L P H A ,I , NMI )
G A f r : v O F ( Y ,P’sI I , GA ~~MA , I , N M 1) 

_ — - - - _

fM2 :YOF(Y ,P5111 ,FMI ,I,S MI )
- EPS:~~O F C Y ,P H 1 I , 1 PS L N , I, NM l)  - — -

DLTA I :YO F (Y,PI’Il,DLTA , I , NM I )
I- TA I:YU F (Y,PI4 II ,LTA ,j , NMj)
GO TO (15,Ib ),NDFr IS n :y.DI-L4 

- - - - -

Z:Y— D E L 3  
- - _ -- - -5— - — - - —— - _ — — —— 5

SFTL :YUF (Z, PH II ,B ETA, I , f,M 1 )
BIT :YOF (’v ,P H I I ,M F T A ,l,NM I)

[ 
B E T U :Y O E  (.~,

PI-4 I I ,(il. T A , I ,NM( )

966



GO T O SO

C~ D I S C O N I I N u O U S  f I I N C T I O N ( h f T~~e f l F / D p k I )  -I RA N CH
Ca

1~~ GO ID (?I),lb). INDf

lb A : y s • ’-IAI I L L 4
l : 1— .Sa D F L  

-
NLC :l
h M H A L I- :Y D F  C i .  ~-‘s- I I  , ‘~E TA , I ,5’-1 -l )
F ~~‘ A L F : y1~ C Z • PR II • E T A ,  1 ~~ I )
R P 1 -~A A F : y ~~~ (~~ ,Pi~ j I ,E’ E T A , I ,‘J M I )
E P R A L F  :Y[1F (v. ,~~ ’I I ,E T A ,  1 ,NM I )
I F C J . NE.  2 )  GO T O  18 1
S SV : N M H A L F  - — —

E S v = E M H A L F
181 I~~(J . NE.  5 M M ! )  GO TO 20

H Svu :kP I- IAL F
ESV U :EPHALF

20 GO TO ‘(GO • (21,37)
21 A L P :A L PHA (J)

I;A M: GA M M A  ( J )
A P S : E P S L N C J )  -—

DL T A t  :DLTA (J)
E TA I :E T A ( J )
FM ?~~FM I  ~J)
1 1( N D F .EO .2)  GU 111 31 

Ca
C a  E Y P A N C E D  2—N D D E R I V A T I V E  “,~(ANC H— — — —  

— - -

C a O (I— E TA a(o f / D PH I  ) /OP~,I :DhETA /I )PH 1aOF /DP I- 4I+8ETA *O2fu /OP0I2
Ca

R I - T : B F T A ( J )
— 

R(  T U:B 1T~~(J + 1~) ~~

5- -—

~-~FTL ~~r~E T A (J—j )
30 DI):! ./DEN I~ - (PH12(J) ,Pt-SI2( J— j ) ,Ps4I2 (J +I ))

O~~I T A :  ( D E L  S S 5~ ( t i E  T U bE I ).[ t L L 5 t j a  ( hE T U E T L )  ) *I) ()
32 TSv :~~LP a D X A O O

IL :? • 
a ~s V aBE 1

T ’~:T 5Va DME TA ~~~~~~~~ 
- — — — —

I N NA Ma DX

T ,:ETA I .D* aOD

~ M’S :7K a TM
Ca

35 C ARRY( J ,1) :T (’aaOE LU S I )—T L *OF LU
— 

CA ~~..v (J ,2 ) :LRS .TL*DE L 3U +T I- ca(DE L3S 0—DE L R S I~) 
- —  _ - -

a — [ L T A I~~DX
C A R P V C J , 3 ) : — T - ~~a D E L 3 S Q — 1 L * D F L 3
C ~ P R y  C J • U ) :f p5a F ‘ ?  +TN
GD TO 39

uC. 37 TS~~:?. .ALP*D X/ OE LSU
T L : T S V ~~~4 P . A L .F/ U F L 4
T M T 5 V . H ~’ S~A L F , DEL 3  

—

T 1-.:GAM.DX
T
~~~
:.S a F M H A L

~~
/ D L L 3

L T’SP :.SaEPH A L F / O E L U  
—[ CA R R T C J , I ) : .TM , T . M
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C A P R i ( J , ? ) : F P S a ~~ - , T L — D L T A I a D x a T ’ ( P — T K M
( A

~

( - a ( J , ) : — I L — T — P  —

CA A R  (J, ~ ) P S a F  a T V
19 I F (J . LI .N~~~ I)  GO T O  I S

C.
ça STORE UPPER AN D LD.~1R ‘s .C . 15 C A R R Y
C.

D E LI  I :)SII ( ? ) — P S ’ I ( I)
GO TO ( U 0 . Ub, U 0 O ) , NI,l)L

C a
40 C A P P Y ( I , f l : 0 .

C A , ~.. C l  ,?) :tiI—CI /DF L T I
C A ~~~ Y C I , 3 ) : C l / i ’ ’ L T I

(4) :01
GO 10 ~4 7

C.
48 C A ( P V ( I . I  )~~_ C 1 .P - , t(?) / (I~~ I ( 3 ) * ( PR t ( 3 1_ P H T C ? ) ) )

CA ,-I -, y Cl,?):” 1— (PS-. 1 (2) •(I H I ( S ) )  / C ‘- 1 ( 2 )  a Pu I C  S ) ) •C I

C~~~~ v ( I ,-4):Dl
GO TO (41 -

Ca

— 
4 0 0  D E L T ? : l . / O E L T 1  — - - - - -

DEL IIS :DLLT? aa 2
CA ~~

Ny (I,t):0 . -
IF —~~: ? .  aC I *A L P H A (  I) * R S V * O E L T I S
T FAM ? :?~~a T) IaA L R ~-A (t (*01-LI? 

- -
C A I . .Y ( 1 , ?) : 2 . * .- I a A L P - , A ( 1  ) a Q f L r 2 — r F 9 ” — C j a E p S L ~( (j ) / OX

a • C l a ~~L r A ( 1 ) _ C l a ~~S V * D F L T I
CA ~~~i ( 1 • 5 ) : T . -  ‘ - s C I  a~~S V * I ) E L T t
C A i( I . 4 ) :_ ( I . I A u/ A ( I ) a F M 1 ( I ) . F ~~S L N ( I ) / O x ) , I E R M 2  

— - _______

‘~7 U E L T N : P N I ( 5 i ~’ ) _ ~- 1 - I C N ~~M l )
DO TO ((48,4~~,UI0), N1,0O

C a
U S I  CA P R Y ( N~~,I ):—I- ( J /DE L IN 

- -  - - - -- —  — -

- 
C A . ~~~ v ( N ( 4 , 5) : 0 .   

—- ___________

GO TO 50
C a

~ 9 P~~T M l : P~~T ( N M M I ) a P R I V ~~~ I)
S- I-i I ) :Pi-, It  i. 4 _ ?  ) .p~- ( • “— ?  ) - -

Z T A : ( ? .  ~~ -I 
( t .’ ) . (  

~ T (i -~~~~ I ) _ P S . T h u l  ) /
— —  . (~ ~ I ~2 + ~ • * R R T  ( t ~~~~ ) * ( , .I  (5- ’” 1 ) -PHI (N

~~~~2 )  ) — P~4
~~~I )~ ~~ 

- -_ - -

OF ‘,:l • / C ( I  . — I t  ~ ) * ‘ u’ t ( - ’- T I  4 / T A •  • - 1 ~ ~ ( N

C A - .~~y ( N - ’,1) : (I . -/ 1~~ ) * UN~~C t N
C A R  A Y ( i i-’, 2 ) : A N — -

- * I~ C N
a — ( . I ~~~~ A ( I A ~~ )
C A l — V Y  ( S ) :~~ IA  5,1 . LIE N

-— - - - -

GO TO SOi_
C . -

4 1~~I O F t T I : I . /(P~~I (i ’)—Pb I(NMM l))
O E L ’ I S : r O L r l * . ?
TI-

E ‘IF RM2 :2 • (IN a AL -~ 
( •

~~ ) * 1)~ L T I
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I 
C A R P Y ( N M ,I ) : T 1 - R~~,PT ~S a F S h I U * D E E T l  -I

- 
C A ~~_ y ( ~~M ,?) :d .  •A N . A L S - U - . A ( I 5 t~~ ) • I E  LI I  +t . E P S L N ( I .M) I D X _ T F A u M

- a (u N a F  SVU.DL LTI
- C A A R y ( 1 * ’~ , S ) :O . -

I C A A , i y ( ,4 4 ) : ( u N a ( G A M M A ( N M ) , F R S L N ( N M ) a F Y l ( N M ) / D X ) + T F W M ?
C’
C a CALL TDSEO FIJR S I ) L L T I Q N  TO S I ’ -’CJ L T A r E I J I J S  E O u A T I U S S .
Ca

- Ca
~ Ca

SO C ALL T O S E I J C C A W P Y , N W ,NOM ,EWP )
IF ( ERR .GT .O. ) I1~~INO :I

Ca

C’ S T O R E  S I IL UT (5 ~ I-~~ 1 A N D CI I’ - ’ P UT E  OF /D P4S I
Ca

f ~‘I C I )  :CARPY (I  , I)
F M I ( ( i M ): C A P R Y ( N ’ S ,l)

- OF III :Pu~I ( 2) .PHI (I) 
- —— - -5

DEL T V  P
~II C N~~)—PH T (NMM I )

1F ( bI .N.~~. .A \ O .  O I • E I T .0 .) UF~ 4I (1):0 .
IF(A N  • S- IJ~ 0• •AN D . Dl* .E0.O.) DFMI (NM ):O .
J:2

61 FM I (J) :CA I1PYC J ,I )
- 

FM I (J.fl :CA PRY (J+I ,I)
01 - 1 A?:PHI C J)— PH I (J—I )

- - 
0ELR? :~~HI (J,I) Pr1I (J) 

- -—

t )Pi ) 1. / D E N I ’-’ ( S - ’ 14 I2 ( J ) , P P I ? C J 1) , P S i I? ( J + I ) )
- (II - M 1 (J ) : ( p E L A 2 a D f L A ? . ( F . 1 ( J + I )_ F P ~i 1 (J) )4I)ELI12 aDF Lb2 

- — -  -

J :J+I
IF (J .LE . 5MM 1 ) NO To 61 ________- - _ 

~ I- ‘ I I I  ):(fMl C2) - f ’~ I (I) )1(5ELT I 
-— -— ——--5-

DFM I (FM ): (FM I (SM )_ FM IC NF M I)) ,OE LT FI 
—

C a
C a
C a

NM I:NM 
___________

100 P~ TURN
END

- - - - - - - 5 -- - - - ” - --- _ --- - - - 5 - - - ---- --- -- ----- -----

H 

- - 5 -



a D E C ’ S  J M ESH M
- Sut ,- (1 LJ T.INF JMf5 ,-. M 

_ -  - -

CJME SHM “F $t ,~. ‘ .fDI~~T P I S , L l T  I I - ’- F 1~ -~ T I~ A .5~ RE GIS (S)
— CI IMM IIS /PAS.AM / )u II t-I 0 I )  • ~~‘- ( , -0 0  ) ‘ V  , j~~ 1 ( 7 )

( [ M M ( I5  / C T 4 u L /  1 1 0- 2 ( 15 ) ,  (.PIl , 0uM~~o H O % )
C I M M O I N  /UM S~Sh/ MC .~ A 5 (,,Ca ,L~ y~~ ,V,M S A4 C X P ( , C . T P ,I~R E D

C’
Ca - - - _

I PSI1- :SM (NPO)
DPS!F :DY I*PSIE 

-

C K I :C1c~~1 .
C O N : D P S I S - / C K I
DO S L:I,NYSH
f X P : F L I ( A T ( L ~~ I )

5 S M ( L ) : C O N a ( C ’ S a a ( X P — I . )
NPD:NMSH

10 RETURN
END

____________________ — — —- -5— —-----— _ -- -- --—--—--- — - _ -—— - — -  - - - 4 
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- - 

- - -
SU,iR((1I T INE JTC TM L

CJTC IPL M A I N JET CONTROL ROUTINE
- 

L (IG ICA L SLPPC, SU PSTS-’
L I U ; I CA L  UC H A N G

- L I S G I C A L  C 1 ” - S S T P
- L O G I C A L  BYPASS

~~~~ LOGICAL EUf ,
L I 1N I CA L A X I , C MPRS,OJET , IOR ISJ,COPE 

— -

- IN TEGER XF~~N
- R EAL M JE T , ME , MUREF

CO M~~UN / R S T A R T /  NREG, P E S T R I ,NRES, M I X P P E  
-

- L O G I C A L  M I X P R E
C.

- - 
a ~~~5M (J5 /JDIISO/ , MJETO , TJETO • vJE TO • -- 

* PT JE T IJ , T I J E T O , NJO
-- 

P E A L  MJ E1O, MAC H D 
—

CUS-IMON /BCO/ uO , EO . TssO
CO MMON / C T R L 2 /

a E D G E I  , SF1 • M ERGE , X M E R G E  , YM ERGE
a S L O P E !  • SL O P EO , CEPTI , CEPTO

CO MMON / M E R G I T /  F E W , MER S T P  , XMR G
- 

L O G I C A L  I~~iJ, MERG E , MER , MFRSTP
C . a a a a a  INPUT CO MMON 

- - -

Ca
CO MMON /INPJEI/

a ()IAJ • MJEI , TJET , PTJET s V JET 
-a T I J E T  - 

•
a PE , y E. , M~ • TIE • TEl 

-

- 
a ~X I 

- - 
, NJ , N M A X  , 

-

* *1100) , XPRN (I00) 
______ ________ _____

~~~~~~~~~~~~~~~~ , RG ~~~~~~~~~~ 
- —

‘

--—5 — -- - —-  5-—-

a SC , TREE , MURIF
Ca 

- - -  - - - — 

C a a a a a a  CONTROL COMMON

~~C a  -

COMMON /CTRL/
-- - a N XT A 

- 
CMPPS 

- 
, QJE ’I~~~~~~ TURBIU 

- - , t0FF1FO] ~~
- a NP~ , F4PQ , ITxC , XU , *0

a OSTOR (MOO) —  - - -  - -

C a
- C ,*a * a a  PROF ILFI CuMt~ON — — - — -  — — -  —

a
- - - 

C O ~~’MIJ5 / P R O C i  PS1 (?OO), y( 2 O O )~~U1)i20~~), T HD( 2 0O ) ,EDC?OOj~~~~~~~~~~~~~~~~~~~~~~~~~
C a

r c a . a a a a  CONSTANT AND [PROP COMM )N
C.

COMMON /CNER R/ Fl ITS • ERR • CC CC-I , FOOl’ - 

C a
C a a . a . a BQU N0A RY COND~~~1UN COMMON - -

[ca
I COMMON /~3C/ UEDDI , EEDGE • TI-SEDGE 

- - —

~ Ca
C a a a a a a  PO T ENTIAL CORE COMMON

L~ - -
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COMMON /COREO/ X CORE , CORE , CCT PSTP
- 

COMMO N /Su PLR / SUPC ,SOPSTP ,*SUP 
- -

Ca
‘ C a * a a a a  SCALE R (UNITS CONvE~~S!UN) COM’AON

- 
C a

COMMON /SCALER/ SR • SV , SLEN
Ca
c;a a a a a  JET PRUPEPT IES COMMON 

- —

Ca 
-- 

CO RM O N / J ET /  
-

- a 0 4 ( 1 0 0 )  , O C ( I 0 O )  , T C ( 1 0 0 )  , TIC (IO0) , - - -
a PTC(100) ,. VA J (100) • YJ (100) •
a YSO F4ICC 100)

COV ~~ON /JE T I / FLO~~J, TTO, NXN • E J E T
- - - - 

CO MM ON /J 112/ T T C ( t 0 O )  
- - -

COMMON /UMESS-4 / MCHA NG ,CK ,DYI, NI-4SM CX PC ,C 1TP ,Nl~EO

- - - 
CO M M IIS /JET3/ STAOO • NV , STA TE
LOGICA L STAD O , S T A T E

________ 
COP4MON /M IXEIR / PI* ,RD (I0O ) ,ZO ( 100) ,CF, YP( 100)
LO C . ICA L  M IX
D A T A  BYPA SS/Fl

Ca
C~ I N I T I A L I Z E  AT FIR ST S TA T I I I N — I NC L U D E  STA TI I(N ~- S’i E RE CURE - - - -
Ca DISAPP EARS AS A C A L C U L A T ION  STA TITJ (4 T O BE IN 5ER TE D
Ca 

- —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

1 CORE: .F A L S E .
SUPC: .F ALS E .

- 
M€R :.EA L $E. —
5* R: l~ RE S

________NXN:N XP,I ______ ______

* U: XC Fix 13)
I F s .NOT . M IX ) GO TO 2
N V 2
S T A O O :  .F S t L S E .
S T A T F : .FALS E.

2 *D:X (NX5 )
DXC :xD—XU

Ca
Ca CALL JTSTEP FOR INTE G RAT ION TO NE XT C A L C U L A T I O N  STAT ION 

-

Ca
3 CALL JTSTEP 

- - - - -

IF(LWR) GO TO 1000

C. TEST Ft)R DISAPPEARANCE OE POTE N TIAL CORE
Ca

(Ca

~Ca ALSO TEST FOR DIS AP PEA RA N CE OF S U P E RS O N I C  CORE IF JET IS SuPEPSOOIC
}Ca

- - - — - - - -5  1
IF (SUPC •A NO . SUPS TP J  Go TO 5

- 
IF (MIR •A NO . MERSTP) Go TO S
GO TO 20 

- -  - --

~(a R E L O C A T E .  JET PRO PER T IES UP 1 L O CAT ION— . 
— -  - - - - -

I NSERT XOCORE ANt ) I- I  T XPWN I
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Ca I- - 
5 ASSIGN 9 TO LG ( }  -- - -

* 1 1 - ST = I C N A N )
IF ( X ( E S T .NE. X C tj~~E) . A P 1 ) .( X T E S T . t .x S I I P ) . A N O . C a T E S T • sS - .X M Q G )  )

a DI’ 10 50 1
AS SIGN 15 TO) LGU
DL’ 10 8

501 NM = — (N *T A—N *N,l )
NI: NI N+ I
CALL ~‘fl~ E C ’-, . X ( V I X V . )  , X (N I)  ,5’A , •b( NXVj ) ,H (Nj ),5M , I,

a T TC (N A N)  • T I C  C N I )  • N ’~ • I , X PR N C N A N) , A PR N (VII ) • , I
a V5HN IC C 4 * 5 )  • SuN I C C  .1)  ,5M , I)
CALL MOV E  ( S .  YJ (N N) , V J (Ni  ) • NM , I , LIC ( I , N) ,i’C ( 5 1 ) , N’~ • 1 ,— — • IC ( N A N )  • TC & N I ) ,  s , I , P T~ ( 5 * 5 ) ,  P T C  ( 5 1 ) ,  5M , 1 , T I  C ( 5~ 5), T I C  C NI ) , N~~, I) • 

— - - —

C A L L  RL ,V E C I  ,‘iJ ( N x r .) ,a- J ( N 1  ) ,S)M, I)
8 IF (C I IR E)  x ( N x t 4 )~~*CU P E

IF (SUPC ) X (5*?):XSUP
I F ( M F P )  x (NxN):XMPD

7 XPRN (NXV-j ): I
8 IE C CURE ) COkE :.FALSE .

IF (SIJPC) SLIPC :.FAL SE .
IF(MER) M[R:.FALSE.

GO TO LGU • ( 9 ,1 5)
9 NCALC : NCA LC+ I 

— - - -
NX T A : N X  T A .  I

‘- Ca - - _ _ -- — - — - - - -

Ca CUF’PUTE JET PROPERTIES
Ca

IS IF (P’IX) SIAQO:.TRSJE.
20 CALL JETP R P 

_ - - -

21 IF EW M ) GO TO 1000__
Ca 

— — - -5— — - —  - - -—-——-——- - ------ — _____ — _ - -— - - — - - — - -  - -— — - —- - — -— _ -

Ca PR INT PROFILES IF RE QUESTED
— -  -— - — 

30 IF ( XPR~’ i ( S ) x N )  .NE .0 ) C A4.L JTOUTP
—

C. IF CORSTP :T, PFO ISTPII4U TE. MF5H A F T E R  D I S A P P E A R A N C E
Ca OF POTENTIAL CQ~~E 

— 

Ca
40 I F( .~ U1T . COW STP ) GO TO 50

j F ( i - ’ Y P A S S )  G E) TI)  50 0
IF(M C HA NG ) CA L L  JMESHM — - -  - —

B Y PA S S : .T R u E . 
______

‘~C’  
- — - — — - -— 5- — 5-— — - —  - - - 5 --—-—— — - - --— — - _ - _~ ___- _ — - _ -_

I Ca I N C R E M E NT  C l O i S T E R S , , ,  T E S T  FOR 1- I -- f l  OF PROBLE M
I C~

50 NXN :NXN ,I
N X P : N X P + I
I F ( S A N • G T .  P4 C A L C )  GO TI) 1000 

_____r I F ( M I A  .450. S TA T F )  GO 7) 1000
)F(.NT1T . SIAN )) NV :P,V .I

r IF(M IX ) STAD D:.FA LSE. 
—

C. CONTINUE IN IEGRAT ION 
-

- -  

—

~~~~~ 

— - - - - -— - - - 

_ -
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GO TO 2
C a

1011 0 RE T URN
1-ND 

— - - —

—-—— -5 —- -— - - - — -— - - --- - — -- — -5- - - - -  - - -  — 

_ ____ _

~~~~~~~

_i 

-

_ -_  _  _

- 

- 

- - :~i:. z : i
- - - -- — - - - - - - -- - - - - - -  -- - -  - - -
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T aDE CK JTEDGE
SU F ’ R I IS JT I NF J I E O G E ( x . V F , I-- S I F , A D O P )  

- - 

I C JTE DGE L o C A T E  EDGE (IF JEI NL~ V C O — O R D I N A T E S
LO G ICAL HA L E
LPr . !CAL A X !
CO MMO N /JET1 ~ U/

* TvaO , D I A O I  • MJETO , TJ ET O  , V JE T I )  ,
.P7J1 - T() TI J E  III • NJU 

- — - - -

RE A L MJET (j,RA CM U
CO MMON / 4 L 0 /  00, EO,  1040
COMMON /CT WL 2/

a EDGE ! , SF 1 , MERGE • X~~1W G1 ,
a SLI~PEI • SLOPEU , C E P OI * CEPTO
COMMON /ME RGE T/ M E R , MER STP , X M R G  

-

CO MM ON / PROPJ2/  MACI - ,f l ,PEI L O ,Y I I , Y O , MER DP
LO G i C A L  MERG P
L O G I C A L  T~.O, M ERGE , W 1-W , MERST P
COMMON /M ISC/ PM (tO)
LOGICA L ADOP
COMMON /SETNL~~/ LKK ,LCOP
COM MON /PROF/ PSI(200).Y(200),sJD(?oO),THD (200) ,L0 (?OO)
COMMON /YO S-X I/ LE T
C(TMM UN /INPJET / OI A J , M JET, TJE T ,OIJPII C7), TE, A XI,00MI2 (201),RG
C(J~~~UN / O i C /  t ’ E O G E , E L D G E ,T H E D G E  

—

CflMMON / P R O P J T /  P,f)I,MPP (1412)
— --  

COM MON / PA I 4A M/  ODIP(d00),PSII(200),00MP (1201).SM (2001 NM , 
-

a D U M P I ( 7)
— 

COM MON /1-RAS h DUME (800) 
-

CO MMON /CTRL / DUMCT(TS), MPD • DUMC2 (801)
— 

COMMON /X PWjN / DPRIN
C.

~~~AiT1- t.~~~CUMPbtE ~s .C. EOs~ ~ E~~T t RIAt. s~f RAs~ uAL~~ cr  5- - - - -

C.
— C OMMON / M 1XE14 / M~~* ,PD ( j O O ) , X D ( ~~0 O ) ,~~F,Y P ( ~~O 0 )  - -  - -

LOG ICAL M IX
COMMON /FLOBAL / MA * !T,SUPF~,N)T ,P5!D,YDD,Y0C,

a P1, P?,OCL,TUL ,DPSTRM ,CVG
LO G ICA L SUPb~~CvG,UPS1RM 

-— -  - _

CUMMON / C N E R k/  041 TS,EP P ,GC,GCJ,FOOT
- 

L O G I C A L  E~~R 
-

CO~~’ON / A C C ) I - 4 V G /  Y C D ( I 0 0 ) , P D ( 1 0 0 ) , I N O C C I O O ) ,  LI- lO NE, C p-i O scE D
LOGICAL C S-S OM E, CP4(JS~ED
COMMON /DEI T / CLS~~( 1 0 O )
CO MM ON /STAA?/ MAC042,TS2,SS2,V?.P~~~~~ DPDY? 

-_  5-  5-

~EA(. MA C I-42
CO MMON /BCM IA?/ GRADD ,T~~,M UpS ,PPO~~,PTE, T T~ 

— -

REAL MOn
COMMON / C 0 0 0 Y/  YCB (I0O ),CLSPCB(100), Y C B I  • UCL 1
COMMON / O U T M I X I  Nx OJRI G 

- - - - 5- - - -- 5 --- - --  - - 5 - -— - --  —- -5- -- -—-  - - - - -5-

LOGICAL  DPR IP4
DIMENS ION STflWI (200 )
L Q U I V A L E T 4 C E  ( S T O W I ( I ) , O I J M P ( i  ) )
DIMENSION V 1 (200) ,R~1O(l 0 O )
E Q U I V A L E N C E (YI(I ),DlI’ -P (2OI)),( RHO (j), 05j’-IP (4OI))

D A T A  L F EF/ a!00/ 
-
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Ca 
- _ - -

(- a
C• I F S-iA L F : .TRUF. . EDGE IS TA M E S ) A l ’  SO PCI  F E L O C I T Y  L IN E (V 1 0 2 )

A Ofi P~~.FALS F .

~~~~~ :.f A L S E  •
IF ( P M ( U ) . NE .0.) HALF :.TRUE .

C a  
-—

C a  C H E C ’  J E T  00 I - O W  I — S T  PO I N t  nMEPE UO:UEOGE
- 
Ca R 1 - f l A  I- INI J ET  EDGE C O N D I T I O N S

DO ~ 8 ?O L:I, NPO
IF (UO(L). EU .ULDGF •A N 0 . UFDGE .EQ . 0.) GO TO 6621

S.F,?O CIS Ia TI N O F . _ - - - — —  —
M 6.?I sI --D:L

i F ( ( . NOT . “ IX )  ,flP • (M IX  .A N D .  I I P S T R M ) )  T H D ( N P D ) TI I EDGE
IF( (.N O T . M IX ) •UW~ (MI X .450. UPSTS4M) ) EDCNRO) :EEDGE
‘-~~f l l~~NP D I
0 1 F F  u:A I-~S ( u L O G L — U D ( N P D — I ) )
IF ( .55)1 • MI ) GO TO I
DL) 6 72 0  L: I ,NM D 

- —

8720  P ,- Q 0 & L ) : I u q .* P 2 / ( P D a T # 4 D ( L ) a T J f T )  
-  — I

LE- I :N PD 
- _

L € : L € i — 1
S-’ SIF= SM( Lhi )

- - -

I - I - I -  :UD (LEI)
(,f) TO 4611

C’
Ca
C •  L o C A T E  E D G E ( S )  OF J E T ( S )  - - -  - _ -

C a  —— P II 1NT n,sERl VEL O CITY D I F F E R E N C E  IS ,9 8 a M A X ~ V E L O C I T Y  
______

( - a  D I F F E R E NCE ACROSS THE JET
C.
C a

1 UCL I :UD (1)

DO ? L:i,NPD 
_______

uDIE(L):Ar,S (UD(L )

~

UCL1 ) ~~~~5- 5- 5 - — —- —- — 5 - -- - ________ -

1 I - ( L . F ( J • I )  GO T O 2
T F S T A :uN (L— I) .t.f— b 

_

IE S T 0 4 : ( J D ( L — I  ) — I  . 1 — 6
I I- (IC(L) . (,t .TF S I O  •AN O . UD (L).LE. TLSTA •AN D . L.LT .LFE F ) Lk:L 

- -

2 k ,-. I IL):! A~ i • * S-’ / ( - i s a  THD (L ) .TJF . T
— 5- 1 1 - s T E  :A M C ,  1 0  • ‘~~I. R~~( 3 )  

-- — — - - — 5 -

IlL IM :IE ST F • A H S ( I I F  I D E  — I I C L I  )
I F C H A L F ) I~ L T M . 5 . A S S S ( L I E D ( . E_ L I D ( 1 ) )

IF(D l-W IN ) CALL TAH P .~T f 2 P L M ,LN ,1,1,O)
I F C O P R I N )  C A L L  T A I - i S~PT ~~ ,Sl u I J S ,IID I f, N P D , 1 O , O )

‘- Ca 
_ - - -

Ca
C a a a .  L OC A T S (I0TE” SIRI A M L I N I -  a a a a .a a a a
C a

I-Ok O U T E R  STSJ I - A M L I ’ .I - —— CHOOSE THE M INIM UM OF INT E RPO LATED
Ta A ND 1 - * T M A P U L A I F I I  V A L U E S

- -
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LE1 0
OCi 300  L~~LM ,NPD
1F (UDJF (L) .GE , ULI R) GD TO 301

500 CO P-II INUE
o 301 LEI :L 

—
LE :LF I— I
SLUPFD:(S’~

5 (Lh1 ).SI-’ (LF))/(UDIF(LE1) .OOIF (LF ))
P S 1EI :S~ I I F ) ‘SLUP1D~ (OL IM.UOIF (LE) )
If ( . 5(11. H A L F )  GO T O  6
PS IF :PS 1€ I
GO TO 8

B LE1- :LE I~~2
SLO PEE ~~(STM ( L E)— SM ( L E E ) ) / ( UT ~t F (L E ) — U O I F ( L E E ) )
P S I E 2 : S M ( L 1 - ) 4 S L U P F E * ( U L I M — U D I F ( L E ) )
PS II: IN I (PS IF . I , PS 1 E 2)

LV LJ:LM—1
UEE :Y(IF(PS IE ,SM ,00,LJ,NPD)

V Of ( PS~~1- , SM , Pp-iO, U ,  FIPO)
(468 DO 4 L :1,L1- .
4 S T O W !  (L) :2. / ( R H O ( L) a U D ( L ) )

STORI (LEI ):2./(WHC )EaUEE)
C~
Ca
Ca MOVE PSI AR R AY TO SC RATCH —— STORAGE
Ca

C ALL MOVE (I,SM ,PSIj,LE , I )
- 
Ca
Ca INS ERT EDGE S T R E A M L I N E
Ca

P SI I ( L E I )Z P S I E .
Ca
C~~~~ DET E k M l I - E Y— C~~~R D I I - . A T E S 9 V ~~~NT E G R A T (iF s r~~€ A R Fu~~~T r(w
C.
C a

I C. USE TRAPEZO IDAL RULE
Ca

V 1( 1)  :0 .
— -  

YCM1 :0 . 
- -  - - - - — - - - - - - - - - --

I F (.FUT . ~I I X )  GO TO 399
CAL L LC FI T (X D ,YC F 4 ,NX O P IG , O, *a DIA J ,y I (I), I,0,C LSPCB)
Y C H  I :V 1 (1)

— IF( A ~~I) VI(I) :0.
399 C A L L  I N T G ( S T O P T , P SI I , Y I ,2 • LE I)

Y E : Y I  ( LE I)
VS VS YE

- 
1 1 - t A X I ) Y1- :SOWI(Y C fl1 aa ? .2.aVI ) 

-

IC , MOVE V I ‘IALUES TO A R R A Y
C’

LX :LE
IF(W IX) 1x :LEI

(S O CA LL MDVI (I. V I , V ,L~~, I)
IF(M I* ) GO TO LVMSR

C .

I -I a CONTINU E INTE(;W AT II IV I TO N PO—I
(~ F X T R A P I ’ L A T E  FOR lIRE) POINT

IC. 
- —
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NP1~I:NPO I

I~~ ( N P f l 1. F I 1 . L E T  Ma ~~2
II - (‘.— ; I . V Lf ) GO 11 1 M S-’~
I I I  ,A .- L:L~ I

.2 S’ _ 1 ( L 1 :? ./ (_ _ (L).1 0(t.))

C C L I  I , I (S T ‘ - l . S’- .v .L ’ I , ’-~~DI )
~~- 7  ~~~( V - - I -  .1,1 . (i

~~~
) ,I~ T I s’ S-’” 7 

— - - — —  — - - 5’

U ~ (8 - - .~~- - ~~d ) ,  ~~~I

C - ~ S~ :( C - ~~1.I ) - ,  ( . Al I I - I ))  / C - - I ~ ( W I~~1 )  DIE (‘ .PD I - I) )
C , ( ..- C I ) : , ( _I 1( , S & I , _ O . ( , f~~~,- I  ~~-

$P’ I’ SL —~~ _ (Y ( I .~ I ) — ‘  C ’- .- I — I )  ) / ( S ’ ( V . l l  1 )—~~‘I’~1’DI l ))
1 ) C .‘-1D I)  • SI (I..-~~ • (~~- ‘~~ I A D )  — 5 .  ( P  A~l l  ( ) )

— 
(.[S III “ “s ”   

— -

C Si- i-’ :0 ’  .— ‘ ( ‘ ‘ I ) ) / ( l - L I ’  -~~I~ (.~~~I))C v( ’~~fl)Z~~S .s5_ - -‘ t •C ~ j ’  ).~~ 1’-’)
.. I. -. - L . , -:( .  ._ v ( . D l ) ) l( 1 S (~~~~

_ l M f ’ ~~~h i ) I ) )

,- - .
~~ 

-, ‘-‘ I  ,- ) . i 5 t O  )
T ’  M .

— 
~~~~~ 7 $ V , - I ( . ‘ - l )  :? . IC  -“- !( ‘,Pfi) • u D(  NPfl ) )  -  - - - -

C A L L  Is I ~. CS I ‘ ‘ . ~~~ , SRI ) )

~~ * p-~ M 
~ (I) :XC P-4 I

~ I -( • ‘.l T • 
A .  I ) Gil T O  151 1 I

~I- (N  I~~~PP~~~) P A )  1,1 1 II I J O
(A L L T t A _ _ T E - . ..,1

~, ! l . P 5 ! I , l ~~~, l O , O )
C A L L  ‘A - ’- .l (-1 ~~~~( L , Y ,’-IPIl ,l0,O )

C A L L  T A - ~ - .1 Y (5~5 Y I l L ), ~I ,L F ,l O , 0 )
CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~
- I T I -  0 • I (~ 7 )  ~~M C ) • ‘ I I -  , UL I ~‘S IF , NP’) • SRI) I LE I • LE , MX • HA LF • M IX • Y C O I

1 0 7  A i I ~~uA T ( I x / /  — —

I E~~.~~. - P - ( - )  :. E I u .t, ,2 . ,V’ ’-~~- O I ( , E. ~~ ,11~~4 .h , ?% ,i-5
~

-
~ IJI_ 1 P-’ :,E1Ll .b, 2X ,

? ~~‘- ‘-- -- ! A -  z ,F I’& .b/ /
3 2~~,’”-’~~’~O :,I p - , I 0 a ,R 5-”.POI :,1b , I O x ,~~HLE I ,Ib ,IOX , 4
S ?* ,si-~”-’~ :18. I O x ,51-4 S-S A LF :,L o ,  I f l X ,8 H M IX  :,Lb, l O X ,
P~ “ H V CPI I :, h l 4 .b)

I~ C fNT IN I )E
DO 7 L:2;NPD 

- — - — - _ — - - -_ — - - - - — — ——— — — - - —  - - - -‘

7 X (L):S - 4w I(v cr sla a 2 ,? ..Y(L))
3O~I i ( - I ’ T I N U E  

- - -

Ca
C a O E T E R M I Nf I~ Nf .~ POIN T IS TO AE ADD E D 

- 
-

C. 
_______

C’
Ca j F  T~.O:T A S - A D MERGE :F , L (ICATE R U U N D A R Y  IlI - INNER JET
C a 

- -

I F C M E ~~GF .0W . ( r ,(J T I~ A U ) )  GO TO 10
(JLIML T E S T E * ~~1S(U O ) .)
T E S T ? : U O , l . E — e ’

~~~~~~~
5- T ( S T l : O O 1 . E- b  

- -  - -

~~C a  
-

- Ca  L O C A T E  NEAREST MESH POINT
C a

DO 200 L:I,NPD 
-  —

IF (UD (L).LF • ILS I? •
ANI)

• UO (L).GE • IE STI) OO (L) U0 
_______ - - —

L IF UD (L) •t • . iI ~~) VI ,  TI 1 e SQ
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1 200 CONTINUE V

‘ C’  
- -  - - - — - - -

C a A S S U M E  J E T S  H A V E  MERGED” SET C O— U P I I INAT F S (iF M ERGE PO INT
- C a

Mf Wf,E:.TROE .
r UEW G P : T R( J f

S I - I  ~ SM( N M E R G )
E D G E ! ~~Y ( N ~~E~~G) - 5- - - - - -

I 
X~’1PGE :X
VM FPG E :EDGEI

IC ’
0 C’ CO M PUT E C O E F F I C I E N T S  IN L I N EA R  E Q U A T I O N S  C O N N E C T I N G  T~4 F
i C’  NtJ7 ILE C O R N E k S  .~ t T H  M E R G E  POINT

- -  - — -

L C E P T I : D IA O / D IA J
SLU PEI :(VME R GE—CE P T I) /X M ERGE 

- - -

- C F P T O : l .
- 

SLUPEO : (VM ERGE—l. )/XM ERGE 
—  - -

GO TO 50
Ca

C’ S E T  NM EPG E TO Lii , STORE INNER EDGE SF AND CO—ORDI NAT E
Ca

259 NU :L
- - DO 280 L:I,NU - -

IF (UOIF(L). GE .OLIML) GO TO 210
— 

260 C (JNTINU 
-- -- - - — -

210 NM EPG :L
- NM R G I :L_ I

s LOPs : ( s~1(NR E R G ) _ s M ( F I ~~R G I ) ) / ( O O I F ( N M E k G ) _ I J D I F ( S ¼ R I ; 1 ) )
- 

SE1:S MC5MR(,l)aSLo )PS* (OLI’1VL~~UDIF (rIMW G 1))
SLUPY : (i (NMLRG )_ Y(NMRGI ))/(SM (N~’k-R G )~~SM (NMRGI))

- - 
I- U D E 1 : Y ( N M S I G I ) + S L O R Y a ( S f I — S M ( N M R G I ) )  

- _____

3 0 IEST U: .O O 5
— 

IF(PM (?).NE . 0.) T E S T O : P M ( 2 )  - - 5- - - — -  5-

IF (L~~K .LE. S •AND . UDIF (NP0).EO .IIDTF(NPDI)) LKPT: (4
IF (O IFEU .GT. TE STLJ •OR . LK51 .LF.3 ) AD DP: .T RIIE.  - - -:

I LM K :LMN.I
IF( D PM I N)  - W i T F ( b ,7 ? 2 2 )  A O~~P OIFEU , TEStO

5 - •0
722~ FOR MA T( ,/12x,Lb .2x,2Elb .8)

Ca
- 100 RETURN

END 

- - - - - - - - - - ---- -~~~~~~~~~~~~ - - - - - - - - - - -- 5-_ - - - - - --- -  - - - - - - - 5- -- -
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aJ)EC M JTSTF P
-— 

SObRO UTIN E JTSTE P 
- - _ - -

C J T S I P  J E T — — S O L U T I O N  R(1 UTI NE
LO (.ICAL IC Y C L E
I N I F ( - E R T n O J ,  IT n fl
L O G I CA L  SUPC,SUPSTP
LOG IC AL S1J~’SON
L I 1 (.ICAL T RI JOOI L
Lo (;IcAL OR W IN
LOL ,IC A L L 4ST ,C IJR SIP ,A DOP ,E S T R Y I , T E R
L( .V C ’ IC A L  0 11F , ERR

LOGIC A L A x !  , *PMF J • CMPRS • ()jt r , TURLV J • C IIRE
‘-i E A ~_ ,CA - i .M 1pL , V U E F F ,S-~A C H  
~~ 0 ~i MJ (- I • ~1E , M(- I W f  I- 

-

CL VMW(N /R S TA W T /  I-.REG, W r S T P T , NRES , ’-iXPRE
LOG IC A L M IX P R E
CU~~~PS /MOLUP/ALXU(2 00,,),DALXU (200,8),OTNE (?OO)
COMMO N /011 - 001 /

a SC • CNA ~’E (b) , ALJ (p, ) • ALJfi #~) • AL E (b)
a 5C~~( 8 )  , TC P R F ( 6 )  , k C P R F ( ~~ ) , (frC (3,b)

C II~’YI ~ /OIC T R L /  01FF , C N D ( I O )
LOGIC A L C l IFF 

- -

- — 
Ci~ ’MI0 . /MOLES/ ALX (200 ,h )
COMMU N/ OV C ’- U L /A L EODF (b), ALQ(b )
C O ~~ i’ IIN /JE TT * .U/ 

_______

a 1~~~~1i , [-V IA l ) • MJI-~~() , TJET I) , V J E T U
a P I J E T O  , T I J E T O  , NJO

REA L  M IE TO , MA C P-IO 
- - -

COMMON /bCQ / 00, ED, T OO
COMMO N /CTRL2/

* EDGE I , SF ! , M f P ( ~ • XF’E RGE • Y M IRGE 
_____________ a SLo p E f ,  SLfl PF.~J CE PTI , CEP TO 

- 5- -  __________

COMMON /MF WC,E T / M E R ,  MER STP , *MR ~
LOGIC A L TY.(I , M L RT, fr , , M 1 - R S T P   

_ -

C f i ~’MO~. / S L T N ~~?./ L E D G E .  LCO R EN
CO MMON / I N ~~I / EN TRY !  

— -

C I lM ~~I N  /‘~ I S C/  P M ( l O )
C OM MO N  / P A R A M /

* AL (200) , RE (200) , ( ;M(2~) Ø )  , —

‘ E R S ( 2 0 0 )  , OL (200 ) , - - —

* VAR (200 ) , UVAR (?00),
— -  a S M I ( 2 0 0 )  , NM I , S M ( 2 0 0 )  , NM

‘D X
‘B! , C !I , bl ~~~

5 5- -— -

a A N  , RN , O f-s
COMMO N / P A W A M I /  014(200)

C a , a a . a  INPUT CO MMON —

C’ -

~

OM

~

- I r N  / I I N PJ E T/  - -- - -- 5 - -- -  - -  -

a D IA J  • MJ FT  • T J F T  , PTJ~- T , V JE T
a T IJET , 

—

a RE , OdE • ME , T I E  , TI
a 441 , NJ , N MAX
a XJ (IOO ) , XPRN(lOO ) .
a DAM • W I .  • P R , P1-si , 

- - - -
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a SC , T R E F  • M(, R (E
Ca
[ . a a a . a  C O N T R O L  C lMt ~f lS

C a
CLIM M IIN /CIWL /

a N X I A  • C~~~~ S • O J E T  • TU ,~RJ , CLI FF ( 1 0 )
a NP~j • NPD , D X C  • XU , XOO
* D S T I S - , ( M O O )

Ca
C’.’’’’ P R O F I L E  COMMON

- C’
C U ~~’MU~~ / P R I I E /  P S I C 2 0 0 ) , Y ( 2Osfl ,0 j 0 ( ? Q I ) , T H I ) ( 2 0 0 ) , E D ( 2 0 0 )

- C ’
C a a a * a .  CO N S T A N T  AN D E R R O R  CI0-’”-I)N

C’
CO MM ON / C N IR R /  B ITS , ER~ • GC , GCJ , FOOT

C’- 
C-’ ’.’ ’  F ’O UF IDA I - O Y C O N D IT I O N  C O MM ON
C a

COMM O N /r~C/ UEDGE T FEDGC I THE 061 
-  _ 5-

~~~~~~~ 

- - - - -

‘ C * a . a a a  P O T E N T I A L  CU RE COWS - In N ,
Ca

CO MMO N /CO-IED / XCORI , CORE • C O R S T P
C. 5-CC IMM I , N / S IJRLI4 / SUPC,SUPSTP xSUP 

—- - _ - -

C’’’~~’~ SCALER (UNITS CO NVE R SIO N ) COMMON
Ca

CU MMO IN / S C A LE P /  SP p SV , S LE N
C’
c a .a ’ ’ *  JET PP(JP1 RT IE S  COMMON
C’

CIIMMON /J1 I /
a 0 3 ( 1 0 0 )  • U C ( I 0 0 )  , TC(I00) • T I C ( l O O )  , 

- -

a P1C(j00 ) , Y- J (I0O) V J ( IO 0 )
C ( M ” lIr , / J F  T I  / F L I I ,~ J, I T O ,N X  ,EJ E I
C I I- ’M IiN / E I~~A S E /  Y C ( 2 0 0 ) . T P ’ T ( 2 0 0 ) , T ( ? 0 0 ) , 0 0 0 Y ( ?0 0 )

( - a
COM~~PS-J /PRI)PJT/

a P • P R L  , -‘Q I I  , R 1 , A )3  , 5CC
* 1 - 1 - F E  , VS REF , MAC H , ~L1
a ~~~~~ , C , C s-i l •
* ~ 5-((?0 fl) ‘ 

A~j~~( ,)Q~~) • ‘ - C P ( 2 0 0 )  •
M~~

j
~~~

I - p -  (‘UC ) • ~ LI-d?C IO)  , [‘- ‘ ( 2 0 01  
- 

, R E T I 1 , ~k (200)
C I I’ - ’’- ’ , X P R I V - ./ LlPI. ,!N

Cu” ’- ’ I S / 0  1 ,0  / Y JE I~ , S I - ED GE
C I J S - ’-NIN / l l - I -  SI-I/ O l I V I J I  (4) , C X P C , C X T P , ’, R F D

Ca
~~~) M V N /~ W/ V~~ X , I-~~~ i) 10 0 )  • x D  ( I I I ) )  • C F  ,p R  ( 1 0 0 )
L O G I C A L ‘-‘ I x
C (IMMI 5 /I -L I,’” A L / ‘ - ‘ . ‘ I 1 ,5,11 101 • tJ I T  • I- 1 — 1 0 ,  (1)0) , YOC

.- l  ,O-’? , l 0. TOL ,II ”I-~T-O ~ ,CVG
L I D  IC AL SIJP1’ , C~ I., UP” T M ’ - ’
C I ”’ I -S / A C  ‘. G/  V L O ) ( I 0 0 ) ,  ~- I) ( 1 0 0 )  , 1 ‘.1)0 (100), CII I~~~L , C5IO~ 0
L U G I C A L  C’-u”I • (‘-l ISP ED 

-
C (.l’ M I I , ~— I T  / CL ~ 5I (100) 

- - -
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C~~”ON /S1A 2/ M A C H ? , T S ? , 5 S ?, V ? ,PHII?, I)PD(?

~ 0 AL MAC PI 2 
-‘

CO M M I I O ,  / b C M l X 2 /  D~~~A D O J ,T A , M U W ,R H O ~~~,P I E , T T E
RE A L M 1I~~
C I I M Y I N  ,I,~f RM / (,‘-C(?Ofl ),CP (,’flO )
C M’-’~~ /Cl )O Y/ YC S ’(l )O ),CLSP C II (IIIO ), Y C B )  , UCLI
CI 1M~’)1r\ /l1) JT M I X / 5-~ ‘~ IG‘- C’ 

- --- -—

C.
V V j M f ~~, 5 J il~ I JU(?OO ),EU (200 ),Tl-40 (200 )
ClI~~E~ ,S 1 I1VJ I l” ( 2 0 0 )
D I M E N S IO N II A’ -’(b)
DIM E 5S1 11t , V I J ( ,’ O O )
l i. UI~~A LESCF ( Y u (  I ),OS TOR CUO 1 ))
O 1 ,0 1 1  A L E  N( F. ( U K  C I ) • D S TU R  ( I ))
0 1 ) U I V A L I N C E

(I, I , C I )f  F ( i ) )  , C Ce’, C O l E  I- (2)), (C 3, C [)EY C ST ) • (C I ,  COE F ( s I ) ) ,
a ( C 5 , C I ) F . F  (5)) • ( C p - - ,CIJ E~ ( 6 ) ) ,  (C7 ,CO0.F ~~~~
E I J L I V A L E V 4 C F .  (C9 ,C L E Y  (9))
F. 1~o IV ALEN C 0 (IT ? , [- .T A ~O) 

- - - -

D A T A  N A M /IH’Y ,2HSM , 3HXLN ,?HuD,2 HEt ) ,~~HTHD /

D A T A  E N T R V I / 1 /
C’

r~~, T E S T  1-OR I—ST STEP (ENTWYI: T) 
- - - ;

Ca
A S 5  Ii. O h  T O  LGUP
l I - ( F V.I R Y I .450. (WE S T R T .IIJ .RITS)) COPSTP:.FALS E .

S 1 I- (F N I M f l )  O x :A V I V ,1 (CXPC.p, (NRES),.SaDXC )
IF( l - ’FSI R T .1” . SITS) GO T I) S12a
lF (S~~H;.N T . I) L z : A ’ -’I SI(CXTPaB (NRES) , .S.DXC )

512b 1 1- (I)A C .F.I~~. 0.)  GO III 5 327  
- — - _  — ______

IF (L A SI ) 1,I) TI J S S 2 I
0 •:A WIV4 I (Ox , .S’OxC)

532 7 CI 1NI I SU I- 
-

IF( .NOT . 1 - S T R Y l ) GI) T 0 9
Ca
C f V . T p y l~~~~~l - ’1 l T l 4 L 1 Z E  F ,jP I— S T  S T E P . 

- - —

Ca
C A L L  SETM (I ,0. ,E TA ,200)
!CYCL€ : .FA L S F .
T - .LIJ I

I~~( TWO ) TSPA OJ :2
C ALL ~‘ I I~~ 1 (5, ~5I, 

SM , ‘ O I l  • I ,PSI  , S’- J • S-IOU • I ,00, LIU, -‘ P1; ,~~~~, THO ,TH U,  500 ,  1 , 
- —

* 0 0 ,  F. U , N O - I l  • I
II- ( . NI 1T . 0 1 F F )  GO TO 7 0 0 0
DO 7001 L :1,NL
C A L L  M II~~I- (1 ,A L A ( I ,L), A LA U (  I ,L),NPII , I)

7 00 1  C O N T I N U E
7 0 0 0  S-A M : N P U

FC :FO( I) 
—

T H C : T H 0 ( 1 )
1 I - ( .NO T .  T I 1 I.hJ) C A L L  -If TM (2 ,F C ,01V ,,IIO,EU,200)
I F C. SOT . GiFT ) C A L L  SET M( ?,l p— C , TH0 ,?0O ,TP,U,?00)
IPSI:O . - -

[ 

IF(A ~~I F - I - 5 I~~T.
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c.
U LA S I: FA LS E .

- ADT)P:.FALSF
I I - W F D T R I .sF.. Ell IS ) GO 1 06

I C I I RS 1P .I - A L SE .- 
SIPSTP: .F A L SE .
MER5TP : FA LS E . 

— -  -

SUO-ISON : • TRU E
- 

I F (M J F T .(,F.I. ) SUSSUN :.FA L SE .
6 4 : 40

I LCOREN I
I L E D G E : 0

C A LL SF.T ’ (l ,C1 ,AL ,200) 
5- — — - 5— — —-— — —  —

C A L L  M U V F ( I , Y ,Y U, NPU, l)
L’
C’ INC R EM ENT STEP COUNTER, 4—ST AT ION ,FTC .

- 
o ’  RETURN FOR N E X T  STEP IS MA DE TO THIS POINT .  

- -

C’
8 NSTP :NSTP+1
9 x:x + D x 

A
C~ 

—  -—

C’ 1 1- C OA N NULAP PROBLEM , S A V E  UO ,T I- 4 0
Ca  

- -

IF (.NC[T . TnO) GO TO 9066
USVO ;tJ 0
IHSVCI : IHO

- 
0968 IS -  ( M I X )  C A L L  A I T E P I ( X , O X )  - -

V NHAL I- -:I )

I F ( R L S T R T .N E . B I T S )  GO TO 10
I F C E NIR Y I .0W . ICYCL E ) GO TO 20

C a
C a  IF 1— 51 STO P PROPERTY C A L C U L A T I O N  IS 03~~PASSE0
Ca

10 C A L L  F M P Y C ( I , C b , v ,Y D,NPU)
CA LL FV P A ( (I ,E JE T ,E O , TK f,NPO) 

- - —

CALL I-~~PYC ( I •T JET , Ts’O, T ,N P U )
C.
C’ CALL SCALE TO) COM PUTE ~,IDT k 1 11- MI~~ 1Vl G Z O N E ( S )
C a  AND R E F E R E N C E  SCALES S-I J R TU RB ULE NCE

- —-
I? C ALL SCALE (OU,Tr,PJ, NREG ,X )

C a
‘-‘
C’ ~Zi~ Pii1~ PROI-’ER1IE~ 

- — - -

- IS CA LL PRO PJ(TM)J .TURSJ,NWEG, X ,Y D , T , T S P L , I , N PO) 
-

CALL (.A M C PC T ,DMC ,CP,Ml. ,I,NPU )
GO TO LGOI-’, (1 6,1001 )

C a  AOD MESH POI S~ TO 0O~~r’a S T R FA M S T A T I O N  J S- ~~bD~~:TI 
—

~~Ca1 18 IE (. SI IT .A0DP) GO TO 18
I I? C A L L  P A O D ( SM ,NP D, fJ W E G )I- A D D P Z .FA L S E .

L IX NM:N PD

L C a  
-
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C’ ASS URE THAT UP STREAM PSI IS F A R  L P ( U G H  OUT
C ’ - - -   - - - _

I F ( S ~~I ( N P U) . F Q . S M ( N P D ) )  GO T O 2C
S M I ( ? I 5’ U,I) S M ( l’,PD) —

C ’
C . E X T ’~A P O LA T E  A PP R O X I M A T E  V
C a  L I N E A R  E X T R A P O L A T I O N

- - — 5-- - --

NPI - :50 - ’ U4j
N S - I~~NPU
D y O P S 1 : ( Y ( N P I , I— I ) . y ( ’ -,PI,I~~? ) ) / ( S w 1 C S - - l - ’II~~1 ) . S M I C N P U — 2 ) )

~ ( N P I ) ) : Y ( N P U — 1 ) 4 D y D s -~5 1 * ( S ’ S P 1 ( 5 P U )~~S M t ( T J P U ~~I) )  - -

I ,IU ( S PU ) :U U (I - a PU — j )
- - - - - — - - 

—

E U( N M U I : E O I t N P U — % )
- - 

1 (’~I- U ):TJETa1siU (NPO)

- 
Ts’ E (’,PO ) EJE IaEO (NPU) 

- - -
‘VD(NP U) :Cb *Y (NP U )
IS - (.NOT . 01FF) GO TI) 7002 

________ ___________— 
DO 7003 Lz1 NC 

- -  ________ - ___________

1003 ALXU (NPI),L):ALXUU~PU.I,L)
7002 CALL PPO PJC1s ~0)J,Tl~l p~ 1J, NREG, X ,YD,T,TKE ,NPU,NPU ) 

-

CALL C.AMCP(T ,D~’C ,CP, RG, NPU,NPt,)- Ca 
- - - -

C..’’ SOLUTION OF M UV ENI UM E Q U A T I O N  
- - — ~~~~~~~~

20 CA L L MOVE C I ,00, I1A R ,NM I ,I )
C’ 

_ _

C a TEMP O RA R IL Y SAVE CURREN T V VAL UES ON ITERAT ION
c’ 

— - -

IF (M 1X .450. (.501 . IC Y C L E )) CA LL M (TVE(I,Y ,YU, NPU,I)
- C A L L  S~~T~~(i • I .,1I-’s,S- Pu ) 

- -

CA LL SE1 S - (I,C1, A L, r P1))
-- - 

CALL SETM (2, fl .,)~ ’ ,5PU,DL,NPU 
~~~~~~~~~~~~~

‘ - — 

E N IR Y 1: ~F AL SE.
IF (s-’ES TR I.NE .B !TS ) I-4E$TRT:OTTS 

_    - -

1F( -;5OT.-~~~Pp IN )~ Gi l TO 10 - 

~~~~~~~~~I~R I T E (‘,,518030) N STP ,~~,OX- 8e~ O fO ’AI( //6x ,5HSIEP : ,l’o .S*,2H4 :, E t s ~~~,34,3HOX:,E1 b.Es//) 
- - -

i~~ I1E (~j,~~ ’-’SV 1 I ‘J O  T O  ,S F E o L . f ,FDGEI,SF 1
- 

P681 F ( I W M A T ( b x , h H Y J I T F .~~, O l ~~.1’ , 8 X , 7~’ S F E O G E : , E ’ 1 6,P / ,  —

a Rx ,, [)t ,Y 1~~, f t 8 . 51 .. - , 4 . / H S F I  :, F1 s ,~~/ /  
____— - CALL 14510- ’PT (fiA~~( I I • i ,NRI , 11) .0)  
______ - —  1

C A L L  IASPRT ([,AM (?).SSA ,NPT),1O,I))
— CA LL T A i R T ( S - a A M ( 3 ) .S L I ,NPO ,1O,0) 

— —-

19 DII 21 L:2,NPU
PAO:1  

--------  —

I 1 - ( A * I 1  RAD :Y(L)’’,~~ IF I Y )GM( L) :.C7aDPD~~2/( Q~~O (L)akJI)(C)) - -   ‘ _ _ _ _— —  -

23 bE (L ) :S- U F FF(t _ )* 51~~1 , (L )aULI (L )aRAt )
II- (.I-O 1 . luwb J ) HE(L) :MOL(L).k;l[1(L )aUU (L)aRAD 

— —

0 21 CO NT I N UE

- - - 0IC . - — 5- 5-5-

L~~~ _ ~
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Ca HOUNOA RY CONDITII)NSp_ _
C a  - - - - - - -- -—— -— — - —  - -  - -

El I :0.
CII:!.
01:0 .

BN :0. 
- - -

22 DN :0EDG(

I IO ( .NOT .M IX ) GO 10 24 
—

~C’ B.C. FLOP CONFINED M IXER
IC ’

L - - - 
IF ( O P S T W M )  GO TO ~ U _ __ __~~~~~
AN: O .

L DIx:C,RADU 
- -

BN:l.

24 CALL DFEQ (0,0,0,IER)
I F ( I E R )  GO 10 999

C, 
-

25 CAL L MOVE (2,VAR ,00,NPO,1,OVA R ,00DV,NPD,1)
IF(UEDGE. E Q 0. .AND . UD (1 ).G1. I.) 00(11:1. 

-

~~ 

- _ — — -  -

, C a  
- — ---  - - - -  - - -  J

Ca
Ca 

_______

C* VA LUES OF uD
’
~~ 11I’IN uo (l):uCLI, SE1 10 UCI1 ‘

_ C . - - - - -  - -5  - - -
O C L I : U D C I )
CLU:UCLI,I.E—b
C LL :UCL I — I .

100 CO 111! L:I, NM
IF (Ut)(L).GE .CLL .4110. UD(L).LE.CLU) U0 (L):UCLI

1111 CI )NT INUE  
—- 

DO 1 1 1 2  L:1,NPU  - - —

U,P (L ):YOF(SMI (L),SPM ,00,I,NPD)
000V (L):YUF (SMI (L),SM , D V A P ,t, NPD) 

- -

1 1 1 2  CONT INUE 
- - 

- 
- -

IF (OPRIN) CALL TA HPRT(NAM (U) ,uf) ,NPD,I0,O )
C.
C a
C.

C’ T E S T  FOP T U R b U L E N T  PIJORLEM
Ca

28 IF (.NOT . TUWBJ ) (.0 TI) 7010
Ca 

-5-— - —
C aaaa SOLUTION OF Tl~€ F.0014T!C)N 

5-

IC ’
1 30 NMI:NPU  

- -

I CALL Mf JVE (I,EU,I A R , NPU,I)
1 o o  ~t ~~~~~~~~ 

- — - — — — -- - - - - -  —- — - —

[ RAD =~~_I 1 F ( A x I )  RA D :YR) a. 2 
- - -

[ PD :s.HOCL)*UP~(L)
RF.(L):M UL (L )*lIPP (L )aRDaI4AD

L LOUDY SfJ:0LII)Y IL) ‘[IllOy (1)

[ 
- 

&M (L):Cda’- IJLfL ) .fMI lt1 - F(L),M1 IL( L) _ I.) a~~D*D (JDY5 IT*RA b
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IF (RO .EO .O. •OR . UO (L).LF . .005) GO TI! 13 
— -

DL (L):_C ,*C*M L L (L ) .L ISP( L )/C l a U aa L N( L )~~XLN (L))
GO TO) 3!

33 DL (L):0.
I.M ( L) : 0 _

3% CO NT I NUE
040 (I):0.
1 1 - 1 .501. A X I ) 0-0F. (I):MOL (I)a()K (j)aRl-iQ (1)~~UD(1)

Ca
AN: !. 

- —
BN :0. - - —

32 DN :FEDGE
IF (.NOT . M I X )  GO TO AU
IF (UPSTRM ) GO TO 34
A N: O .
ON:0.
SN:!.

I Ca
3(4 CA L L DFEO(0,0,O,!ER)

- 

— -  
I F ( I E R )  GO TO 999 

— _ - —

C.
C. SCAN FOR POSSIBLE S-.EGAT IVES AT JET EDGE——(U EDGE O) 

-

C’ - 
IF (UIDGE .NE .O.) GO TO 35
DO 339! L:1,NPT)
1 f (VAR( L ).L1 .0.) GO TO 3392

33 01 CONTIN UE
— GO 1O 3S

3392 LX:L— 1
LL:L
S L O P I : ( V A R ( N P D ) — V A R ( L K ) ) / ( S M ( N P D ) — S M ( L K ) )

_____________

5001: N PD— !
00 3393 L :LL ,NPDI

3393 VA R (L ) = VA N ( L — I  ),SLOPFa (SM(L)~~SM (L—I))
C’

3’, C ALL ~~~~~~~~~~~~~~~~~~~~~~~~
C ALL WOVE (2, DVAR ,00cE, NPD ,I, Pf,DSTOP (8OI), NPU ,I)
I I - C u’)PRIN ) CALL T A P O R I ( N A M ( 5 ) , ( D  ,N P D , 1 0 ,O )

C. 
— - -

C a  TEST FOR SPECIES 0E0S
Ca
7010 IF (.NOI .DIFF ) GO TO SO 

- —

C A L L  SITM (2,O . ,I,M ,NPU,DL,NPIJ )
‘-

C’ 
— - 5 - -

- C ’  SOLV E SPECIES (GuAT IONS // A I R  MOLE, F R A C T I O N
‘ Ca COM PUTED RY O I F F F . H L N C E ( C I I W P O N F N T  I) 

— -

Ca
7020 DO 75i, v  LL 2, NC  -

NMI:I’,PU 
_____- - - C A L L 1 ’O v E( 1 , A I ,X t J ( I , L L ) • V A P ,NP U, j~ 

-- - - - -  ____ - -

(0) 7100  L:?, NPU
R A O f l .
I F ( AX I )  PAO:Y(L)a .2
PO (I

~O (L)aU$(L)
o.E (L):YO JEFE( L )/ SCM (LL)a PO *WAD

7 100 G M ( L ) I 0 . 
- 

J

986



- BE (1)z0 . ~1IFC kOT .AXI) BE (1):MUEFF(t)aPHo (1 )*u0(I),SCS~0 (LL) 
- —

C a
‘ C’ 8001,04kv CONDITIONS
Ca

AN: !.
BN :O.

- 7I0�~~ ~LEDoETLtT~~~ 
- - - - -  —

C a
71 1 0 C ALL DFEQ(O,O,0 ,IER )

1 F ( 1 E R )  GO 10 999
~C . 

—

C a  MOVE NFn MOLE FWACT ION S, E TC INT FW P . UPSTPM DALX U
C’ -

C ALL MOVE (1 ,VA P ,ALX (1,LL ),N PO,I )
DO 7115 L:I,NPU 

-

7115 DAL XU (L,LL):YOF CS M I (L) ,SM ,DVAP , I , N P D )
I 
C~

7500  CONTINUE_
ta — -  - —— - -- -

Ca CO MPUT E A I R  MOLE F R A C T I O N  ANT) UPST REAM D E R I V A T I V E
Ca

DO 7149 L:!,NPD
-- - 

A L X (L,I):L .
D’.LAU (L,I):O.
D0 7750 LL:2~~~~ 

- -— 5 - —---- —_  - ‘

AL X (L, 1) :A LX (L, I) —A (-X (L, CL)
DAL -aU (L,1) :DALXU(L, 1)—DALXU (L ,LL)

7750 CONTINUE
77(19 CONT INUE 

- - - — - -- - -

C.
— -  

~~~ bf.DPWINi~~ O
’tO -So - - -  -—--- ‘ —

~~~~~~
—

~~~~~
-- - — — - —— --  ---—-- -- -‘

DO 5092 LL I,NC
- 

CALL IA B PR T(CNA ML (LL ),A LX (1 ,LL), NPD,I0,0)
5092 CONTINUE

C a T E S T  FOR PEAT T R A N S F E R  E F F E C T S
C.
Ca

SO IF (.FOT . OJET ) GO 10 bS’,U
C’’’’ SOLUTION OF ENERGY E QUAT ION  

- -

Ca
SI NM I :NPU 

- - - - _ _  -

C A L L  S E T M ( 2 , 0 .,DL, NPU, GM ,NP U)
I1(. NUT .lU4bJ) GO TO 54 1 ~~~~~~~~~~~~~~~~~~~ 

- - - - - - -  - - -

Ca
- C a
-C ’  COMPUTE D(DT~~E/DY)/DV

I C’
IC . CUMRUTE TERMS ENTERING INTO -SOURCE
‘C. 

- - — — -  — — -

C a
DO S2 L S I , NPU

I ElE(1 ):C3*PSTUR(L ,bOO)aYOF (SM 1(L),5M,DT~~E,l,NPO )
- 52 C O N T IN U E

P’aPM:NPU—I
5~ CA LL DER1V (SMl,bF,C ~M ,2,14PP5) 

5- - -_
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- - 
S D O  55 L :�,S-~PU ‘ - -

57 RAD:~ . ,

1 F (A x I )  RAD:y( L )aa?

~~D:I- I-oI (L ) •U~ (LI
LL (L ):AL(L )/CI-’(L)
B E ( L ) : , ~C P ( L ) ~~C~~( L ) , W D a P A D
OUDY SI~~~ D 1 I l I ’ 4 0 L ) .0110’, CL )
(.Y(L) :GM (L )/Cp (1)+C(4ap D *O1A D ,MI,IFF(L )*000Y5Q/Cp (L)
I F C U O ( L ) NL .UCL I ) (,MC L ) : G M ( L )

I — ( Y I I S -  ( S M 1  ( L ) , S ’ ,~~O, 1,~ -~-’D ) — F I ! ( L )  ) / ( t ) X . C P ( L ) ) a F J I T / T J E T
‘ C 1 F ( M I* )  t,M( L) : l r n Y ( L ) , C 9 . I I P OX ~~/ ( R R U ( L ) . C P ( L ) )
C

IF (WI~ • EiJ . 0. •95 00(L) .LF . .O 0 5 ) G0 TO 5~ 
- - -

C GV (L) :CSaCaMuL (L ).D ~~(L)/(kOaCP(L)~~xL5 (L).*2)aED(L)— 
58 IF( .NUT . 0101) GO 10 5~

E T A ( I ) : T J E T a C N D C I ) a M U E F F ( L ) * P 0 . R A D / C P C L ) . S U M C P D ( L )
55 ClINT INUE

I I E( I) :O .  
-

IF (.NOT . A X I )  tiE(1):l(CP (I)*CP (1 )aRHQC !).oIc(!)
Ca

CA LL MUVE (1,TH U,V AR ,NPU,I )

- 
DN~~T I-,FOGE
IF( .NUT .M IX) GO TO Sb

Ca 
______ ______

~ C* B:C.FOP CONF,Nio M IX ER 
_____ ______

C’
IHUPSTRM) GO TO Sb
414:0.
SN :!. 

- - _ - - - - _ - - — -- -

_____ 
ON:0 • ______ ______ _________________

Sb C A L L  D F E I T ( Q , Q , O . I E R )
10 (10W) GO TO 99S-~- - — 
IF (DIFF) CALL SE IM (I, O .,ETA ,200) 

- _ _ — -

Ca
IF (0000E NE . 0.) GO TO 80

• 00 e’h9I L:I,NPD- -- 
IF (VAW(L).LT. 0.) GO TO b~ 92 ~~~~~~~~~~~~~~~

6601 CONT INuE
GU TO bO 

-

6802 LK :L—I
LL:L ‘ 

— --

SLOPE :(vAP(NPD)—VAP(LK))/(SM (PxPO).SMCLK ))

~~ O1 :NPD.I 
- -  _ — - - —- - — - — - 

DO 8b93 L :LL,FIPOI
6693 VAk (L)zvA R( L_ I )$ SL fl I~F~~(SM(L )_S’~(L_ I))
60 CALL M O V E (j , V A R ,T I’IO, NPD ,I)

IF (DPW IN) CALL IA ~TPRT (NA’i (b), T IlD,FjOD,1O ,0~
Ca

- ‘ CUA FINULAR PRUBLEM__ IF •NOT . MERGE. COM PUTE 00

855(1 1F (, r’OT . Ti~O) GO TO 6555
IF C M E W G E .OR . (.5(11 M IX)) GO TO bS-

~SS -

I F ( T ” F R G E )  GO TO bSSS
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 5 - ”  
-

- - - - - _ - -  - - - - -- -  - -‘— 5- - - J
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6555 C O N T I N U E  
- - - -- 

Ca
C a
C’
Ca

‘- C’ LOCATE €001 U1 J E T — — —  A DO POINT I~ 
N E C E S S A R Y

Ca
E’b CA LL JTE000 (X ,YJ1IO.SF IQGE ,AOOP )

C’
$7 CONTI NUE

C a
Ca CO NE INFO M IX E k— C H E C I~ FOR CONVER G ENCE
Ca 1-~ PRESSURE I T E R A T I O N  

- -

Ca

C’
IF (.N fl 1 .M L * ) GO 10 80 

- -

C A L L  4 1 T 1 R 2
If(A DD P •A N O . (.NOT. UPSTWM)) ADDP :.FALSE .
IF (E’~W ) RETURN
I F ( C V G )  GO T O  80
1S-’ I :P~PU
CA L L PAI OVE (1 ,V O, Y ,NPU ,1)
IC YCLE :.IRUE.
IF(.NUT . TXU) GO TO 9068 

-

Ce
Ca R E S T O R E  ON I T E R A T I O N
C.

U0:USVO 
- - p

T HO = T I-I S V O
GO 10 9966

C.
Ca IF UI-~S T R M : F ,  S E T  5M (NM ) PSID 0( 1W C O N F I N E D  M I X E R
C a NO MESH POINTS ~ ILL BE AD DEO AFT E R  TH IS POIS-IT
C’

80 IF (M IX •AND . (.NUT . UPSTRM )) SM(NM):PSIO
“ Ca
Ca MOVE C ( l~. N S I P E A M  C O — O R D I N A T E S  TO U P S T R E A M  T A B L E
C’

- 
C’

CA L L  M~~V E ( I , S M ,S M I , N U ,I) 
-

IC YCL E : ~ F A L SE
~C.C a Tv ~O— JET LOGIC TOT T E S T  FOR INTE RA C T I O N  OF IN’ -l0~R AN I ) O U TER JETS 

—‘
C’ 

- -

IF ( (.NOT . TriO) .0W . (.NU1. MERI,F ) .0W . ME RSTO ) GO) TI) 7T6

C’
C’ JOTS HAV E MERGED

~C. T R UE. _ - - -- - - - - - - — — - - - _ -— —  — - - - -  _ - - -

X M P G:X M E R G E
GO TO 102

C a
I C *

C. TEST FOP T)ISA P P€ A R A N C E  OF SUPERSONIC CURE IF JET IS SL IPFR SO N IC

N’ -- 

-
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776  11 (SU8SON) GO TO 777
- —  

T C L : T J ~~T’T’-.O(t) 
- - _

~CL :v J E T * i  I I I )
ILL )

I F (vCL. i;F .vSI l’,C ) GIJ TI) 777
C.
c’ SI~-~~~~ ‘SONIC r~l)PO ~IA S JuST DIS APP EARED

C’ 
- - - -  —-

Si PC :~ T R U E .

S L P S T P: . T RU E .
C’
C a  F L A C ,  NUri SUI~S (INtC JET
C .

5- - - -  - 
S L1USCINZ .T W UE.  

- - -  -  - -

~SuP:X
GO TO 102

C.
C. — - - — —

C’ •‘ S E 0 0 0 N C E  OF T E S T S  FOR D I S A P P E A R A N C E  [JF THE
- 
C ’ •‘ P U T I N T I A L  C~ — ”L (JR THE LAST 5TE~ 

- -

777 IF (LAST) (,CI TO 220 
-

I~~(UD(2) .EI J . DON)) GO TO 310
IF (CURST P) GO TO 310

C a
C’ COPE HA S JUST DISAPPEAR ED  

- -

C’
I I I R E .T W U E .  

-
l o t  C (IRSTP :.IPUE .

NPEG :2

~LC:X
X C CO PE,: X

IC? CALL X -SI ZE(D1, X , PEFL, NREG ,LAST )
GO TO 500

Ca -

C’
C a  TEST FUR DISAPPEAR ANCE OF COPE
C’

— - - 
220 L A~~t= ~~~~LSO ~~~~~ 

- - 
~~~~~~~ 

5-

IF( (UT) (2).fO .UDC3) ) .OR . CORSIP ) GO TO 500
C’
C. CI IR E H A S  JUST D I SA P P EA R E D— S E T  CORSTP T
Ca

GO TO 10 1 
— 

C’
- 
C’ TEST FOP NO. UP MESH POINTS .GT .IJM
Ca

31 0 I F ( N P D .C.T. N~~A X )  CALL I.’SO C & JT (NREG,S9 ,NPD)
[ C l

- C a  A OJ lJ5T ’~-STE P ST Z  5- - 5 -  - -  — — - - - -

I C’
320 CA LL X S IZF (OX ,~~.REFL, NPEG,LA ST )

IF (ER P ) GO) TI) 500
C a 

—

CA L L  1OVE (3,Ur),UII.NMI,I,00, 00,N M I , l , IHO, THL I ,NM I,I )

F NPU NM I

- - -— - -
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IF .NOT .DIFF GO TO 8
- - 

CI) 7700 LL :I,NC 
- _  - - -   - _ — -

,
CALL MOV E (I, A L X (1,LL ), A L X O (I,LL ),NM I, I)

7700 CONTINUE
GO 10 8

- C .

C’ ERROR RETURN

- C’
999 ER P= .TRjE.

- Ca
500 CONT INUE

NPU :NMI 
_ _ -

1000 C A L L  MOVE (U.IID,UU,NM I ,1, ED,EO ,NM I . I, THD,T t-411 ,NM I . l ,
a S~’I,PSI, N M l , 1 )
IF (.NOT .DI F F )  GO TO 7740
DO 7730 LL :i,NC 

- -

CALL MQVE (j, A LX( I,LL), A LX U (1,L L) ,NM I ,I ) 
- -

7730 CONTINUE
77i~0 ASSIGN 1001 1’U LGOP

00 10 10
C’
1001 I0(F’M (IO). Nl. 0.) CALL TAB PRT( NA M(3 ),XLN, NPD,10 ,O)

RE TURN
- 

END 
- - - _ - _ - - —

5-5- ‘ 

—— - - - _ - - --— — 5-~~~~~~~~ - _ — - - - - - - — —— - —-- -- - -- - - - -- - -- 
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OEC ~ JTUUTS
SUO ~~~( I UT I N E  JTU OJ T S

CJ TO UT S Su~’~~.W~ PR IN T (IF J E T  PR O PE RT IES
L I I G I C A L  f UF  , E R R
LI 1’ ICA L  T A P I U . T A P ( I T
LL U I C A L  A X I  • C M P R S  , O JE T , 1U~ E4J , COPE
Lt I ,I (A L  E N U J U h , 0 0 ’ D J .’.
I N T E G E R  X P H N I ( l o o )
F I I I I V A L E N C E  (~~ ‘—R N, X P W N 1 )
I I , T E U E W P L O T
R E A L  “IJE T ,
C (1~~~~ f lN / 4 D A M O ? /  E NI)JOt, , DU~~O 2 C 3)
C(JMMI)N / O I FE Id /

* NC C N A M L ( e , ) , A L J ( I -~ ) , ALJ (I(b) , A LE,(~~ ) ,
T C P~~I- (I,) , I’PCPRT-(6) , C P C ( 3 ,~~)  — —CO~~’-O~ /DICT~~L/ OlFv • CNDt)0 )

L (Ir,IC A L 01FF
CU~~ ”~1I *I /~~(IL0S/ AL X (200,b)
Ci~~~

.’( IN/  PC ~-
- (

~:L / A L ~ DO E (b) , ALl ) (8)
C I I ” ” O N / J E  T T v - U /  -

a T~~U , DI~~O , MJ~~T(J • IJETO , VJE TO
PI JE TO , T I J E T O  , NJO   

- -

O ’EA L M JE TC ),’A CH O
CU’,’MC,N /ACO/ 00. FO , ‘THO 

-   — - _ _ -

Cf I ’-~~ CIN /~ TRL?/ ______

• F 0C.E I • S~ I , ~ E ROE , X~’E RO E , YM ERGE,
S L I I P E I  , SL IO - ~ f 0 • C IPTI , C E P T O

C C I~~Y UN / ‘~ E~ ’c , ~~T/  M E H , 4’-
~~R 5T p  , ~ MP~ 

- -  -5— -—

L O G I C A L  T.-.fl, “~ R1.f • , M~~W sTP
CO~~MlIN / I I I I - I L E /  T A P I N , T A P O T
C 1 ’ - ’RvN / PA ,- ,A M /

—— 
‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• PT D ( 2 0 0 ) , U U C C ? 0 0 ) , D U M P 9 C � O 9 )

C’
C’’’’’’ IN~~u1 COMMON

C’
COMMON /IN PJET / 

_____—- 
• D IAJ ; ‘~J FT - - , T J F T  7 PTJ E~~~~~~~~~~~VJE~T ~~~~~~~~~~~~~~~~~~~~~~~ 

5-

T I J E T
PE , VE ME , TIE , Y E -

L X I , NJ • NM j
WOO) , *0RI i(~~~~ O) , -— -

~~~~~~~~~
— —

GA M , ~ G , PR , PRT •
* S c - , TREF - 

, 
— — -5 -—- - - - - - - — — - - - - —- — — ——- - —  1

C a
‘ C’.’’’’ CC-NTR O I . COMM ON -

C.
Cl iMM IlS /CTPL/
5.1 4 CMPI~S • O JE T , TURSJ , COEF (!u)

a PiPl i  • ‘,PD - 
, ~~~~~~~ XL ) “~ Y00 7 - - - - —

a OST(’k(800)r c .
C’.*’’. PPIIF ILE C (IMM1ON
C’ 

_ —-— - -

CC I ’~M(IN /PRIJF / PSI (200) ,Y(200) .110(200) ,1~~D(2D0) .00(200)

- 

-
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C e a a a a *  C O N S T A N T  A N D  E R R O R  COMMON
- C a — ‘ —

COMMON /C NERR / B ITS , EPR • OC . O CJ , FO OT
- 

C’
(‘‘a’.’ B O U N D A R Y  CU O -OI T ION COMMON
C’

CoMM ON /BC/ UEDGF • LEDGE , THIDGE
— -

C’’a’a’ POTE’4 T IAL CORE COMMON
‘C a

COMMON /CORED/ XCORE , CORE , COPSTP

C.’.a.’  S C A L E R  ( U N I T S  C O O -  ER S ION ) COMMON_
C. 

- 5 - - - - ‘ — — — — _ — - — —— - — - - — —

COM MON /SCA LEP / 5P , SV , SLE N

C’’a .ea JET ORUPERT IES COMMON
Ca

COMMON /JET/
a 8 ( 1 0 0 )  , DCC l O O T  , TC(lO0 ) , TIC(100) ‘ 

—

a PTC ()OO) • r.J (100) , Y J ( I 0 0 )
Y~~0NIC(Ioo)

— 
CUMF ’ON /JETI / FL U v J ,T T Q , NX , EJ f T
COMMON /JfT ?/ ITC ( !00)
COMMO N / A O A M O I /

-— -—--5--a NAHF (N), A DDRES( b ),T ITL 0~(6),IDENT (6)
CO MMON /MISC/ PN (lO) , PLOT

C’
COM~’ON /M IXEW / MI X ,WD (IOO ), Xp (IO0),CF,YR (I00)
LOGICAL M IX

______ 
CO MMON /FLCOBAL/ M A X I T ,SUPB.~~IT . PSTD, YOD , YDC ,

a P1 ,P2,UCL, TOL,U,’5T’~’-~, C v G
LOGICAL SuPB,CVG,(IPST WM
COMMO N , /ACUNVI, / YCU (I00), PD (IOO ),INDC (l0O), CHOKE . CHOKED 

- - -

LOGICAL CHOKE, CH (IKED
- 

C ( I ’ -”(N /D F IT /  CLSP( IOo)

—— _ CUMMON / S T A 2 /  MA C H,’,T 5 2 , S S 2 , v 2 , WH~~2 , D P D X ?
REAL MAC H2 

-

C I f l IM OIN /r,C IA 2 / GRAO U, T 6 , M UA, U4 I r i .- ,PTE,T TE
R E A L  •AU~
C(I MMI1N / T H F P M /  G~’C (?00),CP(200)
C o MM O N , M 1 X P ~~P/ O.’ A 2 ( 1 0 1 4 ) , v E 2 ( I O O ) , 1 1 2 ( I O Q ) ,  T - -, C ( I 0 O )
P E A L  M A 2
C I I ~~ M flN / T H R S ) /  ( ‘ V ( I O O )
C1 i ’~~” I N  / C~~ IID Y /  ‘yC ~

.( 100),CLSp CP (I0O) ,YCRt , OCL I

C t J M t . lN  /Uu1~’IX/ ~ x i I k I l.
COI M(1N /JE 13/ S T A I ~0. NV , STA T F
LUC .IC AL STA DO , ST A T F

I C.
D I ” F N S I IJ N  11(200) 

— - 

~~~~

‘5 — - - -

D IW F N S T O N L F I ( 3 )
D IM F OS IO N  H E AD I (? ,f l ,  F O R MI C? )

€ Q U IV A L F ’-,(.F (Tj ( I) ,DSTOW ( I ))
E Q U I V A L E N C E  (IM IX , ‘- j~~)

L D A T A  ~~~~~~~~~~~~~~~~~~~~~~~ I’ -~ ,e-,.I(H ()$FO/

L... - D A T A  MC 41)1, ~‘ F ~ J , ~‘H0 T , v~HC IJNO I’ - ,  hHEU JO 1/
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D A T A  ENDJn/F/ “1
C’

I IF (PLOT .GT . 0 .0W . T AP III ) C A L L  JTFILE (2,00M)

~“ IX :
I I- ( M IX ) IcMIX:2

- 00 I’
8 F l , , ’~ I (L) :MFADI(L , KM I X )

0 1 1  7 L:I, r,~~TA 
— -  - - - — — - - - - - -

IF C I NOC (L).~ .- .0) !NIIC(L): L~ 1 (1)
IF C I ‘- DC CL ) • E- .i • I) I \DC CL ) :LF I (2)
I~ C !~~CCC L ).EI.I.2) I’ ,DC (L):LFl (3)

7 C lI N T j’iIJ O
U “0 = • ‘-, .i1 j  A ,J

C A L L  F’A P~~ C ( 1,  TERMI) , YCb , V C B ,NXO R IO )
•~,kI 1E (r,.IO0)

N I  I I’- E S : N X T A
I F r - L I N F S . G T .SD ) NLINES :SO

- - -  
NL:NL INES 

- - - -   -

2 r P I T L ( ~, , I l O) F O R M l , NA M E , 1 D E N T
3 ~W fl~ (b,t~’0)

NE NO :NL

A SSI NS 10 TO LGO 
- - - —- 

S DO 5002 L:~IS T~~RT ,NEN D 
-- - — —  - -  — -

IF ( V SONI C (L) .Ei~ .i1ITS ) GO TI) 5000
— 

•~- I T E  (6,200) L, *CL ),~~CL ),~~J (L),UC(L ), TC (U,TjC (L), PTC (L ), 
- 

-

* TTC( L ),Y 5 (IN JC(L ), r.J (L)
— 

C-fl TO 5002 
- - - _ - -

5000 “‘~IT 1 ( b , ? I~~I)  L, X(L), I-i (L), YJ (L),UC (L),TC (L), T I C C L ),PTC (L ),
* ITC (L),4’,J (L ) 

- -

5002 CON T IN UE
- - - 

Cu 10 LO l l ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C’

- 
C’’’ CHEC K Fi -)-~ A U D I T  IOI A L LINES 

— - - _ -

C’
10 IF (’.IIA .LE,SO ) 03 tO 20

NST A l -  T:NF 50.1
iF r ,C-;N X T A
R I T F  (6,100)

~.-‘I T E (t,,120)  
-

XS S IGN 20 Ti ) LGO
C.

GO TO S
‘C’ 

- _ - -  — -5- 5--— - — - — 5 --

Ca IF C (IP .F INFO JET C A SE, PRINT CoN FiNE D JET OU TPUT
C’

20 I F C . N OT . “ I x )  GO TO 2 !
,- i.IT1 (6, 100)
N I A l~~ f :

-- - - —  — - — - — - — -  - — - - - -

• I F  C ’  L I ’ J E S . l-’I .S O )  NLINES :5O

N C I ~~ S 
—

22 v R I T F C ~~, I I 0 ) FI .R ’.I, N A M E , I D F N T
— 2 3  ,, U I T ~ C b ,I~~O) 

—

N O
A S S i G N  ~~ T i O  LI. ) — - - _ - - - - -
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25 ~
.
~1T E( M , 2 f l 0 O )  (L, xD (L), l- r~(1), vCo (L), v~~o) ),y C r t o , ,

‘ ~ (~ ) • I I[~~ ( C ) .  ~- v C L ) .  ‘ A ~~ C L ), F2 (L ), IF? IL ). L N S  IA-. I ,‘~E 00)
CII TO L o l l  (3 0 ,21 )

C’
3) 1F (’.~~.LE . 50 ) 00 10 71

N S T A — T : N E N U + I
-~ NL~~N V

‘- “ 1  I~ ( ‘ .  1 0 0 )
v.’-ITE (6, I- iO )
A SN IL. 0 2! TO LGO
5~~ I TO 25

C’
?I 10 (.NOT . E N C IJ ,~~) RETU R N

C’
(,..,ea .,e,.,,a ,,.a a .*,,a ,a , F O R M A T  S T A T L M E P J T S  * * . . , .* • * . * . .• a e * * *
Ca

100 0ll’~ -’AT (IM I)
1 1 0  F O R M A T  ( 3 9 Y , 4 7 H *  J F T A N A L Y S 1 S P l- U 0 P A ~ * / /

* iiPx , 2 , , ’IX IN C //~~~X ,i-,A l O / 3 0 x ,.~A I O f / )
- 

120 0- ~~~A T( 3M x ,SIH * SU~~
P
~Al . Y — S T A T  I 1 j~ 

I )A T A 
-

— J~~T UP~~- E l - I  jES ~ 
- - - -

a /  / , • 1 MN • 1 0 X , I H * . I ~, * . I Hh , I I * . ?H ~ J , • 2 i I I c  •
* I?* ,?HTC, I l X , 3 H T I C ,  7% , 3 T C , ~~ A ,3~- T T C , 5 1 ,h 4 4 Y S Ij ’-, ] C , h 4 ,?4 I nJ / / )

200 Fl,i ~”A 1 (3x ,I 9, 0)11 ,5,0 13 . 5,0 I11 .5.F15 . i, F 1 4 .7 , E I 5 ,b,
‘ QPF9~~b ,3 F 10. 6)

201 F t ’~”A T ( 3 X , 13 , 0 1 1 1 .5,FI3.5, F 114 .5.FI5 .7, F I u .7.FIS .6,
- 

* -9 .t..0 1 0 . h , 1 O x ,F 10.6) 
- - - —

111 0 FI i~P~oA T ( u x ,1HN ,bx ,?MxD, Mx, 2 k PD ,7x , 3H Y CM ,HX ,?HYr ’ ,9X,3MVCO,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3HiE2,
‘ Mx . ‘,MTE,?//)

2000 Fu I,MA T (3X ,13,3F IQ . 4,2FI2 .7,F9 .~~, IX ,A o , F t 1  •3, 17 .4,F9 .3 , F B .2)
C’

~c. — — - —- - - -— - -  --5- -- - 5 - - -- - —  - -_— - - _ — -- —- - - -5- -  - - —
~~~~~~~

-— - -  —-5-  --

C *a ,,a a a . . ..a.a , .aaaa a. a aa., *a JTOUTP E N T R Y  a ,aa . . ,* * .,a * ,* ,** *** * *

C’
C’ l-O~~i I I -  ILE PR I NTOUT

C’
E N T R y  JTO UTP

IF (M jx) Pr:P2

C’
Ca

50 N ST L -:NX —

SI X 5TA :% (NX)

C’ CI~~.* FR I T1J~~’ L E N C E  E N E l -GI ES TO I N T E N S I T I E S

52 C I ~~~I = S Q R T  ( ? , ‘ I- C J a E J E T / 3 . ) / V J E T
0(1 59 ~~~~~~~~

~~3 TI (L):CI)~II*S IiP T (ED(L ))

C ’
C a  CU’~ - U T F  4 001  T I O N A L  D I M F I~S IoIN L E SS A ND DI~~E O S I I INA L PRO E  ILES

‘ Ca
)JCI :I . /liC (NX )
T ’ .-T 1. / (TTO—1 ’ E)
P1p1 1, /(PTJ E T— P t - )
C A LL F ~‘ P y (  (I. IJI 1, TM D, T ,N~~O) 

- - 

j
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C ALL f A ~~C P(T, GM C ,CP ,PG ,I,NPD ) 1
‘~~ bO O C:! ,NPi) 

--

U (L ):-.JET .UD (L)
j
~ (.‘- I I . C~’ -1

~S) GO TCI M UO -

• / ( • ,A ~ ’ — I • )

- 
C,—J :( P (L) 

- -

(,CJl :1 • / ( I , C J . C P J )
T O O ) IL ):TCL ) • .k*U ( L ) * L I( L  ) .GC JC -. E J E T  ~C 0 (L) ‘LPJ

P T i T (L ):U * (I. .*~~4C . (L)**?/ (,~.R )**G ’~M 
-

IT ) LI: (T ~ I C C )  If ) ‘ 0 M~
)
~~

I ( L ) ~~ ( p T O I(L) .~~f ) .~~T P T  ---5-- - - -

600 C(~~ T I  NIjf
I’ (.’-i •T . C’-”’-’S ) CAL L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• i -T OT ,‘1 i-’D, TTD, lNPfl ,PTD , NPD) 
4

L F (  •U~~~it(0 x ) . 0E,O •A N Q .  TAR OT ) -
* C .~LL J I~~ILE (1, * 5 T A )

~ ( 
# 4— l’O) ( O x )  .LI • 0)  GO T O 1 1 1 1

55 ~~~ TO (I-’ . 3 1 0 )
‘IS 1~~~l~~T r I

NC I 0~ Sz - i i~) 
-

I F (’ I I’j E S . I ,T .S O )  O L I N E S SO

~L ~ ‘- L I iL S 
- - - -

56 -,~~IT E  (r’, S l O ) P-JSTA ,X S T A ,PK
- -

A S S II ,1 4 ~~
- - 113 LOU t

51 .- ‘~ I T )  (8. 3?0 ) (L • CL). P 51 (L ), UD (L ) , T~’0 C L )  • TI (C) • T T0 (L ) .PTU(L )
* • ‘-~~C 4-I(L) ,u (L) ,T (L), TOIl (C) ,P T - T C L )  ,L ’. S T  A~~T .50 ND) 

GO I~ Li ( i !  , (~~~~~,‘~~i)) 
- - — - - — 5-5 --

C’
C’ Ci-~EC r f I R  ~DDI 1I LVi A L PR IN T L IN E S -

p~ ) F  (~~i-b ,LE. 50) 60 TO RQ
.‘- “ - Tl’ (4~, l 0 0 )
l - I T E  (o,91C) ‘.014 ,1 1 T A ,PK 

- - -_  — -  - -

IF (N’- ’- ’i .I,T .SO ) 1,0 TO 85
N It - — I : i 4 ‘ . 0’ + I
‘I  •T :’- ’I~ l I I(5lj ,’i~~”N) 

-
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I I I ?  .‘~~ I I L  I b ,  3 1 ! ) O S T  A , x S T  A , PK , C N A ’ - f
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A~iS I1.~, 1 12 0 10 L(, 1fl
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1120 IF(N PII .LC .50) 001 0  111 1
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‘DE C K MS H CUT-— S L l - ’- l~~U T I N E  V 5 , 1C 1 I T ( 0,~ i G , y P- ~,N p(I)  — -

CMSMCUI MESH -C F I’ , r - F N T  RU ,~ TINE
LU (,ICAL MCH AC * G
C I -~~~M0N / P RQ F  /

a L i C ’ ( L J 0 O ) . U 0 ’ ( 2 0 0 ) , T H D ( 2 0 0 ) , E 0 ( ? O 0 )
CO”~’I ’. /UMES*,/ M 0 1411,, C , ,DY I , 5I Sp1 , CX PC ,C *Tl-’ ,N R ED I

C 1 I ~ MUN i~~ISC / PM(IO ) -
C a a ,  a *aa
Ca -

C 11UM ( N / C T l - L 2 /  D L I’2 1 1 (? ) ,  MERGE D U M ? b ( b )
C II’~’1- ’, /HCO/ 00, ED, TOl D -
COMMON / J F . T T ~~ L 1/  Thu. DUM’,5(7) 

— — -  - 
-

L O G I C A L  TnO, M E R GE
- C’

COMM ON /M 1*ER / MII ,RD(100 ),xD(100 ),CF,VR( lOQ) 
-

LOGICAL M I X
C 1 IO- ~~11ri / F L O BA L /  M A X 1 T ,SUP,3 ,NI I , ’-’SID, YDD .Y DC,

PI, I-’2,UCL,TUL ,O IPSTRM ,CvG 
— — - — 

-

L(1, 1C A L  SUPb,CVC, ,U PSTl-M
Cl /Mrs /CNERR / B ITS, Ef’k ,GC ,GCJ, FOO T

- -  
L (ll. ICA L ERR
CO MM O N /ACONV G / YCDCIOO) ,PD (100),INDC (l00), CHO KE, CHO KE D
LOGIC AL CHOKE, CHOK E D
C OMV C IN /0I- IT / CLSP (I00)
CIIP” MDN /STA2/ MAC ~~2, IS?, SS?, V2 ,R HII?,DPOX2
R FA L  MAC PI 2
COMM ON /MCM IX 2/ GWA OU ,T~~,MUn,RH I3 .~,PT E, TTE
R E A L  M iJ~
COMMON /ChClUY/ YCI4(100 ),CLSPCB (100 ),YCBI , uCL 1

C’
C a a a a ,a ’ * C a  ‘I

D I M E N S I O N  IM P ( IO )
fQU1~~A L EN C E (IRP (l), PMW) 

-— -— _ - - -

DIM E NSION YM( I)
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_ - -

C a REDUCE NO. OF POINTS IN DO.’.NSTPFA M MESH BY NREO 
_____
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- -~— - 
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-
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- -- -
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C’ I
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-  _ - -

C’ -
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IF ( ’iI )T . T~iU ) G0 TO 6312 I
TISTL :IJ0— I.E .b 
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I F C U D U . I;F .TFSTL .~~‘-D. OO (L).LE .TfS1Ol ) OD (L):U0 1
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- _ — -— - --

6312 10 (.507. W~~p.,45() CC) 7(1 166
011 111 L:c’,NPO
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— - - 1
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- 
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— — 
I
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I~ CONT INUE 

- _ -

1 67 L*:L
1 66 L K I L $— )
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- 
DY :(YE_ YM (LKl))/FU)AT(NP0~~LK l~ ~~~

— - - — -— 5 - —  
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-— - — -
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C’ 

- -
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C’
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-
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-- — —
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- 00 30 L:2,NPD 
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-
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PAOI D -
5Ll~l - I U T I5L  PAO(j (~~M ,Ni D , W~~G )  - —

C R400 AD U l T  1 1 0  ((0 I-fSH POIN TS AT J E T EDGE
L I - l.IC AL “CI-~A N1,
1 - 5 1 0 1, 0 W  w EG
L0-’ -’(-~’ /I ’ES M/ M C O iAOG, C K, D YI, 5 i ~SH , C * P C , C X T P ,NWL D
COY~~,N/ I’,PJ Fl , Oo ’ I (I?), NJ , OUMK (?0M)
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—
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‘DEC 11 Q IR IM
-~~~~ — 

SU l’~’ I J iJ T 1 N 0  O I I . C - ’ (x ,Y , xJP ~ ~v ) 
- -  - -  - - - — -  

30
.OIR EM_ OU A O R A T I C  i . T F k - ’1 L A I I l ’  0.11)11 E V ~A L 1 J-A T I 1iN “O I*~L M” 15
C FOR F u N C r l L ’ * S ~ j I~ MA ~~ l.~~jMS 20

L - 
DIM E NSION Dy (S) 95

DATA  K N A M E/ 6 H Q I R E M  I____ 5- ---- - - -   -- 5--- -  -

I C I N P U T —  ‘45
r c x = A B S C I S S A  So
C ‘V : OHDIi’~A T E  OR ERROR) 55

XJP 2 *~~JlJV I) TO HE IA K O N  b E F O RE P m T / M A x  IS SH A - -,oEfl , THE SIGS I 60

I C  A POSITI VE ERROR 65 -
C Qv = S I O RA G E  F I I ~ 4I 5HT F L F ” C - ’,T DIRE V E C T O R  7 0
C OV (1) = C IM :Ø~ (FIRST E N T R Y  ON LY) 75

- 
C 

- 
‘VIOL : T O L E P A ’ C E  014 T i-i L E RPI IR 

- so
C ‘VII = O R D I N A T E  II) RE 0-I T 41 ,EI ) (O PTIONAL) 105
C 

- 
DYOX E S T I M A T E  (iF SLOPE 1-U P 2511 G JF SS ((1PTIDNAL ) 90

C CTPMAX:_ M A X I M UM  50. 00 IT E~~~ T I flO S (:?5 IF 01(1 SPE C I I -  I F - U )  95
100

C OuTPUT . 105
- 

X 
- 
: NEXT * ESTI M A TE 

- - - - _ 
110

C QV( I ) = 0• IF YTOL H A S b E E N  SAT ISFIED 115
QV(S) : 0. IF MA %  PT HAS b E E N  01)000’ , IITHIN ‘V IO L .   1?0

C 
______  

AN U A B S ( E ) . 1,T.Y T Q L . 125________ - - — — 1 9 0
C NOTE S —  135
C C - 

: THIR D C00 0 0 T C IE N T  IN THE E Q U A T I O N —  Y : A + P * X , C a X ’ a 2   1’4 0
c = 012 15 U IRE NOIATII) N 105
C NI 2 E X I T  VA L U E  OF OVCS ), 51:11 IF IS T i--i C P R E C I C T E D  M A X  PT, ISO
C________ Nl:,S (—S) II- X iS JO ST I I’) TH E L E O T ( P I C ,l-, T ) If T i-I L W R C V I I i U S L  IS’,

~W E0I C  TE D M A X  PT, NI :~~~IF 
- 

* IS T H E S E C I IO L ~ 0 CI rISE TLI T r I E  lb 
C O THEk ~~iSE N l :N . l bS- 
C = ENI’ 4v V A L U E  OF (JV(5) 

- - — 110
C SG~ = SIGN OF 0’ IF A IIS (M ):5 1/5

SO YDX : SIGN OF T I-i t SLOP E II I -  THE CURVE 1~~0
C *3 2 JUMP TO liE T Ai - fr i- F R I ’  L A S T  X

*3% : AMSII L UTE V A L U E  1 1 *  M A I I . I I M J(I’ -’P A H S ( ~~JP) — 
I00

C X I.’ DIST A NCE F R I ~~~~ C C r ~ T1.~~L PT TO MAx/’ .’I I-, Of PA~~i 1l I I I L A , :*M 4*_ *1 ( IQ 5
NC 

- IJR : DISTA NCE O M I - ’  C F ’- I T P A L  RI 10 ThE I I I I T ,  : * R I ) I - T — X x ( 2 )  200
C X j  : IN P UT (u~ L A S T )  I V A L U E  205_ 

210

_____ 
COMMON /C Q IRE’~/ v T r I l ,y l ,(-y ,,C T R M A X  215
CUMMI) N / E R A S E  / I - I I T , C , 1 %  v ,F , T , I t , 1 - J , I S P A - J ,’I,f,,. DIC1I~,51vIl x ,5SC’., 

- -

I 1- p , X l , A iS ,  • l O P , I 3, X J A ~ K” , 01( 3) ,  ‘V ( 4 ) •  ~ 1 (10 ) 225
DI MENSION X x ( 4 ) , V Y C U )  790
E M U IV A L F ’*CE (CTR ,i~l~I (l )), ( O I , , I N r ) .U V I ( 5 ) ) ,  235

I C * • ( ~I 1 (2)) , CT Y , I~ V 1 (6)) 
— 2’4 I

C ! N 1 T i A t t / T h G~~~~lD - 
PPFL I~~? ’ x A w y  C H E C K I N G  — - 5- - - 

25) 
I

L 1 0 ( ( T W H A % . E G .0 . )  C T R O I A I : ? ’,. 255

[ 

0(’ so 1:1. 4 260
30 UV I (I): CI V I l) 265

NI = IF lx (QVI(5) ) — — -

= Y— Y I J  
- _ 

2 / 0

- 

- - _ -
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IF(CTR .F’(.fl .) M:O d’~O
$0” 2 1 .  

- - - — — - - 255 -

I0(” .GE .O ) GO TO 6 290
I.’ 2 5 2’~S
SG M = — I .  300

Sb N = M 1N0 (M ,3 ) 305
C SOvI’ . : SII, l4 ( I., — X J P)  

- - - - ~io -
C (A I T F h N ~~TE CALC II -  C I R C U M V E N T  COM P ILE R ERROR) 

- 
3 15

IF (x JP ., 11 1, 112,112 3/0
- 

~4 I S D D Z = 1. 325 -

1,- ) TO 443
‘42 SDYDX = — 1 .  - 

135
uS X J A  : AP S(X JP) 3140 -

XI 2 *  
— - -  - -

I1- (~~— 5 ) 1 1 4, 1 1 5,4 6  
- 

350
44 4 4  1~ CA FI S (E).LL .VTO I I GO TO 800 35’,

IF(’ .ED .11 ,ANO . A i~S (E_ YY(2 )) .Lf _ YT (IL ) GO TO 700 3o0 I

IF( C TR .GF .C T ’4’AA X ) GO To 030
GO TO 50 370

~4b M : 3 3 7 ~)4S XI3 P = X X ( 3 ) 1 X ( I )  380 
3M 5

C DEIF -“1 SF INDEX FOR INSERTING C U R R E N T  X , E  I N T O  X X , Y ’ V  TA’i L E ~i-lI C H IS 3V0
C I) PNL .~E D  ,C L UO4 D I N U 10 X~ 

— - 
395

SO IN = I 4 00
- 

GO TO ~ O  ao5
60 I F(XX (T N ) . C,T.X l ) GO TO 70 410

TN = (N.! ‘415
I F C I N .LE. N) 6(1 TO 60 

- 
142 0

GO T O 9O 
- - 

44 25
1430

C IX E L.OCATE IN PR L PA P A I I O F - .  FOR IN SE PTIsO x ,E -

10 II N .I 4-4 0
80 ** (II): X * ( I I— l )  441 ’,

YY (II): ‘vv(I I—l ) 1150
II = Il—I  4155
IF (II . NE .IN) GO TO 80 1480 -

- —  

485

- C I N S E RT  NEW ’ POINT 1470
90 N = N+I

*X (JN ) X I 14’~Or YY( JN ) E 4185

4490

C 
- - 

L O C A T E  T N T E ’ 4V A L  ..I-IICH SPA NS POOT  
— 44~~5

I S P A N  : 0 500
1 0(5 .00 ,1 ) GO TO 200 505
DO lI D  I :2.N 5 10
I F( S D Y D X a Y Y ( I ) . 0 ’ T .O . •415’ • S P Y O X * Y Y ( I — 1 ) _ LT .O .) ISPAN :1 515

1 1 0  CO N T INuE 520
- -

I C REDUCE x X ,Y ’ V  T A k L E  TO T H R E E  P O I N T S  530
I~~C ’J .LF.3) 611 T O 200
IF (1SPA II .EQ .0) 1,0 TO 114 0 ~ ‘i0

C (ROOT HA S PflEN SPANNED) 
- - - 

544 -a
122 IF ( 1 SP A N .E~~ .

i - )  1 ,Ir I f )  ISO 550

[ 

IFuSpA I- I.l Ii ? )  I~- --  II I 175 ‘S - -

1002

0



1F (A R S( YY CI )) . GT . A’4 S (x ’V C 1 4 ) ) )  GO 10 150 560
- -  - - GET T O 175 - - - — 5e~S

57 0
(4)-I T HAS 5(11 0301 ‘~ SP AN NED) 515

144 0 I ~ (15 • LE • 2 )  , Ir T O 175 5030
5105

‘ C D E L E T E  F I R S T  PO INT  
- - - -    

5440

ISO 00 180 1:1,5 595

‘ ‘( 1) * 1 ( 1 , 1)  03 00
160 i’x (J ) : 01(1 .1) 805 

-

IS I -AN IS P A N — l  810
- 

C 
— D F L F  It 01 )1 14TH POIN T 

— —  o !S
17 5  N N— I  

- -  —- -  
03 20
625

C S I M P L E  x _ J U M P  PREDICTION  630
200 Ni  I N 695

I F (I S P A N .I,T .O •flP~ OY D* ,5F.0 .) GO TO 205 - —  
640

C *J  : 5(~~~~- .. ( (I ( 5 ( XJ A ,~~L ~ 645
C (~~L T L ~~o A 1 F  C A L C  T O C I W C ( I ~~i r E N T  C O M P I L E R  ER ROR ) 

____ 
650

= ~J’~ 655
I~ ( F - . L T .O . )  1J .XJ  

- 
0360

GO TO 900 
_ 

665
670

C C U R V E  ~ T 1  PR EDI CTI 1 JNS 
_ 

6 7 ’,
205 lF ( N—? ) 210,220 .500 

- ______ 
0380
6105 -

C ON E P O I N T  PREI) ICT IUN RA S E D  ON IN PUT VALUE OF DX D ’V 690
210 X J  : — 1/ 0 0 0 *  039’ ,

GO TO q
~ o 7 0 0_  

705
C I~~IJ PO INT  S ’ T k A i ( , i-I T L INE P R E D I C T I O N  

_________ 
7 10

22 0  1 4 1 1 1  : Y ’ V ( 2 ) - ’ V Y C I )  7~ 5 -

10 (b (’T .Ei~.D. ) GO TO 230 720
= ( X X ( 2 ) — x X ( I ) ) / B O T  — — -  — - -  

725
IF (c -,1- Y. S I)V D * .GT. I).) 6(1 TO 2410 730

C (C’,’vF SL I(I’E IS 9I ) ’J I ,  — MOV E TI)~~A PQ “AK !MI J M PO I N T )  7 3 5
230 X J  = 9. ’ S O Y D * . X J A  

________ 
7 14 0

~

G(i TO 44 00 
_______ 

7~~S
C ( C U RV E  SL OPE IS C O R R E C T )  760

2410 X j  = — t aI )XOY - - ——   -— - 
756

GO 10 4400 180
- —— 765

C P A R A M I I L I C  C O ’~~ E F I T  P R E D I C T I O N  770
5-
300 0 g ( I )  : xx (i ) — x x ( 2 )  - -- -- -5-—5-- —- --— - —-—--— — - - —  — 775 -

04 (3) = K * ( 9 ) - .X.(?) 7 100
U i - C l )  v v ( I ) — Y Y ( ? )

= x Y ( 3 ) — ’ V f ( ? )  744 0
bUT = D% (1)’DY(9) — OX (3)aO y (I ) — — -  7445
I F ( A H S ( - ” 1 T ) . L T . 1 . l . ’ t 2 )  60 1(1 6(5 0 1000

= O x ( 1 ) * I ~ ,( I) ,D’Y(9) — Ox (3)aDx (3)’Dy (tY -- - — 

X M  = • S ’ T U P / O I ( I T 10 1 0
X l i  : Xx(% ) 14 X (I )  

- - 1015
If (A RS (XM ).GT .A 14 S(I. E3*~~I3 )) GO 00 600 0320

C 1 4 0 1 / ( O K C I ) ’ O X ( S ) I X I 5 )  
_ — — - 

825
R A DIC I : X M a * M  — ~ v ( 2 ) / C 1 0 3 0
IF (PA 0ICL .LE .0 .) (.04 III Sti j
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~~~ = STG N (I .,SO YOX ~~C) ~i~40
2 X~ ” • 5,.’..S- .’-T (14A O ICL ) 

—- -— 
6-4 5

GO TO 10440 $50
C (IYA , .I ’ 4,t I~

y ‘- .0 -T i - hE N CE ~- F A4( LO hI ~~IN (, FOIl 1i ’E Y A I I - ’u - ’ ~‘ 1 1 N T ,  855
P
~ 

IN  IC T “A *  PT  IF “: 5, Sf C~ C T  P 0 5  ~1~4 I.E F T/ R I Gi’ I SI I~~- fl1- $-‘~~ C V I  OUSt hhIl -

PV E ’ I C I F O  PT IF “:~~/5) 
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- 

100  ~ IT i - -’l’-~ .F A L S E .  -~
NC O U N T :  ~, I

10? IF ( i - .IIQU N T )  l I O , l O S , i O 3  I
- 103 51 0051: N C U U N T — I  I

XI :s(t ) 
— - -- - - 1

X C )  : X C (I C )— X I  
I

1 0 ( i - )  1D ~~• I?0.I011
1011 14- ( 51~5• xl ) )  105 .107, I 10 

-

F. LT .0. (F IS TIl E F W A C I I I I i- (A L PIl5~~~T 1 1 I ’ , I’ -’ T~~I I’.TN A L )  
—

L - - - - - - -

11) 11



- 
IC’ S IF (I .01 : , 1) , - T O  I I 7 

—

(.105 IF (I. r ’~.I ) GO TO- 120

IF (Nr~.E I .(—l)) 1,11 1(1 119
= I — I

GO TI 102

‘- C 1-

— 
1 07 14- C • 0! ‘- 1)  • . * I) GO 10 120

GO - T I -  flb
C 0 .51 .0.  —-- 

1 1 0  
- 
IF (S. ’. • (xC (IC) -A (I • 1))) 120, 11?, 1 1 1 1  

-

- 
C F • F I ., CHECK 006 INT O G~~A I Ii i ’, A ’ - - D DU UO LE 01 j NT ~E F  l l ~~~F I 5C~~ VI ‘ T I N .

11 2 II (( ‘.1) • E C  • ( — I)) ~~~~ • (I • N I  • N • A 0 - D • x (I + I ) .15 • X(I ‘2 ))) GO TO 120

, ç~ F ,G T , ,  —~

1111 10 (I .10 .5) GO TO IIB
- C~~1 1 - ~ IF (I .EO .i- ) GO TO 120 

—

)F (‘,0~~’~5.(— ~~)) 1,0) 1 00 12?

- Il t ’ I  : 1.1
GO TO 102

C a  1 x T - ~ A P C - L A T ID’-~ (-(1 0 5 1 0 1  X — I A , - ’ L E — — — u S (  EN u V A L U E S

— 
I l l  +1 :1 (l)

GO T(~ Il I ~I

l1 ~ 11:1(5 ,1)
t I M !  4:0. -

GO 1(1 129

11 9 C A LL f4P’I)~ j

- 
C P401 1”!’- A~~ ‘ CA LCU I A T I  (‘ - rOW I ~I T~ -‘-~~ 1L 11(15 UP I N I E G R A  1 10 4 -4

120 ,‘~I T H I ’ - :  .1 . 1 1 1 .

12? 1 4- 1 1 — I S A s F  ) 1211 ,1 29 , I? 11
I?~ I S A A E  I 

—
Y l  = 1 ( I )
x 3  : x ( I s 1 ) — + 1

I-i : 0.
I 

~ (5 .1,0 .0 .44-10. ,f . E .O .) l ’ : ( y ( f +I ) 1 1) / ( 3
129 )0 (50) 1 3 1 ,  l’40, l44I

k ‘.1 :- I ,  I . T ~ I-~~ $ lE  
- - - - - - —

L . -

1)112



130 IF (.‘-.0T .~~ITi -’ I 4-J I xr):A 3
SI : ( I . .5* I _ I * ,  l ) * X f )

1 4 - (~~I I - , I’ .) (,(i Ill 155
C “ I ” IS -~f 7.6 1- - C ’-’E”~- S t E P  10 0 7.40 A P P ~~IIPI.- 1 A T E  I t I E R V A L ,  P4 14- IC E ,

C - ’ L - ~1F TI— I F t ’ T F (R A L 14 - 1’-’ E IT ” I N T E R v A L .
I S~ : 54.51
- 

- 
GO II- t I M

- 
C A P ~ p” -  IA T O  j ‘ T I  6 V 1 - L  011USD . 14 (1) — x C  (IC) - 1 4 (1 + 1 )  

-

I 35 I F (IC . I) • 1)  S A :  V C (10 )—SI
- 

1 4 - (IC .No • I ) YC (IC ) S A + S I
60 TO 15 0

C N - i ) : u ,  I N T E R P O L A T E  FOP COO RDINAT E S
1144 0 ‘ C ( I C )  = Y I . 8 * X D

GO 1)1 
~5O

C NL I :I, F 1 ( J S T  D E R I V A T I V E
— 

1 1 1 1  Y C( IC ) =

150 IC IC .t
jO (SX C—IC) 900,I60,Ib0

1~~~~I0 ( ‘ - - D . ’ E . ( - l ) .AN D . A C(IC ) .F0. X C( IC - 1 ) ) 1:1.1

- 
GO T(l 100 

-

900 RETURN
END

.DFCK LSPFSS 
- - - — - -

CLS PF ITT DU MMY -

SU (’R IlI JTI NE LSPF IT (x ,V .NPTS, xC, YC , r X C , 0-JD) 
— —— DI ‘-‘1 31 l i - I ((1), Y (I )  , xC (I), IC (I)

CA L L  L F 1 T ( X ,Y, °.~’-TS , X C, YC ,NXC,N D )
RE TU RN

- 
END - — -  —-

•0~~~4( SSFDIN
- I ’ V E  P LA Y  (S5NIII SE ,?, I
- P,-. i r ,~~A u  SSFD IN

C MA I N  p 1.I XI ;WA ” 0(16 1 1 4 1 1 1  L IN K

C A L L ,  l i - I T T
I C A L L  P F A D T I  

-

- R E  (‘IRS

- 
-ii-_II__ _ _ __ i 
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- -1

aDECK INIT
- -  

SU kI.l)UTI’JE I N IT  —

* 15 1 1  S E T S  P I N I T I A L  CONOI T II )N S — I N I T — —
C Ll”’~ ( - . / T W O U4~L/ E I -’- k ,E4 --D J (114
L II C ,TCA L f~~~
C (l”- ’-”l - ’ - ,/F IL ~ / C S C
C ( l M” I’N/ C U P O A T / M 4 4 ’ ,I Y A ( , N D I C , Z T ( I I 4 )

— CC l~~M 1- i -, / C I - .N UHy/  R I (,’5,?),P(?j,,’),(J(d3,?), y (23,?),(l~~ ,I (2~~~,?) 
- -

2 ,P5j (23,?), 6(23.?), Y( _ I A R (?3,,-14 ), 41116A1- ( (?3,?),u-I A .. (23 ,?)
3 ,V O j A A W (?5,2),P6A ’-4(23,2) .PFa A - ~(?S,fl,P5I? ( l,?),Z’’.(?S,?)
£4 . P61 I ,5 D( ? ,? ) , U X , RN J ,JI, R C , O % O D SY ,I— SI  1, Y C A L C , T L ’~ ( ? , ? )  , I T S A I IE (I,?)

CO M~1(IN /C LI Ii ;Id/ P C ( I N T ( 2 , ? ) . D U A L , s1 1~-. , A X I S ~~- ,S S T ~~’- - , ( _ I A P P . ( T , D ) ’ o s r )
C C04-’”CIN / C L ) I C / F C i l i - J T ( ? , 2 ) . P U A L , S L I P ,A i S Y ” .3 S T I ’~,” - A P P R T ,0 5ru J0f I

1, Sr L ID (2, 2)
0(I’-’”IIS /CI N I T /  ‘IJJ (2), F1JJM I (2),N JJ ’-’?(2),STARI L , X ,A L ,  I PR 1 i -- .T .0142

I ,PX 5, T S , I)PSI(2)
CO MMON / L G AM /  GA M M A ( f l , GA M I  (?),GA MI (2 ),GAV ? (?) ,I,AV IUHU)
COMMO N /CINPU T / 41T( 44 (1,?),1T (I ,? )  • 1-R F S S ( 4 4 0 . ? )  , Y I N (jO , f l , jM (11I~~,~~~)

1,T P4ETA(440.?),1A ’-.TH (440 ,2 ),XLP~~(?fl ,? ), X ( I i ~~~) 2 0 , ? ),  x ’ I ~~~( ? ’ ( , ? )  ,
— 2,NSt (?).NPtSL(2),PIPTSu (2),PUR (20,2I, PLi5~(20,?) 

- - - - -

CL(s.1MIIA- /CtIII S/ N IIS, HLA N K
— CI I~ ’ 4 - ’ ( — N  /CENTWO / PTUTt2O .ub ),XPT(?O). YPT ,DuM44S(45)

C ( I ”UN /C* P~~/ X P R ( 4 4 )
- - 

COM M(IN ,CxDISC/ X M OI SC ,XSAVE,IDTSC, YQISCC 
- -

C f lA M I I I-. /C-’D Y PR/ DDY(a)
— 

C I I A M UN / C R U N C H /  IPUNCH 
-5-—  - -

COMMO N/DS-’KPI/ SH#cPRT
- 

L O G I C A L  SHX PRT - -

CIOMM Oi -, /C~~E S E T /  A PE SF T (?)
- CO MM ( N / C P W E N T /  X E N T W O P )
COM~’0N /CTxE PR / xTx f  p4 , XTK ES I-4 ,*TKESF
~~~jPM (I5 /C IA LC / XLC 

-- — - — - -5-

CO M ’I”- /CJ O U4 - ’ I /  D UM JM X ( 2 0 3 1 1 )

OI M E ’--SION *PTSEI (20) 
-

LOG iCA L ~~~~~~~~
LO G ICAL SLIP ,S I )LID ,RSTA RT ,FVF N
LOGICAL A * I S V ” ,l)UA L ,SSTW ’-,PCONT , 9A RPP T, F5D J fltI 
NA ” E  LI ST /O0TPDT/ GAA44 -h A , 

- - ST A I~ IL, ~ , aL , 4-~ AW PI - I • Aa 1SVU
2 ,IP P1N T .SSIP~~,NJJ,EV fN— — — a • X LC ,O LJ M JM X ,JT 

-— — -— —— — —  —

N A ” 4- L I S T  /TNP II T/ G A M M A ,N J ,S TAOi IL . x , X L ,~~A 9PRT ,A X I S YM
- 2 ,IP~~I ’-- .T,SS T 9n ’,N JJ , W S IA P 1 ,IA N1P4 —

3 ,?~~ , P - ~f 5 5 ,  T # f T A , Y j 4 - ,P T , T 1
— - - 

C S ,PTPI, X PI, PS IPT .YP A R ,IPRTC
S ,P T U r , X P T , P SI ,~h l , Y_ A R , I P k T C , S P T, CSC ,ND !6 jT
b,IPt JN C H ,Y 1 Y ,*P~~,Xi - ’Cl I SC, 14S A V F , I D I S C , MOT SCC

- —  7 , S M K P 4 - 1 T , x T xES A- l . 1 4 7 % FS F , X P E S E I , X 1 ’ T R I I ,X T K I P R  —

a ,x~~AC P4 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
—— 

S , b .2 • 7 • ‘-‘ • ~~ . • 11 • . I I. • IS.  ,70 ./

DATA R STA PT /.FA L S E ./,1P PTC /0/
:* R STAW T •F Q..IRUE . IA O ’ L I F S  I 4-’II A IS FIlIN G R E A D  IN AS TAN  T H E T A — —

a I.E ., II IS V i l l iG  - P T A I ’ F ( )  F~ i- u1” T I-’~ PW 1i- , I IO LI T OF A PR EVI O US RUN
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‘l
I1 :I

F V F ’ - :.T W I J F .
- -~~--‘ (  1 , 1  ):IIS

Y ’ A ’ - (I , f l ’-~ I T S
F ~ R :~~P A LS O
A 1 4 1 V 1 i-- .TP U F .
‘01 (1,1) : 0.
X 1 I P ( I , 2 ) :  0.
Y L I ’ ~~( I , I)  0.
V L (I _I.(1,2): .Ito?
X L C4 (I ,I):0. 4 -
X L I 1 ,. ( I ,? ) 0.
Y l P (  1 , 1 ): • SI b 2

— 
Y I I N( I , I ) :  0.

~ 1 4 - 4 ( 2 , 1  ) • S i b ?
V I I , ( 1 ,? )  • 3 1~,2
1 1 5( 2 ,? ): I .
T ’- ’ETA( l ,I ) : 0.
T I-.ETA( ?,I ) : 0.
TI- f 14 (1,2): 0.
T Hi-  1 4(2 , 2) :  0.
61(1,1): 1.
P1 (2,1): I.
P T ( l , ? )  1.
P1 (2,?): I.
TT (1,I )= I.
1 1 ( 1 . 2) :  I.
SSIRM : .TF4UE .
NJJ (1)= ~ _______ _______— - - 
N J J ~~~ ) : 19
xA ’ A CH : 1.05
XL : B I T S
SRI = 0

— 
C A L L  SET ” (1, F4ITS, XPT,20)

20 Pf A l )  (5 ,  I NPUT) 
_______

I F(FRR ) RE TURN
Il ( X P T  C l )  .50 .BI IS ) GO TO 2222
O P T  : 20 

- -

C A LL UqV (-(I, A P T SF 1, X P T  • 20,1)
22 22 Z - ’ ( t , l ) :  XMA C II 

- -

1 - 0 2 , 1 ) :  (MAC Fl
h - ’-1  I , ?) :  A V A C H  — — —

Z4-’(2, ?): A M A C H  
-— — — —  —~~~~ 

— — —
CALL PEA U T

JT :1
I F (‘VPA R (I ,JT ) .Nl- .BIIS ) EV f N : .(- ALSO ’.

C * F V EN: .I W - l l  . Il-’P L I F S  E V E  1.1+ 1 5941 0 )  (15 PSI) Vt sI-i
C* E V E ’ : • F A4 SE • I ‘--‘I - L  I F S USE I HI Y — ‘-H - A C  l i - -I, A I H I V t ‘-

~ I N THE 11144 TABLE

CC Y 67. 9150515 1-’0 Y— C O O R S I N A T I S  (F THE E N O N L Y  S P A C O  0 CPSSS .STREAM
Ca v A R IA I 1 E E S- 1* — —  I N I T I A L  V A L 1 I 0  I I I -  (.1(16 y I 4 6 1  CALC IS TO S T A R T  

—

~ a — 4L, F I -A L v~~~’ F ‘ - 4  X— CIII)R AIl E l ’~ IS Il l  END — —- - - -

L -
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C’ — P Ca 4 -, 1— T P f  IN PL 1 0 4  A PRO SS ru R f N O I j 4 - i O A W  I

C * — SS T~~~~— I ‘~IIE I ‘‘~~ L I F S (HE il
~~I I l I ~~D4 R Y  ‘~ E 1 - 0 . 0 5  ~~ 2 CHA N N E L S  IS A SL ~esi~

* — 1 M —  CROSS— S 1I-’F 4Y ‘-‘ACH ~ ‘ ,“kE P V A I ~ I A T  ION
C’ — — I ’ -,~-~~- I  ,HA N I I I I FS
C~ 

.PI,(S~,. C W I ’,S S T W F A V  ~-~~4 - S s ( I 9 E V A R I A T I O N
C’ —T i - - i - E T A —  CP)SS SI.’€ A M —  F( 

~‘ A’ - N L E V A ” i A I t O 4 - 4
C ’ — Y I N —  A — C  OI~~~ F I~ 

( ~i)3S S T ” - t A M  P911i - -’F PTR5 (ASS I F’ES CO S S IAN I A )
(a  — P T  — T O T A L  P~~E S S I - — F  I 4- 1 ‘-LI  T 51 P~ 4’

,’ ( V A R  I A ’-iLt )
Ca — 11. T O T A L  T F 4 - ’ P E ~~ A T I i . F  00 I N L O  T S T P F A ’ .’ (Cr ’’-SI A N T FOP F A C 6  STREA M)

C’ —*L ()~- — — A L 1 l~~— A 451’ 1 COORI ’ I’ - 4 A 1 F  S fli LII.-.E +  t ’ I iu ’-- ,5A ~~Y 101 ,6 E A C H  CHANN 
-

C’ 14UP V U P~ 450 1 C 1IJRD I’ , AI F ‘A 106 IIPPE P R0l)~~IP A R I l S

C a — R J —  NU M B E R  OF E V E N L Y  SPACED C~~(ISS— STk0 ~~V 611 1- 505 USED F I R  CA LCU L 4 V

u~7 DO 146 J~~1, R l
I F ( X U P ( J , J T ) . EQ. O I I T S )  GD TO ~o9 - - - - - —

M~ CONT INUE

- 
RQ NPTSU(JT) :J—1 

- - -

00 50 J:I,~4l ______

IF (X LLhq (J,JT ).EO .11IT S ) GO TO SI
50 CON TINUE
Si NPTSL (J1 ):J—l

00 5? J : i , 8 I  
- — -

I F ( V I P -, ( J , J T ) . E Q . E 4 I T S )  GO T0 53
52 CL)4 - ’ l IN I ) F
53 NS T k~” (JT ):J—~ - - -

IF (N ST I14 V (JT). G T ,1) GO TO SR 
- -

N STP ” (JT) :NSTRM (JI) +1
PRi - SS (?,JT )=P6ESS ( I,JT )

— 
ZM(?,j1):IM (I,JT)
THE I~~(?,JI) Tl-4F TA (1,J T ) 

-

P1(2,JT) :PI(t,JT )
YIS(2,JT ) YUP ( I ,JT)

- 
SR N STRM I :N STRM( JT ) 

- 
-

PP1II ’,ID(1,JT) :PLQI~(j,JTJ
PhIL ‘- 0 (2 ,  J T  ) :PUP( I, J T )  

______________________

HUGE ;i .EB
II (NRT SL(JT ) .N f . t )  GO TO 57

Ci  IF (I’A(~~ ON E V A LU E IS INPUT , AS SI JME L I N E A R  D 1ST PT~~UTIONA(, O ’  ( 2 , J T ) ; I U G E
- -  

PL C ,’ (2,JT):PL (~~(I ,Jr) 
- - -— -- —-— —- -  ____ __________

NPTSL (JT):,1’ 
- —

57 jF (4 -RTSoj (JI) .NF .1 ) 60 TO 59 
— -  - -

XUP(?,,l1):HLIGE
Y ’ I # ( 2 , J T ) : A U P (  1 , J T )
p( ’ P (2 , J T ) : P l lp (  I ,JT) 

- — -

N P T So (JO ) 2
sq GA~-I(JT): l. ,r,AP”YA( JT)

oA ” l  (J1) G A M M A ( J T  i_ I . 
- -

GA V ? ( IT T :7 . .G A M 6 A (J T ) / G A M I (J T )  
- —  —(,A M l I ( ( J T ) : G A I -~I ( J M I G A f r I ( J T )

0(9(10:1 • /GAM IG (, ( J T ) 
- __________

~~~~~

i-”

~ 

( H ):5JJ (JT
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N JJ’? (JT):N JJ (JT) .2 ‘l
sJ :01JJ (JT )
1,J..l :~~JJV I (JT)

1 4 - C  I~~PTC . ’., ,0)
1~~”-I TF ~~~~~ •.P TSL ( J1 ), ’I~ IS U (J T ) , ’STRM (JT )

C 1 - L A N A R  C A ’ A E S  •~~~~~~~ ~C : 0.
A J I S + V ~’E T .I C  C A S E S  

C’ “C IS PRESE T 10 1.0 15 HLI~ C~ 0 114

IF (x .NF .BI TS) 0, 1 10 bO
1 4 -  (.Lfl~~(I,J T ). ’~~ .~~lT5 ) 4 ( L 11 ,.,( l ,j 1 )
If (Xu p fl,JT ) .0- .~~I 1S) G0 TO~~~0
IF (AUP (l, JT ) . 1,T ,ALL1 .’- (l ,JT)) xz *U P (I ,JT )

C’ LLl~~F 4 BOUNDaRY

6 0 K ~~ I 
- - - -

0 1 4 - (SSTRM .A ND .JT .E Q.2) GO TO ?OS
I~ 

(PF4OUND (~~,JI ).EQ.E4ITS ) GO 11) 80

1O~~E 9 NO 0NDARY IS C O N S T A N T  PRE SSUR E NOUNDA RY 4

If (~~,EQ .BIIS ) x O . —
YI X A R (I , J T ) :Y 1N ( I , JT )  

-

PCLI ’ T (Ii , J I ) : • I Ril E . 
— 

- -

IF (YLO ,i (t ,Jfl .5F.BI’(S) GO TO~~~05
GO TO 81

80 10 (sPTSL(JT ).EiJ .0) GO TO 201

C. 
- 

L IT4~E R BOUNDARY IS SOLID WALL 
- - - -

805 SOL 107., JT ) : T R U E .
CALL L S Pf I T (*LU ~~(I ,jT),YLO , ( 1 , J T ) , N ° T S L ( J T ) ,  x ,YE0 A~~( I  ,JT), 1,0)

Ca UP PER BOUNDARY

81 K:?
DUAL: . O~~UE

C. SO T  DIIA L: T 4011’ lIV E S THROUGH , FOR J1:I,2. IF NO UPPEP I ~ A 5’IEL IS
C’ I - Pu T, PUAL ‘I L L  440 ~ FSf  I T O F A L S E

4(l ,JT ):Y’ )P(I,JT )

— 
1 4- (P4I0 ’J ’ jI)(~~,JT).Fl7 .pITS ) GO T O) ‘

~0

Ca UPPER b O U NDA R Y IS CO NSTA N T PWESS URE DOUND A W Y

l~C I I ( ( ( a ,J t ) ; .I RU t .
- 

y O’A 9 ((,J , J T ) : Y I N ( l - 1 $1WMI~~ JY) ~ 
—-

If (YU P (l,JT). 5F .O3 ITS ) GO TO 005 
- -  -

0 1 1 0 9 % - - - - - -

go IF (NPTSU(JT ) .F’I .0) GO TO ?0? 
— — - — - -

C. UPP EP H1( L IN DAH Y IS SCILID ‘~4 LL
- - - - - - —  - — —  —
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- 5-

1
U— —- CA LL Lsp~~IT ( R I P (I,JT) , yuP (I,JT) , i T ’ ~Ij (J1), x ,4 H (NJ ,JT), l ,0)~~~ 

- - -  -

~ I DY :(A’-AP(’ ~J , J T ) — A ’ A~~(1, JT) )/1-L ()AI(’,J”I)

jF (IPRTC . NE.0 ) v Q I T F  ( M . ( I U l I - U T )  I

If (SSTRM( J1).LI •? ) GO TO 2 0 3  -

-_ —--5- -  5- — 

IF (IT (I1, JT ) . NE .N ITS) (.41 11) 9?
— - 

I T ( I I , J T ):TS.(l. ,1’ Ij .JT ).ZM (I,JT ).GAU I (Jt) , .S) 
-

~2 IF (A A j S ’ v ’-l ) Gb 01) 95 I

RC:0. 0

95 IF (PT (j,JT ) .EO .IIITS ) GO IC) 9U~  -
C’ TOT AL PRE SSU PE INPUT 

- -

~~ 
q
~ I:I, NSTP MI -

-- 
PRO SS ( I ,JT):PT(I,JT)’ ( I • s~~”( I ,J1 )’Z~’ (I,Jl )*G4’I (JT)’ .S) 

-

I a , ( _ G 4 !~’ M 4 ( J 1 ) / G 4 M I ( J T ) )
1 0 (P S I A P T )  GO TO Ro
TA NTH (I,JT) :S 1N(THEIA(I ,JT ))/C05(IHE TA( I,JT))

- 06 CliN T INUE 
- - -- -

~

GO 1(1 99

98 CONTINuE
C• S T A T I C  P SS&~~ET~ PU~ 

—

~~~~~ 

—— ---- -—  - -

00 97. I:i, NST PM I
PT (I,JT):(1. ,lM(j ,JT) ,ZN( I ,JT )*GA M 1 (JT)a .5)aa (GA MYA( J T) /G ,%’~1 (JT) ) 

-

Ia PR FSS (I,JT ) -
— 

IF (PST A - ’- T ) GO TO 91 1 
- - - -

T A I - T H (I,JT) :SIS(IHETA(j, JT ))/CI)S (TI-iFTA (!,J1 )) 
--

O I l  CON TIN UE

90 00 100 J :I, N JM I
IF (E~~E-S ) Y 1 1 A W (J + l , J T )~~Y BAR (J,JT )+0Y

100 R( J .I •Jt) Yt~A k(J4l ,JT )aRC . (l. — PC ) 
-

- - 
—N5 TP~1. IS THE 0I~ ’~— iAP 00 S1E14 1 ’L INE S O~HICH IS ‘(150, INPUT 

- -  - I

C •4- -9T3 — IS THE ( , I I V P E R  OF PO i N T S  IS T I-H- UI~~L’ , 0 A R Y  T A b L E

C ALL LS~i - F I T ( YI5(I,J T ),iM (l ,JT ), ’A S T R k ’ I ,Y R A W ( l  ,J1)• I_ H( i liAR (1 , JT ) , i~ J , 0  -
- - - - -

CALL L$PF I T (Y IN (I,J 1 ), TA 4 - J T H ( I ,JI ),NSTRM I ,v I - l A P ( I , J T ) , v ( (Il ~~A 9 (% ,JT )
I ,NJ,0) -

C A L l. LS P F I T ( Y I - J (%  •JT ), PWESS ( 1 •JI), -N S IRM I ,Y I3AI-l ( l, JT ),‘b A P ( 1 . J T )
I ,NJ,0 ) 

--

~~~~~I05 J I ; N J  
- -

TS :TT (1!,JT) /(I .,6A~~I (,JT)a.5a l- H-~I I I A R ( J , J T ) a P l - ’ I ’ H A W ( J , J T ) )

QHU (J,JT ):PBA W( J ,JT )/TS 
- I

U (J,JT):9P1,HA9 (J,JT)*SU4T (C4’’ -’~~(JT )*PFIA R (J,JT)/ 944I I (J,JT) )
U( J , J 1) : 1J ( J , J T ) / S ~~9 T ( l . + V I 4 i I lA ~~ ( , , J T ) * V Q U c 3 A R ( J , J T ) )

105 RBA U (J. JT ) :R11O( J, J ( ) •i (J , J T  ) ‘~~( J , J r )   

--~~~~~~ - —- - - —
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C TEM PO RA R ILY ST /RE 1510044 0 ~ 4-’. .p 64 9 . -  L o C A T I O N  
- -

C T A I 1 4 I I L A T E  PSI  A E ” S .lS V A l  E V E N  I N T E R V A L S  OF Y, STO RE IN — U HA R—
- 

U O A P ( I . J 7 . :(I,0
IF (JT ,F -~ .2 )  U~- A ~ ( I  ,JI ):PSI (P,IJ I • I)
C A L L  L S P 4 - 1 T  ( Y HA R (l , J T ) , R I_ A9 (l, Jl ),Si , Y 1 1 A R (I , J T ) , I I H A R (1 , J T ),NJ, .I)

- —- 
IF ( I P P T C . E I I ,0) 1.11 10 112 

- - - - - - —-  --

C ALL T A ’ Y P I- ( (3HjW ~~,PHIll- ~A R (I , J T ),N J, IO )
- 

C A l L  TA — ’ P -’- I (5r ilL’TH ,ViWH A U4( i ,J T),5 J ,IO )
- C A L L  1A H ~-’--- T (5l-~

P,
~FSS , PkA R( I, ,J T ) , N J, IO)

C A L L  TA R PR T (S-i Y(IAP ,Y(IA ’-i (I ,JT), N J ,I O )
CALL TA I I P,,T (3IIP S I,I JRA .-(l, JT ), ’IJ, 10, 0)

F I R S T  V A L C U L A T I  DE L T A  PSI AC RO S S THE E N T I R E  S T R E A M  031 USING ROU
C 1N C PEM E NT S IN V . THE N 1A FI UL ~~TF PSI AT O V E N  1 ’~T 1 kv A L S  OF V (AND
C STORE IN — U R A l ~— LOCATION). F I N A L L Y  T FIU LATE ALL P A R A M E T E R S  AT

- 
C EVE N I N T E R V A L S  flF PSI 1)14 EA SE OF C A L C U L A T I O N .

II? PS II :URA R (SJ ,JT ) .UbA P (I ,JT)

- 
IF (.NOT ,F Vt~~) Gli TO 12$
DPSI (JT):PSII /FL L IAT (4--J JMI) 

-

- 
PSI (1,JT ) :UI3A W(l ,JT) 

—

00 120 J:?,NJ
— - 

120 PSI (J,JT) : PS I (J—I ,JT ) + DPSI(J?) 
— - -  — 

-- - 
CALL LS PF I T (IJbAP (I, JT) ,VQUBA P( I ,JT) . NJ .PSI(1,J1 ),v1)Ll (I,JT) ,N J,0 )
CALL LSPF IT (UR4P(t,JT), 1RA R (  1 •JT ),NJ , PSI (1 ,JT), Y( l,JT), 1-J,0 )

-- 
CA LL LS PE II (LlI- ’ A O - (I,J T ), PRAP( 1 ,J T ), NJ , PSI (1 ,JT), P (1,JT), 5J,O)

- 
C A L L  L S PF IT (4,11346U,JT),RHI)B A P (I ,JT ), (,J, PS1 (1 , J T ) ,L M N (I , J T ) , N J , 0 )
GO TO 130

- 
126 DO 1?9 J:I,NJ 

-

PSI (J ,JT) ~1)II A R ( 3 ,  JT)
- 

Y (J ,JT) :!FIA6(J,JT)
P ( J ,  JT ) :P1 (A4 (J,JT)

V I , U ( J ,J T ) : V l I t ) BA R (J , J T )  
- -

- 
I?R ? - “ N( J ,J I ) : P HC I IA P ( J , J T)

130 ( I P S I ( J 1 ) : P S J ( 2 , J T ) — P S I ( I , J T )  -

- 
10 (IPRIC .EO .0) (.0 TI) ISS

- 
C A LL T A Y l-’ PT (3i-I 1 , V (7.JT),Oi J ,1O) 

- - -

CA L L  
- 
TAB PR I (3H P , P( i , JT) ,NJ, 10 )  

— -

C A LL T A R P R T  (HVOU ,VQU (1 ,JT ), NJ,IO) 
-

- CA LL T AB P RT (3HlMN,l ~’ (- (I, J T ),P-IJ ,IO)
C A LL I A B PR T (3HPSI, PSI (I ,JT) ,NJ ,1O ,0) 

— - - ——

- 135 0(1 114 0 J: I ,NJ 
- - - -

IS ~ TT ( II,JT )/ (t. ,GA MI (JT)a .S*ZMN (J,JT )*lMN(J,JT)) ~~~~~~~~~~~~~~~~~ 

RHU( J, J T) :P(J , J I )/ TS
U (J,JT ):ZMN( J,JT) *S1 )RT( GA l~MA (JT )*P (J,JT )/ (RH(I(J,JT)1(I. +VQO( J,JT )

1 * V Q U ( J , J T ) f l )  — - -
PT (J,JT ):P(J ,JT )a (I . .fAF’ I (JT). .SaZMN (J,JT )*l ~~N (J,JT ))**lXPO5

L IF (J.NF . -~J) C’4-’SI (JT)=PS I(J .I,JT )—P S I (J ,J I )

L I~~0 R (J ,JT)zA (J,JT ) .’~C +I .— RC
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- - - 
IF (1 P14 TC • F • 0 )  1 , 11 III IS O —-

C A L L  TA ~~~- ’~ T (SH RH( l ,P H I I ( 1 , J 1 ) , 5J , I O )

C A L L  TA PPP T 0” ’- U, U (l,JT ), ’4J ,10 )
C A L L  T~~11 14R I (?H kT ,PT (!,JT ), ’,STRY I,I0,O)

150 ITS A -,E ( 1 I , J T ):TI(I1,JT )
IF (JT .E1) .2 )  GO T O  160
J 1=2
GO TO (47

C’ S E T  1l~ NJ V A L U E S  IC) P R E C L  IDE LR 9 1~ O’ IN F I R S I  STEP IN ‘‘554-Ok,
16”  VSU H A l~~(’J J , J T 1 V Ib ,,I (SJ ,JT )  

— ______ - - - - —4
Yf’~~R (5J,J1):V (5 J ,J T )  

—

P-’~~ .(NJ,JT):P (NJ,JT)
.1l-. I ’A R ( N J , J T ) : 6 l - I U (4 - J J ,J T )  

- -

— - 
uF’~~.(0J,JT):U(’J,JT) - -
GO T O 180

201 iF (JT .EU.2 ) GO TO 179
nR I T E  (6,1)
.‘~~1TE (~~,9)
GO TO 178 

- - - - ~~~~~~~~ _
20? “R IT E ( 6 , 2 )

~9TT 1 (6,9)
GO TO 178

- 
203 ‘.~~ITE (6,3) 

— -
n- ’-I T E (6,9)
GO 10 1703 

—

C’ SET UP LO-A E P b O U N DA R Y  1 ( 1 4  S S I RV _ D UA L  FLU -I CASE-
205 N J I :N JJ( I) 

- - - 

~~~~~~~
S UI I II (2 , I) : .F A L S E .
P[1 I4 -,T (2 ,I) : .4 - A L S E .  

- — —

A l A ’ .  (I •?) :103A4 (NJI , I )
Y I’ (I , 2 )  :1-i A R ( NJ I , I
G II TO 8I 

- -- — - -

C’ IF IIj BOUND A R I E S  A~~E UPPER S T R E A M  A R E  IN PU T , DIJAL IS F A L FE
17- ” O R R  : .T RUE. 

- -

I7~ DUAL :.F A LSE .
iI-’ 0 R~- T U ’~5 

—

I F I 1 P ’ -’ A I  ( I x ,5I’~INPIJ T E~~~
R1

~
14 _ . P . I (  L - ? E 1 4  P I l , I ’,O A P Y  H A S  ,-~~~ ‘- ?- , S’- ’ E C I F I E D  )

~ F1I - ~’-.A T (1 ,,S l-’I ’ . PjT ~~G R 1 l U - — ~~~r I -  u~~’~E4  ~~~~~~~~~~~ 4 - A 5 S~~1C IF ’I4O Y 
- — -

3 ~~~~~~~~~~ ( 1 A ,57’- ’ I~~9 uT E , , R I I R — . — N U  I ’ - I ( I A L  S I R F A - / L I S E S  -‘i~~E ‘ H - E l  SPO C I
I F I E D  )

8 FORM AT  (IA ,LH ’ PT S , S I I O )
1- 9 F - u ~

..’~~T (1I ,S7HTrI IS CAS E IS b F I - ’- 1, I E R R IN ,T E D ,  (‘i - F I T  CAS E ‘ILL ~E ~EA -

l D I ~ )
E~ 0 

- - -

L 

- - 

-
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r 
~
S- . ’* OI , T I ’ .E ~E A D l  — —  -- —

.RE AD T

C A L  F~ l I I i r i- DU A L ,

C ‘~~~~- / r - - ~~~~~ Y ,~ U’ 1 ( 2  ~~1 • PS I  1 0  ?~~. 2 )  - - -

/ C 1 -’- I T /  ‘,JJ (2), r:JJ ’~ I (2) ,‘,JJM ? (?),STWII • aI ~ 1J’ ,XL , I P’~I’4T,D (2
1 ,(‘ * 1, T N , D PS I  ( 2 )

C(~~~ ’~1I\ / T ’ E  15/ A T ’ S  (2 0 ) ,  T b D ( ? O ) , N T ’ E ,  % L T X E  ( 2 O ) , ~~J E T , A( lO0 ),
I T I J E I .IU E T , c - I A J

— — 
( I  I~~~’-’ f  ‘A /CE - T ~~fl/ ~-‘T I J (2 0 .  ~ ‘ A )  , x .~ ( 2 0 )  ,‘ P T , O I J ”145 1145 ) I

A D L ’ -’S7.JO )

C I 1 V V I 15/ TP11 U R L / F .0 ‘,I’Jnh
LO (,ICAL ER ’ .-,F NDJOjB 0
I N T f (- F R  O-’U41 • :144 , 4- , 54 - .-

~~ , SC RI - 
5- -

C c , I ’- U .F , / F I L E S / I . — ,F ,UP.f l F ,N E V F ,S C R F
C ( ”’-’( N,~~IL” /CSC
C, I~il’ I 0 /i-( (’ A / , ‘  0 1 (II ), i-’ 4- Y R  ( I l l  , - ‘‘~4 (11) , KODA ( t I )
( (I -~~M~~~i. / C ’ . 1 1 4 ( 9 /  

~ HS? , RH~~ ,
C I ~~’~~~11N / C P 1 4 f r~~, T /  (1PPT (7)

- - - -  

( ( .~ ‘i-~ I 5  
- 
/C IJL DPT / “L O P T  ( ? 3 , ? )  , PLOP T5(?~ 

- - - — - - — - - -  --- —

C i h -~-~~,~~ l C d — i - P T! - ‘-i - P T (25,2)
(f l’-’ M( I~~. /C III TS / )‘ITS, H LA -( 6

C I I V
~~~L ’ , / C J D I ”h I/  ‘ A - F  ( I0) ,T ITL E (10), IC ,E ’~T (I0),

* A t - ( R 4  3(10). I OF ‘- 1 1 0 1 0 ) ,
~ T~~ ( 1 (9) ,U4-’! TS ,DER P , G C ,  0 (1, 1 1 , ,F .ME ,T I E ,  (F • A~ l i - N J . ’ ‘‘ .1 1 0 ,

- - 

‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

* c l p ,rT s, cT” ,GA -~,wO.
pk ,PpT ,SC, T~~EF ,

V~JPE F ,S~~, -U 1 14 ,I 1 4
~~~I’

I,,l-’ t I 1 T ,

* C ~~~~~~ I • C • ‘-‘A I T ,  I , 1~~ • U ~iP  h1~~

L ~ ~~ “5- (I0O ),UC( lOO ) , TC (I 00).T IC (1l0 ) , PTC(100),
a ~ J (Ir. 0),Y J ( 1 0 0 1 , 1 1 C C  I O 0 ) . ~~s 1 ’I c ( 100), YC H( 10 0), i - D C  I 0 0) , P D ( 1 00 ) ,
a ‘v U. C 1O0 ), YCO(IC0 ),~— 11 ( 00 ),- v (  10 0) ,‘~A ?(l0O) . ~4- 2 (100), IE2 ( 100),

-
‘ ID • ‘-C • L’~A ”E (~~) , ~U J O  ~ ) , ~L JI - ( ~ ) • ~~l E l ’ - ) i - S C - - - (

~~ ) • 0 1 F F  - - - - - -  -

C (- ’~” - - i- - /C,IU’J ’c’/ v,
~O , , ’,t PD,S U J 0 S T 4 ,C ,E ,C II ’ ? S TP , E~~,’-’I - 9ST P ,

* y (?cr-),Ur (?00), Tl_ LI (2oo),TID (2ol 1 ).~~ ,O(2n r 1), lJ (20l), T (2o0),
• lf ’ I(?DO ), I TI (~~(0 ),PI (I(?0D) ,‘-‘‘ ILF  I (?0O), MOL F? (cOOi, ’- UI L O 3 (~~ ’I) l )) ,

*

— 
C~~- ’~’ -s-/ C (NC / (CC

D 1” E ’ - S I 1 5  i - L N ( 2 0 0 )  ,P5 1  (?fl0) ,PT - (T (200) , E D ( 2 0 0 ) ,  n ’/Cb (20 0)
D I - - 4 - ’, S I l N  -‘ (100)
DI’-~~0,:4 I I1r P-

~ I~~t (?00)
DI’ I- i S I I P, I - T I E  ~(200)
R E A L  “- CO T

• C I l ~~~~I I ’ / C 1J ’/9IL/ PE, H, l J% T 4,1.CJ,E JFI ,(J4 - I ,PTJEI 
5- -

4 ,‘,P’l ,PSI ,PTU T .E [I , (I-AC H

C Hf A U  CE 5 14 - ‘L I NE ~ € ([111(1 F ~~f lM JO TM Ix
4 5 5 10 ’  10 TO LO U
R E A D  (2) ,. X i - l , a R E( ,

a N A M E  , T I TL I • I I T , A O l  ~~~5 i - I C E  ‘II I  , 
-

1021



r a T n UC I T •

a ~ ~~ J . ‘~ 4- 1 • 1 J E T  • F T J O  I, - . J 4 -  I • T I J E T, EJE 1, —
• ( — E . , f , ’ ’ t . T I E , T f . A i - I , ’ J ,’ l- ,
• I I, 

• i-. T i- 14 . I , ‘ 1 C • I - - -  J ‘ ‘ ~ -~ I - , N , C 15 %

• C I I  , C T ? , C T  5 . 0  I~ - ,C I~~.C T ~~,CT 7 ,CTH ,r1 Q ,C lP .CT S ,CTV ,
• I.~~M ,i.I ,I- ’.,P _ T .5 C , T~~II ,’ ) 4 1 4 ) 0 ,SP , 5 V , 5 L f j ’I, 0PR IN, PLO I .  

- -

‘ i -~~ •‘-~~‘- . ‘~,UC , IC ,  1 I C , PT C ,~~ J .YJ . 1 TC ,

• ‘ v S ( - I C  ,
i- 14I~ • • i - C D .  PD, ~ ~ ,‘A?, V O 2. IF 2 • ‘I X  T A ,  ID,

* NC ,C N A’ ’O, A L J , ,LJO , A L F, SC ’l , DI F F

(i-
I 

~ I L 1~
1’ • (10,20)

10 1 4 - 1  ‘L. (’~~.”I T S  ) XL~~XLC
‘L  z 2.’xL
DO IS 1 :1 ,2

is PL~~ (I,2) E / P T J E T
1 4 E T L I R N

E N T R Y  Q E A O T I  
- —  - -

• C A L C U L A T E  O E L T A  PSI F I I 1 4  SSFD VALUES 
- -- — - — —

SC A LE : ‘-T INP( l ,I )/PTJET

U 
‘~J~~N J J (1 )  

-

1)0 L ’ - S I  :PS I I I  N J ,  1)—PSI I C I i - I )
5J:5JJ (2) 

-

DEL PS2 O
1 4 - (DUAL) (IEL PS?:PST 1 (NJ,2)—PS I 1 (1,2) 

-

- 
1-3 :1 

—  —
~~ 

-

8~~SI C’N 20 TO LGO
?IJ D I -  j~~~~ I 1  ,N XTA 

— - - 5- - --------— — — - - - — -  - -1
- 

• R O A D  S T A T  T i N  -~- C O 4O O . 4 0 V  J O T M I X  FILE 
- - 

‘EA n (2) J A E C , i - J J ,K14 O ,SI 9r1 ,SI JP S T P ,C I .114E ,COW STP ,MER ,MER STP ,
• r,PIT .PS T , ’ v , U I ) , T l~D , E D , IID, .~~,(i , X LN, 

—

* I J.T .T I T ,I • A C . .P T - I , T T(),PTD . M (1L F 1, Yfl L F,1, .1E ’)LFS, M0LF (4,MO LF 5 , ’~1I 1LF1,,JO
IF 0 4 ( 1 )  • ‘.~~ • 4 .’ 1 (1 J) ) GO TO 100 

-

SET J E T M I X  ‘)(‘L TA  PSI 45 1)  I N I T I A L  S TA T I U N  PT AND MA CH 
- - -O

1 4 - C  IJ .61. 1 ) GEl TO (40
flP S IR l :P5I~~~IPO )— P 5 I(I) — — —
PS I 14A T: ( (~~ L P S 1 a D 4 - t P S f l / D P 5 I P T

~U 25 L :I,NI -~~  
-- —

PIUT(L ):PIJ )- T
25 A , A C H (L):M JET

GO TO ~~‘

• TES T  ‘ H O  THF — U 5I11 -,IC L I - I  IS ),EA R I NC. C E N T E R L I N E
(JO C A l L  L S R F I T (* - ’A CH .RS T , l, P-D , l .l . PST P DY ,I,O) 

—- - - -

I 4-( P S IB D •LT . .l’ .O4-’SIPT) (.0 1 ) 150

LUS XPT(IJ):?,*X ( I )

A T - i - f C IJ )~~1’~ T (IJ) 
— -

X L T c ( ’I IJ ) : I? .’2.* X L i - (1 ) / O IA J  
--
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a CC (’- VF ~~T E N E R G I E S  TO 1 \ T L N S I T I O S  AN D S CA L E  PT ~- A L U E S
0(1 “.0 L i ,’ P O

50 PTOT (L ) :PT IJTCL) a SCA LE

• SC A LE JO Ti-’! ~ S I v A L l €  S TO S S F C )  V A L  JO S
1)0 55 L~~1, ’~PD

55 PS~~PI (L) 145 1 (L )•PS IPA I

a I N 1 0 - ~’-’ flL A T E  T o )  G E T  V A L U E S  OF PT AT SS FU PS I V A L U E S
JST A R T: I
J I T:1

6-i NJ~~’- JJ (JTT )

c AL L L S P F 1 T ( p s l P T ,p T U T ,sPD ,p s r I ( l , J r T ) , p l i -,E ,~(JS14-T), ’v -j,o )
JSV l . .J S TA R T 1
J O .0: 1- J ,J SM I
DO v’S J :J STA R T ,JfNO
JS= J~~JSM 1
S044- pT(Js,JTT ): 0.

v’S P TO T J ( IJ ,J ) PTNE ~~(J) 
- - - - - - - -  - - - - 5 -  - — - - -- — -

~~~~~~~

-- - -

IF ( (-NA PPR T)

I l - I T O  ( O , , l O S L U )  x~~T (IJ),IJ, (PTO TJ (lJ ,J),J :JSTA R T,J FN D )
1 C - S ( 4  O ( 1 ~~MA 1 C l i - i- F 10.5,1 (4. ( 1 A , I~ ’-’ P T OT , 7Fi 5 . A )  )

IF (.5111 . DUAL .0g . J T T  . F O . 2 )  GO 11) 70

J S T A HI:NJ,j

JTT :? 
V

GO TO 60
70 CONTINUE 

- -

* F I N D  E D  ON M A C H  1.1 L I N E
C ALL L S P F I I (X M A C H ,ED, NPD,1 .I, T V E R E Y( IJ) , 1, 0 )
GO TO 101

100 C0NTINU~ 
-

1 0 1 1J : IJ .I
- 
)k( IJ .GT. N1i T 1 GO TO 150 — -  - 5-5-

2
- GO TO I -

ISO N T $ E :IJ-l
N P  I :41 14 -0
1~~~ x I- 1T (sPT).LT. x L ) ~~~L=x PI ’ (NPT) - -  — —  - —

DO 175 1 : 1 - N i - T A
17S 1 (I) 2.aA( I)

RE TU RN

?00  ~ R I T 4 -  (6,201) i - C l )
- - 

~ o t  F ( I H M A T ( / / / 1 5 4 - - a a a  C A N T  FIND S T A T I S t ,  D A T A  FI1 F~ 4 ,l- f 0.v’) 
—

~~~~~~ 
- -

GO 10 275
750 ~~~ 1 0 (6 .2511
251 Fl ,l~M A T ( / / / ~~b H a • ,  C ANT Fj’O C E N l f - ’ L I ’ E  O-~T4 WFCOI ~O)
275 0 RR:.TRUE .

L R E T U R N  
— - —  — — -  - —[ 9999 F I I T ’ ” A I ( l 0 4 - 1 0 . S )

1023



E N D  
- - - - -

• O E Ci-  S S F I C A
- (-~~E R L A Y ’ S S \ 1 1ISE ,2,2) 

— - - — - -

Pk 11 , , A M  5-s f DCA

C M A I N  ~-l, 1IGR A i -~i- 4 - I - H  5S FL (I,~ CALCL ’LAT ION

Cfl’’-”~~’- /CLOGI C/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 
1 •SOL ID (2.2)

- 
CLI ’’”i I. /C ’DISC/ Y ”DISC , X SA V E.I D ISC , i- ’ Q ISCC 

- —

- 
C i - 1~ P C C N T  IS 4 -A LSO SET SOLID .T R U O .M — — — I F  N E I T HE R  IS INPUT, P R O G R A M  AS
C a A SOLID ~.ALL 

- - - -

I i -  14 -  PCU IS • T R Y O~ THEN SOLID C AN 40 E I T H E R  T R I J E  OR F A L S E  
- - - — — —

DC,) i- - C V~~~~~~,(4
- 

v ’ O I~ C .’ ”I .P C ( ’ - T ( ’ , l ) ) S O L I D ( - ,l) : .TR U E .
SC 1’- - . 4- A L  SE

- 
1 4 - 0  .‘- ‘ l  .SS~~~ ’ )  1,11 II) 70 - -

C’  “A ~~~ 51~~h SLI P ST I-~~~ -’ Ix TR E A T E D  AS A SOLID IDUN DARY 
_____

S- I L I C C ?  • I) • I ‘.L1)-

SOC 1 00 1 , 2 ) : . T H I  J-
- 

70 IF C I D I S C . E  ~.1I ) CA LL ‘—ESI PT( R) 
- - - - -

- 
HO C t L L  S S F D ’ -’ - - — —

IF CI I )I SC. (’ , .?) A L L R O STRI (S )
- 14 -  ( I D I S C . F - d . 1 0 )  UO III 120 --

ML 1 - ‘~~~~‘

C• D A T A  H A S ((‘EN S T ; R F  A4ID F C C - -’ IS HUNG R E D T A R T E D
120 10 15 r :—I -

1, - 1 0 1 1 0
O N E ) - - —

-— — - 

— -I--
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•DEC 4- A N DRY
Si~ I P fl- li T I ’  F P NflT( y (-3 JJ , J J ,,J ) 

- - :

I SIS ‘-‘PC Tfl C A L C U L A T E  H .C . •*4 - (’,’ )pya *
C IIi - - ” I N /CC’~

r ,EW/ 4-,’-T S’I, -’OlJ ’- ,IC ~~’E P ,IC’sOR
C I I ~ ’’ 

15 /C$-’NI)RY/ 14~~I
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- - 5 1 5fF - 0 T H  S 1 L  ID A N - — i -  o~ ‘- l~ x — ~ T P - f  • T - ( F( 15, C A N T  -‘F P A V A L L E L  TO T

-~~A ( ~~~~ T W A C O  1— 0 I - T f ’ V  S .L .  ‘~- C ~ 10 l i--i- S P u - F v I ’ i u S  a - . I I A I I ( I V , 4 - 1 4 - 0  Ti - - F ]
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THERE, A V E P A G E  W O ITH THE CL J P P F 4 - T S LO PE  TO FIND a D V a , IRE D I S T A N C E  T H
C a H A S  i--s y E  f) 1(01 HA R D. (HIS II A S S  THE • 1*  PIJSI T I((’ i- l~ 4- T H A T  S.L. AT - IRE - -

C’ CL I14R F I ST A T I O N . CL”P AIV E IT W I T H  TH E O U S I R E D  CU~~~E 4 -- 1 v A L ~~f ,a Y b 4 R a ,
C’ C I-’A4-o-F ‘pSl,i-D ’y ’ AC CI 1,,1I ) I i-- 1,LY.

C A LL L~~P’ IT ( P S I (JJ,JT ),V (JU (JJ,J1 ),JJJ, P 51 -i - 1l4 - ,V Ql )PRE .1,0)
C A L L  L S P 4 - I T  (PS I (JJ,JT) , Y (JJ,JT ),JJJ , PsI~~O )Y , TP PEV , I , O )
DY :C v 5 1 1 1 4 1 , 4 ~-V - i - o - ‘A~~( J, JT ) ) * . 5aDX
F C AL C II: Y 2 i-’ F. V +01
0 P141)h , :Y ’-IIII D—V C A LCU

- 
XJU”P: .I 

-

C A LL PTSLP (PS I(V0y,0k 1411P ,IFIN DPV ,VPTSLP ,O .)

207 If (.4-.Ot.SLIP ) GO 10 210
IF C X .G T .X IF DV (2)) ‘R ITE (4-~,’4025) YH AR (j ,JT ),VQUNA R (j,Jfl,j,Jt
IF (JT .F1I .i -’) Of) T O) ?09 

-
yI~U((4P(I,2) 4-i-QU( (A I,(J,JT) 

- - -

31 :?
- 4-JT:(4 

- - -

3:1 
______ ______

JJ :l
SGN — j . O

IF (IPNDRY .NE .O.OR .IC H .NE .O) GO TO 1~~I
— 

JSHK:0 
-

K 5H (1~~K :3— - 
IF ( X S H O C K ( J T ) . L E . X )  JSHK~~JSNOC K

— 
SL O P E ( K , J T ) :V Q U PA R ( I , 2 )
GO TO 88 - -

209 31:)
— 

kJI:I
JJ :JJHOLD
J:J HOLD
SGN :I,O
4- :2 

- - - -

EPPI )R: (P 8A R ( J , J T ) — P I ( A R ( I , 2 ) ) / P B A P (J , J T )
XJ Ij ’P:— .IS 

- - - -

IF ( X .G T .X f ~~Dy ( f l)  ~R 1IE (b ,(4 O 2 h )  S L I F P E ( I , 2 ) , E P R O P ,P BA P ( J , J T ) ,
— - - I P F A W ( I , 2 )  

- -  — ~~~~~~ - - — —~~~~~~ - -  -

CA L L  PTSL P (SLU PE(i- ,JT ),EPPOP,Ior ,- Do i - y ,vPTSLP,0.)
V (.UESS;SLIJPE (M,JT) 

- -

210 TOL :A’4S (ERP1)W) 
- - —

IF C I i - ’ ND~~Y .1.1 . 10) (,lI TO 208
IF C l I L. L I ..O (-0l ) sO 10 2 11 — - - - - --- - - - —- - — — - - —  — — - — - - —  - - —

VII U I— A~ (,!.JT):V000SS
PIIA R (J,JT ):PGIJESS 

- -

GO TO lO t 
-

212 I F ( . G T . 5f i- D Y ( 1 ) )  W W I T E ( b , 14029)  J ,J T
Pf’A ’~(J,JI) :F’Cp !T 

-  —

208 If (z .GT .X(’D Y (I )) WRI TEN,I220 ) UCH (1,JT), Ph~~P (J,JT), PGUESS.
IVQU1i A P(J,JI ),VC.UES S

211 J T I T I JL :I
4 - S T C O IV:I

2 13  IUL :AAS((DPSII(JT )—D PSIC(J I ))/I )PSI(JT))
If (s~~1..T ..HDY( 14)) , II IT( (b, ’IA ?S) (1PSIC (jT) ,DPSII(JT) , T I’ L, IO C ’ 1 (I, J 1 ” ) 

- -
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1 4 - (TOL .L 1 ..OI ) (.0 TO ??0
14 - (IC” .( . T . S )  GIl  1(5 225
1 i l l  i-’lI- = • -,
CA L ! .  “ T SLP ( O P S I I ( J T ) , D P S I C ( J T ) , i C ~l,V P S L C H ( ” S I O 4 -~) ,i .)
1 4 -  ( .01 1 1.51 IP )  (.~ I T O 195
IF (31 .0 11 .2 ) GO III 219
I C H : I C N — I
(.1’ TO ?l #~

215 IF (31 .01 ).?) GO TO 218
J T I I OL:0

2I b JT:?
$SIO R:5
I.i) 1(1 2 1 3

- 
? 1 8  IF (J T ITUL. E Q .0) GO TO ?92 

— — _

ICi-’ : ICH +I
21(4 JT :1

GO TI) 1 95
220 IF CSLIP) GO TO 215
225  IF (ICPNEP .LQ .(—9)) (.01 TO ~0O
?~~O RET U RN

280 TOL :AB S(ERPOR )
IF (TOL . LT. .000I ) GO TO 207
IF (IbOY .G T .IO ) (.1) TO 281
C A L L  PTSLP (P I. ,l5 S$,EPPI1 P ,IlA O y , V PT SL P(5),0 .)
PrV AP (J,JI):P (,U5’,S - - -

1 4 - C PG UESS.LT .PC PIT) GO T(( 19? - -
Pk A I-i(J . JI):PC,~I T
I i - (PC~~IT .4--’ E .vPISLP (5)) (.10 10 192
Pf,II ESS :PCR IT

281 PP A R C  3, JT):PGUESS
GIl T O  207

( C’ ENDS UPE DUA L S T I V E A M L I O I E  PPIU-’ 4 - ’ i - T I F S  R O Y A l - V I D ENTICAL
2(4 ? JT:I

Y(V A 14( J, JT) :YHAi - i -(I,2 )
P R A ( - C J , J T ) : H 4 - ’ A R ( I , 2 )
7$:  T I C  11 ,3 1)  • ( 1 4 , - A - ~ (3 ,  JT ) ,- PT ( J , J I) ) * ac-A M !  O G ( J T  ) 

- -- 
k l k A ~~ (J,,(T) :R0 ’Ai - ( J ,~~ l )/ 1 S  

- — - — -

II(. (j,J1 ):SIl 14 I((I T (II,J~~) TS) a I ,A ’.’?(JT),(I. ,V QUBAR( J,J T )*
I ( c’L~I’~~~~ ( J , J T  ) ) )
SLOPF (?,1) :VSU H A — (J, JI)
R ETU I— i-, 0

‘ 3O~~ IF f l ’ , 13.r~ . l ) ~~ C( T I ) ‘l ?l) 
— - -

14- (h- - I - - A R ( J , J 1) , ( , l ( 4 -’ i - u - . P ( J , J T ) ) )  (.0 10 320
V - i - U R A W  ( 1, 3 1 ) : - , l i- i 

~ A 1 ,  (J  • J I). • OS
GO T V 180

320 CALL (1’,frj l ’-I (JH (ILC - ,J’T ,Il Q ,I G 5 ,51 , IESS, PC PIT )
I F  C IGO .NE .2) GO 7 11 1 4 - i - ’)
T C ~~Nl~~

:_
~ 

- -  ‘

RE

1 2 20 F ( 1 4 M 4 7  ( j X , ~~O H 4 - A I L o I 1 4 4  (‘F i ’I J ’ J P A I ~~ ITE R A T 1 P ’- ,/ .IX ,3 7,UCH ,UC.UESS,1-’
t H A i -’ , (‘(‘iFS ’,. V5I l1 A I ,, V Gl I E  SS .4 - - i -  I5 .I~)

u023  4- I’- ‘- A ( I  7’ , Q’-U PSI C • P’-SiI , T - ~ • (IC H, ~ F I S • 5)
u C l~~(4 F I - V Y A I  ( I a , I 21 . S I I L I U  4 , A L L  • 1 7 1 . A p , P GU E S S, 1 4 1 1 2 , 3 4 - l a .7 , cR  J T : ,1~~,

• 
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1~i- H J:,I3) 
1

‘i-025 FO” i--’ A I  C I l ,t 2 H 5 L I P S I _ F A V ’ _ .h 1 1 4 A ~~,V , 1 1
~~ 14 . J ,J T , 2 V I ’ 4 .? . 2 I 3)

(402W F O I . V A T  ( l i - ,)2i -’5 L IPSI 14F A ’I -’ -’ ,?II-”-LLH’f , J J , P~~ A R ,PSA I - ,’ I- F li - i - .?)

i-i- C 21 F l  I P Y A  1 C I , I Ri-- I--i - i - F $ S - R0 k( IU ’, l )A R  V —— , 34- 1 -i- • 7 • S i--I Jf : , 1 3 ,  ~~b 3:, 1 3 )
i-4O?9 F 1IV Y A  ( 2 7 4 - i - F L O W  v i - f l T S Io k S l(4 -- i - IC IN 5 4 -~

Il
~~~y , 3 i - ,cr4 J :,I’i- , S X ,L1~- IJT  :,Ii - 4 )

END 
-

a

C J
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‘DECK COEFF
- -  

SU F”RDU lI ’.f C O E 4 - F ( K )  
- - - -

•C (-EFF E u - A b A T E S  C O E F F I C I E N T S  F O R  A GE -SE-P AL (- A R A M I I L I C  POE
C I Y ~~ l 1 S  / C T ’ - ’ F I A /  T I — F 1A ,I I
C I i -~~~1I / C T i - F  S — /  P3 , 4- J . S ’ 1 u - i - I F J . E J I  • 1(J ,  i ’ - u ,  1’-’JE T
CD ’ ’- , o o -  / C I N I I/  r ,JJ ? ) , NJJY I (2 ) ,~~J J i - i - 2 ( 2 ) , S T A ’ ( I L ,  A , i l_, I P(-i -I’ ,T ,D X ?

I . D X 3 , I S , O P S I C 2 )
C I1~~M l- ’- / C’i -- D R Y /  k i - - f l (? 5 , 2 ) , P ( 2 ,? )  . 1 3 ( 2 3 . 2 )  ,V ( ? I , 2 ~~, V 0 ~U ( ? S , ? )

2 ,PSj (2~~,fl , P ( ? S . ? ) , ”-~- ’A ’~( ? 5 , 2  , i - H i l V A ii - ( ?~ , ,2 ) , I,J ’ 1 A R (2 3 , 2 )
- 

3 , V N LP A R( 2 3 , ? ) , i-, ’ V A H C 2 3 , ? ) , 14
~~~ A H (2 3 . ?) , P SI ? (  t , ? ) , Z ~~N ( 2 3 , ?)  — - - -  -

(4 ,PPIJ L I ’I-01(2, ?),OX,ROI J .JT ,R C , DX )OSY ,P S I 1 , VCAL C,SLOPE (2 ,?)
S , T T ( l ,2 )

C I O Y ’ O N  , C O S D S /  J S T A R T ,J EI i-D
CI lM’v( ( f ,  /C P 

~ 11. I / A ( i - i -b, 1 ) , A L PH A ( I  • I)  (Y E T A  (~~1,, 1)  , GA -V M  (i-i -b, 1) ,
I r E - L T A (Ai - 1, , I)
CS”S;N ,CJL8DY/ JL ROY ,JL FIQYI , SYBDY 

- - - -

- LOGICAL M i X
- 

DAT A “ I I,? JC, G C,C ,ETA ,A L F A  /.TRUE ., 7 7 8 .,32. t 7 i - i -,?.59,.585, .?i-’
D A T A  I EN I E R  / 0 /

C a  — iL l— IS THE 4 - l •  ING LENGTH
C’  — P O l l —  IS 1k0 R O Y ’  II LDS NU ’-~~hR OF T U R 8 L L€ N C E
C’  _ Z ’~

: I T _ IS THE T U Q F , U LF III V ISCOSITY
C. —UJ — IS THE . P14 - 0 (40 0CC V E L O CIT Y 1~4- T I-lU JET 

-

Ca —— 4 -~J— IS 1— i fi 1~A D Iu S ( ( 4 -  THE J E T  E X I T
C a — Z L T —  IS T H O u  Y I X  INC. L E N G T H  NON~~D I i - ” E N S I O S A L I Y O  0) bY  I I N I T I A L  P I L l  

- -

~
C C  JET

IF ( I 0~~T E R . EC ) . 0 )  GO TO 500 
- - - - -

20 ZLT :ZMIXL (*)
3 A 03 LI S:05-

~~~~ IF ( J T • E 0 ~~~~~~ JAD 3 ijS~~NJ~J(c)  - - -5-—- - - — ---— — - - - --  - - —- -- - - - - - - — - - - --—- -- ----i-

DO 100  JJ :JSTA PI ,JENO
J :JJ—JAD JUS

C a a a , , a a * * , a a a a  **a ,,a,,,aa — —
C’ TU’l ’4uLONC E 4-’OOEL
C’ .a* a . ,a * . l a * *

PUY :i--i- i - -i -O (J,J I ) *~,(J, JT) *Ii- (J ,J1 ) a R C J , J T )
— S I ) PT E : S N V T ( A ( J J , 4 - ) )  - -

4 -E YT:14HD( J,JT )*1L I*SOR T Sa Sr)P IOJ/( 1i-’ U a IJJ)

IF ( M N)  GO 10 55
- 

0 *  IS T H E  3’ 1 ~ j Its’, PR C 1P LEM , H IS A L  l A Y S  I J N I T Y
Z L A M D A : I ,F V T  • R E  101
14-’ ( ? L A - ~I)A .GT .l . ? c ’) GD TO ss
IF ( Z L A ’ ~l i A .I. T . .75 ) 60 10 Si-i-

GO 11 Sb
5L1 R:,?LA ’-’ r :A (ZLA YDA ..75)*l2 

—- — — —  
-

Si-’ ZM (IHA :Z ~ ’lI~~~~*A L fA

A L F I - T i - i - : A Li - A .E T A •H

55 Z ’~III:i -o’ A~~4-~E V T
G: I, , A L 4 - h S l H * R E Y T  -

0000 SY : I l .L 14 -  C v  ( J I  I” ~~‘ 
(1) • L I . C l u O  I • 

A l ,fl • ~~~ ~ JS i A Q T i ~~
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C. A~~J 5  o F S (JM M F T R Y  P I (I N T
- 

-:a SY-~~1 I k Y  FO (’CES 00,4(51 10 l~ ZERO (IN 4 1 15 
— -

JP(:J,I
I I -  (JPt.G 1 .5-JJ (JT)) Ji-’t :SJJ(JT )
J M I : J— 1
I F Ji- i-1 •L I • J L p N Y ) J’~ I :JL ’V i ) ’V

* AT DOT E’- EDGE I I I-  J E T , IS O (l ’ F — S ! l ’ E O  O f W Iv A T I~~S (IT 5 5 - 1 4  0 (‘F S’- A L L )
(LII Sy z 1 0 0 J p 1 , J l ) _ U ( J V I , J T ) ) / ( P N I ( JP 1 , J T ) _ P S I ( J ’ I , J T ) )  

-

DUOC ISY :DUi i- DSV a OuNI’ -s
72 CONTINUE

~~Ca CALCUL AT E  0 0 0 F F I C 1 E N T S  (II THE PA PA(YI)L IC POE
HE T A ( J J , i- ) :Z M I ( * O . A I I (

— 
GAMi - ’(JJ ,,,):PUv.OUOD SY ,ZM UT a FJI aUJ *UJ 

- -  - —

DE L lA ( J J , i-l ):— Zi-~Ua DaC / (PHfl(J, JT )aU (J,JT) *iLTaZLT)

100 CONT INUE
RETURN

C’  C O N S T A N T S
500 10 4- i-TOW:!

Z M J : i i - i - ’i- ( 1~ 1)
-+0 101:1 • /1 10 .
EJ I :! ./EJ
S Q R T E J : S ~~~T ( E J )
II :!

C’ ZM U :ZYIJIN F/ ((4H IJIN FIUJ *R J ) :ZNU II-JF /(UJ *PJ )
Z” L I N F : l . tiE— (4
iI’u:ZP~’JI N4-~~PH fl (I,l) /(RJ*UJ)

iYu I-- A :l’~’u *H 1A L F A
A L F I T R : A L 4 - A a E T A a H
ALPuA( II , + ):I.
GO TO 20
END

.5-- 

--
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‘(EC’ C’ “‘4 - P
I IIJ T I  SF CI — F  C , ‘V , P ( ( l 4 -, T • 4 - L  , J , (‘. 4--’ ‘lO U I- [1 )

• C I I I ” N E ~ L U l ’ S  4 - I  ,i- C C — - f ’ - ’ S IN i - -p ( J ’ ,DAI i -’ I E s  — — C O R N E R
C - ’ ’ - ’~ /CC (’ O~~/ ‘~~ l~~’- - I , ~~,Ic ’, f , xC ’l ’,Ek

- - “  ~‘1 N /C ‘10-2/ 1 . 1 5k 5 . I 1 , I’ - NC ?,? )
C -  - ‘ - N  / C~~’- ’ - v /  C I - O I ~’(0 ?),J I, C i - ’ D L i V~’ (1O)
(U - - ”~ I - ’~ / C ) H c /  r A r ,s 1 , I o s ~1I C * ,Ps IS’ l4 - - ,r)F Lp , o F L V o U , j L r ] W ,J S H L C K  

- — -
I . S i - - L I ( 2 )  , 4- S’-’’JC 4-

C I- ’ -’l , 4-I ,C Fi -ITS/ ( ‘ I T S , b L AF I i-I~
C , - ’ ” :- 4 -,/~~Si-” PT / S H4 - PRI
D 1 ’ 4 -  ,SI’) ’ l  a (25) ,1 (23), XS (?) , YS (2) ,P(?5) 

—
LOC IC A L PCCINI ,DSHU CK ,SR KPPT 

—

C ’  I c R - S f ’ ;~~1 NP L I ES  F X P A 4 -,S I I I 4 -. 4-15 T O S O L I D  4 - A L L  ( ( 5 1 4  P R E S S u R E  (Y N ’ ) RY )
C~ IC - i - i- F’ - :O  I W P L I E S  LL OrO i- 4-U A C O o R ’ - F i - J

C ’  IC 1 4 ’~~~ : — 1  I’- ’ P L I l S  S T A ~~T s~~oc ’  T I -  A SOL ID  ~A L L
Ca IC W N E  H : — ?  I~~PL ( E S  — S E A R C H —  -~~5 r E -  IF C T F  0 A C O A L E S C I N G  SHL S C K

‘,J :J
1 4- (4 - L .E - O ) . B I T S )  X I4 - :NIT S
NPT :4 - P  1 S’~I + I

If (l C f l 4 -. T )  GO T Ij 1b9
170 DO Ill I : I 1 , N PT S H 1  

- -

IF (x(I). EN . X (I+1)) (.0 10 172
17 1 Cl i - NI h 1~~IE 

-

1 4 -  ( S i - — K 1 4 1 4 T )  W R I T E  (
~~,1)  X C I )

IF - S I  (4- ,JT ):I
1~ ’9 C S ’ ,l l’,uE

IF (~~
x .’-E .’l ITS) GO TO 173

~1’ 
- _ 

IF xL 15 1 5 1  I’-,P u T , ~‘r xi E Q U A L  TO TH E- ,  S ,-, L ) P T F ~~~~I1F T~~~E UPPE~~~~
”
~1~~~~~

C’ LOWE R NUI jNDARJF S . 
-

IF C X L .Fo. HIT S ) a L : XC N P T )
IF ( * 1 .GT .V ( t , P T ) )  X L : I ( N P T )  — — —

173 i - C R N E H : X L
1C~~’~4- U:?

6’) To 175
C’ A (4-14- 1,1—i- I F P 11 1 15 1 H A S  ( ‘ 014 -i- F OuND

172 xS (I):.QRQ. 1 (I)
xS(2):I .OO 1 .K(I )
If (x(()~~ NE .0.) 51’) T O I ? ? ’,

~S (I (:— .O 0I

1 7 25  C O T - I  I N I J E
C A L L  L 5 4 - ’ 4 - I I  (x , Y , ’, PI , as, V S,�, O)

4- 1 i : I • l  — - - - - - - - - — -

~~~~~~~~~~
-- - - — - — — - — _ - - - — — - - - - - - —

~~~~~~~
— — -

~~~~~
— - ‘

~~~~~~~~~~~
-

D V A - 1  (11— 15 (I )

P1-i- I I : l ’Y A/OX A
D V A :YS (2)—Y (1)
D .A :XS (?)— 1(I) 

-
T, A i - -1, : I I YA / F ’ . A - ” ) I --

L.
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IF ( • 5111 , S i- - ’KPP I) GO I l l 17 ??
- 

— ‘“ 1 1 4 -  ( W , I )  A S ( 1 ) , A S ( d ) , Y O l ( I )
,--~~111 ( i -’ . II T I A ’ L , ,i - - i -  II. ~S ( ? )

17 2 2  C O S T  15 , ’ E -
- 

IF ( (—flA s( , ) .L I • . 0 1 )  GO T O I 7(4

C’ 5’— A~~ P Cf l~~’, I - u - — — S ’ l P C 4 -

17 ” ~ X C - ’ T 4 - — : a ( I )
- 

ii- ( S’ -’” ’-’ ”T )  - — ( I F ( i - - - , ))  A C R ’ II- R

- I f (x ’l ’-’II(a(JI) .UI .(I.fP)) u - S - I O C I i - ( JT ) : X C H N E P

IC i - N4 - 14:~~l
1,0 1(1 175

17 (4 IF (r)ANr, LI 0 1)  GO T O  1 7 0

C’  C O Q S F - Y  W A S  ‘WI S U F F I C I E N T L Y  SHAR P TO ’ ,-,~~“~~A 4--,1 A D I SC O -ST I ojI T Y

C a  S i - - ’ A - )  C (1~d F H _ _ f x P A 1 ,SI flN ‘ - — - - - - -

IF (~~- - 4 - P 1 4 1 )  - ‘ I T O  ( b , I )  X C R N ~~P
- 

IC(414 -- E - P :  I
4- C i-’ 4- 4-- i-i- : i- ( ()

17 5 C 0 1’ .T I’ uE
14 -  ( . ‘ ‘ T .P C 0 I N T )  GO T U 1 8 1

1 7 W  PJ : 1 . Q 2 . P ( J )  - -

IF ( 1 4 -~- 0 u S D . G I  P J )  GO TI) 190
- 

1~~l R E TU RN
Ca

- 
C’ FL lo~ S TA ,I T S ,~1T i - i Ii- Sri -@C~ T O )  A C O N S T A N T  P R ’ S SU PE ‘ - O U T i - D A PV

190 60 10 (?OI,?00,20I.200), F
— 

200 DS’ C’:.T ’~IJF , - — - - - — - —

GO) III 202
201 1)” ( i- :.4-~~L ) E .
202 1c~~’- i - P :—5

- 
‘- F  T U I — i - l

~ 
F- ~~~’-’47 (I’ . ~FlS .b )
END - ‘

0 
‘DEC” C ’SEPV

- -  
SL, l- -- O 1 U T I , i  C’-SF~~v

‘C “SE Pu-
RE 11- 1 4 1 ,

0 4 - C )

I 03G



aDEC I( D X Q Y I
- S O I l - i- - f l I T I’~C ~i- ’- ’~1 ( P , U , , , , : - , A ~A , V N U V Z M )

‘I a Q - ~ I ——‘1 i - . ’-’ 1 — —  C A L C F l ~~L T~ S 0* / I i- ‘ ‘ * 5 — I)  0 ,0 A -i- 4-’ • C-

C ” c ’ - / C G A - /  G A Y - A ( ? ) , o . A 4 - - I ( ? ) , I .~~~’1 (?),G~~M2(?),I , A’Ic.(2 )
C - ’ --’’ r - - - / C ” S [ ) - Y /  C~~5 u ’ ( o i - i - ’ 0 ) , 4 - k i  I I I.i.’ ( 1 ( ’ H ) , C 0 ) r . ( , ) , J r ,R C , D 4 - I .O N y , 14 r ) ( M )

C l - ~~’ I ’ , , C I S I T /  NJJ ( ,i - ) , , J J ’ I ( ? ) , i- ;JJ ’- 2 ( 2 ) . I T A - - I L , ., i - L , I.- - - I ’ T .-J a ?
- 

I , D i - 5 , IS, I’PSI(2 )

L O G I C A L  S ,-4
~~P RT

Z L I M C * : .0S
~~~ ) UL1 : RHl.Il aU

V (uP I V -4-i’ i-~~ li + I . —

C’  T ’ S ’f L i - I l L  C IO4 - N E S T S  (54 -  ‘-‘5 15 Su ?E- ?SONI C

4- IJSY7 Y :0 • 10)5 ‘ I / N. ? ‘ I
( F  ( 7 M t / ~~~ .C, T .Z L I - - - C ” - )  ;o III 100

C’ ESL I U P I-  P14 I O P F (4 (‘1- ‘~A P~~ ( I14  0 ‘- F  -~~~ S T ’ ,C,IIL A - ~ I T Y  W H ER E
C ’  T _ C 1 P0’~ , E~~i - I : 4- V A C i - .  S U M , F R  A P P R O A C H E S  U N I T Y

IF (/ ~~x ? ’ A I .t_ T .0 .)  L” -. ? ’ I : O .

C’  E N F O R C E -  L I V I T  V A L L - F  ‘-‘0 1 14 0 R A POD LY
—

F R A C T : F R A C T . F RA C T * f P 4 C T

C’  P A T C H  SO L U I 1 1 l~ S’-N 1 T H L Y  Ill A - , A L Y T IC Ill- i- IT  A T  S I S G I ( L A ’ - I T Y
R L 1 4 -’IT :_ .5*~~~.I * S i A - ’ I L / ( : H I I I J - o * (’ *v 0 I I P I )

— — -
1 4 -  f 5 ’ — -I -’ - T )  W~~IIi-  ( i - - - ,  I )  4 - 1 4 A C T ,X ( 5 y 7~~,L” x ? ’ -’1 ,‘4 -LI~ ’II

I F 1 I ~~”~~T C 1 x ,S4- ’ (’- x ~~’ I , NF IS.~ - )

( D l )  P111 ,14’
E 0~ D

L 

—-
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aOEC k ~NTQOP
Su~~~~u T I r ~E £~.T ‘~(IS1H”’ ,JL OC )

C A L U &1L .A 7~~S P~~~~~~~ T~~~S ~~~ EN1~iOPY VL~~lES  A L1 i~.1, ST ~~LA M L INL
C1~~~~~’ /C TS/ ~‘1TS. bL A ~ . ’
CU~~~PN /CI~NI~~ Y/ ~.‘~U ( 2 ~~.f l .P ( ?~~, 2)  .U (2~~.?) . v ( ?  i,?) . ‘~~~‘r ~ S~ 2)

2 .PSI (23,fl,

~ . U~i A ~~ ( 2 ~~ .? ) .  ~(?c.n.pk~ Pc2 3.2).p SI?( I ,?).L~~~(2~~,2)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S •TT SA v F (I,.~)

~~~~~~ /C~~~ T k O ,  p 1 U T ( ? 0 ,~~b) , * P t ( 2 0 ) ,~~p T , OUMu~~(L4 5)
(V~~~C~ /CJL~~O~~/ JL~~1~~ .JL~iDV 1.S V ~~DY
COMMON /Ct~AM / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 

CUMI.~~N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~

I .Ox3 ,TS .D~”SI (2)
COYP~(ir~ /C I’I.PUT/ PTIN P (uo.?), r)uMIr .P(~,u~~)
COMwO~ /CLOI;IC/ PCUNT (2,~~),DuAL,DtDD(S),SOLID (?,2)
CO~~v1’~ /CPTSL P/ x J u~~P
COMMON /CN 1~-UP/ ~~4 S? ,~~Hs.PHsi
Cu~”~I~ ICP~~ ~T/ x jP~~T(2)
CUM~~(~ /C”LO PT / ULOPT (23.2) ,OLDPTS (2)
COM~~(’ N /CSHKPT/ SHKPT(23.2)
LOGIC A L DUA L , PCO I4T.SULID

— 
DI N SIl)~ V PTSLP (’~)
DA T A  PIOLD. j~ II~ST/I .F.15.O/

________ 
DAT A D~~PTL/0 .O/______ ______

J~~JLOC

~ C a TO TLA PPEr)SUPE aa PTOT aa HAS BFEF INPUT AT a*NX C *a k— S T A T I O N S  AND ON
Ca a a Np S I p l a a  STPEA M LI N ES

IF (I FIPST.GT .0) GO 10 5 — — —  — —

_J~~~J ‘ _____ 4
Ca FIPST TIM E T HP OUG H COUNT NXC 

-

DO 2 J:I,?t
I~~( J .EQ .21 ) GO 10 2 — —
IF ( ~PT (J).EQ .BITS ) GO TO 3 

_______________—
~ ~~~~~~~~~~~~

3 NIC J—I
I~ (NXC .LT .2) GO TO b

S I FIPST :l~~~ 
—

a —J• IS T - ~ S T P ~ ~MLI~~F ~~~1V ~~~ P • IT  A$Sv .
~ S T H F R E  A~~ T~41 SA ’~ ~~J MBEP

C. S.L.~~S P TI’ F TOT A L P$~ESSu~~F TA ~ LE £5 I~ tH~ SSFD CA LCULAT!O ~’1
C a  —~~x IS T~i~ Nu~ U~~ (~~ PO IN TS PFP ST~~ A~ L IN F TN IH~ T ( I T A L P~~ESSUq E T
C a (ASSUMED T~~E CA~~F ~~~~ AL L ST P FA ~’LIMEs )

90 JAO J U S O
IF (JT .~~G.2) JA DJUS :NjJ (t) -

JJ :J,JA r)J(,s
Gfl TO (I?0. I I 0 . [ 3 ( T ) . T S T E P  -

Cb IST~ P ~~~UA L S  h’fl~ — — u s1 T ’~I~ ~ A P OL A P J T I T I E S

~ ti c  U2:u~j A .~(J , J 1  •u~ A~~(J.JT) 
- - —

L ~~~~w t4 f )~~A w ( J . J T )
PS:Pt~AW (J,JT ) — —
1,(
~ 

TO ?0 
________

[
120 u2:u(J,Jt). (J,Jt )
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C a  S T E P  U S~ UNBA PWID OI)ANT ITI FS 
- -  -

kH:~~4U (J,JT)
P 5 : P( J ,J T )

PTflID :I)LOPT(J .JT)
20 CL 1~~T I N U E

PT~~PT IN P (J,JT )— S kI ~PT(J,JT)

CA Ll .  L S P F I T  (~~P1, P T 1J T ( i . J J ) , N X C , X B A P , D E LPT , 1 , l )
k~~S?:GAM I (JT)a()ELPT/(&AMMA( JT)apT )
R~~S 1~~O~~LPTaPX *PS/PT
PHS HSl . (l. + (Av i (J1) aU2 a~~ 4/ (GA PMA(JT)aPS))
If (~~.G T .XIPR T( I ))

I v ~~ I 7 f  ( b , I 0 O )  P T , PTOLD,DELPT ,PH SI,RkS ,RHS?
R E T U R N  

—

C~ IST1 P~~3, E E T  UP TOTA L PRESSuRES AT NEr~ X—LOCAT IUN
130 NJ~~~JJ(JT)

DO 1~~~ J : J L B D Y , N J
JJ:J,J ADjUS 

- - -

O L O P I ( J . J T ) : P T I N P ( J , J T )
CA LL LS PF IT (XPT,~~TOT (1,JJ ),NxC, x,PT jNP (J,JT),t,0)

13S PTIN P (j,JT ) PTINP (J ,JT)— SWKP T (J, JT )
139 K:2

IF (.N O T .PCPNT( K ,JT)) RETURN
EXPUN :1. /GAM IOG (JT )

C a  CH FC~ If) M A K F  SuRE T H A T  M A C H  NU’-~IFP A T  OUTER BOUNDAR Y 15 SUPERSONIC
Z~ C PIT~~i. 1 

- - - -

P T C ~~j T :PI~OU ND(k  , JT) a ( 1 • + GA M I  ( J T ) *  .Sa /M CR ITa ZMC PIT ) a a EXPON
J N J

I~s0 I F (PTINP (J,JT ).GT ,PTCR IT ) GO TO 150
J:J.1
IF (J.GT .0) GO TO Iii O
IF (JT .EU.2) GO TO iqo 

- -  — 

P~PITE (~~,1 0I)
STOP

ISO I F (J.EO .NJ) RETURN
Ca E N T I R E  M A S S  E L U~ P~~~A I f ~S ~~—-—~~~~~~~~~~~~~~~~~ - - -—

Ca MASS FL (I~ HAS CHA N ;Fn , FIND NE W PSIRDY
Ca DO C H O S S  S T R E A M  I N T E R P O L A T I O N  TO F IND ~HEPE FLOW IS STILL SUFFICIENT 

- -

Ca SUPE~~sflNIC . H U T  ~iE MUST ITE W A T F  BEC AU SE PTINP MAY BE NUN MONQTON II
l b O  l~UU N T 0

P ST G : P S I ( J , J T )
X J1I ’~P~~PSI  ( J + 1  .JT)—PS I (J,JT) —

lbS CALL LSP~~IT (RSI (1,JT ), PT IN P(1,JT ),NJ , PSIG,PTCA LC . 1,0)
OEL PT~~(PTC LL C_ PTC ~~iT )/PTC~~I1
I F ( * . GT .X I P R T )  ~~~t T E ( ~~, t 0 5 )  PTC~~I1 ,OEL PT. PTC 4LC .%JUMP ,X1 PRT ,X

j A ~~S ( L ) E L P T )
IF ( a ( i I J N T ç T . l O )  GO TI) 170
IF  (~~~~~n1~~. L T . . 0 O I)  GO TO 1~~O
CA LL PT5LP (1~SI 1, ()ILPT, KOUN T,V PTSLP ,0.)
GO TO lbS

170 W R I T E  ( b , 1 0 3)
PSI( ,~~P S I ( J , J T ) + .O i a ( P S I (J , I ,J T ) ~~PS I(J .J T ) )

L ~ IRPT(l ):*[ 1~~0
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1) r~T 1I ’ j ~
1 •

~~~ 
— 

~~~~~~~~~~~~

DL~ L ~~~~~ . ...

IF (J .GT .1) SY Fk C l~~SYFRCT*(PSI (J,JT)—PSI (J .1,JT ))- —  S~ CP~Ea: SVFRC1+ P SI( J ,J T )

• CH~~~~~~(P SIG PSl (J,JT ))/(PSI(J,1,JT ) PSI(J,JT)) 
- - - -

D Y s I .~~r:~~ (J ,  t.J T) ~~(JsI.J T)—Y (J,JT )*Y (J .JT )

Y C A L C L : S L ~1 ’ T ( ~~( J + 1 , J T ) a Y C J + i , J T ) D’IS0RD )   
______ ______

D Y L ( . S S : Y ( J , 1 , J T ) — Y C A L C L
• I~ ( a . L T .~~I P W T ( 2 ) )  GO 11) tHI
- n1~ I 1E (t. tO ’4 ) NJJ (J I), JT ,PSI ( ,X ,OA ,PSI(J,JT),P5j(J—I,J T ) 1

r.R IIE ( W , 11)5) CH4’~GE.DYSQRD,DYLDSS,Y (J+l ,JT), YIJ ,JT ), Y CA L C L.
7 81 CUN T INu E j
~~~~~~~~ ( P 5I T C H E a ) J~~j — l  

— _________ —

p1I~~p ( J , 1 . J T ) ~~° r c k Ir
PS 1( J , l ,J T ) : PS I G
Y ( J + l , J T ) ~~Y C A LC l .  

- - — - -

~J J P j ( J T ) : J  --

~j J J ( J T ) : J +l 
______________ _________

NJJ M .) ( J T ) : J ~~1
RETU RN

- 
190 DUAL~~.FALSE. 

- -  — - - - — --

W R I T E  (h,102) 
- - - - • •  —

J T:l
PC P N T ( K . . J T ) : .T RUE 

_______ ______-• 
S O L j D ( K , J T ) ; . l~~A L S E .  

— 1
GO 70 130

C* _TOTOL PRESSURE ALO NF STW EA ~’LINE WAS NOT INPUT~ .ASS UME IU IS_ C O NS T ANT

b IFIRST:.I 
______ __________________________ _______

EX POFS:1.
RHSI ~0.WHS :O .
R E T U R N

100 F11R~ AT (bFIB .W,bHrI TR OP)
l O t  Fe IdPAr  (lX .23W EN T IRE FLOW IS SUBSONIC) 

_______— 
102 F0 A T ( l s , u0~~1 N L Y T H E INNE’  ST A~~~PEMIPlS SU PERSUN1 cT
103 f ( I k M A T  ( t X . 5 O P 4 I T ~~~ A T I ( ) l ~ F1j14 C R I T I A C L  M A C H  NU~~~Ew F A I L E D .— F l~T R f ) P Y )
IOU F1~~ ’ A T  ( % * . U 5 H A  P IIR T IO N OF THE OUTE R ~LO~ HA S G I l rJ F .  SUHSUNIC,,,28WN

~~~ ( ‘ LITE R H(I U N O A I~~Y IS A T  NJ: ,t S , 3 H J T ~~.I5, Mt4PS It~DY ;,F1 2 .b,SH X,
?Ft2. t,~~ O~:,3Fl2 .b) -

105 f I)HMAT (lx ,bFI .~.W) ______ ______- •  — -  

~ND 
____  ____

_ _ _  _ _ _  - _ _ _  _ _ _ _ _
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•OEC’ F WI)P4T
SU)~~IIUT!NE ERf)NT(Pl,Ui,RHU 1,vOUI) 

. - •-— - -- . • - • - — — . — .-• • .. •--

•f~~ONT CAL C ULATES PROP ERT IES IN FRONT OF A SHOC*
COM MON /CC~iA~~L/ YCH ARL.
COMMO N /UWND RY / R H t ) ( ? ~~ , ? )  ,P ( 2 3 , ? )  . U ( ? 3 , ? )  , Y (f l ,? )  ,Vul ’ (?3.?)

2 ,PS I U 2 3 , 2) ,  ~ (2 3 . 2 ) , y I~~~~( 2 3 . 2) , A P ( 2 , ? ) ,J ~~A~~(? 3 ,2 )
3 ,v QUHAR(23,2),RB AQ (?3,?).PRAU (?T .?),PSI? t 1.2),l~~~(?S,2)
‘4 

.

S ,TT(l.2)
CUM~ ON /CSHOCIc / PS(5,2),US(5,2).’4HOS(S.?),v ~~US(5,2),P2(5,2) 

- -

l,u2 (5,?),wHP2 (N,2), v0U2(S,2 ),Y?(S ,?),P2 (S,?)r CO1~M1JN /CSW ”~/ 1ANSI,l)SHOC~~,PSHOCk ,DELP ,DEL VOU, JLO~~,JSP4OCk 
•

1,~~S,4I1Ck (2),’YS HUCI~

~~~~~~~~ CUMMON /CF WONTI 1S~~tJck ,VS HV ;PSIS~~~.FW A C TN  
__

~~

_ __••_ _ _•_

~~~~~~~~
COMMO N /CGAM / GAP.~.A (7) ,~~~Mj (fl,GA~’1 ( 2 )  ,GAM ? (2) ,GAM IQG (2)

• COM~~f N /CJL~~DY/ JLBDY, JLBDY I, S Y B D Y
COMMON /CI~~IT/ NJJ (2),N JJM I (2),NJJ M2(2),00MMV(9)
Cf”~ • t N  / C X PW /  ~ X ( 3 ) , X X X  

. • —

- 
CUMMLIN /CPTSLP/ XJUM P
CflM~lON /CINPUT/ PT (440,2),U()MINP (W UB )

- 
COt~~f~N /CMDCI IT E R ,PISAVE ,U TSAVF •, R HOISA , VOUT SA ,YI SAV E ,J SET
COMJ ~ON /COLDPT/ OLOPT (23.2).OLOPTS(2) 

- - -

• DIM EN SION T A NA (?),vQuA v( 2 ) ,WH 0 0 0( 2 )  , ; P A V ( ? )  , U A V ( 2 )  ,VPTSLP (12)
- 
DIM FNSION PCH (fl,UCH(2), PHOCU(2),VUUCH(2),YCH(2) 

—

DIM FNSID N PC (3),UC (3),RHUC (S) ,V QLJC(3),YC(3), PTC (3)
DIMENS ION PSIC (3) 

- - ~~~~

DIM E NSIO N C (?),D(?) ,E (2) ,DL (2)
COMM ON /CS HENT / WH5IWL(U ),PHS2NL (U),SYP4flLD(U ),YE~~ThL (’4),J5TJ,JJJJ
I , YENCI-4 (2 ) ,PHSIEN(2) ,RH57EN(2)

— CO HMO N/OSHKPT/ Su ’ I K PWI  
. - -

LOG ICAL DSHOC K ,SH~~PRT 
________ ___________

• IPSISH:O
ISET:0
IOUTIR:0
1007:0
IF ( I1EP .NE. 99) GO TO 10 

_____ ______ 

V O UPR E :V O U ( J S E  T~~J T )  
_____—______

Y S H $ : Y I S A V E , ( V U I I l +V O U P P E ) * .5* DX
YC~~(I):vf~1 (1 ),YSl4~~— Y SHV

- •  
Y C H ( ? ) : Y C H ( 2 ) + Y S H~~— Y S H V
GD TO 45 

— - - -

ID Y 5~.I~:Y.5HV
T O L : l . E— U -

~~~~ 

- — ____ —____

EX PO N : I  • / r ,A M l q G ( J T )
T S O T T C : 2 . / ( G A M M A ( J T ) s I  •)
IF (ISWOCK •GT.0) GO 10 45 — - - -

~s * !~~.1 TI*L1sE PRUPIRTIES N CHAWA CTERIST IC S 
- •

YCH(l):YSH~
YCH (2) YSHk 

• . •

NP:3 
— - -

Lra SET UP I N T E R P O L A T I O N  V E C T O R  FR O M LA S T  x — S T E P  _ - -[ IF ( DSHO C’ ) ( I I  I I I  20 
. . . - - - •  • . -
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• L :4

SIGN~~I
JS JSHOC’(,I
J~~:JSHOC K,2
IF (JR .LF .~JJJ (JT )) GO TO 30
JR :NJJ(JT)
NP:?
I F  (JS.LE .NJJ(JT)) GO TO 30
J5 :NJJ (JT)
NP:I
GO TO 3O .

20 L:3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ •——-—-- -_— --—-- . _-_— - -_ - -—_- --
JR:J SHOCK —2
SI GN:.l. - - •
IF (JR .GE .JLBOY) GO TO 30 

-

JR :JL B OY
NP:?
IF (JS.GE.JLBDY) GO TO SO 

______ _______

JS:JL BO Y
N P I

30 CONTINU E
YC (1 ) YSNOCK
YC (?):Y(JS,JT)
YC (3):Y(JR ,JT)

Ca C H EC , TO BE DOME THA T * .Y”S*a AP~~E PROPERLY OR DE RED
DYCHFK:(YC (2 )—Y C (1 ))aSIGN
IF (DYCHEK .GT.0.) GO TO 31
YC (2):YC (I),S1GN*.OOi *YC HAR L

31 DYC kEK~~(YC(NP) .YSHK)aSIC,N 
---. - —  —

C. MAK E SURE a i - r S p - $ P c a a  IS INf)IOE a a y C * a T A B L E  
___________

IF (D YCHER ,GT .0.) GO TO 3?
V SPIK : YC C N P)

— 
32 PC (1):PS (L ,JT) 

• • . -- - - -  -

- - 
UC (1):IJS (L ,JT)
V OUC( I ) V (~US(L,JT)
PSIC( I )PSHOCK 

______ _____

PSIC (fl:PSj (JS ,JT)
P31CC 3):PSI (JR .JT )
PC (2):P (JS,JT)
PC (3 ):P(JR ,JT )
U C ( ? ) ; U ( J S , J T )  

. . . •

~

________UC(3):Ij (JR ,JT)
Vf4UC(?):~f 1~U (~JS,JtT 

— —-

vOuC (3):VcU (JR ,JT) — . —
IF (xxx .GT .DUMMY (?)) GO TO l I l t
I F (.N’)T .S~ KPRT ) GO 10 321
CA LL 1AII RR T (2HPS,PS,5O,I0)
v~~I1E ( W .  I) L,JT,OLDPTS,NP • - . — - - - - — . — . — •- _ — - -.-—- - --_—--—1

321 CO NTINUE
I F O R M A T  (Ix, UHL,JT,21 8,2Flb .b,18)

UC (I):US (’1,2)
V OUC ~VOUS (U ,2) 

- -  •

L Y .
cONT

~~
hiE 

• 

- - - . _ - - . • -•— - - • -  . - . -
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CA LL L F IT (VC, PC .NP,YSHK .Pl ,l,O)
C ALL L F IT (VC,L :( .NP .YSHs .II l , t . O )  

. -— —--_ - • . . . - .— — — - — _ - — - — - — • — . - • • . - —• -

CALL I F I T  (YC ,V I I 1 C ,~ JP ,YSH~~,vII~J I .1.0 )
1S;TT (I . J T )_ GA M I IG ( JT ) ~~U l a U l * (l •.VUU IaV OU I )* •5
RHO I :Pl/TS

PtC (fl:OLDPTS
— 

P1((?) :0LDP1(~~S ,J7Y 
. . - — - -  

~~~~~~~~~~~~~~~~~~~~~~~~~

PTC (3):OLOPT(JR,JT) 
-

IF C~~x~~.LT.OUMM Y(?).ANO .SNKPRT) CALL T4PPRT(3HPC ,PC,18 ,9)

US 00 ISO JINT:1,2
IF RUNT :0

C* USE L I N F A P  INT E R PU QATIOM— —NOT O UA O PA T IC 
. —-- . -- .

SO C ALL LF IT (YC, PC.NP •YCH (JII’T ), PCH (JINT) ,l,O)
• CA LL IFIT (YC. UC ,NP ,VC~~(J jNT ), UCH(JINT) ,l,O )

60 CALL LFI T ( Y C , v r w C , NP ,VCH (J~~tqT ),VQl)Cl4(J~~’JT ),I,O)

~~~~TS :TI (l. JT )_ GAM IUC ~(JT)aUCH (JIN T )aUCH(J I ~~T)* (I. .Vf)UCH (JINT)* 
. .— — - - — -

1V DUC H(JINT))* .5
- . 

RHL 1CM (JINT):PCH (JINT)/TS 
- — -

C~ CALCU LA T E AV E RAH E PRn PER T IES ALONG EAC H OF T~~O CHA RA C T E R I S T I C S
70 GPAV (JINT):(,AM~1 A (JT)a (PCH(JjNT ),PI)a .S 

— -

— -  
UA V(JINT): (UCH(JINT),UI)* .S
LPAV2 :UAV(J INT) *UAV(J INT )

Ca aaC a a IS THE SPEED OF SOUND 
- - •  • .

RH(’(V:(RHOCp4 (JIF~T) ,WhOl)a ,5
VOut .v(J INT) :(VcIIiCra (JINT) ,vGU l )a.S 

— ——
______ 

V O U? PI :1. ,VO UA V (J IN T )aV QIJA V (J INT)
ZM4~ 2:RHOA V~ UA V? 1I~U ?Pt/G PAV (JINT )
TA NA (JINT ):1 ./Su R1 (ZMAV ?—j .)
PHOU (l(J INT ) :WHOAV aUAV2 a TAN A (J INT ) 

•

SG:3.—2. .FLOAT (JINT )
DYCH :D** (~~(JL JA V( JlN T) + SG *TANA (JINT ))/( I .~~SGaVUU AV (J IN I)aTANA( JINT)) - -

YCHC :YSHK— DVC H
— . — 

E R M O R : A H S ( V C H ( J I N T ) Y C 1 $ C )  
- -  

~~~~

IF (LPUOR .LT . T(L ) 1,0 TO 145
IF (IFMONT .GT .IO ) GO TO 143  

•

XJIJMP: 3.
• C A L L  PISLP (VCH (J jNT),YCHC ,IFPIJNT,VPT SLP (1),1. )
r. M A a E  SlIME UDU D1~NT F~~TRA PO LA TF IN — Y C M TA M LE

O YC K YCH( J INT —Y C (I~~~ *SIGN 
- . • - •  .. 

~~~~~~~~~~~~~~~~~~~~~~ 
— . . . •- . - -

I F (oYCHE K .GT .O .) GO TO 80
• 

Y C ’ (J I N T ) YC (I) —-
80 OvC~~ ~:(YC(~~P)— y CH(JjNT ) )aSIGN

I F (DYCa EK .GI .O.) GO tI) MS
YCH (JI~~T ):YC(I’jp)

85 IF (YCH (JINT ).EQ .VPTSLP) GO tO [~4q 
. . - -

• C,O TO SO
Ca SET YCH IDIBN T ICA LL Y EQUAL TO OYCH VA LU F TO K E E P  OUT OF IR(jUBLE JN 

~1’~S VCH (JINT) :YCHC
GO TO l’U

IaQQ ZF (S~~ P~ T) ~R I7 E(6 raQ8i~vcH ,JI NT 
•- - — - - - -  —-— • — • - I
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11498 FORMAT (1X.2F144 .7,I8, MHYCH ,JINT)

Ca C A L C L L A T F  VISCOUS EF FECT E• 143 DL (JINT) :SUMT(DX aOX+ (VSHK ~~Y CH (JIP~T) )a*2) 
-- •

YF NCH(fl:YCH(JINT )
V (NCH (2):VSHK
CA LL L F I T  (YENT H L,~~ -S 1HL (JSTJ),JJJJ, YEII1CH ,Wk SlEN,~~,O)~~~~~~~~~~~~~~~~~~~~~~

• CA LL L F I T  (YENT ~~L, RH S?WL (JS1J) ,JJJJ, YEN CM , RHS?EN ,2,O)
R H S ? : ( R $ 5 7 E N (1 )  s~~H S ? E N ( 2 ) ) a .S ~~

_ —

RH SI : (RkSlf -N (l ) •RHSIEN (2))a .5
IF (XA(5). GI .DIIMM Y (2)) GO TO 1144 

- • - . . —

IF (SHK PRT ) WR ITE (~~,t4?h ) RHSI ,RH S2 
- - ____

1’44 CONTI N UE
C (JINT) :SQRT(G PAV( JINT )/WHDAV)
E (JINT):C JIN T)a( TANA (J INT)+SGaV QUA V( J INT ))/ (UA v (JINT )a

I VQLI2PI a1~x)aOL (JINT )aRH5l
— 

D(JINT ) :RHOAV aUA V( JINT )a IANA(J INT )aR HS2 aOL (JINT ) * C ( J I N T )  ~~~~~~~~~~~~~ 

. . —

ISO CONT IN UE__________________ _______ _____________ ___________

(I) +0(l)
B?:E ( 2 )  . 0 ( 2 )

Ca FORCE AX IS Y MM E T R IC TERM TO VAN ISH IF —VSP4K:—O .—
IF (PC.EQ .O.) GO TO 100

__________ _____

Ca BYPASS SINGULARITY AT A X I S  OF SYMMETRY
— - 

IF (YSH K .GT .0.) GO TO 160 
. - •

C~ ENSURE —Y HHK— IS PUS (Y1VE
YSHK :O ,

________IPSIS H:l ______________ _____ ________________________

PS1SH~~:P ITi TT7ö~~Ol
IF (~~CH(2).LE.0.) GO TO 100G O T ~ lbS 

• . —-  - -  .- .- ••- - ——_ -—----— -_- ._-—_ --_- - - - - • _ _ - — _ • - —

160 VQ I4AV G=VQ UAV( 2)/(YSH~~,YC H(2))a2~
IF (YSHK .G T .(2.aYCH (?))) VORAV G :VO U 1/YSHK~~~~

165 If  ( Y C H ( ? J . ( , T . ( 2 . . Y S H K ) )  VO MAVG :VOUCH(2)/YCH (2) 
______ ________

~~?:C (2)aRHUUiJ(�)/UAV( ?)aVOPAVGaDC (2 )
VG RAVG: V UOAV ( 1)/ (YS~~~,YCH (l))a2.
IF (YC.-4(I).GT.(?. aYSHa) ) VO PAVG :VGI JCH(% )/YCH (I ) 

. - -— • -_ - -—-—- - _—— .- -—_ — —  -

V QUI:2.aVQ UAV( 1)—V (JUCH(l )
IF (YSM ~c .GT .(d. ay C H(l))) VQRAVC ,:VQOI /YSHK
BI:C (1)aRHOUU (I )/UAV(1) .VQRAVGaDL(l ) 

__________________ ___________

B1 :F1,E (I),D~~1) 
—________

82:~~?,f (2)+O (2 )
IF (YSHK ,GT ..OB ) GO TO 100
RI:B1 a YSHKaI? .S

— 
R2:~~2*YSHK aI2.5 

— -- • 
~~~ 

— -

1 0 0  C O N T I N U E

t Ca CALCUL AT E PR E PER T IE S AT SHOCK BY C HA R A C T E R I S T I C S

I Ca FOR — CM— VA R IAV LF S , SUBSCRIPT I R E FE RS TI) THLT A +~’U CH A RA C T E R ISTIC -

C~ - _~~~~ — - - 
SuBSCRIPT 2 REFERS TO THE TA .MU C H A RA C T E R I S T I C

VQO8S(R HOIJU (I)aVQUCH (1)+WHOUU (2)aVGUCH (2).Bt,H2,PCH (i) PCH(2))/[ i (RHOuU (l ),Mh IUU (i))
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IF ( x .LT.DUMMY (?).ANO .SNKPPT) W~~ITF(6,IC 10l ) Pl, P8,Vr)U1,VOUM
E 4 . . I 1 I ~:A , S ( V I I , _ V I I I I  )
XJL’~P:— • 020
IF (~~RR )~~.L1.T )JL) 1,1 ) TO 180
CA L L  PTSLP (VOU I,V r) tIM ,IOUT ,VPTSLP ( 5 ) ,j . )

IF (IOU1 .L T .lO) 4,0 TO US
180 IL’UT:O

- 
PB: (PHUUU (2) a P C H (  I )  + W H R ( I )j ( j) a P C H ( ,’) •P HOLI IJ(?) ~~~II U 1I(  I) a (Vi)UCN ( 1 )~ 

-

• I _ V U I J C H ( ? ) ) _ R H l J U U ( I ) * , , ? _ R H f l u U ( ? ) a H I ) / c~~HOIJ IJ ( l ) + ’ 4 H U U L ( ? ) )
IF (x~~x .LT.DUMMY (2).ANO .S44,~PRT ) l. I T E ( b , l O O l )  P1, P ?, V U U I,VQ U8,Ul,

I RHI) I  ,YSHK
E )QOR :AHS (P8— P1)

• YPNE:(YCH (1)iYCH (2))* .5 -
If (ERRUM .LT.IUL ) GO 10 300
IF ( IO IJ TEW .4,T • II) GO TO 200
X J 0P P: • 05
CALL PISLP (Pl, P 6 , I O U TFR ,VPT SLP (q),t.)

C a A SSUME STR EAM LIN E AT PREV IOUS X— S TA T ION IS JA L F W AY 8ET.~FE N THE 2 CM
CALL L F IT  (YC , PTC , NP ,YPRE, PTPRF ,1,0)
11:1
TSLITI :(Pl/PTPRE )aaGAM IQG( JT ) 

- - -

C~ C I4EC~ TO BE SURE ~‘AC H NUMHEP IS SUPERSONIC 
— - - - . . -

IF (TSOTT .LT .TSOTTC ) GO TO IBI 
______

IF (.NOT .SHKP WT ) GO TO 1801
C A LL TAS PUT (2HPC, PC ,i8, b)
WR IT E (6 , 18 2 )  YPWE , PTPNE,Pj,TS QTT , TSQTTC,NP 

• •

1801 CO NTINUE
TS (~~ t :TSOITCa .999QQ 

. . - . .

282 fORM AT (I* ,IQ MYPRE ,PTPRE, Pl,TSQTT ,SFIS .b,Ib) 
________

1~~1 ~~~~~~~~~
TS :TT ( I I,JT )*TSQTT
WH fl l :P 1/IS
U1~~SO RT ((TT (II,JT)_ TS)aGAM2 (JT) / (1• +VQ U laV QUl))
GO TO 145

200 CON TI NUE
IF (S~o~PRT ) WR ITE (b,l000) P1, IJI, W HOl,VQU I

300 IOuI :0
IF (ITEU .EO .Q9) (~O T O 1400
I~ (I~~SIS~~.f ~~~ 1 ) ME TURN 

•

330 CA L l L F I T  (YC,VOUC ,N P ,V P FaE,VOII PRE,I,O)
C~ TRA Il S~.1i ~~ SI RE A ’ L  1’F ~A X +  TO P~~E V IP~1S A — S T A T  !O~~~A~4D TNTERPOLSTE TW 

—

Ca GET —PSI— V ALU E A T SHUCK A T CU URENT A — S T A T I O N

E M l -~I k:A S(Y PR1C— ~~,- ,-~E)
IF (F kI.~IH , L T . . O O 0 S ) GO TO 3140 — — ——
IF ( I O U T . G T . 1O ) GU 10 ~~~~ — -— ~~~~ — - — - - - - - — — —  ~~~~~~~~ — - - —- • • — • •• — I
XJU~~M:— .02O
CAl l P T S L P  ( Y P M E , Y P R E C ,  I O 0 T , v P T S L P ( S ) , I  .)
GO I C ’  S 30

339 IF (SHKPMT ) ~~1 4 1 T E ( W , l 00 2 )  y P P l . Y P P E C , E R R O R , V U U l , V I ~ U P R E

• 3 40  C A LL L F I T  (YC, R5!C,NP,YPME .PSISH~~,I,0)
R~~TLR N 

• •  — ••

[C~ GIV E N PSI V .~ L I I f , F I N I )  CORRE CT y
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r ‘400 YNEW:YPPE , (VOUI+VOUPRE)4 .S*DX 1
IF (EI ~ROR .LT ..O0I ) RETURN -

IF (IS ET .GT •1O ) RETURNf_
~

. ~JUM P :— .O20 - -- -

CALL PTSLP (YSHX ,YNEY ,IS FT ,VRTSLP (S),t.)
r YCM(l ):YCH (1 )+Y SHK—V SHO 1

YCH (2):VCH(2)+VSHK—YSP40r IOUTER :0 
-

I GO TO 4S
r l000 FORM AT (1X ,1’~HPl.U1, RHO I,VG 1Jl,U Fl6 .b) 

-

I 7001 FO RM A T lx ,23HP 1,P $,VU lJ l,vQu8, U1 , MHP I ,SH YSHK ,7F 114 .7)

flIOO2 FOR MAT (Ix ,Sfl14.i,S$kYPR~~,Y F C , E ~~P(lR ,VU J 1,V O UP WE ,$~~FPI )NTa a)
1 1426 FORMAT C10 x ,I3HF Ro~J T — — E N T M O P ,2F1b .N)

END 
—

I- ——

-

i-_I

- . - - _- .••II• .-- I
~

_
~~ ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ • . . -- - - -_ . • - - - --.

_________________ _______________ — - - -_ - ---- --  -4
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a D E C K  MDI SC
SUHRI1U T I N E M OI S C — .- - - -  • -

—~~O ISC— CC~NYP’JL b fl U T j t.f F (~~ C A L C U L A T I NG MACH DZSCS
CL” MON /C’~S’-’”/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ( 0’”- , I
~ / C I ~~~~- U 1 T /  P T t ’T ( U o , ? ) . r I I. I N p ( M ~~W )r COMM(1N /Cr ’~.L)MV/ ~~~)(2~~,2 ),P (?S,2) ,u(?3,?),Y (23,2 ),VGU (23,2)

• 2 ,‘SI (?S.?),
3 , v ( ~ I I ) A ~Q ( ? ~~ , d ) , l - ( ,~ 3 , 2 ) , P R A k ( ? 3 , 2 ) , P S I ? (  i , ? ) , L M N ( 2 3 , ? )
‘4 ,P IUN0(2,2 ),flA ,l-N.J,J1, RC ,DX(~()SY ,p S I l , Y CA L C , S L U P~~(2,2 )r 
~ ,fl (I ,?)
COMMON /CGA M / GA MM A(d),GAM 1(2).I ;4~~I (2),GA ~~2(?),G4M1QG(2)
CuM~ ON /C5Hf)CK/ P ) ( 5 , 2 ) , lJ I ( 5 . 2 ) , ~~~-~ I 1 ( 5 ,? ) , A U U l ( 5 , 2 ) , P 2 ( 5 , 2 )  

-.

C I ) ’ ”(I~ /CSH~~/ T ANSI,O SHO C K ,PSISHK ,DELP ,OELVOU, JLCIA,J S HOCa
I, 5 1 ’ C K  C?) • SMOG Pc
COMMON /C I N IT /  NJ J (2 ) , N J J M I (2 ) , NJ J M2 ( 2 ) , S T A B I L , X ,X L , I P RLN T , I)X 2

1 , C x 3 , T S , D P S I (2 )
CO MMUN / C C M N E 1~/ N P T S M 1 , KDLI M ,IC R N F R , XCR N ER
C(1MMC1N / C J L B DY /  J IH OY .J L R D Y I , S Y B I ) Y
Cf l MMON /CL O~,IC/ P C U NT ( 2 , 2 ) , t ) UA L , S L I P . A~~IS~ M ,S SlP~

1 8Af iPRI~~~~~JOB
I , S O L I I ) (2 ,? )

— - CO MMON / C X D I S C /  X M C I S C , X S A V E ,  IO ISC , MOI S CC 
.

COMMON /C M ITS/  H I T S , B L A N K
- LOG I CA L  4 X 1 S Y M , O U A L , S S T 4 ~M,P C O N T , B A P p R T ,END JOB,50L I0

L O G I C A L  DS HOC K 
______

LOG ICA L  ~A D I S C C  ~~~~~

-• - .. — • _- . —-—— - • -

If ( I1~I S C . E O .2) RETU RN
IF ( X M D I S C • E U • B I T S )  RETU RN - — _  -- - - - — -  — . • - . —

IF ( I D I S C . F O . ( — I ) )  RETURN
- — I F  (X C RNFR .G T . X M D I S C )  X C R B E P : X M D I S C  - — -- • . — --. -—-- -

IF ( X ~~LT .x ’- ’ DISC) R E T U R N
C~~~~~~~~~ PAS S FD C R ITE ~~IA FOR ~~~~~~~~~~~~~~~~~~~~~~  

——

-•  IF (II~!SC.E O ,1) GO 10 100 - —  — -— - . —-—- ---- - - •  . .

C a DONT IN SERT MACH DISC UNTIL D A T A  ALLOWING REST ART HAS BEEN STORED-
— -  

W R I T E  (b,1003) X 
- • - — - -• . - -. - --—_ • - . - — . - - - - •_  •

XL~~l .f8 ______• -- _____ ________________________

X CPNEP I.E8
X MDISC :1.E8 ~~~~~~~~~~~~~~~~~~~~~~~ 

— _ _  

RETURN
F - . 

~
- -—- . _ — . . _ - • . _ • • - — - .•

100 XMDISC :l.E8 
_____ _____ 

~~~IPN (l):Pl (L,JT)
RPi U~~( 1) : R H( J l ( L .J T )  . - . - _ • - - - •  — • — . - - -_ - 

~~~ 
• I

VOUN (1):VOUI (L,Jt)r UN (I) :LJI(L,JT ) 
. . — - -  - — • - • .• - - - - - -- • - — - • . — 

• ZN (2):SORT (l ./(l. +TA N S I a TA N S I ) )  
_________ __________ — --. . —________

1 N ( 1 ) : S 0 R T ( t . — Z N 1 2 ) a l N ( 2 ) )

I I C RNE R:— 14
MDISCC : .T W l J ( .

~~~ J LHOV: JL OW 
________

JL BDY I *JL III) ! • I
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W R I T E  (6 , 10 0 0 )  J L B D Y
~~~ITE (6,1001)
C A LL NOR’-~S~1 (GAM.lA( JT))

PB(~UNO( K ,JT):PN(2) 
• - . . .

7M I :~~ l( L , J 1) .  (RH(Ij(L,JT)/ (GAM~~A (JT )aPl (L,JT)))*Ljj (L ,JT)
I ‘(I • +V’I UI (L,i1 I av01J1 (L, JT ) I

Z M 2 : U 2 ( L , J f l .  (RH(l2 (L,JT)/(Ij A~~M 4(JT)aP? (L,JT)))aU2(L,JT) — - • - —  -
j •(I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

7~~U :UN (?). (WHON (fl/ (4,AMMA (JT)aPN(2))) &UN (2)
G?:(GA~”~A (JI)—l .)a .5
P~. W ; G A M M A ( J T ) / ( G 4 M M A ( J T ) _ l . )
P T I = M l ( L , J T ) a ( 1 • + G ? a Z M l ) a * P w R
P T 2 ~~c 2 ( L , J r ) a ( I . 4 G 2 a Z M 2 ) a a P w p  . . - .
PTOT (JL’30Y , J T ) : P 1~?
PT’4:PN (fla(I.+G?aLMa )aaPWR . •
Z R 1:S(~R T ( Z M 1 )

________ ~ M 2:5 (~ RI (Z M 2 )_____________ ______________ __________ ________ ___________

ZMU :SQRT(1M14)

- • 
WRITE (6,1002) ZM I, PT),PI(L,JT) _- . -——- • -- _—- . - 
W R I T E  (6,1(’~~2) Z~’2,PT2,P2 (L,JT)

~ R I T E  (6 , 10 02 )  2 M4 , P 1t4 ,PN (2 )
RE T URN

1000 FORMAT (1X ,2QHA MACH DISC IS BEING I N S E R T E D , 3 X , T H J L B D Y  :,t M) 
______

1 0 0 1  F O R M L T  ( 1 0 X ,26HRH O, P ,U ,V / L l ,w / U , Z N — — N O R M S H )
1002 FU~~~M A T  ( j 3 X , 17H M A C H ,PT , P , I  , 2 , 3 , 1 4 , 4 F 1 3 .S)
2003 F 1I ,~MA T LI* ,2HX :,F144 .7,blHf’A C H DISC CANN OT BE INSETRED UNTIL AFTER

I D A T A  HA S  BEEN S T O R E D )  
- _______

END
__ _ _ _ _ _ _ _ _ _ ______________•

- . - - • • - - -— -—- --• - • • •  - • -

1048



r .DECK HOC
SIIh N (IU T INF M flC(V ,VCH ,p ,f’CH ,sc.P ,T :~ JA ;R u O A v G , UA I•IG, 

- - • — — — -

• V (PA V G ,DL I~W ,I T YPE )
i MOC C A L C U L A T I C I  UI METHOD OF C h A R A C T E R I S T I C S

CO MMON /CHIjOPY / BNDoUM(hso),o~~,wr~J , J r , p C ,rxQoS y ,bNokoU (6),TT(2)
CI~~ W I i N  / C - T ’ 4 O P /  ~ ‘S? ,~~hS, MHS 1
C ( I M M C N  ,CI,AM / 4 , A M W A ( 2 )  ,G A M I  (?),GAMI (2),C,A¼ ? (2),I.AMl1~G (2) 

—

CO MMO N /CI~~IT/ NJJ (d), N JJM I ( 2 ) ,~~J J M ? ( 2 ) , S T A B I L , X ,* L , I P R I NT ,DX2
I , 0X 3 , T S , D P S I ( 2 )
COMMON /L M L IM /  ZM L IM
COMMON /CO~~SIC/ DPSI1(2),DPSIC (2),PTPRL (?) 

IPRES ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PAVG :(P,PCH)a .S
V U U A V I . : ( V s V C H ) a.S
UAVG2 :UAVG*U A VG
CS Q: SOR T (GAMMA (JT )*PAVG /RHOAV G )

- 
VOU2PI :VOU A V G a V U U A V G + 1 .  

-—•
~~~~

——_ _— —————
~~~~

-
~~~

——-_ - -
~~~

— _ - — — — — - - .-_

S Q R T V I , : S U R T ( V 0 U 2 P 1 )

lMAVG2: UA VG2*V(~U2P1*RHOAVG / (P4V G aGA M MA( JT ) )
I F (ZMAV I.? .LT .ZML1M ) ZMAVG2 :ZML IM

— 
TANA:SQRT(1 . /(ZMAVG2—l. ))

300 CONTINUE

Ca C U NT T A NT  P E E S S U R E  BO UNDARY
• 

- 
V :VCH~~SGNa (PAV GaA LL1G (P /PCH )/ (TANA aPH( JAV GaUA V C .2) +CSO a(V URAV G/UA V G +

1 R H S I / (R H U A V G *UA V G 2 a UA V G a S 0 R T V l J a TA N A D X ) * C T A N A + S G ~~*V QUAV G )+RH S2
2/LIAV G)aDL QR) 

•

RE TURN
END
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‘~~f C K  NORM SH
5UI~I’(lUTINL N( l Q M S H ( c , A~ ”~~~) 

_ 
- . - - -

I • NI I W ~~Sb U I - I -  CUI~.DINT IONS A (  R U N S  ~ P ’4 M A L  S14OC~
C U ~~~I N  / C N S H W /  ~. I~. i ( 2 , P ( ? ) , U ( ? ) , V C U ( 2 ) , W O L ) ( 2 ) , Z N ( 3 )

C Z N X IS T HE UNIT  N O R M A L  TO T H E SHUC K
1:1

~~~~~~~~ W N I T F C b I )~~~h0 (I), P (I) U (I),VNU(I).VIQU(! ),ZN (I)
• ç~• ~~~~~~ • ( Z~ . (71• VO~J ( 7)  ‘iNC 2) ,WQU( 1) *ZN ( 3))

i.I~~:
I
~~NI  •o01’NH U( 1)

(,~~~z I , A V M 4 a P ( I)

ZMA C H 2 :RNOQU/GP
I- ( 2 ) : P ( 1  )~~(1 •,2.aC.

AMM A / ((~~M~~A .t •)a (7~U1CH?.I . ) )  
— - - -— 

~~~~~~ ) : i I t 1 ) * ( G AV M A , I . ) * Z ~~ACH2/ ((GAM M A _ l . )* iM A C H 2 ~~2.) 
—

—
U ( 2) :U( I)-’ (ON2— I101 ) ‘ I N C  1) 

—

UIOO 2 : U ( I ) / U (2 )
vO1 (2 ) :vOi I( 1 )aU 10t.I?+(Q~~?.UNl)aiN (2)/U (2)

— 
1:2
W ’4 IT F (b.1 ~ ‘)(I),P(I),U (I), vOU(I),WQU(I),ZN (I)

— -  
I F I I~~~~A T  (‘ I Ib.

I4 FT IJRN • • - - -
E N D   

- - - —

____ ----•--- _ _ - • • . _ --- -. ---- -—-• • -—-——-— - . • — —--—----

-_ _- - • - - • - - - ---- .- - -  ~~~~~~~~~~~~~~~~~~ •~~~~~~~~ • 

— — . — . _ • 

— — — — —— - • — — — _ —  

— •— • - - - _ - - - -—— . •— - — - • - —  — -- - - •
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aDECK ONEDIM
SUBR OUTI N E IINEDI R (JHL JL D, J TD UM .IID.IGfl, V GU ES S,PCPIT)

a~~NfDIM . I IP . E O I M  CA L UII LATES ONE OIM E~.3iON AL FLOW P)~0PERT 1ES
COM~~L N /CJLHO Y/ JLk0~~,JL I.DVI,SYBOY 

—

CO MM( N /CNSH ~~/ W H 1 1 (2),PN(2),IIN (?), V I-4UN (?),O),M(5)
C IIMM CJN /C~~01SC/ A~~I)ISC, )S A V E , I D I S C , MUI5CC
C(~~ P~L1N /CIIJ PIIT/ P1(LIQ ,?),00MINP (6UB)

— C U M M C I N  /C~,A~~/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COMMO N ICPTSLP/ A JUMP
CO~’MON /CHN ONY / RkO(2~~,fl,P(2 ,2),U(23,2),Y(?3,? ),vQ1I(23,?)

• 2 ,PS)(23,?),
3 .VNUBA R(?5,2 ), RBA R(23,2),PR A ’4 (c’3.?),PSI? ( I , f l , ZM N ( 2~~,2)L ,PbOu ND(?,2),Ox ,~~~J , J T , RC,O XOOSY, PSI I . Y C A L C . S L L ’ P E ( 2 , 2 ) , T I ( I  . 2)

- 
CV ~~~ CI’ . /C I ‘I I 1/ NJJ ( 2 ) .  UUFI NI C N ) , ,XL, I P14 I N T , DUM IN2 (5)
COMMON /CDE C IO/ ZMACHH( I0 ), yIr )HLD (Io) ,XHLD (Io),VOUHLD(1O)r CV MM I 1~ , /CHDYPR/
CO MMON /CBITSI PITS ,BLANK
COMMON /CJLBYS/ JLBDYS (2) 

- —- — —

LOGICA L M0I $CC 
______

DAT A IT IM E /O/ - —

• D ATA PTUIAL /l.E+15 /
.3:J HOLD 

_ . - . .

• PID :PB4R(JHOLD .JT)
IF (PTPTAL. NE . B IT S )  GO TO 100 

- . - _ •  -

C’ COMP UTE TOT AL PRESSURE FROM PREVIOUS A — S T A T I O N  THE FIRST TIME THROUG
• C A L L  TA P4PR T (1HY,Y,10, IO )

CALL TAR PRT (3HRHO, 44~~fl,I0 ,lO )
- 

CAL L TA F4PRT (3HVOU,VOtI, lO,lO ) 
. _ _ -

C A LL TA B PR T (3pi U. 0.10,10)
CA LL TA R RR T (31.4 P. P.10,10)
P5 AT IC :PN(2)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IMA C H:SQRI(ZMACH2)
TTGTS :I. 4C,AM I (JT)a.Sa ZMA CH 2 —- - — • - -

~
PTO IAL :PS$T ICA TTU TSaa (GAMMA (JT)/ C ,AM I( JT ))
P(IWfI~:(GAMMA( JI )+I.)/ (? . aGA M I(JT )) 

. . • . . - — — •  . -

A OAST :(2,a T T QTS / (GAMUA (JT) ,I.) )aaPO~~ER /lMAC H _______ J
~S(~~IC:Y (JLBOY ,JT)aSORT (I ./AuA ST) 

-- 
~~~ 

________ 

~~~~~~~~~ 
-— 

I
C~ COM PUTE PRO PERT IES AT CURENT A — S T A T I O N  

. . — _ —- - . - -

100 PSA T IC SP ID
IF (ITIMF. (. T •?) OV :ANS(VQUHLD (?)—VI)UHL0(l))~~~~~~ 

—

XJ IjW F:AYA *1 ( . 0 2 0 , O V)
A J u ~~P: A M I I’J 1  (•I00,XJUMP) 

- _ — -   ________—-—- -

A J U M P S_ A J U M P
IF (IID. E14.0) AJUMP:..OIS 

. . — . - 

IF (PSAT IC.LT •PT OT A L .) GO TO 200
G j  TO ISO 

. • - —

200 TT QTS : (PII )TA L/PSAT IC ) aa &A M IQG(JT )
Z M A C H : S ~~~ T ( 2.  • C T  T~~TS- 1 • I /GAMI (JT)) 

— - — -  — --
IF (ZMA CH .G T . l . )  1 5’ I P E W : t

f IF (110 . 10 .0) UL DAOAIA UA S T - - • - •

AQ AST:(?..TTO TN / (I.AMM A (JT )+1 .)).aPO..E PIZMA CM
c. A S S II MI A X I S V M M F T W I V  FLOW 

- - -

YN QIOl3S I~M IC A(44 S1/ULOA QA )



C’ Y N D Y O L  IS THE R A T I O  Ill If~~ I T I ~ v f l L O  ~1
z - - — - - •

‘~~I A R ( J L I 4 O Y , JI ) ~~~~~~~~~ ~ (JL”fl ~ ,JT )
S L I I - 1 ( K .J 1 ) : — . . L~(J L~~O y , J T ) . 2. a ( y B A P ( J L I 3 O Y , J T ) — Y ( J L A D Y ,J T ) ) / [ ) X

14 00 CO’II I14UE
IGO:I

• 
‘:‘ B Nt ’ 4 v  OI l- OSE S —S Lu I--~. — A I - ( )  C A L C I I L A T I S  A L L  ~J Y T I T I ~~S 35 T H E  ~~) : I~~DA ~~~
C~ I~~I T IA 1  G U E S S  IS T H I T S L I I P E  IS ~~~~ A 5  L A ST II~~F 

- -

C’ 3 0 1 0 1  ~ T ~~~~ s I H1 E I I ~~~~ CO—’~E ~-P 1 I ~~pI NG T O  I~- E OL P4 A N D  C A L C I J L A  T I  S
CE OF T H E (JUL D IM E N S I O N A L  FLOW

TOL:A 4- S (SLrP1 (+ ,JT) .~~I)OBA R (J,JT)) 
-

• 

- 
IF (..GT~~x~~rv( 3 )) W I ( I T E  ( h ,~~C i 2 M )  V 000AR (J.JT) .SLO PE(K ,JT ).T O L

1 ,  4 - - A I-~ ( 1 . 3 T I
If  ( T [ ’ L . L T , , O O I)  GO TO 390
I~ (IID ~~UT .10 ) Dl) TO 380

l- SS~~v 0I~ 4 A k (J .JT )
C A L L  I- T SL P (V I J I I kA P (J,JT),SL flp~~(K .JT),Ilr’) ,V PTSL2,I .)
IF (P~~A N( J ,JT). LT .PC R IT ) Gil TO 180

~~~a fLO W v E N T  S~~4SUN IC ~~ MA ~~0 S T I 4 E A M . M A K E  SU RE NEW (.U~.SS A LLO W S FLOW
IF ( V I : I J H O 4 ( J , J T ) . L T • v c ; I J E S S )  GO TO 180

- • 
V O LI~~A F 4 ( J , J T ) : VI , I l-  S S . X J UMP
GO TO 180

C a  
- 

S T A T I C  P R ES S I I R ~ I-S H IG HER THA N T I )TA P PR ESSIJR E— — D EARE AS E VQU
350 ~Oi-l’ A R ( J . J T )~~~oL ~A R ( J , J T ) . .M 7 3 . x J I I M P
I S O  R E T U R N
380 v~’~ ITE ( b,122, ) SL (JPE(k ,JT ),vGL IESS , PBA R(JH~ILO, JT ),TOL,J HOLD

SLL)i?E (K ,JT ):Id QU kA ~~(J,JT)
390 ~ ‘ 4 I T E  ( h , I 0 0 0 )P T ( ] T A L , P S A T I C , i ~~~A C H . A G A S T , Y~~~A R ( J L h O Y . J T ) , S L U P E ( K , J T )

11:1
- -

1:10W
- 300 VOIIH LD (I):V f)U1.4LD(I~~l) 

• . . - •

~L~~( I ):XHLD ( 1 I )
Y I O H L D ( I ) Y I D b L O ( 1 — I )  

•

• iM A C H~~(I ):Z~-A CN 4l (I~~I)
1 1 — 1
IF ( T .G T .I)  GO T O  300
VQ L— L C(I) :SLO I- L( K ,Jr )
X H L O ( I ) : X
Y 1 r , - I J ( j ) : Y l - ~A W( JLMDY, JT)

A C  C I ) :ZMACH• IT I M E : I I I M E , 1  - . . • — - - -

ICM E CK:0
If (.~~tJHLD (3). I,T .VI ~IIHL () (2)) I l I I C K : I C H { C a + 1
IF ( Id lI I ~ 4 L r ( u ). o r .v I I 1 IL o ( 3 ) )  IC ’ - EC I~:ICH1C .~+I
IF (IC’~~ C~~.I;F .2) GU TO U?0
IF ( / M A C ~~b( I ) . L T .I .)  GO 10 ‘414 0  

- -  - -  —- —

C a I T E  MA T I f s  C I I U V E R G F D
C’  F L I IV .  # - A 5  1,1)01 5 I P~~ ~~ rJ5IC SMO O T H L Y

JL (II S

J L b I~~ S (1 )~~I
MUISCC :.l’ A LS E. -

L 

ID1SC :~
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A M [ I I S C S A  I T S
A SAVE :iI T5
GI’ TO ‘4140

Ca T~~~~ ( I A 1  S H A PF 25 A PPM QA C I4 INI, A CUSP MOISCC ID TOO E A R  V U -. NS T RE A M

1420 Z ’ ’ N F  : Z M A C H H (  I) .2. _ lM A C i ~’ 1 . 4 (? )
IF (/Y~~Fn .LT .I. ) Gfl T0 UU0

Ca tj flT C L I .ISE E 0 I u G 4~ T O  3 I I~ IC PO INT Y E T  TO t3E SU’4E THR (JAT IS A P PO RA CHIN G
C A L L  T AR P ’~ T ( ,Y , A V , Z i ~ A C 4~~~,u0,I0)

C’ SET UP FOP N E W  R E SRA j~T
ID ISC :2
PT O TA L :BITS
ITIME :0
DV :0.

‘4140 J L P DV 2 : J L U D Y I
If  ( J L ’W Y 2 . L F , 0 )  GO 10 1020
U ID :ZMAC Ha S URT(GA MMA( JT) *TT (II,JT )*TTO TS)
DO lOl l) JSl,JLCIDY2
P (J.JT) :RSATIC 

— . - — —

PT (J,JI ):PTOTAL 
-•

ZMN (J,JT) :ZMACI-4
LI(J.JT) :UtD
VQU (J,JT):0. 

- - . • .

1010 Co NTINUE
1020 R E T U R N
1000 F I 1 I IMA T  (IA ,26HPTOTAL , PSAT IC , M~i ,A O A ST . Y 1 0 . SF I 3 .5,SHSL0f’E,EI3.S)

12?3 F I3R ~.A T (Ix,?~’HfAIL U RE (iF ONE_ DIM ItERAT ION,/ ,3x, 23~~SLUPE.VCUESS~~PB~~
1 AIJ ,IOL .J, ’4FIB. 7,I8 )

14028 FO R M A T  (l X , 1 ~~~ONEOIM I T E W A T I ON , (4F14 .7,2IHVOUBA P .SLOPE . TU L, PBA R )
EM)

• - — -—-— —— — - —• —  — -———---— — -— -—- . — — — - -————— . •-—— -— •——--—— —— . - • -  — — —-——--——--— — - — — —  ————-—— 

— -- . . -— - —-- • — - - • — - • —•— —-~~~~~~~ • — — — — — — • — - - •-— - . ______ — —• .- — —- — —— -—-- -——— ——-—•— •  — — — . 

•1

- _ _ _ _ _ _ _ _ _ J
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‘DEC K PBPL IC  
SUPROL1 T 1 U F P H I L I C ( K )  

— - — — - . - —— • —

a P P O L I C  C 0 - P U T E S  A S INI,t I S T E P  IN T I l E SOt_ N Fil A G E N E R A L I I F D  PA I4A BU L
COMM( I N / C 1 - , E T A /  T H F T A ,II
COMMON / C A A A A / A A A A  

—
C I J ~~’ ( ’ N /CV IS .-~~/ A 2 ( 3 , 1 ) ,A 1 (3,1 ),V ISOI JM( 8 )
C O ~~M I N  /C E ’ .DS/ J S T A R T ,J LN D 

____

C(~~~’(’N / C R l ’ O L I /  A ( 1 4 1 ~ , l ) , A L P M A ( I , 1 ) , H E T A ( 1 J b , 1 ) , G A M M ( i I l~ ;l ) ,
I O L L T A ( ’ 4 b , 1 )

C C ~~~~I I N  /C IRIDI, COEFL(~4o ),CflL FC(uh) .C PEFR U6), R kS (146) 
- -

CO MMON /CkN .T,kY / RHO(23.?),P(23,?),U(?3,2).Y (23,2),V IJU (23,2) 
- --- 

2 ,PSI (23.fl,
3 ,VCL ,HAR( 23,? ), R1, A P(23 ,2),PUA R(?3 .?) , PS I2 ( I , ?),1M N(23,2)

~ , P~~I I u N D ( 2 . 2 ) . ~ I x .R \ J , J 1 , M C , O x 0 D S y , P S I I , y C A L C , S L U p E ( 2 , 2 ) , T J ( t , 2 )

- 
CO MMON /CJLbYS / JlH~)YS (ê)
COMM ON /T’FIN / A T W E  (?0), TKFND Y (20),NTKE,DIJMTKE(122)
COMMO N /C TKF PR / A T~~IPR ,AT P RSH ,%TPRSF
COM ’ (N /C I N I T /  ,JJ (?), IUJJM I (2 ),NJJY2(2) ,STABI L ,X, XL .IPR INT ,DX2 

I ,p Y 3 . T S , r~PSL(?) _____ _______

CIIMMUN /C JLH UI / JLHOY ,JLBCIYI, SYBOY
Cfl I-M( f /CL (1G1C /I)DO(-4 ) ,PUAL,0000 (q)
COM MON /C W F L C T /  I~~F L C T ,IC HNG.ISIGN
L O G I C A L  DUA L

Ca GAM MN— IS THE V A L U E  OF G A M M  AT THE N EW S— ST E P—— T sO L E V E L S  OF GAMM
C’ A R E  R~~~ I I I R l D .  ONLY ONE VA LU 1. OF THE OTHER V A R IA B L E S  IS PEOUI

C ’  -i- If) T H E  ( R L 1 S S  S T R E A M  I N D E X ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

C’ — •  — IS T P-l
~ 

k I I O S  I NC. I III A F (3 14 O F I PE  1.~f)E NT V A R I  AC4LIS
C a — N E —  R E P R E S E N T S  T U R B U L E N T  K I N E T I C  ENER GY
Ca T H E T A —  iS THE CWA?vK .NXC HO L SON P A R A M E T E R — _ I M E T A S O  IS EXPLICI T

— .THE TA I IS IMP LICI t
C’ JOUA . COM PRESSES M A T R I X IN DUAL FLOW CA SE Ti) kE E P IT T R I D IA G U N A L

JDIIAL :0
NJ ~ 1
: J END — I

- 
100 J5P I :JSTAR T+ I  

- —• - - — .

— 
T #-i F TAI :I. — T H E T A

C’ SETU P R1.4S , T H E N  UP—D A TE M f T A .r,A~~
M ,OFLTA FOP NEW A—ST E P

- -  . . . 
A A A : A L 4 (!I,W )*Dx /(DP$I(JT)aDpSI (jt))~~~~~~~~~~~~~~~~~ 

. - ——  

A A A A : A A A a  THE T A t ’  .5
0(1 200 J:JSPI, NJ MI 

• ——

J I  :J.J r)UA L
COf~~L (J 1 )=A A A ~~. (HETA(J ,~~ ).RETA J—I,x )) 

- .  . . .

CCII F H (JI) S A  A A A .  ( Ill TA (J. I ‘HF TA( J+I. K ) )
200 P H S ( J 1 )  :C ( - F L ( J I ) . A ( J — l , 4 ( ) , ( I . — C f l E F L ( J j ) . C T J F F R ( J 7 ) . I T H E T A I a D

1DEL TA (J , K))),A(J, K )+tl) &EM( J I )aA (J. I, _ ),1 HE T A 1 ,GA ~~~(J.K)aDX — —
C’ R#S USES GA MM A T  BOTH OLD AND N E W  S TA T I U N S— — T H E R L F O R E  IT APPEARS
C ’ I N  D OT I Y DO LOOPS

F IF (~ T~JL YjT )GT~~.0001) GO T0 230 - -  -~~~~ •- -——~ ——~~~~~ - . -—--- - - •  ~~ - I
C . A X I S  OF SYMM ETRY B.C.

J:JS TA PT -

CUE VLJ :0.
‘I CCREFR J:AA A aTHI- TA L a ( I L TA ( J , K )+BE TA( J+I, lc)’4 

- • -

~~

-

L J1 :J+JDUAL

L 
Pl1S1•JI)2(l. _ ( 1 F 4 J$L~~ ITHF ’A lI()ELTA( J . 4c)).A(J.P()$CL)fFF~J aA( J+t.~~ )

1054



l,THI 1AI ,r) aaGA P’M( J , k)
- 
C’ T4IIS IS NEEDED ,~H~~4 j SHOCK IS CLOSE TO A%~~5 or SYMMETRy

C O E F M (J I ) : AA A 4 * ( f ~l 1 A (J, K )+ b F T A ( J+ 1 , K))
230 IF (OUAL) GO TO 600

C~ u PDA T E OUTE R H .C. 
-

C ’  INCL UOL J UM P CON D IT IONS IN PUS
250 CA LL TKE SHK (2, K )

If (. NI ) T . DUAL . II~~.JT.EO.2 ) CAL L  LS PF JT (XT KE,TKIBDY ,NTX [.X ,A (JEND
1, K) .l.0)

C’ UPDA T E  C O E F F I C I E N T S  .BETA ,GA MM , AND D EL TA — —
260 C A L L  COEFF (K) 

-

AA A : AL P HA ( II , X)aDA/ (DPSI (JT)’DPSI (JT))
AA A A : T i - 4 E T A a A A A ’ .S 

— — — -
Q~I :3 , O 0 U *U sP 1  .NJM I
R HS(JI ):RMS(J1 ) .IHETA,OX *GAMM (J, K )
COEF R ( J t ) :— A A A A * (4~E T A (J,K )+ 1 4 F TA ( J +I .K ) )

— 
300 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — - -  -

* A X I S  OF SYMM ETRY B .C.
IF (Y(JLBOY .JT).C,I. .0001) GO 10 350
If (I C,4NG.EQ .l) GO TO 350 —

310 Jl :JSPI,JDUA L
- ClI FFR( J I) :CflEFR (J1I~~.333S 3313*COEF L (Jl) - - - .- - - -

CUE FC ( JI ) :COEFC (JI ) 1. 33333 533aCOE FL (JI)
- 

I~ (IC MNC..NE.1) GO TO 350 
- . -

GD TO 370

350 IF (DUAL) GO TO 00
- 
C~ O UT E E  ( F R E E _ S 1 R I A M )  B.C .  

———

~~~~

-. — - ——- — . - - — . —- -- -——----- -- - — . • -

3~ 0 RUS (NJMt) :Ri~4S (I4JM 7 )~~COE FR (NJM ))aA(JEND ,K ) 
-

C a INCLUDE JU”P CGNSITION S IN L4IS COEFF ICIENTS
CALL 1 KESUK (1, W )
IF (ICUNG .EQ .1) GO TO .310

370 JT :I
JSPI :JSPI,JDUAL
CA L L IP ID IA (JSPI, NJM I)

IF (DUAL) NJMI:NJJ(1)+ t 
. • • - - . — —

LOC A Tf : I
390 00 400 J :JSPI.NJMI

J1 :J—JDUA L
1400 A( Jl , K):RU SCJ ) — —  - —  •- - . . • • - — - • - - • . ——

A (1. s):(u .’ac2, k)— A (c , Kn a ,-33333 s33
IF (ICHNG .t’4.O .U14.IC1.4t1G .tU.3) GO TO 1410 

-

IF (II4 F LC T .E O.3) (,(~ TO 410 _______

~C’ SPIOC~ IS .~I 1NlN ONE GRID POINT OF A X I S  OF SY M F I E T M Y  
-—- . . _ _ _ _ _ _ _—_  ——

AC I . ) A (I .~ )—F LOAT C ISIGN ) ‘C A? ( I • 1 )—Al (I • I)
PlO IF (DUAL . AN O .JI .E Q .1) GO TO 630

I C’  SH O C K  IS nI T HIN TWO POINTS OF AXIS  OF SYMM ETRY

-

-
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I F (!CUNG.EU. 3) A (l, k):A( I ,K)..333SS3~~3 .FLOA T (ISIGN )* (A2( I,l ) •
~1l — A I (1,l) ) 

. . 
-:

NJ~~ I :NJMI • I
IF (X .(,l- ,A TW E PH ) CALL TA BPWI (SHT ~cE.A ,JEND ,I0 )
IF (IR F L C F .LE.I) R F T C IRN

I~ (IM FLC I .EU .2 ) DO TI) ‘4140
C’ — — I ~~~LC T :O—— N I I Q ~~~A L  R O I N T  -
C.’ —— I~~~LC T :?—— ‘~~4L E C 1II I 0  F I’.Cl M M A Y H  DISC
Ce — — I - ~~LCI: —— Rf 1,ULAR ~t -f LECT l1 )N
• R L E L l - C T I O N  L I SUCU~ F HII~ A x i s  OF SYM M ETRY 

- —

LL:I
GO TI) 1450 

——

u~~D A (JLM DY. K ):A (JLI1DT, K ),A I (I ,K )/Ad (I, K)
C A L L  T KES 4- K (3, K)
LL :3

.a50 I~~~LCT :I

- 
J :J L8DY . .-
A l AT IQ :A.~(LL, K )/4j (LL, K )

UhO A(J , a):A(J,K ) ’A M A T I O  
________ J

Jt 1J—I J .LE ,l ) GO TO 410
GO 10 1460

470 CUNTI N U E 
. -— —--  -

JLRPY ):JLIIDY+2 
-

IF (‘.LT .X TKE PR ) GO TO 1480
C A L L  T A U P Q T  (IHA ,A .JLIIC IYI,lO ) 

______ ______- 
C A L L  TA N PR I  (2 H42, 42 ,8,b) 

—

(480 CONTINUE
PE TOWN

C’ SET lIP DUAL FLOW CASE 
- - —— — - --

500 LI3CA IE: I
GO TO (570 ,SS0),Ji 

________ ___________________ __________

550 JI:I
J SIA RT :JLRDY
JEN f)SNJJ(I)
NJ M I :N J J (  1)—I
JSR I :J STAR T $ 1

• J D UA L : I  
- ____- — ______ - — •-_

DII T O  (2 00,I0O) ,LUCA TE
5 70 J~~’,JJ (1),l

CJPI : (’IETA (J ,k),META(J +1, K ))/(DPST(2)a (DPSI (1)+OPSI(2)))
CJu 1:(H FT4 (J_ I, a )41i l - I A (J_2.~c))/ (DPSI (I)*(DPSI(I)+OPSI (2)))
CO~~F L (J ) :— 1 H E T A e A L P 4 ~A (It. K )aOX .CJM l 

-

C if F R (  J) — T 4-4 E T A ’ A L P H A ( I I, K ) ‘Dx ~ CJP1— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PHS( J) :RHS (J ) fT TA ‘DX’ GA i~’M ( J, K)
FJ F’l :UJJ(t) ,NJJ (2) I — — —
JT :2
GO TO 360 

-—

600 LOCATF:2
GO T (b?0,SS0),JT --

620 J :NJJ (l),t
C I E F L (J ) :AL PMA(II. Ie).THITA I. (BETA (J.I , K )+I3ETA(J ?,k))/ (OPSI (I)e(

I O PS I  ( I  ) . D PS I  ( 2 ) )  )‘OX
CI F FR (J) A LP MA ( I 1 . l~ )aT F -IL TA I a (B FTA( J ,K ) +B E T A (J $ I  , K )  )/(OPSI(2)’

I (Of-S 1(1 ) •DPSI (2)1) ‘Dx 
— —  - - - — - —
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I
- IK))),A(J,~~),COEF R(J)*A(J ,l, W), TUETA l* (.A~ M (J,W )a0X 

•

630 JENO :NJJ (1).NJJ (2)
JSW I:NJJ (1),2

• JCI IIAL ZO

J STA RT :NJJ(I )+t

JT:?
NJ~~I:JF ND— IGO TO (?SO,250.700),LOCATE

700 JSPI :NJJ (l),1
GO 10 390 

- -

END 
_____

_  -~~~~~~ • • • •- - - - -. . - 

~I~~I~III IJ
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r a D E C K PRINT 
- 

SUF~~(3UTI~-J PRIN T —- —- - — — • . - 

‘ P R I N T  e ’ ’~~ I5 T * ’  SSF L )  O UTPUT ‘— i 1 U T I N E
DIME NS I LO. YS(?I.2).1ISIS (2 3,2)
E I . I I I V A L f N(~ ( Y 5 , Y ) ~ (PSTS, PSI)
CI~~~~I I N/F IL~ ,C SC
C l ’~f-I N/ F ILL S /ORG F ,UPO F,NEWF ,SCRFr CO ~~M1I~~/ a F Y 5 / K E Y ( I I )  

- -   - . — — — ---— . .

C IO ’~~CIN ,CLIJGIC/ PC (INI(? ,?).Dt)AL,SLIP, AX IS )M ,55T14M ,BARRWT ,FNDJOB

I .SOLIO (2,2) — ——
CO MMON /CHNO PY/ RMI)(?3.2).P (23,2) •U(23.2),Y(?3,2),VQU (fl.2)

2 .PS I C f l,f l ,  R (25,2 ) , -vH~~~(2S,2) .9NU H~~4 (23,2), UljAR (23 ,2)

L ~ •vG u HA ~~(~~3 ,2 , AP (?3,fl. PPA ~~(23.fl, PSI? ( I •?).ZM YS(23.2)
u 

- - - - 
,Wt4OUND(2.2),Dx ,RN J .J TT .PL.OXQOSy ,p 5I1. yCA LC .SLUPE (~~,2)~~~~~~ 

- -

• 5 ,T1 (l,?)
COMMON /CSHK/ TA NSI,0S44OCK ,PSjS HK ,DELP ,OEL JI ~U ,JLOW ,JSHOCK

I• X SHRCK (2).YSHOCW
— CO~~- I .-N /CSFIOCK/ I-1(S .?),UI(5.?).PllOI(5,? ),VOUI(S,2 ),W~~(5,2) 

- • -

I, U2 (5.?),~~HU2 (S,?),vDu?(5,?), Y?(S ,?),P2(S,2)- 

~~C(I~~’-1 IN /CGA ~~/C , AMMA (? ),6A~l l (2).GAfI (?),GAM2 (?),GA ~~iCO (d1
CC1MM IIN /COLU PT/ UL (IP1(14b),PTI,PT 2
CUM~~ON /CSHMN/ ZM I,2 M2 

_ . — — - — - - - -

CLIMRUF J /C INI T / FIJJ (2),NJJMI (2),NJJM2 (2),STABIL .x, XL , IPR IPT,0X 2r •0A3, TS,OPSI (2 ) 
. . • . - - • .

COMb O f /CINPUT/ PT(40,2 ),00( I ,2),PRFSSC14O,2 ),YIN(’40.2) ,ZM(e0,2) 
.1P ~~ TA( ’4O,?);T4t TU(L4O,2) 

_ —

L 2 ,XLONC2O.2 ) ,YLO (?0,fl,XUP (20,?) ,YUP (20.2) ,NSTRM(2),NPTSL(2)
• 

3 ,NPTSU (?).PUP(2O,2),PLO~~(2fl,2) 
. • . - • - - - — - - .- . -

I LOGIC A L A X ISYM ,OUAL ,SSrRI I .PCONT, OARPRT ,€NOJOH ,SOLIO
L O G I C A L  OS HU CK 

. . - . - •- - • -— -— — - -—— - . — - - - . - - -

Ct )MMflN / C P H O LI/  T K E ( 1 4 6 ) , P8If) C J M ( I3 9 )  
_________________

~ ~~ COM MOfI / C V I S H~7 ii F 2 1 4 ) , t K E t i 3~)~~~~SDU~T~T
CUMM(1N /IOFILE / TAP I N , TA P I J T- — — LOGICAL 

- 
T A P I N ,TAPQT — 

_ • ..- — • — — -_ — -

CflMMI JN ,FILINO / K IIFC,K XX
D A T A  JH,F F4DUM ,EN TRY I /O ,l.E,I5,T/ 

— —

LOGICA L ENTRY ! 
_________ ______________

-

~~ XLJ :XL/2. 
• —

xJ:x/?.
t I F ( E U T R Y I )  KREC :0 

—- •_  . _•_  __  __ __
~~~~~~

__ _ _ _ _•

~~~~~~ 

-

CSC *X J+ .S 
_______ _______ ______ ______________

E N T R Y I :  .F ALSET
KR E C : KI~ifC +1
1F (TAPOT ) W R I T E  (3) KREC, K X X , YS, PSIS .P,PT,ZM N ,TNE, 

a NJJ, XL J .O (JA L

JT :JTT 
_______ ________- •  

I A D J U S ~~~ 0~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_____ — ______

- 
IF (JT .[Q.2) IADJUS :NJJ(I) 

—- —
I- TAN S:TAN SI • • - . . . — - -

t C a  FOR OUAL FLUVe S , PR IN T 80T H STREA MS 41 (IF4CE, 61)? PRINT UPPER STREAN F 
-

n R ITE (6,1) A -

[ WRITE (6,2000)
v~R I T E  (b •d) 

. - — _ 

~~~

_ _ _ _ ___ _ •_ _  _ __ _ • -_ —
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1 10 I :NJJ (JT)
• Fx P (IN~~I./GA M 10G (JT) 

- .  • .

JSMI :0
IF ( SHOC~~(JT). G1 .X ) GO 10 20 

—

• JS M 1 :1 A I - l5(JSH(IC I< )
IF (DS~FOCK ) GO TO IS
L:2

- JS~~1 :JSU Iet 
- •  - -  - — - -

GO TO 20

I 
I 5 L ~~l

20 IT :I,IAOJUS 
- . .

TI:SO RT(IKE (IT ))
W R I T E  (h;;000) I .y (t ~~j Y ) , 2M N ( I , J T) ,v o u ( ! ; J T ) , P TT r. JT ) ,p(r . J T) , RNO 

* I,JT) ,U (I.JT ) .1I
C ’ ’2 0  s P I T E  ( 6 , 3)  I,Y (1,JT ),ZMN (I,JT),VQU (t,JT ), P1 (I,JT ), P(I,JT ),RHO (I,J
Caa IT ).U (I,JT)

- 
(I.NE .JSMI ) GO TO 190 

- --

C’ PTU,PT?,ZM I,ZM 2 A RE COACLUATED IN ——S HOCK2
— W R I T E  (6,14) - .

- . 
IF (.NOT .DSHOC~~) GO TO 200 - -

C’ PRIN T DOnN-SHOCK lNFO RMA T lO N
TI:SORt(TKE?(L))

- 
W R I T E  (6 .  3 0 0 1 )  Y S U O C K . Z M 2 ,V 0 1 1 2 ( L , J T ) , P T ? , P2 ( L . J T ) , RH O 2 (L ,J T ) ,U2

• I CL ,J T), TANS ,T I 
- - •

C’’’ WR 1T E (6,5) JB, YSF4UCIc ,ZM2,VOU? (L,JT), PT2, P2 (L,JT) ,RhIj~’(L.JT),O2(L• C’’ I ,JT),IANSI 
•

TI :SQR T(T KE I CL)) 
_________— WR IT E (6. 100 i) YSf-UCK.?M l,VOuj (I • JT 1~~~ T I . PI (E JTT WP DITt,JTT~1J1

I (L .JT ) • T A N S I  • T I

~C a * rP IT E (6.3) J B , Y S H O C K , Z M I ,V O 1 l 1 ( L , J T ) , P T I , P l ( L , J T ) . Q14 0 1 (L . JT ) ,U l ( L  •

C’’ j,J T) ,TANS I
I 

60 W R i T E (6,14) 
-_-- - — . - - — .

100 1 :1—1 
_____

IF (I.GT ) G O  10 20~~ 
— -— .—————- - - — - -— - -_  -

- 
I~ C J T .EQ .1 ) RETU RN 

- — • • .
•••

J T:1
- 

IA O JOS :O 
—- —  — — —

• W RITE (6.5) 
______ ______

G15 T (i)0 
- — —

~

-— --—- - ——-

~  

______ ______

PRINT UP—S HUCK !NFUPMAT1ON 
• . -

200 TI :SDPT(TI’EI (L))
W~~I TE (6.3001) YSHOCK ,ZM 1,VO UI(L ,JT ),P T I , P1 (L,JT ),RHOI (L,JT ),Ut

IC L .JT ).IANS ,T I
C’200 WRII E  (b,3) JB YSMOCK ,?M I,V 0U I(L ,JT) PTI. P1(LTJT), RHU1 (L~~Jfl,tJi(L 

•

C’ l,JT ).TAN SI
TI :SQPT(TKE2 (L)) 

- •

[ - 
l .IRITE(6.3001 I YSMOCK.?M2,VQU2(L ,J7),PT2,P2(L,JT),R1102 (L,JT),t12

JT 1 , TANS . TI

L .~’ 
W R I T E  (6,3) J13,YSHUCK ,ZM2,V01 J2(L ,Jt), P12,P?((.JT),RHO2(L.J1),U2(L

1.J 1).TA NS1 
•
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E1~ f ’~’~’
r 60 70 60 

- -  -

I F(~~MA T C IHI,10x.SM XI k :, 2 X ,F R .u , // / )  --• 2 0 0 0  F ( 1 R M A T  (L(4x , l U y , I I x ,a~.MACH .QA. 4,~~L fl ?.,IOx ,5 kTO1AL,I0 X ,~~H S 1 A T I C , 7 x , 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 t HJ~~ T E N .,,/ ) I

C’’’? F().
~~A T ()SX .IHY,j lX ,4HM A C k ,I?X. 4H1LO ,. ; 1 1 X . S H T O T A L ; I I X ,hHST A T I C  

- I

C.’’ 1. 10 X, 7HD EN S IT ’f, I ?x, ’HU— , I ? x ,NHS ~~~~~~~~~~~~~~~~~~~~~ I 1x ,5H AN 1 LE,~4X, -
C’’’ ?hH PRF SSlO ~ • 44A, SSIj14f ,24X ,HlU~ELOCIT Y,9 ’A,5HAf4DLE, //)
•C.’’3 FOl M A T (14.SFIS. h4, u x , T F l S . a) I

~000 FO RW A T (Iu ,?Flu .u .FI2. u ,2FI .u .F I5 .4,F I U .u.14* ,F13, 4)

~O 0I FO PMA T 4X .?F I . u. 112. u .?FI .4,F I S .u ,?F Iu .u.FI ;. 44)
4 F ORM A T  (/)

5 F O R M A T  ( I / / I)
END

_ _ _ _ _ _  ~~~~~~~~~ - - -_--- - - - -- - — - - - - - - - - - -~~~~- --- - .

_____________ — - - . -~~~~~~~ —— . - — -  _ • •_ - _ • -

U- ——--—- ------— . — -—- — - -—- — — - - - ---—--- .-- -- . - - -  -- . - .
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PTSLP
SU~’ I O U T I  ~.F P TSL P ( Y , K A ” . T F PE — -— — — — — -- —

•PT5LP GEN T -~A L 1 3 F  A I ~ !NTI RP I - l O T  INE — — P T S L P— —
OI’— l ‘ SION  A l I t  I)
C~~I~~ M(IN /CPT~~LP/ A JU MP

X - . ( ? ) :X l - 4 ( I)
C I - I (1) :xrç ,  STI PE F V A L U E S  IN ~~I I ( 3)  AND x~ - 4 ( i )
X HfLI ) :XU(4)

- 
IF (~~.F O .I ) GO T O  10 

- — -

C’ ‘ * T ~~P F z 0 .,* FINO S THE SOLUTION ~H FM E  y :Ø.
C* ‘‘TYPF :I. *’ F I N U S  T,E SOLUTION W UREE X : Y

SLIIPF ( A U  ( U ) -  x~ . (3))/( XH (2 )-AM (I))

GO Ti ) 20

Ca F I R S T  T IM E THROUGH 
- — . . — — -—

10 ,:t3 .*XH(1 )+XH (3))* .?5*TYPE,AM (I )’ (l .—T YPE )’ (l •— X H (3) )
C’ CHECJ TO HE SURE NI, -~ G UESS IS FUR ENuUD’~ A W A Y  FWU~ OLD GUESS WHEN CL
C C IS NEAR ZERO

— . - 
If C A I jS (Xh(Ifl .LT .(1.E~~U )) x:xH( I )_ i JUM P *AR SC~Ut3))*10 , 

-
~~~~~~~~~~~ 

-

20 IF (XJUMP .LT .0.) DC) TO 30
i~ 

(x .LT .().—AJu wI ’)aXM())) ~~~~~~~~~,(~~~.XJUMP )
I f (X .GT .(1. .AJI1’P )’AH (I)) X~~XH(l )’ (1. f A J U ~-’P)
RET UP El

c~ xjuM p .LT .o iS S I G N A L TM A T ‘*X*’ K O S T  UI A L O~.Eb ~~ CHA ~~CE SIG N O O p T N~~
— —

30 IF (A .LT .(AM (I )4x J1;M P )) A: X H (I) 4A JOM P
I~ 

(x .GT .(xH (l )— ~~JUM P )) *:4H(I).xJOMP
IF  (s .~jE .2) RETURN

C’  A LL I I~ 2ND GUT SS T O  ~UvF 8Y 2 xJu~P IF F I R S T  GUESS W A S  IN ~ I- C I N 1  DIREC
I~ 

( x . f 1 J . A H ( 2 ) )  x;?.’X H ( f l — x H C I )
RETU RN 

- • - - - -— — - - - — - — - - - - - - - - - — - — —  -

END 

• . • 

~11 

- 
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*OECK RE SET M
SUBROUTINE ~ES ET M( E XPON .LP2,I)

* W E S E T M  C O R R E C T S  MN .LT . I
COU~~C.N /CIiNGR Y/ DU4 (bS ?).JT,00PM (W).TT(?)
COMMON / C G A M /  GA M A (2 ),GAM 1 (?), GA~~I (?),GAM) (2),GAMIQG(2 ) - —• CO M M ON / C l ) L D P T /  U L D P T ( ? 3 , 2 ) , O L O P I S ( 2 )
CUMMON /LS HO Cl~/ P1 (5,?),UI (5,?). I-HOI (N,2) .VGUI (5,2),P2(S,2) 

_____- . 
1,O2(5,fl.RHOc’(~~,?), VOU2(N,fl, Y.? (5.2) ,~~2 ( 5 , 2 )
COMV I,N /C FRON T/ I S -II ( K .YSHK .PSISHK ,FW A C T N  . . • • •  - •~~~~~~ - - .

COMMON /CRH, JSH ,L, TANS .U2G,SGN, KPWESS
• COMMO I-/QSbKPT /SH~~PRT • . -

LOG iCAL $HKPRT

C I f 1:1 RESETM HAS BEEN CALLED FROM SUOCK2
ZM?:1 .02
TSGTT: ) ./(l • ,CG A MMA (J1)—1 • ),.5,ZM2)

- 
P?(LP~~,JT):(j~~DP15 (7)*TSQTT ,a~~xp~~N . . - -• - -
PMI1?(LP ,),JT ):P2(LP? ,JT)/ (TSc ~TT*TT (JT ))

_O?:~~M ?aG AMMA (J1 )aP ? (L P2 ,JT )/RMO2C LP 2 ,JT)__ . _ ________——
U? (L~~?,J1):SOkT(O2/(1 .,VOU2 (LP2,JT)*VOU2CLP2,JT)))
I F C , N LT .SU XP R T ) GO TO I0
WI -I TE (6.1) U? (LP2,JT),F4HU2CLP?,JT),P2CLP?,JT),JT 

— - 

1

W R I T E  (6.1) TA N SQ ,TA N 5

10 CONT INUE

RE TURN

— 
I FOR MA T  (2X,ZIHEXI T ,3F1 6.b,I8) -.— 

END

H——- - - - - - ----------- . --- . •-• -- - - - -  • - ------ - 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~

---

~ ~~~~ • ~~~~~

-
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‘DECK RISIPT
SUN I- U IITI N I PES TPT ( ICA S E 

. — . - - -- -  - . - ~ -

CRE S I RT ..UE57~~T’. STO’4FS DATA  FOP RE S T A R T

• COMM ON/ TRI IUBL I E - ~R , E N D JOF3
LI N I C A L  f — I - ,~~NOJfl8

• 
- - 

COMM ON /C x D ISC / X 1 I)ISC, X SA IS E . IOIS C .~~DISCC- - 
C (IMMUN / C I N I T /  NJJ(2), N JJMI (2), JJM? (?), S IA H I C , X ,X L , I P P I N T ,O X2 

—

i .0x3. YS,OPS1 (?)r C O M Y I I N  / C S H I J L K /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I. U?(5,2),RH(l?(5,? ),VO Ud (N,?), Y~~(5.?),R2(5,2) -
CHM~~I . N /C1N I-’UT/ p 7 ( ~~~

r , 2) , D L I M I F ( 6 U H )  
- - —

L C ( I M . l N  /CJL U D v /  J L N P Y  • JLBOY I , SYIID ’~
C I 1 M M ( 1 N /CC k I~~/ N P T 5 M 1 , K D OM ,IC I-Ii f R ,A C ~~~ fP
CClM~ flN /CF I-ONT / SUOCKI(I ),YSHK ,PSHQCK,FRA CT N

• CU~~MON / C P H ,  S J(1).L . TANS ,U?G,S (,~~,kPRESS

- 
C0’M I N /CSH K/ 14(511 I),DSHOCK , IISISH I(,OE LP,U ELV UU ,JLUW ,JSHOCK

I.XSH (ICIc(2).YSHOCM 
-

CIIM NT N /CNNO R Y / RHO (23,fl,P (23,2 ) •U (23,?),Y(23,2).vOU (23,?)
- 

2 , P S I ( ? 3 , 2 ) ~~ 
-

3 .V(J(Jf3AR (?3.2), I-HAR(2 3 ,d),PHA ~~(?3,?),PSI2( 1,2),ZMN (23,2)
- 

‘4 ,I-ROUND (?,2),OX. NN J ,JT ,RC.DXND SY, PSI1 • ‘VCA LC ,SLOPE(? •2 ) .TT(l,� )
COMFON /CGAM/ GA M /A ( ?), GA M 1 ( ?) , G~~PI(2),GAM 2 (2),GAM IQG(2 )

- 
CORRUN /CJLBY S/ JLHOYS (2) 

- .

CO f;ML1 N /CLUGIC/ PCU~~T (2 ,2 ),DUAL , SLIP ,A X I S Y M ,SSTRM ,8ARPRT . 
________

IDUMENO.SOLIO (2.?) 
________--— —- . - -— - - -  - 

-

COMMON /CS IIFR/ ZER DUM ,HUGE
- 

COMM ON /CSM~~d/ IFI PS T ,II . - - . -

DI REN STON fIOLDV (574),IHULDV (I1)
LOGICA L A X Z S Y M ,MOISCC 

- . -

— 
0414 ISTOR /0/

C’ IDIS C~~ I0 M E A N S  FLoW W E N T  SUBDC’NIC Y H EN  ISSERTING M A C N  DISC

C’ ISISC :2 M F A N S  M A C N  DISC HAS ALL R EA D Y  BEEN INSEPTEOP 
• -— —-

CR IDTSC :—I M A A N S  M A C H  DISC W ILL RE INSERTED AS SOON AS D A T A  I-lAS BEEN

N4M€ L I S T /8/ HOLOV ,IIIOLDV 
. • ••

GU TO (100,500,700, HO 0 ),ICASE 
_____ -- — --—-—-—— —- - - - -—--— —-—- — —--—- . —--

: 
~~. ICASE:I IMP LI ES STORE 1)414 FOP LA T E R  RESTART

100 IF (ISTUR .EO.l ) R ET U R N  
. — - _ - - . -

WR I TE (6,9q9)  A
• 

IF (TOI SC .EQ .0) GO 10 11 0 
• . • . - ——

a RESE T X M OI SC IF IT H A S  VEEN D E L A Y E D  BECAUSE D A T A  HAS NOT BEEN STORED
x V C 1 S C : X+ .�aOX 

- - — -  - - - — - - -

X C Nr ~~~~~XMO l SC
110 CALL PR INT

ISTOR: )
IDISC :t

I XM QM IN X SA VE
r A M O M A X : I . E8 

———- --— - - - - - —— -—~~~~~~~~~~~~ • ----- . - - -  — —

— 
I40L0 V(I ) XMO ISC

• Uo 1ov(2) :XSAVE - -

HOL OV (3) X
Ce /CS HOCK / 

- - - — -

L DO 120 1:14.83 
—[ I?O P4UIOV(M i~~I I (M _ .l) J
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C~ /CS~~~/- -  - - 
NI 1- ~0 M:RA4 ,Q3 

- - - • —

140 I I) Q~ (M ) :TANSI (M_ M 3 )
- c. /CU I - Y /  —

DR I Hl ~ ~~‘lu , ~bO

1 4 0  — lLD~ (M )  .0I( Y~~~~ 3 , I)
DCI Il- U ~:370, (420

I W O  1-0 L D F ( ) 1 ~~N C M S6M ,I) ~~~~

DI’ 200 -4 : u2 I , 4d u
200 k 1 h L C I.(~~) S L U P E C ~~~420.1)

C’ /CI NPOI,
- 

Dl 210 v~~lJ2S,5OQ 
- -— • -

— 
2 1 0  H ( L f ) ~~( M ) : I ? 1 ( M _ I J ? l J , 1 )

1’) ?I5 M : 5 f l5 . 5 24

21H H I L C I . ( ) f 2 (M 5014, 1)
H LO.(525 )~~l- ’~Id (I,l) 

- -

~~ LOI. (S?b)~~ ’SI2C1,2 ) 
-

H I L D I .  (c?7):)*2

C ~- C 52Q)~~1CP NER
— L I I .  (5~~fl :JLbDYS ( I)
-:LoI.t51I) :JL I- ’Ly s(?) 

—

~ I L  II. (53?) JLbD V

,— II L U  (5 ~~ I ________

‘~~~L (“V (555):! ~ t)Ij M
.-. I L C ~~ (5~~,):IF lU S T

C ’ /CF~ N T /
DO 220 U~~5b5,588

220 *.(IO~~(M)~~S.-O CKI (M _ 5 b(4) —

C •  / 01.,’,
C I I I ? 3 ~ M z 5 * 9 , 57 I 4

23 (~ H l L D I C . ~~) :S HJ ( M_ 5 l , lF )

I~ (~~O ISCC ) CA LL IA i P PT(SHH OLO V . IiOLDV ,5714 .10)
I-I T U R N

C’ ICA SF :2 IM PLIES P E S T A M I  FROM SlOPED P R o F I L E S
500 IST I l~:r4
SOS W R J T F  (6,149$)

I S E I I I )LO~~(2) 
- - -

• M L L D V (  ~
,)

DO - 2 I )  M :~~,l~3

520 ‘- I( ’- —~~.I 
)~~~ •~ i I L D V ( M )

DlI 5 n)  ~:~~~ , N 3  - .

5u0 1~~ * S )  (V _ I 15 )  ; H IL I ) V  (U)

D(s 5,,~ 
M :ql i.3l, Q

‘,l- 0 M I  (M _ 9~~.L ) : H Ij L p V ( M )

01 51. 1 Y:I70,u ? 0
580 / * ( ~~~ S.- ’ 9 , I ):MRLDV (M )

• 01 *0 1) - ; u2 I .~~ 42 ~~l 
- - - - - - -

• * 1 1 0 ~j L I l - ~ (~~ _ I4 2 0 . I )~~~~L I L f l V ( M )
DI ‘-10 M Z U ? 5 . 5 O 1 4  

•

610 P 1 ( M _ u )4 , l ) ~~~~I I O , ( M )

00 ‘-15 P:505,524
615 y~~~y _ N U 4 .~~~); R O L D V C M )

P5) 2(1, I) ~~I h l I ( -~~5
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- ‘( l,.fl 1.OLOV (52b)
- . - 

0x 2:.(LDV (S2l)
Dx 3 : H ILD V  ( 5 2 $ )

C’ DxS WILL HE DESTROYED IN — SSFD— 
. -

1F (rXT.LT .nx?) 0X2 0A3
5~~H f”v :II ULO f ( 5 3 1 1 )
JLO~. :IH(1LDVC 1)
JS,-’I ICI. :IHUL [’V( 2)
JL~~OYS ( I ):IHOLDV (3)
JL (D YS ( 2 )  :1 MII LDV CII )

• ?FPDUM ~ I HULDV (S)
IF I PST :1NULOV(b )
JS$______ :II~ I 1 L O V ( 7 )

L ~~1~~
1) L DV ( 8 )  

- - _________ -  - —  ~~~~~

N PTSM I :IU(JLDV (O)
F IC PN F P :IHOLOV (I0) 

•  •

DO 620 M~~5~~5,S b8
b?0 S P ’ I ( l C K I ( M— S b U ) : H O L DV ( M )  

-

DCI 630 M:569,5744 
_______

630 SMJ (M_ 5~~~):MOLDVCM) 
- - ______ . • -- . - -

IF (.NRT .AX I S Y M ) GO TO 6(41
DO 640 M:252,277

614 0 R(M~~231 ,1 ) :HOLDV(M)
6141 CON TINUE 

- -

JT :2 
_______—- - - - 

J L H L Y S ( I ) ~~~~ l ~~~~~~

JLH 1~VS (2):I
JLBDY :1
JL BOFI:2
SY UCI~~:PSICt ,I) 

-

IF RDOM :O
• IFIRST:0

CALL PR INT
RETURN 

-

700 AM DISC :HOL DV (l )
C’ -‘CISC W A S  TOO) FA R O IIWN ST PEAM

I~ 
(~~v1)Isc.Lt •~~1- r v A x )  XMDM A ~~:xMOjSC~~~~~~~~~~~~~~~~~~~

C’ FIND *f~~ GIJ ES S I - r I M  XMT) ISC
X .ICISC :* I- II

~.IIN. .9, (AM l1~~A X _ A M C I M I N )

~ P7 IF (b.~~97) ~~~~~~~~ X K D M I I J ,H(LDV (2) ,XMDISC
ID ISC :I0 •

- —  
GU T O SOS 

- — —
C’ PL S TA Q T  FL1]~ FROM E X T E RNA L (CARD) SOURCE

800 f l~M:.FA L SE .
‘lEAD (5,8)
I F (E R W )  RETURN

ISTUM :I

IOI SC :0
X C R N EP: l  • IA
CA LL T A R N M T  (SllPI (JLDV, HOLOV ,5714,I0)
GO TO SOS

S F I IRM A T (1x .5(F1 .6.I l-’ ,))

~97 F O R M A T  (l~~,I 2H .’AX XM CI ISC :,F I u .7 ,’-, -(,I2HM IN XM DI SC ~~,E 1 U .? ,’,A , ’-. x S

——
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% A ~~f :.F 1u .7.5~~,1 ?” I W  l~~i I S C  t .F 1 u .7)
111 .  ~ AT (I ‘ . 2 ~~~~~ ( -

~~ IS “1 I’ .I. 1. 51 A T 1)) —

( 4 Q~~ F- L~~~~Y L T  ( I X .~~ l 7 H A T A  Is 4 4 4  1 - S T  ‘~~D F I’ lS ~~ I~~ LE M 4  S T A — I  A T  4 : ,
lF l u ,7)

E N I) 

— ——- •— -— - -  • -  — • - - - - - — — . •

——____ _ _ ._ • ~~~~~~~~~~~~ . -. 4

- ~~~~~~~~~~~~~~~~~~~~~

L:::~~i II± -- 

-:
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t
’ O E C ’ C  R i-I

— S I I R M ( I I T I SF ~~ . . ( x , J T )   
— -

F I N D S  S I 1 L U T I O N  TO T HI  RA N ~~IN E— H u G f l N I O T  EDUAT IONS
Cr MM( N / (~~ 4 . I l N T /  ISRUC S ,YSH. ,PDISMC .F UA C T N
CO~~MON / C I~ NI) -’ V / F H t) ( ? 3 , ? ) , P( ,~~~,? ) . I.I ( 2 5 , ? ) , F C ? 3 . ? ) .~~~.r ( 2 S . 2 )

2 •PSIC?5.2 ), M (2 3 . ? ) . yH A R ( 2 ~~ ,? ). P H r r R A I - ( 2 5 , 2 I , I , -4 A M ( 2 5 , 2 )
3 ,V I ~IJ R A M ( 2 5 , ? ) , R k A P C ? 5 . 2 ), P i4 A R (,~~ ,? ) ,P S I2 ( 1.? ).1~” (.’S,? )

,Ph UI (.D(2,2).DA .RNJ ,J1 T,~~(,DII.OSY ,PS I1 ,~~CALC ,SLOPh(2 ,?)
S ,TT (I.2)
COMMON /CPTSLP/ xJUMP
[II l-~ M III-, /CSHc/ TA NSI,O SU( rC K .PSllflCK ,OEL P ,OELV O U.JLI1W ,JSHOC K

• 1, XSHCICK(2 ), YSMUCK
COMM ON /CS~ . I.1C* f RI(5,2).UI(s,g). I -hn t (s,2 ).vaoI(s,2 ) ,p 2(5,?)

1,U? (S,2).1.*’I)? (S,2),V01I2 (S,2), Y?(5.2),U?CS.2) 
- -  •

C1)MM)IN /C bAMI I;AK (2 ),GA,l( ~4 ),G4i-r (2), (;AM? Cn.GA y ,I~G (2)
COMM()N /CCRNE I-/ NPI51-’1, KDU~

.,IC Rt ,EN ,X C kNER 
-

CCJM~~O1N /CX PR/ A I P I - . T I . X I P R T ? ,X I PW 1 S , X I P R T U
CI IMM CIN /CPH/ JSM .L,T ANS .U2G,SGN, K PRESS 

—-

CUMMU N,OS~~~PT/S MKP RT
L OGICA L SHKPRI
DIM ENSION VPTSLP(8)

11: 1
J :J 5 1-4 Oc K
IF (J.LE .I) J:2
KO(JNT :O
IF (x .GT .?.b.A N O .O2G .L1 ,).l) U2G:I.IS
TC PIT :T 1 (II,J T) /C(GA MMA (JT)+ 1 .)* .5) - - - -

C’ CA L C U L A T E  M A X  li? I-OP ZERO STRENGTH AHO CK
C’ C A L C U L A T E  MI N  02 fOR SHOCK TI) SONIC BE LO C 1T Y

u?RIN:2.e (TT(1I, J 1 )~~TC RIT) ,GAM IGG (JT ) 
_______________

(U2i-~l~4 / (  +V J2(L J 7 )  TI ) )
IF (KPRESS.LQ .I) GO TO 98
U?MAX:U I (L ,JT) C SDRTCC1 . .V I)UI(L,JT)*VQU1(L,JT))/ (1.+VQU2 (L.JT)*

IVOU ? (L.JT)))
— 100 U2 ( L , J T ) : U2 G  

- - -  -

I F (ICRNF 1..Ea .(— 14 ).OR .ICRN FR .EO •(—3)) GO 10 09
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RH(,?(L.J1):P4~’i11 (L,J1), ((1ANS_V f))I)(L ,JT))/ (TANS_VQh )?(L ,JT )))e ((

I I . ,VQU? (L,J1)*TAN S )/ (I . 1\ IO U I (L,JT)’TANS )) 
• - - •

P2 (L,JT):~~)(L .JT )+ (I-HO I (L ,JT ),U l (L ,JT ).U1 (L .JT)* (1A N S—VQU 1(L,J T ))
I , (TA NS ~~V Q U 1 C L , J T ) )~~PI-lOd (L,JT)aU ?(L,JT) ,U2CL ,JT )~~(TANS VOU2(L,JT)

• 
— 

2 ) a ( 1 A N S — ~~~ U2 ( L .J 1) ) ) / ( I . + T A N S * T A N S )
G O) T O  lOS

98 Z~~I?:GAMMA (J1).PI(L ,JT )/(MH 1)I (L ,JT )*U I (L,JT) *U I (L ,JT))r SIN?14 :((P2(L,J1)_PI(L.JT )), (C,AMMA (JT )+I.)/(PI(L,JT)*2 .CGAM RA( JT ))

I ,1.) ,ZM I2
U2i~L ,JT ):u2G 

—

f?:SGNe Sl4 PT (SIN2E ~/(I. SfN2I3))
I-— -- T A N S  ~ (VNLII( L .JT)+T ? )/(I. VUU 1(L ;JT)*T?) ~~~~~~~~~~

99 Vr Tu?(L.JT):(L’l (L,JT)’ (I .+V O U I (L,JT)CTANS) /U2(L ,JT )— l. )/TANS 
—

U2MA A :O ICL.JT)
RMl I ?(L, JT) :MH (r1 (L,J T )* ((1ANS ~~V Q U IC L , J T ))/(TANS .VQU2(L,JT)))e( ( j

1 I. ,V QU ?(L .JT)’TANS)/(1. +VOU I(L ,JT )~~TANS))L 105 1S :P? (L ,JT)/RIII) ?CL .JT )
IF (IS .L I • TO R I  1 )  (.0 11) I 055 

- — —
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IF CTS .LT .TT (II,J T ) ) GO TO ) lOSS
— - 

IF (I C R N E P .EU . (—M) . 0-~.IC RIJEk .EG .(—5)) (.0 10 I0~~u 
- - - -

U?G U?Gal .03
GO TO 1058

10S~ 1S:.’AQQe lI C II.JT)
— 

IOSN L12 (L,JT):S (JI41 ( C I T t  I I .JT )~~TS ),GAM2 (J1),(I . .V (J02(L ,JT ) * ,Q I I 2 ( L , J T  ) ) I

- 
IrI L AN S ((I.126 O2 (L,JT))/U?(.)  

— — -  -

If (X .C,T.X I R M T I )  W R I T E  (6.1096) 12 (,,rI?(L .JT ).T O L
I F C K U U N T .G1 .I0 ) 61) TO 108
IF (TOL .LT ..000S) GO TO I t O
XJUMP :.I
U? (. S V = U 26
CALL PTSLP (U?6.u? (L ,JT ) ,~~~ I 1 I . I

~~l% ,VPTSL? , I •
C’ CHE CK TO NE SL’~E V E L O C I T Y D E C R E A S E S  AC ROSS SMOCK

10S~ IF (u?G .LT .U2VA X )  GO TO 100 
- —

IOe u2G~~.oUq9.U2MAx
J F (U?G. NE .U2GSV ) GO TO 100

_ IF (S~~KP~~T ) .UIT E .IIQ?) U2G~~~Qu2ft,JT) - — _ — -
U2G:.QQQ 9SIIU2MAX

- GO TO 100

lOB I FC •NOT .S*IKPR T ) G~
) TO IOW I 

—W R I T E  (6,1100) U?G .U2CL .JT )
\ M I I E  (h, l- )Rl (L .JT) .01(1 .JT) , V r ~~lI (L.JT ),V1)IJ2(L,JT)

1 0 8 1  CONTIN UE

1 (0 CONTINUE
RETURN

B FO RMAT (I , 7FI b.8) 
____

0941 F(~R~~A 1 (lx • I 04-4 02G. ( 1 2 ,  TIlL • 4- 1 (4.7)
11 00 FO R M A T  ( 7,u*4k4N. INE HLI~,I r N T r I T I T E R A T I O N  FA IL [O .,/,SNu?G :, F l b . 6 ,

~ 4H( I~ : ,F I b . W )

1102 FU I-~ 1 A T  ( ? i ,SSH R— H  SIILIJTIIIi-J R E D U IW E S  1 CM IAS E IN V E L O CI TY ACROSS SN
IUC* ,2F16 .b,2X •7NU2,VOU2)

—----~~~~~~~----—--• - _----- --- -•-- - _ --  - — _
- ----- - --- - - - _ ----- - - -

4- — —  —

_ _ _ ______ — - -  — _ _ 
_ - - - _ - _ - - - —

- - -

L 

--_- _ • -  - -  -- _ - - - -  --

H
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*DECK SE AR CH
501-M OOT INC SEAP CH(X YZ) 

- - _ - - -

‘SEARC H S E A R C 4 - 4  F I P  IM B FDD TO SH))CeS ,,S~~A RCH **
CII MI 14 / C S — ( I C K /  F t  ( 5 , 2 ) .I.Il ( N , ?) , I H( lI  (S,?).VIJUI ( S , ?) , R 2 ( S , 2 )

C L I~~~~~l 44 /csi’~K..l TA ,S 1.OSHOC c ,PSIS.I* ,DFL P,D€LVUU ,JLOW .JSH(JCK
l. x S~~r C * C 2 ),YSH OCK.

C ” . I ~ ,C IN I T /  1JJ(2 ).CUM (S), 1 ,X L , I P P I N T . r)uMM (5) 
•

C L ~~~~ - 1 l (  / C I — ’4 r I - - Y /  1.4 11 (2 5 . ? ) . p ( ? ( ,? ) , I I (? 5 , 2) ,  Y ( 2 5 , 2 ) , lII~U( 2 3 , ? )
2 ,4-~SI(23.2).
S • V 1 , r I I - s A R ( 2 S , E )  ,4—~~AW(23.2), R4 -~~R (?(,2),PSI?C 1.?) • Z M N ( 2 , 2 )
U ,P R l J ’,D (?,2),O~~,R (JJ,J1, RC . DxOD5y, p 5I I , yCAL C ,$Lu PE (2,2),TT (t,2)

C ( W ~~I /CC 1.Nt P/ R T S M l , K., ICU~~EW .CCRNE P
C I 1 ~~~ I /C SER CH /  IS EW C H ,RSHOCK •JSHK 

— — — —

Cl~~~~~N /C OLOI” I/  OI O P T ( 1 4 I - - ) .PT t , P T 2
C O M 4 .O N  /C I’ ,’-0rT/ PTC PQ,2),D (IMON (b148)
LII(, IC A L INSE RT .DSHUCK ,IPR INT

IF (~~SHI iCd (1).FD .X .OP .XSHOC~~(2).EO .X) RETURN — -
IF (ISEMCH .NE.1 ) 1,1) T i) 7
CA LL LS P 1 - IT (PS I( I,JT),v(l ,JT), NJJ (JT) .P5HIJCK.YSHO C IK ,l, O)
1SF PC 4-4

NJ~~NJJ(JT )
DO 231 J~~2,NJ 

—
~~~~  —  — —

IFC Y S H O C K .LT .Y(J ,J1) ) GO TO ?315
231 CO’.T IN UE

C’ SHOCK . IS NOT IN T HIS CHANNEL
RETURN 

- -

2315 JSHOC K :—J
JLI’p:J 

—

A SMOCK (JT I 
_______ ________ ______

DS’-’l-C ~ ~ TRUE.
IC ~ N £ P = —2
P T I ~~PT(JSHOCK—l, JT )
P12:RT(J5140C4( ,JT )
L:I
JM I :J_ l

- •  - 
235 P2(L.J1):PCJ,JT)~~~~ 

- - — —  ~~~~~~~~~~~~~~~~

PI(L ,Jt) P(JMI,JT)
VI4II ? (L.JT) VOU(J,JT) 

—

1 , 1 1  I ( L • JT ) YOU C -P-’I • .31)
02 (L .JT):U(J,JT)
U l ( L,J T ):U(JMI,JT)

— - 
— - ‘ I ? (L ,JT ) kH(1 (J .JT) 

- - — - - _ - — — —

k#,III (L, J 1) :I4PIU (Ji-l, JT)
If (L.E i ~. K )  P 4 - T U R N
C A LL ~~~~ IT (~~C l  ,J T ),PSI (I,JT ),NJ,~~SHOCK ,PSISH K ,I,0)

6 i~ (I R F I N T )  4’.RIIE (6,9) X,Y SHOCIK
L:~- - 

GO IC) 255 - —— - —

4- 
7 RI T O R N
9 FORMAT (lx. 5?HA SMOCK HAS r~E E N  DE TECTED AT A :  • F9 . 4 . I I ,~~ H~ :,F 8 .u)

• END

- •  

— — 
- — • — —  - _ • — — -
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‘DECK. Si-lOCK
S I t ,~~(1L I r Y N r  SNOCK (A ) - -——- — -—— — —— ——— — - - — - - -

CSHI ICC C A L C U L A T E S  J0YP C0 DI 1IF)NS A C~~USS A SHOCK — Si-401C 1K
Cr ~‘M ( I~~4 /CLJG IC/ PCOJNI(2,? ),OUAL ,SLIP, A x I S~~- , SS I P ,HA W P W T ,ENOJOB

I .SOLTO (2,2)
(‘( I-”~ r I . /C—1 ~U PV/ MHC(?5.?) •~~C 2~~,?) . 4(23.?) • YC?3,?) ,vI.or(23,2)? ,~~S! (?S.2), k(1’S,2) ,Y R (?5,?), 1l (IHAR (23,2),U1-IAR(25,2)

- 
S , 4 - I 1 I I R A M ( 2 5 , 2 ) , M I - . A M ( 2 5 , ? ) , P R A . 4 ( ? 3 . ? ) , P S I2 (  l . ? ) , Z F N ( 2 S . 2 )  ~~ 

—

~ ,P)~ IIIJ ’,~ I (2 , 2 )  .0. ,RN J ,JTT, M C,DXOOS Y ,MSI I •YCALC, SLU PE (2,fl.TT( 1,2)
C L I~~~MI N /CSMP ’ / T4N5l,O5P()CPc ,P5i-~L)C,-,L)ELP,DELVUU, JLOW ,JSHOCK

• l, xSH I1C*(2),YS I’IJCK.
CI1 ~~M JN /CJLBOY/ JL RU Y ,JL BOY I ,SYBDV
C(I P’~ /C HLILII /  RH(JHLD (6),V(2iINLD(6 ),IJHLD(6). RTHLO(6),PSZNLD (A)
C ( ’ -~~( N  / C S , - 4 - C K /  R I ( 5 , 2 ) , UI ( S , 2) , R I” I ] I ( 5 . ? ) , V C~U I ( 5 , 2) , P2~~5 , ?)

- - -
C 11~~~ L N  /C I N I T /  NJJ (2),I J J M I (fl,IDUM (Il) 

- - • -

C I e M O F .. /C (ILDPT/ IL D P T (?S,?),O( (IP TS (?)
C rI MM I N /CCH A R / PCg-i (1 .2).IJCH(I.2),PMOCM(l.2),VOUCH (I,2),YCH(1.2)

I. PCI4(1,2)
C OMMON / C I I P U T /  PT (’4O,2),DUMINP (b(4B )
C I I ’”.IIN /CGA u / GAMMA( ?),GAF I (2),C,AM I (2),C,A M2C2),CAM IQG (2) 

-
C~~KI’(\ /C C RN ER /  NPT SM I, K.1iU”.ICWNE R ,XCRNER
C I I M ~ t ( I ( . /Cx ~~R /  ~ IPk 1 I ,X I PPT ? ,XIPQT S,XI PPT4
CL)M M I) N  / C M H /  J5I-4 ,L. TA I S,U?I;,SGN , lIPPESS 

- - •

CPM~ IrI ~. /CI-~~ONT/ I S A V E  ,VSIIK ,PSISIlII ,FRAC T N 
— — - — — - -

C U~~~(rN /C PTSLP/ A J U M P

CUMM O - . /CV P )UM / V PTSLP (I?) • 
- —

COYML1N /C ” IL /  ITE .Q .P T SA V F , U I SA V E , RHO ISA ,VQ U I S A , V I S A V E , J S E T

- 
Cf l MM~ 1N /CNTROP/ ‘INS? ,RHS .RHSI 

-
COMMO N /CY L IM / ZM ?L1M 

- - - -

DIM E N SION Y,’CS,? ),~~?(S,2) ____ — -
L OGICAL DSHOCK • D IA L ,  PCONI , AX ISYM
C r 1 - i - I N  /CSH FQ/ IFI~~ST, HUC’E—- Cr U, P.flN / L S~. I - N T /  PH S I H L ( u ) . RH S 2 H L ( I s ) . S Y M O ) L D ( 1 4 ) , V E ) J T N L ( U ) , J S T J , J J J J

i ,PS I u E N ( 2 ) , ~~- . S l E rj ( 2 ) . WH S 2 E N(2 )
CCIfr MO 4-~ /C ME SLT / A RE SET
C r ~~~

. N/QS1- .”PT/SMKPRT 
_____

LI 1 G I C A L  SHKPRT

C Jii ) . IS THE PO I NT O 3 t L O W  A N LIRSHOCK A T THE NEW A STA T ION
C JSHO Ci- IS T H E  POIN T HEICI W 46 UPSHrJC K. 47 THE OLD ~ S T A T I O N

- 
C ~JSK4 OCK— 15 Ti’F P01-I T A4 3 I i~~F A D(h’.NSHUCK. AT THE OLD A S T A TI O N
C I .E. . JSMOCK 15 THE CL I )S4 -S T RIJINT W441 C *4 -AS 81E6 SIIOCKED .

~

OS HUC*

~ 

.E(,. ~ T~~uf. R E F E R S  TO A UUAN-SHOC~ 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ —

C ~DSHOCK.~ .FO . .FA L ,SE. ~FFE PS 
IC) 4 4 4  URSHOCIK

C~ TE~~PrPAR 1I)~ ByPASSS PROBLEM W ITH PRIN T CONTIOL

• x I P R T I : x i~E S E T
r x I P k T 2 RCS ET ~~~~~~~~~ 

- - -• - — - - - --  - — -- - -——- - - • - - • • -- --- - - - - - - - -— -- • — - -- - -- ---— -

X I P P T U : * R E S E I  
- -

IF (x .GT .X IPRT (4) IDUM (b):t
J T :J IT
11:1[ UEwto 

— - 

— — — 

-—  

— 

—
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I XPI)N :l./GAM IOG (JT)
P514.E l-:P31 (?,JT )—PSIC I,JT) -

• II (I SA V F . L Q .(—3)) IFIR ST :~~3- 
C’  IS HO C K. .E 1~ ._ 3  I V L L I E S  A S— (I ( ’K  H A S  JuS T IIEEN STA F T ED F~~ IJ~

1 A C O N S T A N T  P
• C’  HIJ I r ) A R Y • THUS E~~E i - T H IS IS T H F  F I R S T  T I M E  T~~— OrjS~-. ‘SHOCK’ A LL

C •  ( . U A NT I T I E S  H A V E  V I E ’. INI T I A L I Z E D  I N’ 54 -4 UC K2 ’

NJ : NJj ( J T )  • - - - - - -

LP ?:I.?
11- C J S H O C K .G T . O)  GO TO 80 -

4-
C’ A CO4 L~~SC~~NG SHOCK HAS JUST PE E N  O F T E C T I D ,  OR

E x P E C T  T ROU b LE WHEN JSH OC K = I

JSkOCI.:~~JS HOCK 
I

1 F I RST :I -

I—- 
VG UESS :VOU(JSHUCK ,JT) 

— •  — - 

C’ ‘‘I FIRST :3~~’ IM PLIES A SHOCK IS O R I G I N A T I O N G  FROM AN I J P P E R  800NDARY
80 IC N:O 

- - -

I~ ( D S H O C K )  GO 10 85 
- - - — -

C’ •* ~PSHOCK— -  
.3SH:JSHOCK+T ~~~~ 

- - 
~~~ 

--— -——- — —

J SH?:JSKIOCK+2
L:2
SGN:l .0

— JKIKK JSHOCPI 1 
- — — —

JJ:J SHOCK
(:1
GO TO 90

C’ ‘* DOWNSHOCIK
8S L I  

-  -

JSH :JSHOCK.1
— J SN2:JSNOCI(.2 - - -— - — —  - — — - ---  - — —  - - - - — - - -— —  —

— 
401 SGN _ l . O 

- - -

J K K K :J S HIJ C K+ I
— JJ :JSHQCK—I • - - - -

90 LP?:Li-2 
— -1- 

DELP :P2 L ,Jr )~~PIt1,JT)~~~~~~ 
— — - - - 

~~~~~~~
• O E Lv QII :VU U2 C L, JT)— v IJU I(L,JT)

DF 1RHfr :RNU2(L ,J1)~~M H) t (L,JT) I

DELII:U2 (L,JT ) U1 (L,JT) I

P2op 1 ;P2CL ,JT )/Pl(L ,JT ) 
-

C’ EST I R A T E  Y5HK 
I

YSHK.:YSHI4CK+ (X.X SHUCK(JT ))*TAN SI 
- —  - I

PI (L,JT): P (JSH ,JT) I

I U I ( 1 .J T )  U ( J S P - 4 , J T )  
I

L 14H (II(L,JT) :RfICI(JSH ,JT)
ISUU I C L . J T ) V1.IU(J H ,J T )
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IF (IFIR ST .EO .0) 61) TO Q~~1

C. FIRS T TI M E T i-.P(ruC.N 
-

9.4 11 I- .95’Ul (L ,JT)
u C — ( 1 . J T ) : U ( J S H O C K . , J T )

r 
4- I.~~( ‘CI • J I): 4-I i

~~LI (JSHOCK. , JT )
I- IC - ; PT  C J S’-iUCi- •J I ) 

______

P C H ( I  , J T ) : R ( J S H I1C K , J t )
LP? L
I F  ( ) F  I R S T .-NE • 1) V G U E S S : SL [ ) P E  Cx ,JT)
JJJJ :5
00 OPT 5:IJL OPT ( JSHOCK , JT)
GIl 1 4 1  955 

— - — - - - -

- 
C’ S 1J P S C R I I T  I OF I-.(ILD BA L UES P C P F E S O N T S  POINTS ON TIdE SHUCK
C’ SIJ 6 S C R I P T  2 OF IIULD I.UANT IT IES M 4-- i .RISENTS F I R S T  GR ID POINT A tilJvE (BE

A L I I V N  (UP) SHOCK 
-

911 ) JJJ :J
U HL I . (l):U2CLP?,JT) 

______

V 1 r 1 4 . L 0 (  I ) VG U2CL P2 ,JT)
PSIH LO (t):PSP,OCX
UNL D ( ? ) : U ( J S N 1 J C K  .JT)
v 1~o~~LO ( ? ) : V I ) U ( J S H I IC K  ,JT)

- - 
PS1I-’LD (? ):PSI(JSHOCK.JI) 

- - -

P I -. I I I (- )) : I ,LDPI(JSHUCK .J T )
1M2:O2(LP2,J1)*U2 (LP2,JT), (I. +VOO2 (LP2,JT)’VQU2(LR2,JT))*RHO2 (LP2,

IJT )/ (GAM ~~A( JT )~~P2 (LP2,JT))
PTi-.LD (I):(I.+ZM ? .GAM I (JT) * .S),aE XPCrN*P2(LP?,JT )
ZMP :ul C LI-’?, iT ) ‘iI C  LP2,JT )a () • + 4 - I - b I t  LP2, JT) ‘V )bIJl(LP2, iT) )*

I P H t I I ( L P ,’,J T ) / ( G A - ~~ A ( J T ) * P I ( t P ,’, J T ) )  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ULC)PTS:(l ,,Z”?’(.A I (JT a .S )’*f XPIJN ,PI (LP2,JT) 

________ __________

*TS C A LL E ~j T ~~ i~~ (1.JSi-~)  ~~~~~~~~~~~~~~~~ 

________—__________ —— - -

R p.IS2NL (?):RPIS2

~~ S 1 M L C 2 ):kHS1
SYl-OLD(2):PSI (JSH ,JT)
Y FN1HL (fl:V( JSH ,J T ) - - — - -

C A LL E N T ’ P C 1 , J S H [ I C K )
P*. 5~’HL(  f l : RHS?  ~ ~~~~ _____

kp-.SII-.L ( S ):WHSI
5 x ~~~I L D ( 3 ) P 5 J ( J 5 H ( J C K , J T )

~f-~~1P1L(5) :Y(JSHUCX ,JT)
IF C I- I P S T . NE . 0 )  GI l TO) 951 - -

C’ Ci~(C~ 71) 61 SO—l i  a .YSHCICO* .JS IN THE SAM E I N T E R K - A L  A S ‘‘P5P~flCK)’
O S Y H LC : RS I I - . L I  (?) PSIHLO(I )),55N — -  

IF C U S V H L O .I,E.O.) I--SIHLD( I ) :PST P4LO (? ),.000t,SGN 
- —IF (J K ** .LT .J L 4 ) Y ) JJJ:2

I F C I ~~~-(.GI .N J) JJJ 2
IF C JJJ . L~~.2) GO TO 1410 

-

I* N i .Lt)(S) VUU (J~~K.K.JT)- r IHLr ( 5 ) : u (J K K ~~~,JT ) —

PSl i -L0 (3) P51 ( Jm K K ,JT)
PT,.LD (5) 1 L D P T (J K K ,JT) -

C A L L  E N 1 M ~ IP (I.JK ~ K )
RH $?WL (41:RHS2
PH 5 1 i- 4 L ( u ) : R I I S I  -

•[ SyPl()LD (’4 )~~P’- I (J ” ’  ,JT) 
— • • — - J
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YEN THLC .4 )XY (JKKIK ,JT )
JADt ~:~ 

- -- 
~~ 

•

I F (JSH?. LE. O) JADD :O
IF (J5H2. (,E .14-J ) JAOO :0
J Jj J : j J J i - J A O O
JSTJ :I
IF (JA DD .NE .O) GO TO 95j
JSIJ ?
GO TI) 9S5

951 CALL ENTROP (l,JSH2 )
RHS2HL (I):RH52
NHS l HL (I)~~I4k5j 

-

SYHOLO (I):PSI (JSf4 2 ,JT)
- 

YENII- IL( l ):Y{JS1-i2 ; J r )  — - - — -— -

955 CONTIN UE
IF (x .LT .XI PRT2) GO TO 114 13

C A LL TAOPPT (b4 -IRHSIHL ,RHS1HL,18,B)
CALL TA IKPR T C3 HPSI •PSI, .4O,I0)

1(413 IF (IF IR ST .NE .O ) GO TO ) 9(4 (4
‘410 PSISS :PSHOCK ,Cl. —S (,N,.O0l)

* PSII4 IS C HANF E D ON A PER CENT b A S I S — — M A K E  IT LARGE ENOUGH W HEN PSI IS
IF (PSHOCK .LT .PSI (2.1)) PSI(4:PSI(4H

C)
C’ START OF ITERATION FOR *‘PSI’4’’ (S .L.VA LU E AT K.4 -IICH CHA R . F’FHIND SH ~~~
C’ HITS PREVIOUS A—LOCATION 

- ________

Q’42 ICO UN I O
PSI4I H:PSI4
CALL LF IT (PSJNLD, t)HLD,JJJ,PSI U. UCH(l.JT) ,1,O~ 
CALL L F I T  (PSII-LO,VOUHLD,JJJ . PSI ,VOUC H (1,JT),I,0)
CALL L III (PSIi-.LD, PTi-*LD,JJJ,PSI 14,PTCH,1,O) 

- - —  -

PSl~1 :PS IaN 
__________

Q 14L4 TS :TT (~ ,jT) .GAM IQG (Ji )~ Tj~~~~j,jf) i~~~ 7 Ti* (~~~~~ j C~ fl7Jij ,
IVQUC I-4(I .JT) )•.5
PCH (l.JT ):PTCi-4’ (TS/TT( l,JT )),.EX PON
PHO(H(I.JT ):PCHCI,JT)/T5
I F C x .GE .XI PPT.4) CALL TAEF ’QT (6NSHK CH ,PCH,12,8)

C ’ S tAPT  QF I T E PA T I O N  I - r IP * *V S HIK ** ~~~~~~~ 
- — - - — - - -— -

Ca
IF (X .GT .XIPRT2 ) W R I T E  (6,1 (411) Y S p 4 K , P S I SH K , P S I ( I ,J T ) ,J T  —

OIl S ISHIICK :0
9(4 6 R2 (L ,JT ):YSH IK aRC+ Cl.~~RC ) -

C’ 
- 
USl~~G ASSU MED V A LU t 0f a’~~SHK ,a , C A L C u L A T E PROPE0tjES]N F~~ONT OF SR

ISA VI :ISM (JCK + IC I 1L 1N T , ICKI
IF (I F I .S T .L t .l) CALL F RONT (Pt (L,JT ),Ut(L ,JT) , RHI)1 (L.JT),,)UI (L

l.JT ))
?MI2 :U1(L,JT ).UI(L,JT )* (I . +VO 1 I 1 C L . J T ) * 4 - : )U 1 ( t , J T ) ) *~~r4OI (L,JT )/

l (&A M M A( JT )*R l (L, JT ) )
C A L L SI)NSHK. (1MI2, V )1 J I (L ,JT).V IJU? ~~x ,G A M MA C J T ) ,S G N )  

- - - — — -

C’
C a  START OF IT E RA TI O N f l JR  ‘‘YOU?’’ (I JSLNG CHAQ .~~~CUMP4’lI TO P — H  VAL U E )

95 VCbU ?(L .JT) VGUESS

~O 10 
99[ ‘~$ K PN ESS zI 

- - - - — ]
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C~ USING A SS UM ED VAL Ij E FOP ‘‘yOu?’’ , C A L C U L A T E  WAN ’ I NE -IUGOSI(( J O - ”  CO 
-

- 
99 CALL ~ H C x.J T)

• 61) 11) 190
C’ C A L C U L A T E  i. PSj S 4-lIc ** IN CASE II WAS FT C A L C U L A T E D  IN *.F~~O1~T’,

11 0  PAVG:(YS~~[C K . + Y 5 1).RLa .S+(l.~~RC ) -- UA ’~r~~ (Ul (L,JT)+U I(LP2,JT)) , .5 
- - 

~~~

R. -OAVI,:(R4-I OI (L,JT) .RMOIC L P ?,JT ))a .5
- OP S IS: Dx aki-iII AV (.*R A V G * ( C TA N S ,TA N S I ) —V Q U I (L ,J T ) — V O U I ( LP 2 , J T ) ) , .5

I*U A V G
- PSISH K PSHOCK+OPSIS

116 1F (.NOT .AX I S Y M ) GO TO 11 7
• C’ SHOCK —-IL L P E F L t C T  FROM A X I S  OF S Y T M M O T P Y  N EST T I M E— — A V O I D  SUNGULSPIT

IF (YSMK .LT .(.N’YSHUCK)) PSI5HK :—ABS(PSISHK )

— - 1 17  IF (PSIS1-,X .LE . P S I ( t , J T )) GO TO 120 • - - -
IF (PSISHK .GE.PSI(NJ ,JT)) GO TO 209

C T HE LAST TIM E THROUGH T ISHOCK —1 AN D THE BAR
QUA N T ITI E S AR E CORRECTE D FOP THE SHOCK , REC A IJSL BAR Q U A N T I T I E S

1175 IS HOCK:—l
IF (.NOT .DSHOCic ) 60 10 210

C’ SHOC K IS A D1I I-.NSHOCK

J L O W :J S H O C K — I

118 IF CP S I (JLOW,JT ).LT .PSISNX ) GO TO 122 
-

________JLUK.:JLOIi—t ________ __________

GO 10 IT8 
—-—— -—— -— —-—— -- -- —-— -————-- — - -— — - -

i2O JtUw=O 
- - - -  - - - - - - -

122 JLOn JLOW.l
IF (JLOW .E0 .JSHOCK ) GO TO 2005 

-

- 1F (JL0~~IGF . (J SR O C s  - I f l  ~~~0 T F I 3 0  —

C’ SHOCK H A S BRO SSED MI RE T H A N  ONE GR ID POIN T . 
- P R I N T  l%A P ’4ING AND RESET

lF (Si--KPQT) A ” I ITE(o.11425) YS,.K ,PSISH* .YBAR (JSMOCK—2,JT),
- 

1PS I (JS~-~r )C *—E.J T ),JLrlW. JSIlUCK ,J T
JLO. , :J SP lr(K— l
01.511 W :(R5I (2 .JT)— PST (1.JI) I ‘ .001 

- — - — — -- —

D,E RR: (v i.A 1. (2,JT ) .YMAR (L ,JT ))a .O(Ij

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
P5I5HK :P5I(JSH [-~-?,JT ),DPSIEp

C’ SHOCK HAS CROS SEO A GRID PO INT SINCE LAST A —STE P
- 130 J~~JS~~OC~~— t  ~

C F 1 (457:1 I~~~L I E S  A S,IIICN IS ORIC.I FIA T ING I - R ( I M  AN UPPER POUNOA RY
C F I R S T  T I M E T H R O U G H  (OP4LY )

I~ (IF;PST .’.E.I) GO TO 140 -

PHAR (J ,JT ) :I-’f.A 14 (J,JT),OELP

L V Q U B A I 4 ( J , J T ) ! * .  - A R ( J ,J T ) . tLyQ( J~~~ 
— 
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R 4 . ) I I I A P (J , JT ) R H O BA P ( J , J T ) , D EI P HO 
T

-- CL I tO 180 - - - - - - -

1(4 0 ~i -OE S T:PH (I(J,JT)+DELRHO
liE S I  :O( J, .31 ) .DE LU
VUUES T :M~~u (J ,JT) +OE LVOU 

- - -
PFST :P(J,JT)’P2QPI 

-
D*UI )Sv :Dl/ (PS1 (J ,I,JT)— PSI (J.JT) )

laS Dl L IA P:PEST’ALUG (P(J,l ,JT )/PEST)
1 (47 R ,-4(l L :I.HIlC ST *UEST

VNI I 1 V 0 111ST ’P (J,JT)

CA LL FNTQO P (l,J )
• DP~~: (Dx 1)O SYaMH ilr* (R kO U *UE ST* (V0U(J ,I,JT ) .RC J ,1,JT )~~V QUv),VQUY* JI D E I IA P )_ _ _ S ) / C U I S I . J . I1L I/(PEST ,GARMA (J 0 1 ) — I . )

lao PI- IA M (J,JT ):PES T.EXR (—O PX /PEST)
150 DVOU~~_ r)xQ DS’~.W-IOU *Q (J,JT)* (1. ,V QuE ST ,V QU EST ),DELTA P_V Q UEST ,DPX 

-

V DC I 4- 4AR( J ,JT) (t)VIbU $V UOC J, JT )*I4i -4S1)/(II44IJU *UFST )4V QUE ST
T S~~T1(II,JT) ’(PPAP(J.J1) /P T (J ,J T ) ) *aGA R lQ G ( JT )
RHObA P (J .JT)~~PBAR(J,JT)/TS - •
GO TO 180

- 
SHOC K IS B E T W E E N  SAM E TWO GRID POIN TS AS IT WAS AT LA ST X—STEP

2005 IF (IFIRST .GT .0) GO TO IBO
J :JSHOCK—j 

— — -  -

P€ST ~~P(J +I.JT )/P?OPI
— vOuEST :VOU( J. I ,JT )-OELVOU - - — — 

1 60 OXQOSY :OX/ U ’S1 (J,1,JT)—PSI(J,J1))
165 DELT AP:P (J.JI)aALUG (PEST/P(J,JT)) 

- - - -

l~’7 R 4-401J:WHQ (J.JT) ’V (J,J T)
•  

VQU ’v :VOU (J,JT )*W( J ,JT) - — 

C’ IEFP :Q9 M EA N S  CALL FINAL VALUES OF P~~OPR 9TIES AT 260 CRlF FO ZN I
— 

vPPE:~~1SAVE ~~~ ~~ 

- - — — -——-~~~~ — — — — — —  — -— — —- -- - — - - - - - -

CALL ENTROP (1,J)
CA LL DX QMI (P(J,JT),U(J,JT), PH)](J,JT),VOr J (J ,JT ), P (J,JT), xC)SYZM)
OPx :AQ SV ZM~~RHUU’(RHOUa U (J,JT )*(V QirEST *R( J .I,JT)— VOUY )sVQUY ~

IOELTA P )— RH S
1 69 P B A P C J ,J T )~~P (J,JT )*E XP(— DPX /P(J,JT) )
170 DV I~u :—Ox UOSY’ PNL 4U ’R (J ,J1)*(1 .+V IbU (J jT )*YQrr( J .~JT))aDEt T~~P

IVO U (J,JT)’DPX
Vl)O4~A P (J ,JT ):(DVOU+VG1J (J,JT )*PkS1 )/ (PHOU*U(J ,J1))+V0U (J,JT)
T S : T T ( I I . J T ) * ( P H A M ( J , J T ) / P T ( J , J T ) ) , , G A M 1 Q G ( J T )
R ,-ICIL4A R (J. JT ):PIIA R( J .JT )/TS
IF (.NOT .DSF4OCK ) GO TO 250

180 CON TINUE 
- --

IF C PS ISK4 X .GT .PS I C I , J T ) ) GO TO ‘420

C’ SHOCK MUST R EFLECT FPU~ A LOWER BOUN DARY, OR MUST C 4-U SS A SLIPST REAM
185 U2G: .9S’ L I2 ( L ,J I )  -

DELP :P.?(L,JT) PI(L .JT)
UELV (b1 1:VIJ I? (L,JT) .V IbU I(L .J 1 ) 

—  
~~~ 

—

DEL WNCI :PH (I2(L,JT )-WHUI(L ,JT )  
- •

DIL U:U ? (L,JT)-.U1 (L.JT)
P20P1:P?(L,JT)/Pl(L,JT) 

-•
ITER:0

C’ R E S E T  IPR I’~ S~~FD FUR PRINT
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I C I ¼ (Q ):ICUM (b )+t
IF ( i~ 5~~I~ C~~ ) 1. 1 flI 1~~5 

- • —

I F (OUA L. A [.JT .EU.I I 0(1 TO 1 98
1’~ I ( . ( IE SS : , L I P)- (M ,J7)

19? L~~I
J~~I-.I C K.:5JJ(JT)

J~~~.JJ(JT )

JL I . : NJ J (JT)—1
OSHI1C, TR UE .
GO TO 201

1 95 G I l  IC (?00.I97),JT
C’ .31:? TM E A N S  SHOCK IS CRO SSING A SLIP LIN E 

- - - —
197 .31:1

1S I -r ~C~~(JT ):xSH (lCK(2)
x S—U C~c(2):HUGLIC k N E P :~~b
N J :IJJ (JT)

GO T O I’~?

~~ UPSi - -UC k IS CROSS ING A SLIP LINE
1 98 iT:?

4SHOCF (JT ):XSHOCI ( (I)
X S H ( I C K . ( ) ) : F 4 U G E 

- — -— _ • —

ICP NER:~~7- —  
NJ:l~- J J ( J i )  

—— — —   —— - - - I

200  L:?
OSH OCK : • 11 ALSE

—• 
IF (I C 14-~~P .OO .C— u ) ) GO 10 202
J S I~.L IC K : I  -

J:I 
_______ _______

J LU ~i- = — I
JH I ?
IF C I C R N E M ,EI,.(—7)) GO TO 201

CR’ VG IJFSS IS SE T N E G A T I V E  TO DIM INISH POSSI B ILI TY OF F 160166 STRONG BRA
VGUE SS:— .0?

— -  • — _ _

201 T S : P k A P ( J , J T ) / R - ~I : o A P ( J , J T )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
liT)))

I F II— ST :I
IF (ICM ~~~~ .E b . (_ 4 )) GO TO o~
V i , 4 - J I ( i , T ) ~~~~I ,~ I,~~~M ( J , J T )
PI (L,J1):R~~A ’— (J .JT)
U l ( L ,J T ) :Uh A ~~(J,J1)
W H t 1 ( L . J T ) M~~I~~~A R (J ,J T )

I’ (IC ~~ I . .EO .N4- ).UR .IC R I f R .FO .( 7)) 60) 10 914~
~ - A P ( J . J T )

r PSHI C K: S I ( J ,J T )  - •  - - - - -

IF C k C I i 4 T ( K .J T) .A ND .D SHOCK. GO TO 500
If ( Y 5 - l a .L T . 0.)  V S M K ~~~~Y S H K

I I L ) IpT S :p T ( J .J I 1[ if (S. ~~~ 1 )  
~ I I (  

~ , I ~ Si ) ~ I (J,J I I • ~ IC i t t  • .31), J
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14 - 1 3 1  F O R M A T  (?X , I 3 H P T _ .~*IS .SHPC K ,?F I b .e, .TM )
C a  A P P k ( 1 x j M A I~ I U T A I  P.ES S l;I- ~E L i - i - ~ A C krJSS I 1 ,co~~I , ;  S1~UIC~

If (PSISHt .LT .0.) PSIS’- ’~~— PSIS~
,x

C ’
IC~~N~ li :I4

0 ) 1  TO 9(46
Ca S T A - T  AN IJ I H S ( 1 C K  F.,~ I ’-’ A T R IP L E POIN T 

- - l

202 J S H I I C K : J L , P Y
- 

JL )4I~~~_ J SHUC K

JHI:J S H(J~ K
J : I A B S ( J L O W )

• P2 (?,JT):PBOUNI)(K ,JT ) 
—

• SON :!.
V~.Ui (L.-J T ):~~l .LI2(L .t ,JT)

- 
)-1 (L .JT):P2 (L 1,JT)
UI (L ,JT) :O ? (L—1,JT)

~ -f l 1 (L .JT ):WF1O2 (L .i,JT) 
—

.S.— )ICK (JT) :X 
- • •

1SF-I C
I 

P S I - d IC I I : PS I SH K
S Y 4 I  Y :P51SIK

I GO Tn 201

209 ,~~~r o  .~~ s H o C K ) GO iü 215 - • - - - —

- C’ IF C S— L I C K IS T~~ I F  • SC ICJ C A N T  CROSS LIPPER BOUN DAR Y
PSI ’-HK :PSI (NJ.JT )..99999

~O I p  
~~ 75

C~ SHOCK IS Al, UPS~-ifl CK

• 
—

• 2 10 IF ( P S I S ~~~.1,T. P S I ( N J , J T ) )  GO 10 215  
-

~~~ 

— —

- 
2 1 1  IF (P S I (JH i , JT ) . G1 .PSIS H~~) GO TO) 220

J H I :J H I + i  - — —— --— _ - --

Gil Ti) 211
- 

215 JH I NJJ (JT),I

2?0 JH I :JH I~~I
IF (1C . .E..(-~~fl GO ic a o 0 - -  -

- 
IF ( jI~ I.~~ I..JL ’  • i )  GO ) 10 (400
IF (J- - I ,h~~. J~~~ )C~~) (0) 

111 2 5 0

- C’ 51— I C~ -~S C~~
Il S S E D  A GR ID 4-’IlII,T S I N C E  L A S T  A — S T E P

— - 
P~~~~- ( J . J T ) : ( ’ l-~~- ( J , J T ) a P ? Q P t

~~~ - •~~
-
~~~ 4- (J ,JT ):~ ~ i •lA .~ (J ,JT )si ~ F L V r b U  

- - - -

kI~r I I ~~~~(J,JT ):~~~~;I A - I (J , J T ) + D FL W H O

2 3 0  C I I 1 T P- uE

- C’ 5’- - C ~ I S ‘1 1 • I 1  F ~ S A ,~IE. T .•- )~) I. ’- ID ~‘ 1 I ITS •~ S IT ~ A 5 T L~ ST x — S T E P

J :J~~~I - I  (
~~+I

4 - I .LO S T : V . . I C J , J T )+ D E L V O U
- R I S I:P (J,JT)~~P2I .I l  

• — - — - - - - - -

J~~ J S I~I CK
G i l  It) I l ,rr

,‘NO If (P515”’ .I,E .~~sI (SJ ,JT I) GO TO 185
(400 JL ’ ?:—J l-I I

I F (IC.5 I4 )4 .(—~~)) GO) TO (420 
- -
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- 
tO O 71 (IFT R ST .LT .l ) GO TO ‘403 

--
T A F, SI = T A N S
L P2:L- 
IF (!C PNER .EG .(—b )) GO TO) 420

• 7F (DS-iOC ~~) 6)) TO ‘413 -

- 
‘4005 PS,~(CI1 :PSISHK

Y S I - ( I C I~ :VSl’ l K
VL .1I I- SS :iill 2 (L,JT)
1~ (1C ~~’.E— .E Q . (—?)) GO TO 500

- IF (. NCI1 .A ’ I SY ~ ’) 60 10 ‘420 
-

1~~?~~I,:l 1~~(L,JT),U2(L ,JT )* (I . tV G U2(L,JT) ,V) l-J2 (L,JT ))*RHLl2 (L,jT)/
- 

7 (GA M ~~A (J1).P?(L,J1))
IF (ZM2Si. .GT .l.0~~) GO TO (420 

• -- • - -•
Ca C H F C~ TO I’E SuP~ FLP~- ) - I - M A I N F D  SUPERSONIC A F T E W  0C O L T O

IF ( .N(I T .SHK PRT ) GO TO (4010
W R1IE (6,1(42 (4) ZM2SQ

— -  -- ‘4ITE (6,8) P2(L •JT),U2(L,JT ), RHO2 (L,JT), TS .TANS 
- - - •

‘4010 C O N T I N U E -

C’ IlE IEI FL O W  FUR MA C H  NUMBER OF 1.0?. SAVE OF 0 VALUE OF 11002
Ts:j~~(II ,ji)7 (~ AMF’A (~~T )_ ),.5Ti.o~~) 

— —

U?(L .JT):SrJRI( I •014.GAMMA (JT ).TS/(1 .~~VOU2 (L,JT)aVQU2 (L,JT))) -
IFUDGE :1
P2(L ,JIlaP2CL ,JT )*ZM ?SQ /1 •04 

• — ——P H C I 2 ( L  , JI ) :P~~(L , JT)/ TS
I A r S :TAN S .ZM 2SO/i. 0’4 

_____ _______
IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
GO TO ‘420 

4 - 0 3  G PAVG :GA ~”-’A (JT)* (P?(L,JT).PCH ( 1 ,JT))* .5—- V G r L V I . : (~~~~U 2 ( L , J T ) + V O U C H ( t , J T ) ) * .5 
- - - — -

LIA 1 I,: ( U? ( C ,JT ) +UCH ( l,JT)) ‘.5 _____________________ ________________

LIA V ( - ? :U AV G kU A V G

C’ BY PASS SI N G U L A R I T Y  AT A X I S  OF SYMMETRY

-- -- 
ZMA ~~2~~PHUA VG* UA V G2*(I . +V N UA V G eV U U A V G ) /G P A V G  

- — •

- 
I F (ZMA V ? .LT .I. OI ) LMAV?: 1 .0I 

_______ ________

C I NA :  ~ 5W 1 ( Z MA V c~ — 1 • )
T AN A : I . /C I NA
I~ UUT AN:VQUA vG’ T A N A
IF (AIS (11JT 40 ) . r,T ..999) VQ (JTAN~~V lTUTA N. .999/A9S(VQUTAN)‘C’  C A L C  R O N  F I-1 LI DY A LP . I ,  C ’ - ’ A R A C T ’ P I S T I C

) ,J1):V5HK ~~O~~ t VI )UAVG+ SG lI. TA N A )/ (I.~~yl)UT AN ) _________- IF ( R C H (  I , Ji) .L T .01 ) RCH( I • iT ): .0 
P A V G : ( R 2 ( L , J1 ) 4 R 0 H (  I,JT))’ .S

V Q R A V G : V Q UA V G / RA V G
7 F  (I~C-l (I,JT ).GI .(a~~a W?(L,JT))) VORA VC ,:VQUC H (I ,JT )/RCW (l ,JT)
IF (P? (L,JT ) .r,T .(u .~~I~CI-~(I,JT))) V ORA v I ; :v UI J2CL ,JT )/P2CL ,J T ) 

_______1’ - - - 
V 0l ?PI:l. ,vr b J A V G ,V Q UA V G  

- — _______

• S . V ? P I : S I J W T ( V C J U 2 P I )
CS) liNO :SI.~~T (G1~IA VG/ PHUAVG )
DLt1P :S)WT(D (.!%,(~~?CL ,- J T )—RCH (I,JT))’’2)’RC
DA , I S : c j uNO*~, L ( b R a V ~) 1-A V G / U A V G  —

•I C’ C ( I W H F C T I 1 1 d  TO ALLOW ~F 1,ULA F PE F L E C T I O N
I~ 

(1s,, ,C~~.LT ..i0) bA*iS :0AxI5’ Y5HuC~~’[~~ 
—
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If (JSH I ~ CK .LT .3) 60 1)1 650
I4)35 CC ’i T I N u ~ 

• - - - • - • — — -

P S I U E F ,(1):PSI (4
R S I4- 4 F NC? ) :P5 7 IlK
C A L L  L F T T  (SYH IIV , RHS I HL (J S T J ) ,J J J J . F’S1(4FN, R H S I F N ,2,0)

C A LL LIII ( S , H U L O . k~~ S?H L ( J ST J ) , J J JJ , P S I ( 4 E N , ~~ HS2 E N ,2 ,0 )

—  - - -

IF (X .LT .xiI’ ~~TS ) 60 10 14056
W R I T E  (~~,l’4?8) RHSI . R~’S?
C A L L  TA ~~PHT (b kPSI IlEN ,PSI~4EB , b,6)

(4036 C ON T I N U E
V I,Ci?(O,JT) :VO (JCH (1 •JT)_ SGN ,GPAVG*A L PG (P? (L ,JT)/ PCK (l.JT)) /—— It  G A M M A  (J 1) • l A y  G’U A (.2k TA 1~A ) —SI- N * I) A 75  

- - - - — - -

F 2 — S G N ,C S I IU N D • (H H S 1 / (R H I IA V G ,UA V G ? * UA V G * SO V 2 P I a TA N A * I IX ) * ( T A NA ,S G N a

5 V U LA VI - ) • ~~ H S ? / U A V I- )  * I) I. N R — — —
IF (X .LT .x I P R TI ~) (;lr TO 1 1 1 3
W R I T E  (6 , 14) D AX I S ,VoRAv G, v C ,U ES S ,V Q U2( L ,J T)
IF (IS A V f . GT .O.i)’4.IS~— V C K .GT .0) GO TO 1 1 1 3
C A L L  T A 4 - I P R T  (‘4HH(jLD,RHOHLD,30 ,b )

1 1 1 5  C ONTI N UE
T O L : A h S ( ( V U U ? ( L , J T , — V G U E S S ) )  

- -

IF (TUL, LT. .OOI ) 60 TO 413
IF (ISHOCK .GT .IO) GO TO 408 

- - -

XJOMP :— • 
C A L L  P T S L P  ( U~~~~~~ l ~~~~~~~~~~~~~~~~~~~~~~~~~~~

1403 DI PSHK: (VGUE SS .VUIII (L,JTfl *SGN
C’ FO R DOWN~~SH IiCKS . THE GUESS 014 V0U2 MUST BE LESS THAN VQU I 

- •

C’ F(i OR-SHOCKS, T HE CONVE R SW IS TRUE
IF (DI~lSHK .LT .O. ) CO TO ‘4 0 (4

~~~~~ BE SURE FLOw BEH I Nf ) SF4flC~ IS SURE ~ SONI C  
— —

D T W S H * : ( V G O E S S — V G U 2 M X ) * S G N
IF (DIPSIt K .LT .0.) GO Ito 95 

- - - - —  — - - - —

• V G U E S S : V G U 2 M X
IF (VGUESS .EL ~.VPTSLP(I)) GO TO 1401 

• - 

GO TO 95

(IOU VGU FSS:V OLrl(L ,JT ).SGN* .000I
IF (VG UESS .EC4 .V PISL P) GO TO 407
GO TO OS

407 I F (SHKPRT) K - R I T E  (8,1419) 
- - -

1408 11 (SHK PWT ) KR ITE (b, 1L4 20) VNlJl( L,JT) ,VQU2(L .JT ),V1. UESS ,P2 (L ,JT)
- —  - - - - - - - - -  - - — — — - - - - -

C~ END ( - F  I T E R A T I O N  FOR ‘‘yOU?’’
‘413 V QU2(L,JT) :VGUESS 

— - - -

Y SI-KC Y SHOC K 4 ( X—% SHOCK C JT) I’ ( TANS $T ANS I ), .5
L RP(lR;YS1- ’— Y S HK C
IF ( A , G T .X I P H T ? )  W R I T E  (6,1099) YSHK,Y SHKC, T AN S
IF ( A H S E~~~~~~ ) . L t . . 0 0 I )  60 TO U IT  ~~~~~~~~~~~~~ 

-

IF (IC GUN T .GT .l0 ) (.0 TO “lb
XJ U”P;SNN . (Y (JS-’ I-CK •.J T )—Y( JSH ,JT ) )‘.S
CA L L  PTSLP (YSHt ,~~N HK C,ICOU F T ,VPT5LP(9),I.) 

- -
CL) TO OaS

‘418 IF (SHKl - ’4- IT ) v R I T E  (6,1 416) KSRK , YSHK C , E R R OR

C ’  
•• - — -—- - —- •  - - — — -—-—-- ——— - - - -
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F N ~~~ PF T T E R A T I I I N F ( I W * * I S H * * ,
- 
C ’  4-

I •P ~~~ D(.l T~.4( C”A ~’ I I t - A  I I I-’ F ‘F I 7MST F I~~~ THROUGH 
- -

“ I’  ~2 ( L , J T ) : Y S H , C  
-

Y 5 ’-” :Y SIl K C
I~ (IF lO ST . 11 .0 GO TI) 11 0 

—

‘~l8 .)PS15 :PSHOCK—RSIS ,-, ,
~

C’ C~~LC DPSI AL ON G -‘Rf VI UUS 4 — S T A T I O N
fPSIla .5’ I~?-~I 1 L H ( I .J 1 ) . L I 1 ,~ (I ,J 1 ) a (I I C H ( 1 ,JT )* RC I l ( I ,J T ) — Y S H K*YSHK )

PSI~~C :PSHI C~~+UP~, 1I
E R W111, :A4S( (I~ i,I~4_ P5 Ia C )/PS I HF F )

I~ (* .GE.~~IPR T ’ ) ~H I T E  (6.7) PSI4, RS1 UC ,PSHUCK ,PSISHKI ,P51 (JSHOCK ,J
IT)  

-~~ 7E (E001T R .LT ..OO5) GO TO ‘420
IF (1CI- ~.G T .5) GO TO ‘419
JF (PSII4C. LT .0 .) GO TO 4188 

— - -

tJ LIMP .3
CA LL PTSLP (PSI4 ,PSTL4C ,ICH ,VPTSLP(5),l. )

_ 11 (PS!(4 .LT .PSI( JL~4DY ,JT )) PS!j:PSI (JLBT)Y ,jT)
))RSICIc :(RSH-r(t.PSl (J)*SGN
IF (RST .l,T. PSI (N J ,JT ?) PST’4:PSI (NJ.JT)
I~ (DRSIC ~~.L T ,0.) 14S14:PSEIOCK
I~ (PSI14.E~~.VPISiP (5)) C.lJ TO ‘4195
1,0 10 0142

Ta 0061 T~~v TO C (INT INUE I T E V A I T O N  W HFN SHOCK IS SO N EA R A X I S .PSI IT E RA
C’ T R I V I A L  THEN A NV~~A y

‘4 188 iC~~~2 
— —

441 9 1F (SHKPRT) WR ITE(b,1U21 ) PS1 (4 ,PSI14C ,PSHOCK ,PS1(JSFIUC K .JT )
- — — - - - —  • - -—— - - — - -

C’ END OF ITE RA T I O N  FOR •‘PSI~~’* ________ ______ _______________

C’
‘4l 95 IF (ICH .GT .l ) GO TU ‘4198

- 
RSILl:P S~4I)C~~* (i.—5(,f4,.OS) 

— — — -

60 10 9(4 2
— 

‘41 98 IF (5~~K PW T ) V.I-I IIE(b,I (425 ) 
— —  - — — - - — -

‘420 IF ( 1 S , I J (* .N F . ( _ 1 ) )  GO T() 118
— JT~ ST :1 A~~5( J L I - ~,)

IF (JI E ST.t I- .J~S 4 )ICK ) GO TO I4b0
C’ IF SH OCK C R I S S E S  A 1-~~ I D  P)1I ’IT, THE I—PSI CURVE IS CHANCED. 

— -

F R ~~C T N : ( P 5 I ( J 1 ) - S 1 .J T ) — P 3 7 S 1 4 I ’ ) / ( P 5 H O C K . P S I 5 H K )
I’ ( F R 4CN, . L T .II .)  F(

~- A C T l ’y:O. 
- -

O F LV N L : V U /  (L ,J1 1— ~~5Ut (t.JT ) 4— VI IAII( JT ES I ~T):y(JTFSr,JT ),0X*VO1J~~JTFSi,JTi iiD1*OE1 \I51J*F CTT(

IF C , Nl T .S,~K P H t ) i-I III 1480
w k I T F  (6,7) 184 (JT LST ,J1 ) .v(JTEST ,JT),00LVOU,O PS1S. PSISHK ,YS Hk,

I F R A C I N , J T F  ST
£480 IF (ICRNEP .EU.(— (4)) GO TI) 500

CA LL MDISC
Cf (7 14E 04.F0. (— TY~~D 70 )8~~~~ 

- ~~~~~~~~~~ - -

500 CON TINUE
600 CONT IN U E 

- -

IFIRST :0 -

I F  ( J L O ~~.E ) 4 . ( — I ) . A N O . I C R 6 € R .6 t . (I) 60 10) 610
RE1UR N

L ~~0 IIER :99 
- -
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- 

j ç~ 1g 2
Y ISAVE :Y(2, I)

- PISAVE:PI (L,JT)
U1 S A V E :UI (L,JT ) 

——

WH ( 1c 4 WH() I (L,JT ) F
-- 

11 .JIS A VGLII (L ,JT)
,*..‘CALL F W I I N T  (P I SA V E , U I SA V E , PH()ISA ,VQU ISA )

- R E T U R N  
-  - - —

860 IF (DSHUCK) GO 10 oSS
- GO II) ‘405S 

-

65’, IF ( P CH ( l , J T ) .L T .P2 (L ,JT) ) GO TO (~0SS
- PCH (l .JT ) P2(LP2,JT) 

- - -

- 
GO TO) ‘4035

7 FO RM A T  t 1 X , 7112.b,I8)
- 

8 FOR M A T  (IX ,71 lo.8) 
-

1090 FOR MA l  (IX ,ISHSUF4 000TINE SHK_ ,ISP4YS HK .YSH KC ,TAN S ,31I (I.7)
- 

1 ’4 II FOPMAT (1x ,2IHv5 HK ,PSIs~-~x ,PSI (I),JT ,3Fl’4.7,I5 ) 
-

114 1 8 F)IRM A T (1* ,2t-.,-’IT F H A T I (l N  FA ILL IR I 1’4 SHI)CK ,31I4 -4.7)
— 

I’419 FO R M A T  (IX ,’4t11-’NO SULN IS A V A I L A V L €  IN C H A R A C T E R I S T I C  ITEW ~~T!0N 1
11420 FO RM AT (1X ,UB HFA ILL )R E OF C H A R A C T E R I S T I C  IT EW AT ION —— S H U C K SUB. ~/- 

I,I QHVGUI,VL)L)2,VGUESS,P?,51 I (I.7 )  
- - - -

1 UE1 FI l ~~MA 1 t l x ,1 4 7 H C HA R A C T F R I S T I C  I T E R A T I O N  IN a,SHOCK ’a F A I L E D  ,2OHP

151 14 ,PSI(IC,PSHL ICK ,RSI (JSH0CK ), UF12 .b) 
-— — —

1ü23 F O R M A T  (1$,2UN ~~SjU IS LESS THAN PSHOCK)
1’4?U FO RF AT (1X,bI kFLOW ~ENT SUBSONIC Y H F N S~~OC~~~~E FL E CT ED FRU~ AxT S~~~~~~~~

I S Y’~’-E ?PY, O- 16 .6)
1 4425 FO R M A T  (l flX . 49HSHOCK HAS CROSSE D IwO GRID PU IN TS—— HAS BEEN RESET , 

-

1/,I*,20M YS~,K.P5I SHK ,YBA R ,PSI, U Ft ? , 8,l UHJLOl~,JSHOCK .JT ,3I5, /)
1 14 26 F O R M A T  (1OX,I3 kENtRLjP.~~SHOCK ,2F1 (4 .b) 

- ‘1

______ _____

- 

--- --i--- -- - - - -  - 

- 

--- --- 

- 

- - - -

~

- -
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‘DFC’ SHOCK2
- 

SUk~~OUTINE SH r 1C K2(X )
- ‘SHUCk? 5~— dC-  C A L C I I L A T  lOiNS Ff 1 14  S T E P  2 —SH))CK2.

Cfl~~’nN ~~~~~~~~ 1 P T S M I . K 0 I M , IC R N I R ,X C R N E R
• C iI~ ’ M r I N  /CtIN DWI/ Rk)) (~~3 ,,)),P (7y ?),0j (~~ 3 ,2) , V ( 2 3 , 2 ) , V I ,I I ( 2 5 , ? )

2 ,PSI (25 ,2 ), W (?3,?).YF~AW (?S,2),RH!J6AR (?3,2), IJHA~~(23,2)
3 ,VQ UBA ~~(25,2), H bAW (25,?), PbA14 (23,?),PSI2 ( 1,2),Z~~N (2S,?) — —— - 
‘4 •P.,)ul,D (?,?),0z, R 6J ,JTT ,RC, DX IJDSY .PS Il,Y CAL C, SL I )PE(2,2)
5 ,TT (j,?)
C~~ -”~(N /C IN R UT/ P T ( I J 1,? ) , D ) ) M I N ( 8 4 4 8 )
C t i~~MUN /CSHK/ T A NS 1 ,DS HOCK ,PSH QCK,DELP ,DELV QU,JLOW ,J5PIOCK 

—l,xSH flCX(2),Y SF$OCM
C1”-”’I N /CS-IOL K/ P1 (5,?),U1 (s.2),’4—o1 (S,2r,Vao1 (5,2),P?(5 ,2)

l,L I2 (5,2),R-IU? ( S ,?),VOU2(5 ,? ),~~?(S,2),P2(5,2)
C r I M / 1 I F I / C I N I T / rJ J (2 ) , I) l J M

~ - Y ( 7 ) , 1 P RI N 1,0 UM (5 )
C(I~~’OlN /Cx P W / X I P W T I , ZIPPT2, X IP )Q T 3g AI P PTU
C (WM( N /CO LDRT/ LILDRI (?5,?), (1LDPTS(2) 

- - -

• C r l ” ~~’ I )N IC 5 - I Y N /  ZM I , 1M2
C0M”LIN/O SHKPT/ SHKPRT

LOGIC A L SF4KPRT

- 
CO MW r \ ICFRONT/ ISHOCK ,YSHK ,PSTSH K ,FRACTN - - — - - -- -- 
COMF UN /CRH / JSH,L, T ANS ,O2C,,SGI- ,KPRESS

- - 
CIIM~-~ON /CSHK2/ I F IR ST ,II - -
C U~-~~(N /CX DISC/ X~~OISC, X S A V E ,  IDISC, MDISCC
CO P/ F’Iil , / C L r ) G I C /  P C f l N T ( 2 , 2 ) , D UA L , S L I P ,A X I S Y M ,SS T14 )A , H A k P~~T , E N O J O S

I ,SI110t2,2)
CO MMO FJ / C G A M /  G A M M A ( 2 ) , G A M I ( 2 ) . G A M I ( 2 ) , G A M 2 ( 2 ) , G A M I O G ( 2 )  

—~~CO MM I N / C J L B DY I  JL B0Y , J L F 3 0 Y 1 , S Y B D Y
— - 

CO MMO N /C M UC/  I T E P ,PI SA V E , O 1 SA V F , R H O I S A ,V QUISA ,Y1SAV E ,JSE T 
- -  -— 

COMF ’ON /CSHKPTI SHKPT(23,2)
COMMON /CRE . SLT/ X RFSET (?)
L O G I C A L  PC( INI ,DSH O CK , IPRINT
DA T A  J F O J D G E / O /

C’ TU RN OFF PRINT
- 

7F (X .GT ,XRESET(2)) XPESET (I):I00 . 
—

C IANSI -S THE TA N G E N T  OF T HE SHOCK ANGL I AT THE OLD X - S T A T I U F  
— --

.JT:JT T
IF (. NOT .D S HO C K )  J F UDGE=J FU DG Ei- I
IL IM:O
L:l

________E*I-’ON:I ./GAM 1UG (JT)
IF (IC RMEW.EO .(—? ) ) ~f l T O M26 ~~~~~~~~~~~~~~~~~~~~~~~~ 

—

IF (IC PNER .1O .(—6)) OCt TO 800
- 

71 t I C R N f R .f I ~. (—3) ) GO TO 60
7F (ICRN FW .EO .(—I)) GO TO 65

• (49 J5H :J ( I).I~.~

U. ISHOCK :0 
3F (bSHU ~~~Y C0 Y QO~~~~~ ~~~~~~

— —  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I L 2
JStOfiI:~ JLtO-w

I J5 T l I R ,~~~.J L0 W , j  -

IF (I FIW ST. NE .O) GO TO 50 —— 
IFI R S I :fl IM PLIES TH i S IS THE F I R S T  T I M E T t-OJUUTI- ’ S INCE A SHOCK HAS C 

-[
~ 

FROM O) PW N It IJ O 

- - - - 

- 

- 
j

1082



r 
V SHK YSHOCK

- -  - 
PS I S H Ic :p$ H(JC K 

- -  - - - - - - - - _ —

- IF IW ST =I
- 

TAN S :IA P4SI -

IF (ICPNO P.EO .(—U )) L:1
DELP :P2(L,JT)— P1 (L ,JT) -

I D E L v r.U=y 0U2(L ,JT)—VOUI (L,JT)
- - - - - - —- - -- - - - - - - -  

I L 2
I J:JSHOCK,1 -

I IF (ICPNEW .E0.(—14 )) GO TO 500
C’ A SHOCK IS F E F L E C T I NG FROM THE A X I S  OF SYMMETRY

I IC RIIER=—8 I
r~ uj s ~~vo~~c � r r  

- 

PJ5:P(2,t)

r 
JFUDGE :O F

APPRO X IMA T E PRESSURE LOSS ACROSS INCOMING PA RT OF SHOCK
- 

SHKPT(1,1):OLDPT (I,1)—OLDPT (?,1).SHKPT (1.I) F
I IF,SHK PRT ) 

- - 
-

IC ALL TAA PR T (SI4SHKPT,SHKPT ,’1b,lO )
GO TO 830 

- - -

50 JSH=—JLOP~,I
GO T O 115 — - —  - — - --

C ST3-~UT - OF SROtK 70 CO~IST ANT PRESS IfRE k0000AWY — V

60 KPPESS I
GO TO 7~~~ 

-

C’ ST A T I OF SHOCK TO SOLID MAL L
o5 KPPE$S:~~ 

-- — —-

70 K:? 
_______—- y o~?(t~Tr)~stoPETK ;JT ,   — - - - - -

P2 (L,JT):PBUUND (K ,JT)
— - 

J:—JSHOC $( 
— --  - - -

- JLOw;J
-

I 60 T0 92 
-

- -  __ —- ---- __ _ _

00 JS1OWI:JL08 -

• 
J5T0142=JSHOCK  

-- - - • - - - -  - - - --  — - - -  — 

L IF (IFIPST.NE .2) GO TO 115
• YS HK YSIIOCK 

• - — - -

PSI5 HK:PSHOCK

IF (PCONT (K ,JT)) GO TO 600
GO TO 600 

- - - — - I

I I5 PJL :P (JSTORI,JT )
VGuJL:VQU (JSTORI,JT)

n~~ PJs~ P (Js1UR2;JT) ~~~~  

—— —— - -— - - — - - - - - — - —  —---- -

V (4UJS:VOU(JSTOR?,JT) 
— • - -

L IF (JSHOCK .GT.O ) GO TO 122
C’ A D J U S T  F L O W  A T  W A L L  PO P SHARP CORN ER 

- 

~~~ 
I

JSHOCK :.JSHOCK 
_______ - -

-

J~~NJJ(JT ) ~~~ ]
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V OU? (L,,J1):SLUPE (K,JT) 
~10? IF IR S I:— ? 

—

U? (L,JT ):.9~~U (J,JT)
Y SP’K Y( J .JT )
M SISHK: PSI(J ,JT )
R H r I I ( L . J T ) : , H I 1 ( J , J T ) -

V ) , L l  (C •JT ) V )JU (J,JT )
U I ( L . J 1 ) ~~~I ( J , J T )  

— 

P I ( L , J T ) : P( J - .J I )
95 V(.I- ESS :V-~U2(L,JT)

U? CL • iT )
- 

95 v U I2(L. J 1 ) :V GUE SS 
-

C4I.L RH (A .J1 ) -
110 SLO P E ( K .J I ) :V 1) tJ 2 ( L . J T )  

— - - — - - -

IF (1 f I W S T .E N .(—?)) Gil Ii) 850
I~ (I F I R S T .NL .1 ) GO TO II?
TA NSI TANS

112 DEL I:(x.*S14OCK(J1))~~(TAN S +TANS 1 )’ .5 
—

YSt..* :YS-4’IC kKOE L Y 
- - - •  - -• 

I

C ALL LSI-’ F IT (‘v (I,JT), PSI(I,JT), NJJ (JT), VSHK ,PSISHK ,l,O ) -

DPSIS :RSISH* —P5140C c
122 DEL— :t-?(L,JI)—PI(L .JT )

DE LV QU :V 1iU2( L ,JT)— V 4r )1 (L.JT)
R2GPI :P2(L,JT)/RI (L,JT)

C — J HI— IS THE PO I N T  “CLOw A N  U PS H I ) C K  A T  THE NEW X S T A T I I J O
C JSHUCK IS THE R ( iI N T  RE LON AN (IPSNOCI A l THE ULO S T A T I O N
C JSHOC K — 15 1 HF P01 NT A B I I V E  A Ufl ri5 HC~CK A T  T HE. (110 StA T I O N  

I

I.E.. J S I - I ) C K  IS THE CLO SFST POINT ?,H1CH - ‘AS 6EEN 5~1C)CKLO.

_____IF (,NOT~~OsH0çK ) 6’] TO 300 
- - •  — ______ J

IF (JL Qw .EU . J5 H trC~ - )  GO) TO 2025 I F

SHOCK HA S CPOSSED A 60410 POIN T SINCE LAST x— STEP 
- I

J:JLOW 
- — - — — 1

C IXOO SY OY/(PSI (J ,JT)—PSI( J—l ,JT )) 
______

RHr l II:R I I M A R ( J , J T ) * U i I A R ( J , J T ) 
— —  

VO UY:v14014404( J,JT )*k13414(J,JT)
A i-’2t.PI :ALOG (P2QPI) -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— 
1A M2~~P1 ‘‘-BAR (J,Jl ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .) I

I-’(~~~, ) T  ):0~ iL .$I.Rl (l~?J~I ) ~ F~~ P ( r ’ P~ * .N,PHAR (J ,JT) 1
— 

V U u ( J ,J 1 ) : v G rJ L + ,5a (DE L ~
I , L I + ( V I  J R A R (J , J T )aO P + HAV (J ,J T)aPPOLJI( I • • 

——

1 V O U h 4 R ( J , J T ) a V 1~LI A R ( J , J 1 ) ) , P b A 1 4 ( J , J T ) * A P 2 0 P 1 * U~~Qr) SY ) / ( R H O L J
2’UBA P(.J,JT))) I

Y (J ,JT) :1(J,JT)—Oxa .5* (I. — FPA CTN) ’OELVQ U
CO 70 S00 

- 

I

�0?~~ W (1~~!~ S T .GE 1) t,0 T0 6~ O -  - - 

~~~~~~~~ 
- - -

SH OCK IS R E I W E F N  S~~ ’E TWO G’4Iti POINTS AS IT ~ A S AT LAST X— STE P I
C’ THE FO IPST t IM E T r I R 1JUGH A N ( I P S H { I C K , AF T E R  A DO.~N SHUCK , I F IR ST = l

I F (JSH))CK ,FU .NJJ (JT) ) CI) 1(1 600 -C 1F J S Hr I ( s  .1 .~ NJ O r - U  I I I CL)R ’ 1 C 1  P ,E TC V A L I~~S, I , (C~~Ij~-f -  IF A 

~

-
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E~~IS lS, THE OLD VA L UES OF P ,FTC w ILL ST ILt . NEEDID IF . BNI1WY ~~~~~~~ -

C 5GN N~~1. A PPL iES TO A DOv.G— SHOCK . -
- 
C $(.N ,:—I . AR,- L I E S  TO AN UP— SHOCK 

I

J:JS HOCK 
-

200 SI-NN:1 .
GO TO 55 0 

- -  - V

- 300 IF (JLOw .E(,.(-I)) 60 TO 8 0
IF C (_ J L 1 1 .~~) .F (~.JS HOC’ ) (.0 TO 320

COIV V E CT D E P E N D E N I  V A R IA I V L E S  TO INCLUDE JUPP CONO IT IC 1N S AC ROSS -

C THE SHOCK . -
J :_ J L IIW 

- - — - _  - • _ - — - — — -—-- — - - - - - - -— —— — _ - - — —

P (J , J T  ) : P J L * S U I Q T ( P ? Q P I )  I
jF( .I I]T .i-,H*P R T ) GO TO l’429
11 (.NO T .NSHUCK ) w RIT E  (8,I’4?B) J, PJL,P (J,JT), PBA R (J,JT ),

1PRA R (J 1,JT )
11426 FuI. M A T  (I7 ,4f r 1 4 .7) F
11429 ~ Q L 1 (J ,J T ) :  V I - U J L ..S’ DEL VOI U 

- - - - - — — - - - 
I

Y ( J , J T ) : V ( J , J T ) ~~D x I .5, ( 1. — F R A C T N ) , D E L V 9 U  
-

320 J- —J LO Kd + I -

SGN N:—l.
330 DyGrS I:flx,(PSI(J .JT )— PSI(J—j,JT)) -

— 
R,— I I I ; I . -, , I A I V ( J , J I ) * U H A i ( J , J T )  -  — -‘

V N~~ y : V U I J I ~ A . , ( J ,J T )~~V 0 -AR( J ,J T )
I~ (JT .EL .!. ,O.J.OU.?.ANO .OSRGCK) GO TO 535
I~ (JfuDO ~ .LE.. U .A\D.. NO T .DS H( I C * ) GO TO M31 

IA P ?1~R I : A L I O ) P ? l P I )
*~~~~~ I 

~ ( R H U I J . U P A ) 4 ( J ,J T  )~~[F LV f .U’-~ -4’~~ (J— 1 ,JT) ,V 1 .UY,PHAR(J .
IJT ) AP ? I) / (1 1 I (J.JT).V~~ l U/ (POAR (J,JI), (,A~~MA( JT) )_ I. )~~~ 

- - - I

P( J . J T ) ~~RJ S , E * P 1 .5 .SI I .. * f l I 1~~/ P H A ’ 4 ( J , J T ) )  I
~QU (J, JT):Vt. JJ~~+ .5.S(.N’, * ( V J i ~~ A I~(J,JT )‘I)Px, )A- (J,JT) .P’-’IW.(j .+ -

1Ub~~.- C ), JI) )
~~~~ T S : T I  (II ,Jt)a (P(J JT )/PT(J .JT)) ,~~CA M l O G (JT) -

- - 
PHI ( J , J 1 ) : R (J , J T ) IT S  —

- 
C L:I,? IS Tb) C I ! ~~R F r J T V A L U E S  (IF THE SHOCK CON D ITIO NS .
C L P2 : L$ 2  IS T HF ~ R ) V I) , I I S  ~A LU E.S OF T I ~ F SHOC~ C O N D I T I O N S .  -

600 LP?:L,2
- 

P?(LP?. I)~~~2(L .JT) 
- - - - - • - - - -

P1 (1i ? ,JT ) 1-’I (L ,JI)
V ~ I ~- (L  ~~~~~~ ) VI. -u~) (L, J T)
y 1~ 1 ( L ~~? ,JT) .~V I .I j I ( L , J T )
LI? ( L~-2 .JT ) : L I ? ( L , J T  ) I
~~ (L F’?,JT ):Ui (L .JT)
8.-,I/(L P?,JT) RNII ê(L ,JT) -
l.HI I (LP?,JT ):k,-.-II (L ,J1) I

C’ C *LC I I L A I r  SHOCK I N F I I W M A T R I O N

• 530 11J I :II I (L,JT )*S~~ IT ((I ..vuu i (L ,Jt)~~yOUI (L,Jt))*R- ~IJ l ( L,J T )  
- I

I / (GA ”~- A (J T ) * P I (L ,J T ) ) )  
- - IL l I h l (L , J l )~~ t ( ( 1 , ,V I 4 (L,jI),VQO2(L, Jt ))*11 10?R,JT)/
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1 ( L . A M M A ( J T ) 1 P 2 ( L , J T ) ) >

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - —I

I • c~ I C C .  J T ) ) )- 
IX (7M SINS L T .1.0001 ) liS 104 S:I .0 0 0 1
(.P II ? • /C 0A -  A (JT) • I . )

- ) I L L I — T S ( f l 1 ~ TS ( I ) ‘ (  I . L.RI 1*(.A M M A ( JI  ).(1MSTNS .I . )‘‘(—I ./ (GA ~~~ A

I Ci 1)— I . ) 1 ‘(1 • — (-P 1 1 k  (I • — 1 • //- SI r,s ) I • ‘(—1 • /OA M I 00. (iT))- 
IF (I PR INI) 

- — - - V

1 K ~(.l1I (8 . 9 >  * ,v S .~~ ,R? ( L . J 1 ) ,P I ( L . J 1) , Z M 2 , ? M I
- 

SHK T IIL: .O O I  - - -

IF (ZM 2. G I .(1M 1_ S ~~.T I i L ) )  GO To 6140
IF (!M? .L T .I.) (.0 TO 750 

- —

- 
555 J:~~A~~5(J~~))w) - -- - — -  —

C, ~~~~~ ~~~s C~ SSE .D A i, R I G  ~‘ I N T ~~_ C i~R R E C T  T O T A L  P E E S S U P E
- 

IF (JS’~i~( .Fi ~.J. ~D .IL~- -~~-’ .G1 .(—-fl ) 60 10 550
C’ S II ~~F C s A - o ,  IN  I I T A L  ~~~t ~~SI~~~~) A C~~~ SS SHOCK FUR USE IN — — I N T R I P — —

- 
PT S- I~~;

)1(J ,JT )_ (ILD P1S(I) ,(JL DPTS(2)
SH. PT (J.JT):SI~~PT( J, JI ) .0-T(J, JT)—RT SHic N

IF (ICK PR .NF .5) (-U TO 701
— - - 

IF (ZM2.GT .1.0? ) (,(J TO 70 1  
—

C’ ICW) - I--:3 IS THE F I R ST l I~ ’F TI-’WflIII ,H LF~~ F(. FQ F L E C T 1 0 6 ( F  SHOCK
- 

I.12:UI (LP?, JT) .L I1 (LR ?,JT) I (I. ,VUO)(LP?.JT)~~V 1,Ui(LP2,Jl )) 
—

V .U 1 (1 P2 , J T I ~- ~ (2. 1
LII (LP?,JT ) :sL~~ T (Idd/(1, +VQUI(LP2,JT)~~VOIJ I(LP2,JT)Y)
R I (LP? .JT ) : P ( ? ,  I)

701 CONTINUE

- - 
ICKPW :0 

- - - - -

P1 (J,JT) :PTS$KIV 
_____ _____ — -

TS :IT(II,JT) ’ (P (J,JT)/PT (J,JT)),.GAYIQG(JT)
— R H (J(J,JT):P(J,JT)/TS 

-

IF (I F IWS T .EQ .l0) GO IL) 620
I F ( ICONE R .E U .  (—7) .L0~. ICIV

F .IP .EO. (_o) ) GO TO 810 
- -•

560 jFjt ’5T :~- 
7F (JLn ~~~i T .0) 1F1kST :�

C’ A X I S  OF SYM M ET R Y C I IRW ECT ION wHEN SH(~~k IS NEA R AX IS
- IF (Y(JLO ID1,JT) .GT ..000i ) (.0 TO SoO 

— —

IF (JLLI~~.G T .2.(~~.JLIJW .LT .( i)) GO 10 660
- 

IF (JLOW .F14 .2) SGw :I. /(Pl (JPI,~~3) 
- -

jF (JLO.-o .EO .(— 1 )) SGK:P ?UPIa,3 

660 YS0-~OCK :YSHK
- PSPIOCK:PSISH K 

- -

I f (ICRNEI. .EU .( 3)) ISHOCK:.3
- 

T A N S I :TAN S • - ——
JS I-iOCK :IAB S (JLOW )

- - 
XSHOCI’- (jT) X ~~~~~~~~~~ ~~~~~~~~ 

_ ~~~~~~~~~~~~~

• Yl (L ,JT) TSHK
k2(L,JT):I?(L,JT)’RC .(l. — RC) 

-

IF ( . NOT . OS~ 1 I I C K . (It- . J T . E0 .?)  GO TO 700
OELH:(ZM1_ Z~~2)/ (/M2_I,) 

— - —-

[ r ~ STORE OLD V A L UES OF PR OP ER TI E S FOR USE IN REST ART[ 
- 

1F (DELM .t .I ..5) ~~~A v I :~ 
-- • - 

~~~~~~~~~ 

- :— ii :_
~~ -— j
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0 TO 700  
—— - -

C’ USE L I N E A R  I N T E ~~ H 1 I L A I I I N  ON — LN P— TO GET NEw P
- 555 J ’-I :J—l

550, [* IJ 5!:I)./(P 5ICJ,J1)~~PS1(JM I ,JT) )
rE 1 T A ~~:Pt A ,~(J,JT ).~~1 I 1 (Pt IAP( J ,JT) /P IVAR (JM I.J T ))
C P X : ( I I~ I I S Y • -~~Iu~ ( i-I -- LI* H A P (J , J I ) ( V U I j Y V I ~ I I H A I Q ( J ~4 1 ,JT )aRHA R (JM I.

- 1 J T ) ) , ~~~4 J X , L ( L 1~~~ ) ) / ( L i N A ~~( J . JT ) .~~H U U / ( P B A k ( J , J T ) , ( . A M ’~A ( J t j )~~1.)
- IF (JM 1. i,1 .J ) (.i) TO 551

O X )\SYM :OX )DSY  
-

- D E L P ~~:O E L T A P
- O P X M : O P X

JM I :J ,I  
______

1-0 TO 53b 
______ — 1

537 P (J,JT):P (J,JT)~~E XP (.5* (DPXM_ DPX )/PRA R(J .JT))
Vi ~U (J ,JT) :VNLi (J,JT ).(~~( IhAP (~~.JT) *(DPX’~— DP X)+PBAR(J,JT)*PHOU ’ (i.

$

I~~;~~ t’A F’ (J ,JI )~~V (~i [,A04 (J,JT ) )I(f )E LpM *QXOSVM_ OE L TAPe 0XQO5 y ))/ (2 .*
?RHOLI*L IHAR (J , JT) )

GO TO 333 
______

800 1FI~~S1 :I0
C’ SEE IF JIOw w A S  ALL R I F HT

• JSHOCK :I 
-

- JLOw :NJJ(JT)
L:2
GO) TO 530 

——  ——- - - — -- - -  — - ——— _— - - - ---—-- - --— -- - —- - - ----- —~~~~~~~ --- — — — —

820 VOU T :VNIi (J.JT) .vUU?(L ,JT)—VO1 J 1(L ,JT )
- I F  (S 1~~~P i - .T )  v . R i T t - ( r, ,t,) J,JT .VOUT . F’(J .JT). PT (J,JT) 

_ - —

- 
GP1Gfr 1 :S~~,~ T( ((,AMVA(JT )s1. )/(GA FMA (JT)_ 1 .)) 

- — - -

C’ SHDCR HAS H IT C ON STA N T PRESSuRE RO U N D A R Y — — T U RN  FLOw THROUGH XX PANS IO
/MSI- 2M?.Z~~~

830 ?M .~~l ?:S~ k 1 (ZFtS0.1.)
— -~~ r~~~~1G M L a A T A N ( / M ?M I 2 / G P 1 GM 1 )_ A T A N (Z M 2 M I � )   ~ 

- —

IF (IF IRS T .LU.11 ) 60 10 835
I F I R S T : t 1  

— --  —

PM?:PM
- 
C A L I t L A I F  ~A C H  NU~~bE 44 A F I E~ F X o ’ A N S I O N  ~~~ 

- -

l~~SI~: ( (P T ( J , J T ) / P ( J , J T ) ) * * ( ( G A M K A ( J T ) . 1 . ) / ( . A M A ( J T ) ) i .) *2 . / (
I & A ” F A  ( J 1 )—I • I 

- - -

GO TO 630
- 

635 V I IUI : A TAN (VIJ UT ) 
- -

V IJ U T r V  l I lT  .PM—P ~~2
- - _  

VOu l- A 0 ( J , J T :SIN VUU T )/CC )SCVOuT) 
-—

IF(5t—KP PT )
Iw1 ~ I 1L ( b . 5 )  V G L INA R( J ,JT ) .vQU (J,J1 ) ,VOUT

I 5 FOR~’A T (IX ,SFI6 .8)
a F ( I ~~ - A T  (1x ,2I5,d4 ,9” (0 (IT .P ,PT,3E I 6.a)
7 F O R ~~ A T ( l * . S S H E X P A N S I ) i N  T O  CONSTA N T P R E S S  BNO kY . ’)k/M ,P~~,UFI h .b)

C’ SHOC K HAS ENDED. R E — I N I T i A L I Z E  P A R A M E T E R S  IN CASE F( E,~ S H O C K  AP
801 0 JL(}w:0

XS$— 012 ( J T ) : 1 . f 8  
• -

I J S H ( I C K : NJ J ( JT )

L IF IR S I:1 
_____[ 100 PETUI4 N 

- - J
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7~~O IF (IcR r .CR .NE (-14)) GO T 0 7~~o 
- - — 

~~~~ ~~~ 

- - -

C . MDIS ( -~~S 
k~~E~V I N S E — T E D  TOO LA T E . ROVE DISC U P S TR E A M  AN O R E S T A R T

IDISC :2
RE TURF.

C’ M A I N T A I N  SUPF 3(INIC FLL)~, REM IND SHOCK

160 CA L L  kE SET’- ’ (EXPON,LP2,1)

GO 70 53 1

A S -0CK IS CROSSING -~ SLiP LI N E — — N O  CORHE4 T 11)55 ARE NEEDED
800 JT:j

J:NJJ(JT)
- - 

GO 10 500 
- -

~~~~~ 

— -

810 PT (1,fl:PTSPIKN 
-

S~~.PT (1,è):SHKPT(J,JT )
J :NJJ (1)
P 1 ( J . I) : P T ( 1 , 2 )
sH.p 1(J,I) :SHIcPT(1,2)
CL) TO 550

820 1:2
J:i
GO TO 500 

_______

C’ CHECK FOR RE FL ECT 1C .N OKF SHOCK 
- -

830 J :—JLUw.I
IF (IFIRST .r~E .I) (.0 TO 320

SIt P (J ,Jl):P(J+1,JT )
VI ~I (J,JT ) iJ (~I I (J+t,J (),5Q04T(R (J,JT)/R(JfI JT)) 

_______- 
i~ (JFUDC,E . I .0 GO iü  S33 

_______

PCi ,J I ):P ( J+ 1, JI) ~PT (J, JT ) /P T (J+ I ,JT ) 
- - - ~~~ -

vIL :v i Jul (L,JT )
• V 1 U 1 (L,JT ) (VUUI(L ,JT)43 . *VOU (J,JT)) .25 

- -

U1 (L JT ) :S0I,T (U ICL, JT )*U1 (L .JT )+V IL ,V IL— V QUt (L,Jt )*V QU I (L, JT )) 
______

JSHLC , :O 
— - ~~~~~~~~~~~~~~~~~~~~~~~~~ — -  _____ _ -

1CKPR: 5
GO TO 553

C’ SHuCK To UO~PE~~ BI .I JNI )A RY.~~CONS TA P-V T P~-ESSURF ~ R SOLID 6A11

850 P (J,JT):9(J .JT).c?(L,JT)-~~l (L,JT)
- 

~GI (J,JT):V~~U (J,J1 )KV~~L I? (L ,JT)~~V (.U1(L7JT) ~~~ 
- - 

~~~
R p I ( J , J T ) :0- ,~,rI (J,JI) ,RtiI T?(L,JT)_ k,, (i1 (L,JT)
U (J,JT )~~u(J,JT ).u?(L,JT)—U1(L .JT)
VCI 1 R 4 04 (J ,JTIVLIU(J,J7)
RHL I”AR (J ,JT) RHO(J,JT) 

-_

L I F O A R C J , J T ) U (J,J1)

~~~~~~Pb A P ( J , JT ) : P ( J , J T 3  -

ic .  SET . .J5 HOC K.~ TO M A K E  SUPE~ ToTAL PRESSURE IS 8C’JuSTFO — —
JSFIOCIK: JLUW+ 1
GO TO 500

~~~~~~~ 8 F[IH M A T  (5V ~~~~~~~ 
- - - - -_

1088



Q F fl WMA T (IX ,8HXSHOC’ :,FI? .6.)X,RH YSHI)CK ~.FI? .6,5X ,14HP2 :.FI? . H , 
- 

-

1~~~ x ,14HPI :,Ft2 . 6,3x ,7MMACH? :,FH .3, .7 r4 -IAC ’fl :, F b .3)
END -

‘ D E C K  SON SHK
- 
SU H H U U t IN E  SONSH~~(~~M I VU U ,ThF 1— ,G A c- MA SGN)~~~~~~~~~~~~~~~~~

•SONSHK C A L C U L A T E S  SON IC TURNING A N GLE THROUGH SHOCK 
-

COMMON /CSHMN/ ZM I,Z M2 F
C’ IF MA C H NU~~O3ER 8EH IND SHOCK AT L AST x — S T A T I O N  wAS S U F F I C I E N T L Y  L A R G E  F
C’ DO C A L U C L A T  ION FOR M A X  TU RNING 

F
- 
C’ MUST PRE SET VQU2MX 

- - - I

THET MA:l Qfl.*SGN -
IF (ZM2. G T .1.2) RETURN I

C’ -—T~~ET A — —  IS T~~E M A ~~1MuM TUR NIN G ANGLE SO THAT FLU ~IE0,~~ND SHIIC~ REM I

GPI :GAMMA ,I. I

C~ F ROM — N A CA  11 55 , PG 1?, EN 1 67— ——S I- -OC K ANGLE. SOP 5O~~IC FL O w — — 
-

SIN? 5:(GPl .ZWI2_ (3._G AMMA )*S ;04T (o .~1, (GPI,Z~~i2 .ZtV ld_ 2 .* I ~~._ GA MM A ) I

~~~~~~~~~~~~~~~~~~~~~~~~~ ) ) i (u  • * G A M M A  * / M 1  ~~) 
— — — -  ~~~~~~~~~-— — - - -——  — j

C’ FR )JM I AND (4 , P( r’5, E l) £47 ——— F PM SON IC FLO~ BEH IN D SHOCK—— 
- 

F
SIN?N1: (i .+ ( G A M t ~ A~~ i .)I .5*Z M 1?,S1N?~~) / (GA M MA *Z~~ i 2~~SIN2b_ (GA ~~MA _ 1 .  I

— - 
1 ) e .5 )  — —  — - -- —— — ——SINH:SQRT (SIN2B) I

— 
SIN~~~:SORT (SIN2BT ) —- - - - ______ — —

C’ SH OCK A N R L F— —  FIETA 
- -

hE TA :~~T A N ( S I N k / Su R T ( I . .SIN?R )) 
-

— 
M M Y h t - 7 z A I A 5 ( 5 J 5 j ) 7 / S I~ kT(1. — SIN2)3r)) -

T~~E TA :RF T A— N M I H E T
HI AT A NC V 00)1)

THE I’x :THI .566. TH ETA
TH E T - * :S I N ( T H E T M X ) /L Q S ( TN L T M X )  

-

- 
RETURN

EN D 
-

H 

- 

- 

-• Jill 

- - 

- I III
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•DEC K SSFPM
5~IH (~IL•I I 5E SSFr) -’ — - - — - — — —-

‘SSFCM S L I M E K S I 1 N I C  F I N I T E  D I F F E W O - S L E  ‘‘SSFD .’
C - l ’ - - - I - ’. /CL L I, IC / ~‘CO NT ( 2 , 2 )  .OUAL, SLI — ’, AX ISYM , S S T .. - ~-’T,E NNJOo3

I .510110(2,2)
C I I ’ 1 1 1 1 / C C -~~ ’/ (,A’ A( ?),GA~1 I (?),r.AK1(?),1.AY .~(2) ,GA—I ~~l•(2)
[ - - l - N  /CS— CR, P l ( N , 2) , L l I ) N .? ) , I~~~I I 1 ( 5 , ? ) , 1 .IJ i ( 5 , ?) , P c ? ( 5 , ? )

1 , ( I ?(S , f l ,I- ’- 2 (5.2). ~O U 2 ( 5 , ? )  • Y ? ( 5 . 2 ) . k ’ ( S , d )  -

O C I - 0 N  / 1— ’ - ’ ’ ,  T , 5t , 1S ~~I C . ,P , SHK , DUM,~II, f l u P ’ S l l ? .J L •.. , J S H O C K
1. •S,-.L)C.c C?), YSHOC K

C I~~ ’~~ I I N  /CH N O M Y /  kb(I(?3,2), PC~
)
~~,?),U(?3.?I, X(23,2 ),v-lO (?3,?)

2 ,PSI (2 ~~.2) .  —~(2 ~~, 2 ) .  Y h A ~~(23,?). VHI H A V ( 2 3 , d ) . U 0, A k(23,2)

3 • V I ? I O - , A V ( ) 3 , ? ) , R~- A M ( ? 3 , ? ) , P H A k ( c ) 3 , ? )  ,01S12 ( I , ? ) . L - \ ( 2 5 , 2 )
— - 

(4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .17(1,2)
C O M M O N  / C I N I T /  NJJ(?),NJJ~~ I (?),NJJM ?(?) ,S T A I I L , X, X L, I~~R 1 N T ,Ox2

I ,DX3, IDUM .-OPSI ?
C(~~~ l1N /CI NP0I/ RI (140,2),00(1,?),PRESS (0J0.2).YIN( LJO ,fl,ZM (140,?)

1 , T H E T A ( 1 4 0 , f l , T A N T H ( u O , 2 )
2 ,XLOw(?O,2), YIflw (?0,2),~~UP(?0,2),YUP (?O,?) ,55T~~~ (2), NPTSL(?)
3 ,NPT5uo2 ),PuP (?0,2), PL [J~- (/0 ,2)
COMMON /CST (IR2 / P A l  ,SGN,II .IEFJO(2,2)
COF~-MON /CJL SDY / JLBD Y ,JLb OY1 ,SYR OY
COMM ON /CC RNER/ N PTSM I, K ,1CRN ER,X CRNER F
COM MON /CATA N3 / DANG 

- - ———- ——— - - - - - - I 
F

COMMON /CLSPF/ INT ERV 
________________

cr~~~ o~~ ~t PiTPI.1~~nPt 
-

COMM ON ,CNT RUP/ I XPUFS, R HS,WHSI
CO MMON /CBIIS/ BITS, HL 4N K
CO~-~~C1N /C~~UZSC/ Pl S C, -X S A V E ,  I O I S C , MO I S C C
CU?-~~ON /CJL0,YS/ JL E OD’V S(ê ) 

- - - - 

COM~-’flN / T K E I N /  DUMTKE (140) ,N TX E ,DUM PL(?I), XP R I N T ( i O O ) , T IJE T
LOGI c4L~~~*1svM ;ou~~L,s sTpM ,pco~~T ,BA pp kI ;ENoJo~~~sorTD ~~~~~~~ 

-

L O GICAL D S H IC Y  , S L I P , W D ISCC
— 

D A T A  OIR O R Y L , $ f ’O,-4 Y LI / 2 ’ 3 / ,J P R I N T  /2/ 
-

O V A M E L I S T  ,00TPUT/ NSTRM ,NPTSO,NP T SL,I CRNf R ,XC~~N ER, P L I N T ,XL ,SO L IO 
-— —

C’ V A P IA 4L E S  a.IICM A P T  D IM L ~ S I I I r I E D  2X ? RE FER TI) LOwER A N N  ~Ik~ ’L V
C’ OF LOwER A N I >  uPPE1~ STV EAMS P FSP ECflRE L Y . 

- - - - 

C’ — K —  K:~ R E F E R S  TO THE LO ?El , BOUNDARY—— K ::? TO THE UPPER HI 1 II N D A R Y

IC )P VE P= 0
P BA R ( t , I) : p (t , I)
II:1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 

I F (DUAL) SLGPE(2,1) VQU(I,2~
C a  — JLti O v —  IS THE VA L U E  OF •J— AT THE LOr-EP BO UNDA RY ...
C’ wHEN A MACHO .SC IS PRESENT. —JL B D Y— IS G~~E - ~ TE 4 THA N  1.

- 
JLRD~~:i 

-

JL HPVl :JLBOY ,I
J IZ I

1 1 0  I4- ~R: IP R I N I
NJ :NJJ (J7)
NJ P’ I :F .JJMI ( JT )  

- -

CALL CN SERV (I) 
- - -
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ISO IF (ICMNE R .NE.0 ) GO TO 181
IF ( D I A L )  iT :?

1 7~ NP7S M 1 NPTSL(JT) I
- 

1:1

jO (IEND ( ,JT )JN .I ) GO TO I F’?
C A L L  C(1V N E P ( X L I I ,(l,iI), YLCl ,N (I,JT ), PC UNI(c ,JT ),X L , l, P( (,J1)

I , Pi-~Ii llsD ( ~I J T ) )
iS? K 2

NP I 
~-~~1 :N P T SUCJ 1)—i

IF ( 1 F - ~D(K ,JT ).Fi•.I ) GIl 10 175

- 
C A L L  10 1 4 S F —  ( XU P C I  ,JT) ,VUP (I •JT) ,PC IJN T (K ,JT ), X L, NJ J (JT ), P (t,JT) ,

I Pl-)-O5D (K .JT) )
175 C l I N T  IN-J E

jF ( • ~-•G T • NA ~F-V T ) (-N TI I 1751

- 
IF (.NIJ T .OUAL . OV .JT .EU .2) ,, I- i llE. (0,.UUTPUT)

1 7 51 C lIN T IN UE
IF (IC PN E ~~.EO . (—3)) GO 10 2325 -- 

~~ (IC ~~ I F ,~.E I I .(_ I? ) GO TO 2323
h R  IF (JT .EL).1 ) GO (LI 1829

JI :1
GO TO 17 9

- 
1~~?” IF (IC RNEP .NE. 0) On T O  2 3 7  

- - - - -

- 
IC RN ER:2 

- 

- 

- -

1 8 1  D X : D * ?

I~ (D’;.Ll .Dx? ) DX :DX3
IF (Cx .L T .0. ) (.0 TO 300 

- -

A :  ,.0x

C’ IC— ~~fR :—5 S I I N I l O  IES  THE. STAl- T OF A S-, lC,c IL) A CONST .n NT PQ ESSjLE l~~~l N
- 
I’ ICRN r — z— -x S G NI F iE s (H~ S T A R T  HF A N A C ~~ 01 SC (AL.C U L A T  I n s
C’ iC’-N X — :—S SI I’ -~ lF i F S  THE C L N T 1 N U A T I O ~, OF A ¼ A C H  DIxI C I I M k U T A I I I J N

I~ (x .LT .(*CP’.F9— .00l0 )) GO TO 183

— 
J PIA: IPMINT — —
INTE’- ,V:I1— 2

- 
183 I F (N T K E. L 1 .O) GU 184 

- -— - -
DI)A .000 01

C’ P — T N T  CONT RO L AT E X T E R N A L L Y  SPEC I F I E C  L I S T  flE — — x ’S——
-- 

IF (A .Lt .( X P V I N T ( J P N I S T )_ U O A ) )  GO 10 1814
0*:,PW I N T ( J P H I ,T )_ ( x — 0 X )

~:~~PR I N T(JP (4I5T )
- - J Pk 1 , 7 : J P R I O .T . t  — - - — - -

- 1814 JL I-’ L Y :JLBDYS (JT ) -

J L H n Y 1 :J L B O Y,I
NJ:N JJ(J T)
NJ I:~~JJM 1( JT) - 4NJfr 2: J J M > ( J T )  — -- ——---  -

1091



IF (O PST(J7 ) GT .O .) NO TO I P X -i?
IT (‘— A~~-~~ I ) -~ - 1 !~ (c- , I — -~~~~ ) O PS I  

- - —-
I H 1 4 ~~ F II-~~A T  (1 1 ,?l- l0, .8)

- 
C N 5 j ( J I ) : ~‘S 1 (2 • J I ) — 

.-‘ S 1 (1, J I
1H42 CI )N T I N 1 IE

- 
DX I •DSv 0*/OPSI(JT)

C’ • — --H -~

IF (.N T .SL IL I D C N ,JT )) GO In I$5
IF (SSTV’ - .A SO. JT .I ~.I) GO TO )8~.

Q • j F  SO L ID  w A L L  IS ‘~~‘~ C I F IF N • C ALC O L A T  F SL - )~~F A r -fl P11 5 IT ION I ~ HPP{ P OVA L
C A L L  L S L F IT ( X H P ( 1  , J T ) , ~~~~ (I ,JT ), P T S J ( J I ) ,  X , YV A V ( N J , J T ) , 1 , O )
C A L L  L ~~~~ I T ( I  P (1 , J T ) , ( 0 (I , J I)  , ~ P I SU C J I ) . X , SLIi -’~ (K , J T ) • I .1)- 
I F  ( • I I T  • PCO- - T I — , J 1)) (.t I 7o I Sb

C’ ~1PP E ~~ F~~E SSu V F ~I f l h J N D A 1 4 Y  IS SO- I- CI T I~ C
IN S CA LL LS P F I T  (Z I J N ( 1 , J T } , POP (l,J T ), N—’TSU (JT), k ,POV 000oQ(K ,JT ),t,O) 

- —

186 K:j

IF (ICPNEP .E ~~• ( _ ~ 1• ) )  GO TO IP~
- C ’  LD~~F P NI U ID APY 

• -

IX (.-‘- -I F .SULID (’ ,JT)) UI) 1’) 187
j O  (SSTP- ~.A N1- .JT .O- N.2) GO TO 188

- 
j O  SOLID •~AL L  IS ~~ E C I T  lED. DE T E.I~~’ I n F  SL I PI- A ND POSIT ION LI~ LOwEI~ ~ A L~~~~~ 

- -

C A L L  LS PF I I ( XL I I • ( I , J T ) , YL lv (1,JT ),. PTSL (JT), ‘,SLOPE (Pc , J T J , l ,  I)
J:I
CA L L  IS PIIT ( I L 1 . (1 , - I T ), ~Lfln (t , J T ) , 1~~TSL (J I ),X, Y—O A R(J ,JT) .1,0)

- 
IF (.~~~ II .P C 0 l T ( .  •JT)) GI l TO 188

C’ L (p I- ~- —~ - E  5SLp- f O~ LI N(IA O
~ x IS SPEC 5F l EO)

— 
IN 7 C A L L L , ,-’ F I T (*LI Iw(l,iI), P L I , -- (I,JT .SPTSL(J T ), ~~~~~~~~~~~~~~~~~~~~~~

- 
iNs C O N T I N U E  

- -

C I  STEP
1 90 CA L L  STE P I? (JLE- C)~~I , ’-J M I , I )

C ’  ~ F 5 E T  NJ IN IA ~-~ u~-5S ~,AS LOST 
-~~~~ — _ - -~~~~~ - -- - — — — — —— — —

‘,J :NJJ (JT)
J - I r N

~ O ]~~T (ii)

- — 
P i M ,~~N J J I~?(JT )

I ~ C I C I N ~ . F N . (— 7 ) 1  i •I T~ ?007
- 

IF ( . LT .,S,. uC ( J T ) . I 
~~~~~~~~~~~ i .( ~~ 1) )  GO TO 2 0 0 7 —  - - - -

- 
CAL L S’- IN (*)

2 0 ?  I F  ( . r~~~r . S S T k N )  I, L T O 2 0 1 5

C 55T~~V :T I 1 L I O S  T-F~ -f N A SL IR ST PE A M (SSTR ~~) PRES E NT j
— 

IF (JT .IN .i) GO I 2015 
- - -  - - -

JI :I
- 

SLIP : .TROE .
NJV ,)I:NJJ() )—?

- 
C A L L  F’SI~~~Y (2.NJM /1.’JJ(JT))
S L I O — :.F A L S E . . - -
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C 
- 

A F T E R  PFT u X, NIN G TR IO” 060(4, M US T R E S E T  JT :2

iT:?
- 

00 10 2011

- 1’~’ IC RN E k :2
NI l  T I -  202

- 
- F I - S T  II  V~~ T I  . -~ -~ C I S C  C A L  cu L l ~ T I -is • IN 1 V U - ~~A A C A L  CCL A l l  5
2t~ IS j F (I C — S r  — .0 o • C — - i )  ) LO) III 2 1?

C • IC — II N • I- - . I F - I- ~S TO 5~~ I I C  R R E X  LE C T I I:Ii F ~~ I’- A X I S  OF 5y -‘ -E T~- V
IF (IC ~~-,~~~.F r). 4) (. 11 T O

- 
C A l  C ~~~~~~~ (‘- -‘~~~~- Y L  •JL f~ Y , J L b 0 O Y )

C~ F L H w  w E N T  1-HPE-S N I C ~~~~~~~~~~~ A COSP -.~~ IA E M ACp. DIsC F j - T o ~~V I J P S T N E . A M
IF (IDI SC .El).d ) Pt T UV’ i

- 
202 jF (.N IJT~~SS T NM )  UI) TO 2014

I O - (JT ,~ i , ? )  1,0 II ) 2014
- GO 1(1 ?05

C F V X L U A T F  U P P F ~~ 0 L l~ ’, H A 0 Y  V H I ’ I  I-v - 3 1 6 1 ,  C H A V A C T E P I S T I C S

- 
2011 CALL -“.0-” ( I -~N~~ Y I j ,NiM?, NJ )

- 
205 DO 210 J J L ~~OV , J N I

, k A 1 1 ( J , J T )  = A Y ’A - (J , J T )~~RC ‘ (I. — ~C)— - 
N O-~ ,A A (J,JT)/I, ,~~,,AV (J.JT ) 

- — - —  - -  — — -

2 1 0  CI ’-’ A~~ (J .J T )  : S, V T ( ( TI ( I I , J T )— T J ) .N A d (JT)/(I . +

2 ~ O L O  A N  ( J , J T ) ) )

C 
- 

~ A P P N T  : T I’PLIES PV I 5 T  T~~i , ‘A - ~ S L 0  ~ua 6 T I T 1 E S

~
_ — 1c C TIoT .~-~~VP~~fl GIl  T~ ?I ~~ 

— --- -~~~~~~~~~~~~ -

— —  
C A L L  T A I R P V T  (‘— P - A V , — - - A 1 4 ( I . J I I , , j , I O ,O )  — —
C AL L T A ’~ -~~ T (r- ~~ 0 ’ - A N , l’ ”A — ( i , JT ) , . J , l Q . O )
C A L L  TA-- — ’- I (T- ’-’ I .I A — , ~ I L ~~A S (  I • ~~ )..J. 10 .0)
CA L L  T A 1 1~~~T ( h- ’  ~~- A - - , Ao ~A~~(I, iT ). ’- J •I 0 , O )

—— — 
C A L  C T A — - -  ‘- I ( 

~~‘- — — • - P - A —  I I , J I) • -i , 10 .0 

C I  S T~~I) 2
C ’ S Il O-I - I L l ’ ,A L l 5  F ‘‘F’.’ - -  — L~~ ’ I T - • - i ) - O Y .  F X I I _

~~ T ’ F Y  ~~~ O E S T R C ’ U
2 15  ~F (~~ N T - .A l ) ,J T o  - .1) L A L L  H N ’~~ . (I0 ,O,5J)

C A L L  S T ,~~1 d  ( J L P O Y 1 , N J - l  .2)
JIl l .-. : 0
IX (IC ~~ .

I I.E : ,.(~~~ )) TI) ?0?~
I~ ( • I . • S - - I C —  C ~ I) I — . IC ~ - ‘ ~- • F -~ ( — I)) GO I H 2021

c) ?P CA LL S•, N? ( )
i Ll  .N:JLI~

‘C ’  O L  ,. ,- f S T SI -’ ’ jC ~ — T - , IN S F O - I  1~~ 0 4 - A 1 H  DIsc : T A R T  rLNw
IF ( 1NI S C .~ 

II . ? )  ‘ F  T -  “ N 
-

C’ IF A ‘A C -’ O~~SC , — A S  JIJ S T  - F E Y . I ’ 1 1 1 J r U C E I., ST )INE Y I .~ V A LU E OF JL-O ) Y

IT (IC ~~~t- -- . - I . ( ) ) JI -‘0 Y -  ( J I ) :JLhD,

~ 2327 IF ( A ( J L I .~~Y ,J T ) . ,T .O, I ) )  GO T U 2?? - —IC. ~~~,E  N I -C •- .Q - - — - IS C L - L ~0 
T I  A X  IS 

— — —

L .
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IF (JLO ~~.f 0.0) GO TO 2029 1
-- — 

IF (JL I- ~~.L€ . 3 . A~~0.JLIN -..GT .(_2)) GO 10 222     -

C A X I S  OF S Y N T M F  T O - V  POINT I

- 
?02~ J:I 

- -

P( I , J T )  = (P (?,J I)’u . — P (3 ,J T ) ) ’ , 3 3 S 3 3 T 3 ~~~ 33 -- 
203 1 T5 :IT ( II.JT) .(P (J,J I)/PTCJ,i T)) 1 ,C ,AM IOG(JI ) -

N (I(J, JT )~~O- (J. iT )/TS
- N I , I I I J , J T ) 0 .0  

- — — 
I

~ (J, JT  ) :560) 1  ( C I T  (I I  • iT )—TS) ,GAM2(JT)- 
P H A R ( J , J T ) P ( J , J T )  

— -

RHI 1 r .A I ~ (J.JT ):RHCI (J,JT)- 084O- (J,JI):)J (J,JT)

~N U P A I ~ (J,iT ):VUU (J,JT)
- - -  - 

GO TO 223  
- -  -—

- 722 J;JLBD Y
2 2 2 1 VUU (J,JT ):VOUBAR( J ,JT ) 

-- Y (J,JT)= YBA W( J ,JT ) -

P(J,iT):P8A (4(J,JT)
PHO(i.Jr) PH0BAR(J~~Jfl - - - - - -

t j ( J ,J T  ):UBA R ( J , J T )

IF (J.E0 .NJJ (JT)) GO 10 226
273 IF CJL Ow ,LT .O) IFIR S T :2

IF (.N01 , DUAL ) 50 TO 225
— 1F (JE .E0.?) G0 TO 224 

- —  
~~~~~~~~~ 

-
~~~~ 

- - - - -

J T 2
GO T O  1 8 0 1  

- - - - - - — — —
- 2201 .11:1 

- — - - -

~C ~~~~~~ cTLt~~~~ ALTJ BOUt~T AWY ~~~~- ——______ --- - --- - - ,

C CONSTANT PRESSURE BOUN DARY 
- - - -

225 J : NJ J (J T )
- 

JLI- (O Y JLBOYS (J1) — - -— H
GO TO 2222

C’ 
- C H E C K  G L O B A L  C UNS ER 1VATION — -

- 
226 CALL CNSE Rv ( 2 )    

- -

232  GO T O  2 33
C’ ST A R T  SHOCK TO S ULIC w A L L    

-

2323 IN T EWV:11 
_____ 

F- - 
K ?  ‘ ____ - - I

C A L L  L S P F I T  (xUP( I •iT), ’VUP (I ,iT),NPTSU(JT) . X ,SLOPE (OV ,JT ), I •1 ) I

- 
2325 J :ToJJ(JT) 

- - -j

J S HOC K :
- C A L L  S H O C K 2 ( X )  

- - - I

IC P HF 
________

GO TO I 7b 
- - -  - - ________ - 

233 IF (ICW N ER .EQ . (—01) ) GO 10 238 - - - 
-

1~ ( I C R N E R . E 0 . ( — B ) )  GO T O 260 
- 1

CALCULATE HEn STEP SIX E, P, AN D U 
- -

I 237 0 12 :I . f8[ 
- 

C ALL STPSIE (DX I,NJJ (JT)) 
— — — -~~~ - -
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228 CALL SEA ~ CH(X) 
— - 

1

- C ’  U P O N  F I - T E C T I N G  A SHOCK , — S E A R CH— SETS IC -~NE~ TO —?

I F (IC R N E0 ).~~E. (—1)) GO Tu 235
ICRNFR: l
IPR:1PPINT

135 IF (.T-O T ,DUA L ) 01) TO 2010
- - 

IF ()C OONE0 ),EU .(—b ) ) ICRNER :O 
- — 

IF (JT .EG ,2) GO ILl 239
- 

0x3 :D*2
iT:?
GO T O 225

- - -

C’ STO RE LOwER P0O51)ARYY VALUES IN —JL BDV—
PSI (JLRDY ,JT);SY~~DY

- 
R (JLBD,,JT) :P2(2,JT)
‘V (JLSDY,JT ) :Y,7(2.JT)

_~~~~~~~ Lf2~~~~_ _ _  
_____ ___________

P ( J L H DV , J T ) : P 2 ( L , J T )
U(JLPDY,JT):U2(L,JT) 

-
VOU (JLFI0Y,JT) :VQU?CL,JT) 

- - - - - -

- 
NHI I (JLBDY,JT) RHU2 (L,JT)
E*0- ’I N I . /G A M I C I G C J T )  — -

_____ 
PT (JLBDy ,JT):P(JL5Oy ,JT)~~(T T( I I, J T )* ~~-YH( JL I~L)y ,JT)/P( JLBD ’V,JT))*,

IEXPUN 
- - - -  - -

XCRNEP :XL
GO 10 237 - - - — — - - - - - - - —

239 IF (ICRN EW ,NE .(—7 )) GO TO 2010
IC 0) TI R = 2

IF (‘-DISCC ) IC0 )NER:— 5

C ’ 
- 
UPDA TE TURBULENT OVITO ET I C VAL IJ~~S

2140 C A LL V ISCO S (Ni)
— 

IF (X SA V E . NE .PITS , AND. X SA V E .LE.X ) CALL RE STPT (I) — — —
______ 

IF (IPR •LT . IPRI NT )  GO TO 150
____  - -

CALL PRINT
IF (ICRNER .E0. (—3 )) GO TO 250

1
C* .’*’CALL CNSERv (3) — — —

?5O IF (NTKE .LE .O ) IPR IPR,1
J T I  — - - - - -

I F (x .LT ,XL) GO 10 ISO 
- -

RETURN

~C’ SHNCI~ 
‘IS RE FLECTI N G FROM THE A X I S  (Jr SYMMETRY

- 2 6 0 ICRNER :2
N - 

GCYTh ?uI ~~~~~ 

- - — -

A
C,  Ox .11 . 0. 

- - - - -  - - — I
300 IF (DUAL) J T 2

CALL PRINT 
- -  - -

w R I T E  (6,1802) DX
_____
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r F c T I ~ ’ - . A T (  IS) 
~118 0? F O R M A T  (S, ,31H1’HE STI R SUE R45  GI ST 6 F GA I I V f , / . , F7HP~~fl~~A 3LE t~ b

1 S E — — F L O ~- A N G L E IS SI S T E E R  T o ~ A T USE C H A P A C T L R I S T I C  A C T U A L L Y GOES 0
-- I O n I - i ST HE ~ M~~ / ,5 A , ~. ‘-‘13 A :, F • 7)

E N D  I

_  

I

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

-
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STEPI? 
-

SU~~’-ULl T 1 S F  S T E P I ? (J L B L ) Y 1 , N JM I , I S T E P )
•STEPI2 ‘.STF PI2’’ CALC. L I T — F R  STEP OF MA C C O RM A C K  Tw O - S T E P  PROCED

C I~~~~LIS I c r - i T F - 1 P/ E XPIJF S,RHS, I~H51
C ( T M ..IIN /CRN [)WV / Vp.ll (?3,?).P(? ,2),1l(2~~,? ), Y (?3,2 ),v11LJ(23,2) 

- - -
2 ,PSI (23.2), N (?3.fl, Y0)AR (?3,d ) • V H I — I A I~ (,’ X , 2 ) , U H A 0 ) ( 2 3 , 2 )
3 ,VOu8AR(23,2 ), 0)8Ak(23,?),PF~A O - (23,2) ,F ’S I 2 ( I , 2 ) , I M N ( ? 3 , 2 )
14 ,PBOUNO (?,2),OX ,W NJ ,J ;, OoC ,DXGD SV, PS I I ,  V C A LC ,SL IIP F (2,?)

L ~ ,TT (I,2)
r CGXM IIT.O /CGAM / C ,AM~0 A( 2 ),GA 1i1 (2 ),GAM I (2),GAM 2 (2 ),GAM lUGC2 ) I

- 
CUM~-9 N  /CINPUT/ PT(010,2),00MINP(6018) - __  —

~~~~~~~~~~~U~~~ (IN /CMLIM / ?MLIM2

11 :2 — - - 

-

61) TO C 1 90,210 ,310),ISTEP 
I

2 90 CALL ENI RO P ( 3 , NJ M 1 )  
- - - - - -

00 200 J= J L R D ’V I ,NJMI ___________________

CA LL ENT RO P (I,J)
A - D XG DSV: Dx /CPS I (J+I, JT )— PSI (J ,JT ))  — — - — — —
C’ USE ‘‘IN P** V A R I A B L E

1140 DFL TAP:P (J ,JT )*ALOG (PCJ+t, JT)/ P(J ,JT )) 
- - - - - - -—-- I S O  PHI ’u :XoHOCJ ,JT )*U (J,JT ) 

-

- 
PHIIUU :0)HLIU* IJ (J,JT) 

- - - - —

~ ,LI V VI)O ( J , iT) • PC J ,JT ) I

ZM~~2P.I=RHOlJU / (GA:1 MA CJ T )aP( J ,JT ))_ I . 
— - - - - -

V QU2PI:VRU(i .iT )IIIQU(J,JT )+I. I

— - 
ZM 2M I :(Z~~~2M1,I. )*VQU2P1  

— — —— --

C’ C HECK TO RE SURE VISCOUS FORCE wONT DR I V E  FLOw SUBSO INC - M E N  MN IS N
C~~~~~~~E P I S L — I S F (4A CT II lN OF PC R l T TO wHICH .0).. IS A LLO wE D TU IN RLA S
C’ — PT— LOSS
C’ NOTE RHS IS N E G A T I V E  

- - -

C.,.*,I~-SM 1N :_ G AMMA( JT ), .5,ZMX2MI. (ZM2M 1_ ZMLIM2 )*P(J ,JT )
C* ø ’* ’-I F (IEHS .LT .WFI SV II. ) w R I T E  (6,2) NHS , R H S M I N ,ZM X ?Y 1 ,ZM 2 M I ,ZV L I M 2 ,  

I
C*’’’IP (J .iT ).J,JT -
C’~~.E FOO- f- A T  (IX ,6F13 ,b,?I14,l8HSTEPI?~~.RHS, RHSMIN) 

-
C’’a’aIF (,-~‘~S ,LT .RHSM IN ) MNS RI ’OSMIN

L P Z : ( O X O O S Y . R H I ) O . ( T - A H O U U  • ( V Q U ( J + I , J T ) , W ( J . l , J T ) — V ) U v ) + V 0 U Y  1
I * D E L TA P ) + W k S ) /tM X c - ~l

1 60 PBAN (J,JI):P (J,JT)*E X PC— O PX /P( J .JT ) ) 
-~

V IiL (bAR( J, JT ) V6U( J ,JT) D ZNi )SV *R( J,JT )~~V QU2PI *OELTAP/ U (J,JT )— 
- — — - -—

1V 1) U (J,iI) X( lI ~~~s~~F’SI)/ WHUUU
Y)-~A 0 ) (J ,JT) y ( J ,J T )  • DA ,v I I Il( J ,JT )
TS T T ( I I , J T ) a ( POAW (J,JT)/RT(J ,JT ))’’GA MIOG (J I ) F— 

200 Hb(E’A R (J,JT) :PhA k(J,Jl)/TS 
- -

RE T URN 
I 

—- - --- - - — - — — — --~~~~~~~~~~ — -  - —- - - — - ———-- -- --—-—- ---— —  - - - I

210 J :JLBDYI
211 JM 1:,J~~1
212 C A LL EN IPIT P (2,J)

Dx I. Ij 3Y: O X / ( R S 1 ( J . J T ) ~~P S I ( J M l , J T ) )  
- - I

2 16 DELTA P: PBAM (J,.JT) *A LLIG(PS A 0) (J,JT )/PHA P(JU I ,JT)) 
-~r ?I~~~ k H 3 U : R p . I J h A W ( J . J T )~~U h A R (J , J T )  I

L _~~~~~~~~~ . - - - -
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r PH(IIIU=RHOU * U)-(AR (J,JT) 1
- -  

ZM X 2MI WH(I UU/ (UAMMA (iT ),PHAR( J ,Jt))_ t. 
- - - -

- VQU,1’PI:V QOBAR( J ,JT) ’VOU j3AP (J,JT)+ 1’.
- 

Z t (1M ~.2 M i 4 l . ) V0U2Pt
C...~~,RH(,~~lFj:_G A MI ~A( iT)* .S*7MX2 M I*(7M 2M I_ lM LIM ?)*PHA R( J ,JT)
1 .*a.*I F (l’HS,LT .RHSM IN ) RHS :RHSM IN 

-

V (,I J A V I ) OY , A R  (J .  ii) .RI4jR (J, J r  )
UP Y: (DXI3DSY IRHL)lJ * (W~-II)1IU 

- - - 
* ( V Q U Y ~~~~~ QU A R (J M i ,J I )1 I~~, X A O ( j M j ,

liT ) ) + VO UY ‘OF LI AP) +l-~HS) /ZMX 2MI
- R(J ,JT) :SQ,.)T(P(J,JT)*P~44FO( J,JT) )*fX P(— .5~~OP X /PB4R (J ,JT) )

V(J U (J.JT):.5~~(VlJ U (J,JT ),VG ))FIAP (i ,JT)—VO UBA k(i , iT)~~(UF ’X+YOH S 1 )/RHUUU- I_ k h A k (J,iT) .VO1J?PI~~O E L T A P~~DXUDSY/ U E3A R (J ,JT ))
Y (J,JT ) : (Yb A I A (J , J l )  • V ( J . J T )  + OX ’VQU ’TAR(i,Jt ))’.S
TS:TT (II,iT) ’ (P (J,iT)/PT(J,JT))*aGA ’-IIIG (JT)

• 220  .-H r (J,JT) :p(J,JT)/T5 
- 

-

- 1F (J.E Q.NJM I ) RETURN
J:J,1 

-
61) 10 2 2 1  I

C’  A X I S [IF SYMM ET RY POINT -
310 JMI :2

J:J LBOY I
CU TO 212 

- -

END

J
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STPSZE
-- - 

SUhI’OIJTINE STPSZ [(D*1,NJ) 
- -

‘SIPSZE —S T R S L E —  C A L C U L A T E S  STE PSIZE, U, AN D R
C(JM W C IN /CML IM/ V’L IF’ 

-

C CI MM 1 N /CJL tYDY / JLHI) Y ,J L H O Y I , S Y E P D Y
CLI~~~1IN / C B N 0 N Y /  RHO(23,?) , P ( ? 3 . f l , 1 l ( 2 3 , ? )  • Y ( ? 3 , 2 ) ,  V u u ( 2 3 , 2 )

2 ,PSI (23,2) • 0)(?3,2), V N A R (?3,2), RHOHA 0 )(?3,?) ,IJMAFO( 23,2) 
_____________ _ _3 - 

, V 1 ~~( I l 0 AR ( � 3 . ? ) .~~~~h A 0 ) (2 3 , ? ) ,P H A RL 3 , 2) ; PS I 2( 1 . 2) , 21 N ( 2 Sp 2 )

44 ,P8UuYJO (?,?),D* ,l~Y J , J T , RC ,DXODS V, P Sll, YCA LC .SLC )PE (2,2)
F c~ , T T ( I , 2)  

— -  --

CUP-”PON /C GAM/ GAMMA( 2 ),GAM I (2),GAM I(2 ),GAM 2 (2),GAMQG( 2)
CL~’~-C’N ,C 1NIT / SJJ (2 ),SJJM I (2 ), NJJM I (? ),STA H IL .X ,X L ,IPR IN T ,DX 2 

1 ,O X 3, T S ,D PSIC 2 )
~~~~~~ C1I~ ~- C T . /CSE~~CY4/ tSEPCH ,PSk(ICK ,J~ I-I k - - -‘

C l I ’ P - l N  /CINPUT / PT( 140,2 ).Du-’INP (6148)
- 

C Io Y -~-~(’N ,CSHK/ OUMS’iK(S ),iLOOV,J SHOCK ,XSHOCK (2),OUSRCK   
-- — - -

C 1IKMRX /QSHK PT /SHKP R T
LUI,ICAL SHK PRT
D A T A  Z MS M I N  /1.22/ 

_________________________ _______

DTOR:~~.i 01IS9/t80, — - - - 
I

T SCPIT :TT (II,it )/(1. +(GA MMA (JT)_ 1.)* .’j,ZMLIM)
ZMLREF : S.aDTOR
Z ML INO :—1 .E8 

_________ _______ _______

ISE kC H 0 ~~~~ 
—

DO 230 J:JLBDY,NJ 
______— -  - 

R (J,JT) = Y (J,JT)*PC + ( I , — PC) 
-   - _____

TS : P ( J , J T ) / R H O C J , J T )
N1)S0)(H O 

- -      - -

IF (TS.GT. TSC R IT ) GO TO 300 
___________ _______

VO U PI :1 +V I ) li ( J;  J1 V~ I7CJ7J11
1J(J,JT) = S O R T  ((TI (I I , J T ) — T S ) a G A R 2 ( J T ) / V O I J P I

— 
1M2=U (J.JT ,U(J,JT *V~~UP1*0)HO(J,JT)/ GAMMA(JT )aP (J,JT )) 

— - - -— - - - 
-

120 Z M N ( J , J T ) : S I ) RT ( Z M 2 )

Ca 7’5Mj~~•_ IS MIIII RA C H  NUMBER SOUAPED AT wHIC H A SHOCK CAN ~~ INSE RT - —

IF (IM? .L T ./ MS U IH)  NOS PC M~~I _______

C T N A = S Q R T ( Z M ~2 — 1 . )  
SGN:—l.
IF ( P C J , J T ) . L Q . O . )  GD 10 230 - -  —— - -  - - - -

JJ J.1
— 228 SGN :— SGN 

- - - - — -

IF (JJ.GT .NJ ) GO TO 229
S S I :S .(P~~ICJ J7 JT~~-PS1(i.JT)YaSTABTL~~~
C (1T IH :(CT NA—SGY-.a v O U C J , J T ) )/(RHO(J,J1 )*U (J,JI)*R(J,JT)*VOUF’I)
O XI SDPSI*COITFI 

— -

IF ( D* I ,L T .Dx 2 )  Dx2 :DX I
229 JJ:J-I - - - - - 4

IF (JJ,LT.JLBDV ) GO TO 230 
_____________________

~~~~

]F (S~~~~~T~~~.) GO FO 22 8~~~~~~~~~~~~~~
TANMLN s (vUu (J,JT)’CTNA -1.),(CTNA svQU(J ,JT) )~~~ 

- - — ——

IF (xSHI)CK (1).L ~~.X .Ok .XSHUCK (2 ).LE .X ) GO TO 230

C’ CHEC K FOR CO A L E S C I N G  C HA RACTE R ISTICS 
-

Z~~L 1NE :AT AT ~( IANM LN ) ______

~~~~~~~~~~(jMLINE ,I,T .(jMLINO- .2MLREF )) GQ tO 22P5
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1
P O I T I .O V:405 (PT (JJ,JT )—NT (J,JT))

~ N )  5: j N  L I~ F
IF (OPT(JDv .LT ..001) GO TO ??M6

C a  I’. NI T A T I O N A L  FLU y, , C A L C I I L A T E  M A C H A N GLE C - 1 A ’ C , E  OL~ TO I l:I T AL PRESSUR
(a  ~ A I S~ T I  LI P A S C E  J 0 -~ I N S E R T I N G  A 50)01’ k Y  I~- ’ IS  A N rI HUT (TO T A K E  IN TO AC
C~ CU~~~~ IuN E 30- C k A _ A C T ~~.I S T I C S  TN I- ) I T A T I 3 N A L  F L I I w )  

- -

lM ?1 : (PT(J i,JT) /p ~(J,JT )),, ((I )AV A (J I)_ I. )/1,A NYM 4( iT)) _ I.
Z 2I: ZM ?l.2. I (l.AM ~~A C J T )_ 1 .)
T ’LjI-(F :SI,’ - t (l  ,/(Z~-’?1—l .))

A r I . ~ - I - : A T A ’ . (  I •/CT NA )F- 
lML R~~S:ZML0)F F +A H S (A N N M U — 4 N G M u R )  

2296 CON T INUE
IF ( Z ML I SE • U T  • C Z-~L I 

lI M — L ’ - L V F  S ) ) GO TO 22 95
C ’  S T A R T  SHOC’ AT INS E P M I I S I  L O C A T I O N
C’ C O - L S S I Nl - IS rOA SL() II’. C L - V A — I N N  THE C I1 TA NG ENTS f~ T T - ,U ADJ ACENT CHAPA C

- C’ ‘‘CI T T * a  IS T~~E C O TA S N I S T  U j T  T o - F  NY I G L E  
—

I 

~ a M A K E  S U E  A SH I N IS NOT IN S F o ~TEO III C AUSE A POIN T HAS flEES RESET SUP
C ’ T”IS CA Y. BE A P0- U }6LE 4 IN L O w  MA C H T. UM ER F IEL D S w I T H  PT U R A D I E N T S   

-

IF (NII SN CH ,EO .1 ) 1,0 To 2040
I -‘ F I -C 1-Y : I
P5e-I C~~:(P5I (i,JT )+PSI(J ~~I,iT ) )* ,5 I

2140 0T r b 0 ~ I:1. /DT I) R

T .F IA I :ATA ’ . (VQ Ij (J ,J T)) a DTOPI —

— ‘F T A ?:AT A~, ( V ) • U (  i — I ,  ii) ) ‘I) TORI
Z N f , I : A T A ~.(I. /C T N A ) a D T O R I

— - 
ZN r,.?:A TA (I ./SH I J T (ZM N (J_ 1 , J T ) , ZM N (J_ l , J T ) _ I  .))‘DTURI

- 
lL~~L I N :(ZYL1~~F_ Z M L I r 1O) aD TOR I
l M L . E D : j ’~L 11F 5 * D 1 O ( 4 I
ZM L I1~D Z M L l ’ . E *D T O R I

- Z’- L IOD ;IM LI ’ .O 4D IVV I
— 

IF ( L H K P I d T )  K - 0) I TE (b,1230) J, T H E TA I , j~~E l . I ,LNI LIN D ,JJ,T H ETA2, 7~~Ew2,
IZM L  100, 0? ‘1 I~ • Z M L ‘~ED

2295 Z”L I’-I l - :L M L I o E  
— - - --

GO T O 2 3 0
300 T T H I S : I . , ( L , A M M A ( J T ) _ 1 . ) . . 5 ,Z M L IY

IS :TT C I I  , iT ) / T  1-jIS

P ( J • iT) :0- i C J , J I)a I T 015 • ‘(—1 • /GA ’-’(.I, ( JT
0 ) 0 ) 1  (J .JI I P(J, J T ) / T S

— - 
1F (J,IH .JL-’Dv ) -C - TO 3 10  

- - - - — 

— 
CTY.A :S 3RT (L~~L II~.I.)

C • W E E P  C H A P A C  IL -‘ 1S T 1 CS .~ i ‘~ G U I  51, CI I I 53 T N f A N  AT IF ~ ‘F SF T—-’ LEE P ~A C II A
C~ C A L L  C 1 N ~~ LF ~F IT I F  ~ A CH ASI3L )
C’ IoiI S L S S J N k S SIS(~~):K

~ SF T ,5*3I .~~T ( ( / L1 - I  • )/ZN L IM) 
-- - - - - - —  — 

IF (So-.wNN) ) ~- I T F (i-’ , (-- () i,JS,.1JCX ,V S E T , v 4 l l (J ,J I ),V .U (J—I.i ,1)

C ’ S E T  O - l . L  SO T H A T  M A X O .  (P-ES A PHE R A L A L L E L
AH S V : A H S ( V I J U I ( J, I I ) )

IF (AIiSV .l.T .,SOT ) A l IU ( J ,J T ) V~~E T * & O Y S V / V O I J (J , J T )

[ V H U P I  = I. .V U UCJ ,JT )’e 2

L TtO CON TINUE 
-
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U ( J . J T )  I Sl ,N T ((TT( II ,JT) TS ’ f ,GA Y ? (JT )/IGIIP I)
I F ( 1 . N P HI )  .-.~~I TE (b,j01)J,JT .UC i ,JT) ,~~(J,JI), UF~J (J ,JI ),~~~2 

- - -

Z h 2 : Z M L I N
- 

GO T O  1 20

• 230 C I N T I N I J E
- N E Iu I -O N

- 301 I N M~~ I (2~~H L l w wE - - T 5U’ i 5 . IC A T  J , 13 ,  4HJ I :, 12, II HJ • N , UH I1 , l~~2,
) 0 -  10. 6)

- IflO T I j~~~~A T  ( I ’  ,~ I ...,),.A ,A ZTF I S I I C S  - - A . E C U N S S F ) , / , I 0 . , d G H A - ~ G L F 5  II D F G R
I I-  ~ • / • 2 ’  , I ~~“ I — - — I D  . 1 • 5 ,  , 5~~J : , I 3, 1 Q H I ‘ E  T A , N 10 .  ~ , 1 NH
2 MA C , - .  - ~~~~ ~~. 1O. -.I 3-. I - - F  I&~~M0 :,F 1 O. 4 ,,,2 * , 1 7 - ’ -IIJ IIUM N — I D  ~~ F

N 
315 T ,2., 3 .-.j :. I s , I O ~

. ~— r T A  :,X l O . 4, 
- - —~~~~ 

I’--
MA I N .  A N I L E :,N 1 Q ._ , I~~

N. I~~O T A _ N -  :, F 1 O . U , / ,

- 
5- , , & C ~~, 0~~, E . N - ‘ - T , - E I  (N . A O - A C T E 0 - - T 5 T I C S ,F I Q , 14 ,2Ck R E F E N E N C E  CA

•F 10 .’~)
END

- — - - — -  — —  — —- - -- —- -— - —_ - - —- —  

- - -  

:~~~

--- - - -- ---- 

- — - - - — - -- - — - - - - - - - — — - - -  - - - — — - - — - - ---_— — — - -— - — - -  - - - —- ---- - —

I—-

- 

- 

-- - - - - - ~~~~ - - J
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aDECK TKF SHK
-— 

Su~~~~C~~ T T N ~ T K E S H K ( L D C A T E , k )  — — - - -
; 

- -

~ 1K F 5 H a —  CA IC II I- .RLL FNCE Ah’ P L I C I C A T I U S  A C R O S S  SHOC K
DI TM F 55105 S R U P 4  1 ( 1 8) ,  AM p I IF E ( 1 8)
D1M FN S ICI I. ORHSU .t )
C L V ~~~1 T . / C~-~~ 3 N Y /  N H 1 T 2 3 ,2),P (?5,2),0C23, ?),Y(23,2),VGIJ (23,2)

2 .0 ) 5 1 ( 2 3 , 2 ) ,  I.(/ .LL(23.?), WF .(IIIAR(23,,fl,UIA0)(?3,2)
3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1, 2 ) , L - --r , ( � 3 , �)  - - - -- - - - -

LI

S .TT C I ,2 )
C U N M ITh /CG A - -’/ 1,AMYA(2 ),(,AM 1(2 ) .GAR I (2),QAM 2 (2) ,GAU 1~~2(2)

F C I  I .~~~ uY. /C  I 5HK / 4 2 ( 3 ,  I ) ,  A I C  3 . 1) .  BET 42 (s. 1). BE TA 1 (3,1)
CI IMN ~j 5  ,C 1 10I/ C O E F L ~~~~~ ,Cf JE FC (U~~),CL l f FI .4 C 44b ), WkS(04b )
C i I F M (  i. /( P~~IJL I / 4 ( 0 4 w  • I )  • A L P HA  ( I • I), 5f~ TA (~~

,, 1) ,GA N0 - ’  (06, 1 ) .~
I DL L IA( ’-Ob ,I)
CIl ’”’ 1 1f /CENOS/ J S T A N T , i E N D  - - - -

C h I N M I N / C S K ’ K /  T A N SI , T1 SHQ[K ,PSI SHIc ,OELP , P E LV O U , J L n w , J S H K
I. xS~— UCk (2), YSH0Ck —

L U N I l, /C S— UC ’c / PT (S .2),I J 1 (S,2), NN Pl (S,2), VOU !(5,2),P2 (5,2)
- -

C 1~~~N 5 iC S I~~IN / / 1)~ I ,S[.N, 11. 1  E N D (2,2)
C - ~--o\ /CI N1 T / NJi (2),N i JM l c2 ),SJJM2C2 ),sTA B IL , *,X L,IP PIr .T ,0x2

I ,0x3 . TS,DPSI (2)
C I I~~ I - N  /CJLHYS/ iLoYDVS(2 ) 

- - -  -

C~~l N M ( I5  /CT HET 4/ TH E TA .II
- 

0I ’~~C N / C A~~ FS H/  GJ,FJ ,Sop TFJ~~rJI,Ui,zMu .ZMJET   
- —

L II’- M [ l~ / CC HI .F  -0 - I  TIPT SM I • K )Ii~~~, Ic0)N F R~ XC RYOER
C U ~~~~~( \  / C X D I S C /  * Y D 1 5 C , X S A V E , 1 0 1 5 C , M D I S C C   

-

CO” M1 - °. /CR FLCT / Ir,- ),ICHT) C ,,ISIGN
— 

CI3 M~~ r N  / C T K ~~P P f  A T K E P R ,XTK E S I-4 ,YTKE S F 
-   - — -

L I D  IC A L. E NT 0)V I • C S ~~II LK ,Mfl ISCC—— D A T A  E N T R Y  I / . 1N I~E . / ; J S M U C~ /— t /  
—

D A T A  S P( W A 1’ ,A ’ V U F F  / 1. . I.  3 3 , I , 8 7 , ? . , 2 . 3 3 , 2 .8 7 , 3 . , 3 . 3 3 ,3 . b 7 ,

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 .  I . O s , i . I7 , 1 . 2 I , t. 2 S ,i . 27 , 1 .3 1 ,

2 I • T I  I • 32, 1 • 33 . I • 301 , 1 • 3~~5 • 1 • 314 . 1 • 3 3 ,  1 • 325. I • 32/ F
JO)JA I :0 

- -

JT JTT
—- 

200 IF C X  .LT .~~ SH1~jCK (Jfl l GIO TO 6~~~~~~~~ ~~~~~~~~~~~~~~~~
IF (L O C A T E , NE . 3 )  GO TO 230

C’ SHOCK IS F E T I  F C T I N G F R U A  A TRIPLE P(lINr — — —— —_

J I ”O YI JL R C Y S (J I ) I
ZMN(I0 )N ZM N (JLBOY 1,JT) **?
L:3
~ 1 (1. K :41 (1 , K )~ 

— - - - —  - -

GO TO 04 .4 0
2 50 1:)

IF (Jlww ,LT.O ) GO TO 00
C a  DUnS~- ’-’OCK

250 Jlw :JLnn
251 L5H:1 

- —  - -

L I S I r ,N :I
SUP O ,
SUOw H:I,

S ~~.J TO 0100
Lr ,  UPSFICCK[ 3 0 0  IF (11,0.11 • I I GO TO 2600
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I LS H 2
- 

JL n :-JLww 
- —— —

ISIGN :—I
- 

S U P: 1 .
SOO K N:O

- 0400 JADJU S :0
IF I J L D A ,F N . 3.AroO . J5kIl C~ ,EQ .44) ICHNG~~t
IF (JT .F11.2 ) JAOJIJS :NJJ(1 )
J L O w : J L w , J A D J U S + J D U A L

- 
IF  ( J S H O C - . E Q . ( 1 ) )  J S H O C K : J L Ow  

-

•
C a L:2 STORES SkI N JUM P AT OLD A — S T A T I O N  

— -

C •’ L I  STO RES SHOCK JI- -~P AT N t w  x— S T A I I O M
C’  L O C A T E : l  F I I I -  NEw A — S T A T I P N — — A D J O X T  C O E F F I C I E N T S , E T C  

- —

C’ LOC AT E :? FIJ I- OLD x .STATION — .C A L C D0-HS ~ FFOPE OLD COEF F I C I E N T S  ARE D_ -

_ C’ _ ZM NP PM_ IS T HE MA C H X’o5kfp M O I - YAL TI) THE SHOCK
C~ —A’~POFE~ IS THE A X L U N I  F0-Y w H ICH THE TK E IS A M P L I F I E D  BY THE SHOCK 

-

C’ _______ I.E . E2 :AMP OF E_ E l 
_______ _______

N -  I F  (L O C A T E .EO .2.AND .,N O T .FN T RV I ) GO TO 2000 
- -  -

E N T 0 )Y I :,i-ALSE . 
- -

C’ FIR S T  TIME TFIROUGH , M UST CALC A? AND Al 
- - -- - - - - - -

JSM I :JSH I C K  — I S I G S—J E IUAL 
- _________

A l (L,~~):A( JSM l, K)
ZM :uI (LS ,JT )*C I I (LSH ,JT)a (I • +Ii )UI (LSH ,JT )aV QU I (LS0),JT ))*RI-101 (LSH 

-
) , J T ) /  ( G A I~1 M A ( J T ) * P I ( L S H , J T ) )  

- -

- 
Z M * ~ I I U X . : Z M *  ( V oIII (LS—’ ,iT )—TAN S I )‘‘2
Z N ’ 5 [ I I-~~~ : / M SI i k M/ ( ( t . + V U . 0 - I 1  (LSH ,JT )aV 1,UI (LS~4 ,JT ))* (I .+ T A N S I * T A N S I ) )  

- - —

1 ~ C 7 MT O ,IR M • L T • 1 . ) / ~‘IjI I OI -:~ _______________

0404 0 SPEECI :(GA~~-~A (JT 0 + 1  •)~~Z~~~i1 PM/ (?. + (NA ~~~A (JT )_ I • )a~~XiF11)~fM )
C A L L  L S P F I T  (SPOPAT ,A N P ( I FE , l b ,SPFED, A MPLFY ,l ,0)

- 
A2 (L, K);AI (L , K )aA N P L F Y  

- - — —

IF ( A  .61 • A 1K F SPI • A N D • A .L I • A IK E S F)  F
—- 

I~~W I T E  (8,1) JLL Iw ,J S ’-~- )C W ,A I( L , K).A 2 (L, k)
IF (JLIIw .I ,.L4 .A , L I ,0 5 , ( J C W  ) I C o — N o = 3

- 
IF ( J L U ) ~~.EI ; .3 . A I D .  ~NPT .USHOCK ) ICH NG:r~~~ 

- - —-—— --

IF (J LI Iw .EI) .N .A I D •. I IT .O S 0) O C K )  I C - ~N1,:0
- 

IT ( A .c ,T .A T ” ESo i .AN D. X .L T . X T K E S E ) C A L L  TA ~~PIQ T (LjHDPHS,DR HS,3,3) —

IF ( L O C A T F . E Q . S )  R( TL -RN
C’ STD I-F NE- ” VALUES IN L:2 LO C A T I O N  FOR THE N E X T  T IM E 

-

-
~~~~ ~S~~D~~AT- Is T~~E~~RA I ~~ IJ I  N O RMA L sPEEbS AC~~OSS IkE S~~OCW 

- - - - -- - -

- 
GO TO 3000

- 
10 0 0  A A 4 ~~~ r A L P HA ( I I , K ) ~~~ D Y * T 0 4 E T A a , 5/ ( D pS I (J l ) f r D PS I ( JT ) )

IF (JLC1 w ,L I I .JSH IJC K ) C,II TU P400
‘
I’ SR IN HA S CRO SSED A GRID P O I N T  

- _  

~~
J J 1  ( l w — I

I- 
O A p : A 2 ( L , K ) — A I ( L . K )  

-

DC R : — A A A A * ( - l € T 4 2 ( L , K ) — A E T A I ( L , K ) )

CUE F~0 (J) :CUEFP (J)~~D C P - -

L CO FFC (J) CUf.FC(J )+DCP
PHS J ) :PI-l5(J’J + L I ,I F ‘~~J) ‘OAT+CkI-. S( 3• 0( ) 

-

~ 

- - - - —  —- 

-
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J JLO O’,
DCL :IlCR 

- - —

C f  F ~.• (J) :C (IFFL (J) .DCL
( O F  ~C (J) :CUEF 1(J) — DC L

IF ( J L .I w . E t . . 3)  CO TO 1350
I 2 I- O COST I l LI E

J :JL (I.-.,j

l T C O  J5 H I  C~~~JLUw
R E T t ~~~~ N

C. SHOCK IS Nfr 4 .0 - A x I S  L~ S Y M M E T R Y
13 50 i~,~S (JL l J w):.~~S (JL Iw )sDA K. (Cll F VL (J)+DCP )

G( 11 ’ 1290 
—

- C ’  50 )11,  I-E~~A I ’.S O O E T W E E N  SAM E TwO GRID POINTS
1 - 0 00 J J - ’ N C - c IS IGN 

—
C I E F .~ (J ) : C I I E F I- . (J )_ DCR aSDOwN

L 1€ F L (J ) :C I
~~0- L ( J )_ O C P a S U P

_ N S ( J ) : N S (J ) + I $ k 5 ( 2 , K ) , ( C ( ) E F 0) ( J ) * S O Dy N 4 C O E F L ( J ) ~~~ S U P ) * D AK  
-

DC I - : . AA A A . ( — E T A 2 ( L,~~ )— h E T A I ( L , K))
OA ~~:A? (L, K)- A I (L, K) 

-

J :J5,—QCK
CI 1 Ft (J ) Ill . F I t  J) DCL
C _ U K L C J ) :CI IEF L (J)+DCL .SOO FJN

C Li- 0--~~(J) 
:Cil(0 - — ( J ) •LICL*SUP

I- -.I (j):IO ~_ S (J),U ,~HS (I, K )_ (CDEFL (J) ,5OOwN. COEFR (J )*SUP) *DA K
DCL :-A A 4 A . P~L T A 2 (L. W )-bETAI( L , K))
DCL:jI( 10-

NC I C ’  1 3 0 0
C ’  ‘ U~ST COAL. II - H S k€ ~~~~IN E I PO ATINI. V I1E FFI C IEN TO

2 0 0 0  A 4 A A r A L P H A ( I1,~~ ) * D 0 a ( I . — t H f T A ) . .5 / ( D P S I ( J T ) * D P 5 I ( J T ) )  ——
~ F (iLi~~.F~~~.J S . I~ C $ )  (.0 TO 20400
DCL : 4A A A . (0, E TA 2iL, K )— f ~E T A I  (L,K))
DC I -  :p (L

DA ~~rL ?(L .~~)4 1  UL, K)
DI-~-S ( 3, K )  =0

i:JLU.~ 
-

J I = J— J 0 0 1A I
-‘:(I .— T 0 I E T A )~~OX
J I M I :Jl + I

-- - 
jN (JI • N .. JAD J 0S ) JI Pt :J l,? - -  -_

D- .-S (2,K):(1 ._ (C I E FW ( J ) K DC R ) . 4 , ( DE L TA 1 J I  ,Ic),DDEL) )aDA~~,DC R, (2.
, F

1 X ( J l _ 1 , .).3. (J I , K ) + A (J I P 1 , K)),I .(L -D E L . A ( i 1 , K )~~)GA ~~)
J JII -~ + I

JI J— J OAI A L
J I M I :J 1_ 1
IF  (J 1M I . E D .JA ~~JUS) J 1 = J I . i  

-- — -

• 11 01H5 (I ,‘) D C L ~~-~(J IM I . K ) ,DCL *DA oc+ C O FFL (J ).OA K .OCL ’A(JI •K )
2 3 0 0  —~~ 111 0)11 

- - -

~~ I:h o J :JS— (CK— ISI (,S 
- -  -

iI J-J T)UAL
DCw: A A A A * ( r 1E T A 2 C L , X ) . 0 ) E T A I ( L , K ) )

L 0(1:1 ç~~
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DA ~~:X2(L, X )-41(L, K )
-- 

J I I :J I K I S I G N
LN.- . S ( 2 ,  N )  :1)1 10- a ( Al i t ,  ) — A  (ill • ) ‘C A ’  ) — C SC-Do - ,.~ 

D I  -~ (J ) •— j F- * 1 LI)

1 ’DA ’
J : i s HOc o(
J I :J— JOUA L
JI I :J I— 1 S I G N

- - 
OUHS (t, M):OC R .(A(j1 11 $ )_ 4(JI, K ) 4 P A K )+(S1Ow . * C I U i - F L (J)45UP~~L i A i - - . ( J )  ) l  

——  —

1, 1 1 TO 2300

( a  F I R S T  TK ’IF THNUuG H S ID-CE A ~ aCH DISC HAS BE EN I N S E R T E D
( a  IG i i~~C IS  F1 l~~ D I U , S H O C W

‘ 1 G II :1  IS 0 - ( I ~~ C A N T  I\~~A I IIlN OF UJ PS ’’I JC K
c’ IGU :2 IS F U I  STL. ..T h F  u k 30 I C K  I’- PRESENCE OF MO ISC
C’ 1GO ;3 IS 0 - 0 - U N  S T A - .T  F UPSHUCK

-- 2600 JLi. :—JL’-~ - — —
IF (LCICAT E .IG.2) GO TO 251
IC . I:3 -
IF (~~I)1SCC) IGO 2
GO T O  25 1 - - - - - - -

C’ C A L C I I L A T E S JIJ;IP C - ’N T I U l N S  IN BE T A ,DELT A , ANt ) GAMM
- 

S 0 0 0  GC :3?.l 7 0--s 
-

— 
ZL T :ZM IX L (X) 

-
SRI- F: %1~~~ I C  A 2 ( 1  , K )
RFYT:0 - ,CI 2(L SN I ,JT )*ZL TaSIII0 - T E a 5 QR T E J/ (ZM U a U J )
0:1 ,,.?* .S f O b a J 0 - E Y T

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
JS$:JS )CN— J A D J U S- J DU A L

_____ 
JSM I :JLw— ISI (, N

IF (JSM I. L T , )) JSYI :I

C’ S P E C I A L  C A -SE FO R 3 - I C K  - 0 - E F L E C T I ( N  )- -0- fl’-’ TR IPLE PO INT
IF (IGO ,E0 .?) J5I-’:JSH+1
I F (JSH ,~~T .N JJ (JT)) iS0):NJJ (JT)

C~ CO I- I-~~C T 1~~S F I R  CASE w— E 0 0 - E P S T S — -  IS I - F I - Y  N- Fall P - I ( J 3 0 - .H T )
D 1;. S (PSl(JSH ,JT) PSI~~~K ) 

-

IF (130)SVSH .LT . ( •3. ~-~5~~(JT ) ) •A NC ) .J 3-..LT .N JJ ’JT ) ) J5f-o:J.,--l +~~~5~~~b - 5

IF (JSH .LT .I ) JSH:j

— 
IF (J 3’-’ • 0- 0 • I • A t .L ,  • — 5 1 (1 , 2) • F 0.P51 SH~ ) 1,0 TO 396
DUI 0rSy :(U (JsH ,iT )_ l~ )(LSH ,J T))/ (psI(JsH ,iT )_

~~~IS 1 K )
GO III 3 0 1 7

30 6 oJJT :NJi (l)-1 ~~~~~~~~~~~~
D U l l S

397 C 1 I ’,T 1 1 1 f F

01 . 3Y 0UI)DSY’DUO( SY
Z” I, I: 7v • .2 • RE ~ T
kE 142(1, 1. ):ZM I . O . 0 - I Y
0 - . A M ’  ? : U  I V  a D  o r - s V . ? I - I I T a r J T . I I J . I (~
DL L IA ? : — lw l I . O . c’ .L - / (~ - ‘ - R ( L S N - ,J I  ) • I R R3 ~~~ ,J ~~ ) . / L T ’ I L T )
IF (,.(.T.x T~~F 5 - .#ND. x .L1 .A T~~~~ F ) 1.1 TO 700

701 C I ’ .TIN UE
5r ,c~~f :S9IUT (A l(L, 1. ))
NF I T :I -- .I I1(L~~~ ,jT ).LLT .S9N If.S 1 .l T( J /I/ . h T )

O : 1 . , . 2. . ’~ ’ w a 0 ) F V T  
- - - - - - - -

11))’



— 
RUY :PHOI(LSH ,jT)’U1 (LSI-’ ,JT ),Q2 (LSI-4 ,JT ).Q2(LSH ,JT )

C• C O I - — F C I I P N  FD~ CA S E  va H’.’-lF PSISH? IS V E R Y  1 0 - 4 I -  PSI (JS~~1 , J T )
O W s A s H : 5 ( P S I ( J I ; ’~ l , J t ) — P S I ~~H K )
I F (D A S V I....LT .(.3.DL.5I (Jfl), A 0 .JSM (. (.T .l) .JSM I JSM I ISIGN
IF (JSM 1 1,T .I .~~J(JT) ) J5’l :NJJ(JT)
DU0- ’~5V:( Ut (L5H ,JT )_ 1JSM I ,JT ))/ (~~SIS ,,+_ PSI (JSMI,J1))
D~ 

I l I S~~~:Dfj (JDS a , b J I j I ~~( S V  
- — - - — - -

Z C 1 T : / M u a  •2* 0)EV T

GA ~~N I :.0 -U Y, L~J~~I S Y . Z .’u T .E J I * I iJaU J
D E L 1 A 1 : _ / ~,Ua O , 2 . 5 9 / ( N , , I 1 1 ( L S H , J T ) a U 1 ( L S H ,J T ) a Z L T a Z L T )
1 0- (a • I , I • A T ‘F S H • A’ 3- • L I  ~ 1’ F S F )

N ’ - I TE  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
D ( . A M 1 , A M M 2 . G A M M 1
DLEI:O .ELTA2 —D ELT A I 

- - - - — —

5ØØ (.~ 11j (1O0O ~~2000) ,LOCATE

b000 IF (JT .E Q .1) RF T U~~N - — - —  - _______

JO U A L :  I
J T :~
GO TO 200 

- - - -

7 0 0  ~ R IT F ( 8 , 2 )  DUI SY,L M II T ,I-E T A ?(L,~~).GA~~V2 ,DFLTA ?, RUY.- - I T E  (b,3 ) JSo-~,JSN I , J D O A L , J T ,LS I- ,U JSI ,JT) •U2 (LS- ,JT) , PSI (jS0),JT)

‘I -I TE C 8, 3 ) iS~~,J5M 1, JDUA L ,JT ,LS H , III (LSh .JT ),tI(iSM I,JT), PSIS0~4 K
2.PSI (JSM I .JT ) 

-

w I-0 -IT F (w,2) U ( J S H — t , J T ) , U ( J S a - ~ , J T ) , U C J S H . l , i T ) , U ( J S H + 2 ,J T ) ,

1U2 (LS’- ,JT ),UI(LSH , J T )
GO T I I  701

1 F O R M A T  (1 X , ’,HI’ f So- ~K •2 1 6 . 2 F2 0 . S )
2 F O R M A T  (Ix ,6F20.M)
3 F O R M A T  (516,2IFIJSH ,JSM I ,JOU A L, JT ,L S k ,/,FIF I IJ .7 ,II 0)1i,O, PSI,PSI )

END 

——— — —--- — - -— - - - -
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___________ -J



T R IDIA
S I 5 L (  0 - I l  I . E  T . o I n I a (J , a, -.)

. T R L O I A SULUT I L .  L 1 T I - I — I ’ I . 3 0 -  X L S y S Y F  “ ) F  F 1 4 1 1 1 1 ,5

C b M M (l N / C T I - I D I /  A( L I a — ,3), 0~ (.4F,)

Ca THIS I -1 0 1 1 0 -.E 1505  I — F  51L T I ’ . I F  A T R I D IA ( Y 1 5 A L  S V S T E ’ ~ 10 - 100- IA

~~ * T H~ ~‘A T 1 ~~1*  - A —  (05 1415$ 1— i T N I D ~~X 1.IJ 4L F F 0 -  I C 1 F N ~ M A I N I I
C’ 1 — E  M A ) N I X  — - - — C~ \ T A I N S TN E 10-F~S , E C T I I R

C a THE SIZ E OF I~~ F ~ A T I - 1 a  Is (5’..l)x (NN+ l )

A (J ,3 ):A(J, 3)/Al),?)

N - -  
h (j):R (J)/A(J.2) 

- —

JPI :J +I
N NM I : N -, — 1

DO ?O N :JP1,NNM I
A (N ,2):l. /(A (N ,2 )—4(N ,I) .A (N—I,3) ) — — — —
4 ( 5 , 3 ) : A ( N , 3 ) ’ A ( N , 2 )  

________

2 0  s L I - ,) ( .-‘(l, ) — A (5, 1) * -i (N— j)) a A (N, 2 . )

C’ 0 )1.1’ S u~~STIT U T IO N 
- - -

C’ STOR E SOLUTIO N VE CTOR jN RHS VECT OR LOCAT ION

N N N  
A ( 5 ,2 ) : 1 . / ( A ( N , ? ) - A ( 5 , l ) * A ( N - I , 3 ) )  - —

i- (N): Cr’ (N) — A (5, I)  * r’ (N—I )) aA (  N ,?)
280 1 0 - (N—J ) 300.300,270 

-

27 0  ~x :N—I
F- (N ):B(N)—4 (N,3)*b (N$i ) 

- - -

GO 1(1 280 
~~~~~~~~~~~

R E T U R N
E N D

1 1 1 1  _
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~~I 5 C C 1 5
S r ’ _ ( s~~~ . L . I S C O S ( . J J I )  - - - - - - - -

. f S C I~ S CI IT ’ ~OL RI I I I I  F O R  TKF E ; . A T I U N
N 5 / I T — .  1 4/  T ” F  IA . II

C ’ ’ ’- 1 ( 1 . 1 1 /  ‘..fJ (?), ’,J 1’.’1(?),0,JJ ’.a? (?),STA HIL, ,,X L , I P R 1 N I ,DX?
1 ,r.s . Ts , U1)

~~I (2)
C ’ .  IC F . I -/  J 1 T 4 I - T ,J F ND
C ~‘ ‘- /CJL ,I ,Y/ J L — D V  • JL kDV 1. SYtIDY 

— —— — -- - - —- —-

C 1-’~~~-5 iCP- .~~~I/ A( ,1 ),AL PHA (1,I ),~~E T A ( L I~~,I ),(.AMM (1.,b ,1),
I 0 - L I A ( —~~

-- , I )

C I  ““P 1 
~. /(H ,I ,Y/ R .-.Ih (?3,? ), P (?5,?),U(23,2), ° (?c ,.’),v5u (25,2)

2 , ‘~S~~( 2 5 . ? ) .
~ ,I,b .i A N ( d 3 , ? ) , 0-X A L ( ? 3 ,? ) , R H A H ( 2 3 , 2) , P S I 2 (  l , ?) , Z - ” - ( 2 3 , 2 )

,~~~~~‘. ; I 2 , 2 ) , L* ,0 ) N J , J T ,R C , f l 0 - -~I’~~Y ,P S I 1 , Y C 8 L C , S L f l I - F ( ? , ? )
5 ,T1(~~,,))

C - ’.’’’-/ C - .’IL / D ’ I O u C I O I 4 ),VJ E T
C l- ’’ ’. / T ’ ( I ” ~/ XT ,1 (200 , T K F l0 - D V(?0 ),,T ,F , A L T K F C ? O ),M J E T , x 0U¼ 1 (100 ),

I LJ . T J E T ,O IA i
C - ’ l 1 ~ /C T ’ V ” /  I - J , E J E T ,5 5 P T F J , E J 1 , I I J,ZW j , ZY J ET
t N _ O N /(LO ,IC /ODD (,fl.DUAL,OPN’ (3),~~ A R P R T ,ODDMN) ~~~~~~
CC ” ’ .I I 1 . i C o - — -  / T A . $I  I ,D 5H I:CK ,3IJ F- S’ -~N ( 0 ) )

N 
C D I N ’ I IN / L AO- /  I , A ’ . V A ( 2 ) , l~ A Y I ( f l , GA ! I ( ( d ) , ( .A M / ( 2 ) , ( . A M 1 0 G( � )  

-

L OI .TC- ~L 
HX ,1 M~Q T

U L I N I C A L  LS’- )C’ ,[)UA L , E N T R Y I
R E A L  MJ 0 - (

D A T A  E’,TR Y I , .E /.TRUE •,1/

C a — X T - E  ,r 1 . E H f l~~ IS A T A ’ ~LF  (IF V ALUES iF IKE ON THE JET BOU N DARY
C’  -N T ’F— I S  ~~~‘E 5u I-~’ E . 1  0- iF P0 I N T S  IN T~~E IKE BOO NDA0 - 0 -V T A k L E

If ( O S H UN) M5 H(J C K: 1

C. F l I- I iUAL F L I~~ C ASE S , C A L C U L A T E  VISCOUS EF FECTS FOR R-~ T~ ~?A EA N S TN ~~~~~~~~~~~~~~~ ~
N Il- F S E C L N D  PX SS

T~~ET A :.b
S N J :I J J C J T )

(.0 TI) (10,20),JT 
—

10 j S TA R T : J L 0 ) D y
iN- i :5J
(.C T O  30

20  J S T ~~~ . - T : ’, iJ (1 ) .I

i F N0 : N J J ( I) +N i J (2 )

50 COO-I l I S l I f

IF ( ‘--,T 1)1 1 ) 1,1 TO tOO
CA L L  f’ )LIC (NE )
I- f

C’ F I i0 -~~T T I ’ -  T J R I I I J , H _ S E T U~’ -F- F I E L D

100 F’ T - Y1: ,FA L ) f .
/ ‘ .~~1 T : M J F  I

— RJ :r I A J / (I2. ,~~.)
C •  — — T~~N .-rv. - . IS 51 1100-n D I~ 

T E R M S  (10- T U R I 1 I I I E N C E  I N T E l I - S I T Y

C. Cr I - .~~0 - ,T EJ A .() T - ’ ’ - E F D Y  0 - R I M I N T E N I) ITV TO E N E R G Y  F
F J O -  J : (

I 

~ • N O T E — —  — TI J E T —  Mu5 I HE ME A D 1~ 
F RUM  JE IM I A~~ ThE N C ( N V E  QT TI) EJ

L a — F fI — SH( L - LI ) Hf 1.1 SE I) TI DO T f NM 15 0 - T~ F tI DY

[C.  — E s —  I S  l~~~t x A R 1 A H L E  USED IS SSFD
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I li F T : EJ  1

T h E  T? :T IJ E T .T I J F I  
- —

C. S E T  1R P i . 1E ,, 
~.(LLP 3 — ‘ -  T w O - F ’ . ~ J 0 - T~ 1 %—  A — .55 F 11 . I

T ’ _ _ T I T A L  1).1 F SSI0-~1 A I~~[ T O T A L  T1’ — (.~A T J ~~. 0 - I - f  T E  S A - ’r IN —J 1I~~— x
c . — / 5 ’ -, 0 I — • I r T R I I IS r  S 1”E ~~ .4 i l5 ( .  S TA IC P~~E 5 5 - 1 RN , M A C H  NUN’ RF 0-~ , STA T  I
C • A 1U ’ - 0- , A N U  F T C  • 

-

0. C~~~~C I A I II S T A T  IL V O - M R 0 -  I 1 A T , I ~- f  I ’ . fl -f - 5 - 0 -  (- S ~~A N~~ INE
TI J ’- 1:1 I’ I • (1 • 4 1  ~~~ ‘.‘.~~ - I • ). • 5a~~) I • “ J E T )  

-

1S F - F I, ’— :11 I~ I / (1 • • C _ A - ’ • .
~ — 1  • ) * 5’? VI (I , I) • Z’.’-- (1 t )

D
~~~~ a C A L  1 0 - I L  A T E  S O - F E D  I~ F SU L~~~~~ -F I IS ~ C 

-

GC 3?.I14
.- ( .A 5 : ’ 3 ,  5’-,
4 0 -

~,
. CA t. C o A A ’ E  A L T I A L j~~I v 0 - L 0 - , C I T V  I N 0- I / S ’ - C — - - S O T E  1 - Ia  w I L L  0 1 0 - 0 - 1 . 4  FPO’R

j C • a ~~J f  Ta ’
L l1 O - T A F T S F C ?M N (I,l ) 

I

c• CA L - I L A T E  “FE~~ENC E ,F L I U , I T y  I1 S F IS •3SFT
I— I S  F f F~~R E 0 - C F  V E L O C I T Y  w ILL BE USED TI) SCA LE T’E

uJ :UJO - I / - i l l , ))
• CAL C U L A T E  • aE a * I N 0 - I/ S F C — —  MUST USE .v J E T .  F I - I l  —JE T”I ~— 

-

0- 1 1: I • S • I Ii 1 1 ‘1 I J 0- T • xi E T • V J E T
1F ( *A~~I- 1)T) - 0 - l I E  ( o . l ) T I J E T , Ei F T , U J E T , EJ , V J E T , L Y U

205 Dl, 2C 1 0 J JS J ART ,JE 00 0
- (J , NE )~~L J 0 E J  

______

? 110 C O N T I N U E
‘JK:I - I J -
IF ( J T ,C- 0 ,?)  NJa:OI,J+l,JJ (1)

IF (JT ,E..2. fl’1 ..~~UT .DUAL) A( N .,J I~,0--E ):TIKf5Dy (l)
If ( (-40 -- I - RI )

I C A I L  T A N P O 1 T ( o - , I I I K F  ,A C J S I A P T , ’, E ) , J , l O )

. ‘ 0 - i UP C UE 0 - 0 - I C I E N T S  AT THE I N I T I A L
C A L L  C U E F F  (0-sE )
IF (.N Il T .OI IA L) R E T U R N
1,0 TI’ ( 4 0 0 , 3 0 0 ) , J 1

300 JT :j
P- T I - Y I :.Tt0 -UE. 

-

1,1 1 11) S
a O O  i T:?

I J : F J F I
— P E I I I ~~~, 

- - -

1 0 -  • I I - ’ - 0 l  (2J ,h I v I S C I ~S,5 ,?0~H T h i E T ,N j O T , J r T , E J , V J E T , Z V U. e-.O- 1$ ..4) -
— 

E ’ ,t  
-

-H

I IO~)



aDE CK ZM IX L -_- - - - -  - -  

-

F L I N C T I I U S  ZM 1A L ( 1)
•lMi~~L •Z~~I x L —  C A LC. M I X I NG LENGTH

C . 0-”II I, /I K E jN/ XIa 1(70 ), TN E O-.PV (?0 ) ,N T K E ,  Y L T~~F (?0),DU” (1004)
C, I~~T (,~I-C~L A T O -  1 0 -- iF T ”f A R FS IJ L TS TO 0-15(1 YLN /RJ

C A L L  L F I I ( X T K E , X L I K E . N T K E , X ,Z A L Y I , 1 ,O )

N 
Z M 1 X L : ? X L N  

— -  ~~~~- — -  _ - - - - —~~~~~~ -- - - -—-~~~~~~~~~ — — - -— - - - - -- - - -—

END 
-

0- 
_ -- -— - -—— — -—- - - - —~ - - - - — - - — - - -- - —--—--——-— - - - - — —  - 

~~~~~~~~~~ - -~~~~~~~~~ —~~~~~~~~~—— - —~~~~~~~~~~~ — — -—  -- — 

- -- -~~~~~~ - -~~~~ - - —— - -—- ———-- --—- ---—-—---——- -— — - ——  _  

- - - -~~~~- - - - --~~~~~~~~~~~~~ —-- -

- - - - - - - - - _ - — - J
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I 
‘DECK M EW I;F

-- - - 
(11 FN 14 Y (S S O O I S F ,  ,O) ~ 

- - - —

I 1 ) R I I G O J A R  I-F PlGE
~C 0 -e I-GE ME RGE J E I M I X  SSFD PROF ILES

LC IC ,ICA L  E R R
LC 1I . I C A L  F I I I J N D . B A ’ J D  3 , D U A L
I-f ~ L M JE (,M~ ,MU~~LF_ 
C IM ’ .I N/ T A1,/ IIA I R E ( I 0 ) , 1 I T L E (I0),IDEN T( tO) , A DO RES(10),

I • I( - 1 5 T 1 (IO) 
-N 

C I I ’ . N I 1 I / C B I T S /  OBIT S, B LA N K
C Oi ~’M tIN / F I L I 1 J(j/ ?(I.0-EC ,KX X 

- - - -

000- 0 - i l ’. /C IIUM R I/ 
-4

• I .i0I (01) ,r ’ITS ,FRR ,FOOT ,A k I, NJ , Nl ,OE, M IX PPF ,XLC, FIOW J,
a 0-I( ~G ,NR ,C t 1~~I ,C T 1 , C T 2 , C T 3 , C T 0 4 ,CT5 ,CT8,CT7 ,
a CT ’-’ .C I 9,CIP,CTS,CTM , SP ,SV,5 L F i 1 ,O P f I r 1, PLOT,~~IX ,C f, M A X I  I, 

—- a T1IL ,Su ll ’,X PWN ( 100), k( 100),uC (100), TC (IO0), T IC (IO0),
a P l C ( I 0 O ), -~J ( ICIO), YJ (1 00), TTC( 100) • YSONI C ( 100) ,YCB(I0O ) ,
• x O (  I 00 ) , R O ( 1 0 0) , Y R (I 1 ) I )) , YC D (  1 0 0 )  ,I)~~~( 100) .?,V (IO0), MA ? ( 100),
‘ E2 (I0O) . TE? (I00), ID, NC, CNAI- h( 6 ), ALJ (6).ALJU (b) ,_
a A L E  (6),SC” (b),L’IFF
INTE 1. E P L R N 0 s

- —  
1 1 N ’ N h I s /CD U” -0-2/ N RO G,SU P D,S0 - IPSTP .CORE,CO RSTP ,MER ,MERSIP, 

— ——-

. T 1I () 0 rI ) ,u (,~OO ),I(?00I, XM ACH (?0O ), PT (IT(2fl0),
a T I (-(?~~~~),PT (i (? IIIJ ), ’SILF 1 (2OO), I~I)L0-2 (2O (1),MULF3 (dOO),
a ~ IIL F04 (? (I0 ), 0 - i L F 5 ( 2 0 O ) ,MOLFb (200),JD

DI~~x ’ S I I IN PSI)C200)
DI M E  ‘- S I O 0 -. Y5 (d3,?).PSIS (23,2), P (2 3 , ? 1 ,PT (’40,2),Z”N (23,2), TKE (04b) ,

- A ‘.1)12) 
- - -

D I M E  ‘- S I T S  IT ( 4 6 )
- — 

C - I 0 - t N S I lN j I t ?  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A 7 I ~~ (200), I- S l (200), X (100)

- (-IMEN S I I IY , UDl (200), TND 1 (200 ),FOj (200),XLNI (200), R a-4Dl~~200 ) ,YI (200) 
- -

- 
C ( M N ~ r 0 - . /IRIS UF O L/ C F H R .FNDJOB

L EIC .ICA L C E R - 0 - ,FNOJOM
( 1 M V ( f / F  I L 0 - 1 / 10- 0 - 1.0- . 0- 10 0 )0 -  ,N E w F ,SCO 0-F
C f ’ .~~ 1N ,F IL ./CSC

— 
C f N N I I ~./CU P I A T / V A R . 1M A P ,N D IG I T ( 1 0 J )

C - ‘.‘-‘ - N,a f ‘5/~ E ~ (I I) • ‘F Y~~ ( I I )  ,aI[ U A (II ) ,KODB ( ii )
- 

C I~~~’.II h./(P!LE /  YS ,.)SIS, P .NT ,/M\ , T1.E, SJJ , A LJ, 0 0AL 
-

A ,NI~~1 1 , 1 1(0- , I ‘-0 - , F P . • L N , 111,0,  V ,T1)T • PSI
A ,GC .RCJ ,
A D I A J . MJE  I , T J E T ,P T J F T ,V J E T . T I J F T , E J E T ,
A — f , T f . o I , ’-’f . I I L ,

- A ( . A M , ,01 , P,. , P R T , $ ( , T O A E F , ,.,, I Y F F ,C t,, P I , X , N X T A , F IA N D 3

I DUAL :.IRUE .r —
~~~ij : o; ~~~~ ~~~~~~~~~~ 

- - 

~~~~ 

-

* READ INPUT RECORD F l o I N .  J E T M I *  FIL E 
- — —

RE A D  (2) * X X I , K I R f C ,

• N A M E , T I T L E ,  IDE NI, A DO PFS, I T T E N T I  
_ _ _ _ _ _ _ _ _ _ _ _

* TwI IDT
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I ~ FII TS ,ERR ,GC ,GC J , FOO T ,
-— a D I A j , ’.~J f T , IJf. T ,I - T J f I . V J f T ,T 1 J E I , F J F T ,

‘ P 0- , I F • M f  • I I F • T F • A a ~ • N I , I, ” ,
a 

~
If  ,V I ap’- E , ‘ L 1  , ‘ L i 1 ~~ J, ’.F ‘-G, ,V ,CONI ,

a C T I , C I . ’.C T  s .C T 4 , C I N ,C T — ,f T 7 ,C I~~, 1 IQ ,C T P , C T S , C T M ,
N , I.A N’ .N~L; , p * , P . T , S C , I R F r , ~~ LI~. O - 0 - ,sP ,sV, SLF N , f) I- Y Y I N . , P L I I T .

*Ce— ,V T A .(0- , - A x [ T ,TUL ,SUI-k
a a • , O - - k F. • ~~~ I C  , IC , I I C  • PlC , w J , A )  , TTC .
. Y S I N I C  .

F- a Y C 0~.,P ,WD. YR ,YC0, PD..\ -0- ,M8?,VE2 , T[2, N X T A ,ID,
a N C , C N A ” F ,AL J, A L J O, A L E , S C ,D I F F

- 
Do 1000 1 :l, N r T A

- JIN D O

a R E A D  P I - I F I L E  0 - I - l i ”  J E T M I X  FILE
0 - A ) I  : CSC’x (I).•S

I~ 
~~~ ~~ (2) J 0 - F  C, K Y X , KR fG, SL IPfl, SIIPST P,C (~ 0-E ,C [IRSTP ,MER ,M ER STP ,

~

- 
* IPt).PSI, 0- , UD , T140,13I ,T I C , RH fl ,X LN.
• LI , T • TnT . A’ .A C I ’.PTL )I, TTO , PTD, M Ii LF I ,M ITLF?. ”OLF 3. YilLF 4,M IIL f5, M~~L F b .JO

I 0- ( “ ~ * • ‘.E . ‘ a 0- f ) P.R I TI ( o’ , hO I 0 ) A ( 1 1
0010 0 - I I R M A I (//I0 1.,23H H[COWD F I R  S T A T I O N  A : ,F12.b ,IO Fl SOT FOUND )

- I F I I  •GT . I ) GO TI) 540
* C A L C U L A T E  TOT F I R  I N I T I A L  PROF TLE

- 
PC) 25 i:1,’IPO 

-

TS :T,-U)(J)aIiET
— - -- - - 

i . A’ (  :~~~? 3 1 / T S a ~~.O 7 O 2~~I  ~~~~

I F 1 15 •Lf • “tOO . ) I,AM I :j • L1
1 0 - (IS •GE , 3tC - 0.) 0A ~’ 1:l .?SR 

—

C 0-0-: (- - X V I  * Ni , / 7 7$ • / (GA 0-41 — I •- 25 TUT (J):IS. .,.(UO(J )*vJEI )..)/ (GCJaCP )+EJETaL ~T (J)/CP
-.5 C FI T IN UF 

____________ ____________

- 
-~I 10 - I  x ( I ) . G T .X Li ) GO 10 ISO

a R E A D  I-~~~- 0 -  ILE F R I I V  SSFI) ~ ILf
- 

R E A D  C S )  J R E C , i X X ,V 5, PSIS, P ,PT, ZV I0 - ,T ,E ,NJ J. XLJ, 0 1J4L

— 
1 F (  i a t .Nr • .1 a x  ) 1.0 I II 0-fl

a SAVE J E T M I A  V A L ES
- 

C A L L  ‘‘ b V f ( S , IJD ,tJOI, r P ) , l , IHO, TH Dl, SPTT ,I,E D ,E Dl ,N PO ,l,
‘ ‘L ~~, A L  51 • ‘I -‘i), f , N . Q  ~-.i I f  , ‘j I - f l  ,

- 
CA LL V i - I E ( 2 . V, Y l , il PLI ,~~~I-SI ,P S 1 l , NP D,I )

-
a CA L C I 1 L A I E  S CA LE F A C T O R  f~~)P I- lI  ( If l I - D I N A T E S

I 0 - ( 1  • G T . ~ ) GIl TO US — -- — —-

‘0-J :’JJ( 1)
C IrL 0 S I I - I - S I S(0 -~J .I )~~PS1S (1,I) 

-

- 
NJ ;NJJ(2) 

- - - -

rIF L PS?:O .
I F ( D I I A L )  E L F ’ S ? : 0 S IS(~0J, 2 ) — P S I S ( I , 2 )  

— -  — —
10 - S PT :10-SI C NI-I)) — ‘~ SI ( I)
PSI H A T :  (OF I. ~ SI + GE L PS?) / OP SIP T

ts5 ((1 0 - 1 1 0-sUE

JS T A W T : I  
-  - -  -

I
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!_ JTTt I ~ - -  - - -

50 SJz1~JJ (JIT )
I 

J F ([)UAL •A 0--I I1 . JTT •E0 . 1) 5J:T-JJ f 
-

- . SCA LE SSFD C (IIiNc) INA T E S
Dli 80 J:I,NJ

N 
80 pSIs (j,JTT):PSIS(f,iIT)/PSIRAT ~

- a I N T E R P O L A T E  (-1 5 PSI TI’ G i l J E T 0 -’IA V A L U E S  A t  SSFO (II I  —0 1 0 - sAI l S
C ALl. LSPF II(PSI I , T 0 - r ,NPp, PSJc (I,JTI), TI (JSIAN T ),NJ ,0)

~ 
C A LL LS P0 - IT (P511 ,XL N, I ,P Q, PSIS(I •JTT) , X LN ,NJ,o)

J E NrI :J S T A H T + N i _ 1
DO 75 J :J 3 T A R T .JEND
#:J— JST A I’OT ,I
P5I (J):00-SIS (K ,JIT )

- - . -  — 
IHD(J):T1(J)/ ( 1 •+ ( G AM_ l  . )/?..ZMN (K ,JTT)a*2)
P(4 ,JT I ):P(K ,iTT )aPT J IT 

—_______________  — - -  —

A SF’IE D S  .R T C G A M a UC a H L . *  I HD(J) )
UI (J )  :452f EI )aZV h s (p- ,JTT )/VJEI

I~-~0 ( J) TND (J ) /TJE T
L:J 

—

IF (JTT •FI)~ 2) L :J— t
— E 0(J):To’E([T 

~~ —

Y (J):yS(H , J T T ) 
-  - -

7S CONT INUE 
—

— - 
IF (.I-.OT • DUAL .0W . iTT •EQ . 2) GO TO 80~
JSTA RT :ij ia I

~~~~T T ~~2 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

GO TI) 50

80 CONTINUE 
-

a F IN D  SUO -’S C RI P T OF F I R S T  J F T M I X  POIN T TO BE. USED
- -  

(10 F”, J 1 :~~,NP~) 
. _ _ _

I F ( I- S I t (iI) •G T . PSIS IK ,JTT )) GO TO RO
$15 (IIO I~~f.IJ~

NPD :JENT)
GO It) 150

q0 5J1 :~~PO (Ji~ rT~~~~~~~~~ 
- - — - - - - - - - --

NPII:JF NO.5)1
J:JE 50+1

C A L L  MI)~~ (- (5. UP 1 (i i) ,  uTT(J) • NJ I , I, T~~O 11 )1 ) • T~~ (J) ,N Jl ,  I.- 
* Er I (it ), F 1 ) 1 )) ,  N J !, I , Y L N 1  ~J (), X L 0 - C i). Nil • I.0-- a PH l 1 ( JI ) .~~N4fl (J),Y J 1 , t )  

- — - —   -

- 
C A L L  0 -C O V E (I ,PSI I (J1 ) ,PS1 Ci) ,NJI  • I )

í a  SCALE J E T M I ,  0- CUOR O I N A T E S
CA L L  L S 0 - ’ d 1 T ( MS I I , Y t , ’,0 - 0 -DI ,PSIS (N J .JTI ),YO ,I ,0) 

— -- -—

o (J) z s ;N  I ( - ~’ ( J— 1).~ 0 ‘vi ( J 1)’. ,~ — 0 -  Ia  •2 )
-- 

JPI :J,f 
-- - - I

ii i:i



, 
IF (JPI •GT . ‘~PD) GO 1 (0 -  ISO ~1- IL 100 IJ :JPI, E1PD - - - —— - --—

~ 
1JI :JI , (IJ J) -

I 
~~~~ 0- ( 1i) :S 1RT ( Y ( I J — i  I ‘‘?+YI C l i i  )a. ?-YI (lit-I )*a2)
ISO I F C I.G T .I ) 1,0-I In ISI -. 

~~N I I €  ( - 4 ) $ 4 A I , ~~~k IC ,  
I

a T.A PE , T IT LE • I OL 0 -.T .ADD RF S. ITT E NTI , ~ - - -
* T~~(-UT , - -

a H I T S ,E PR ,GC ,GCJ, FOQT, ’ 
- 

I

:- a I J A J , M J E T , T J F T , P T J E T , s f J f T ,T I J E T ,E JE T ,
a PE , x F • -‘E , I I F • I I • A A I , NJ • NM , I

~ ‘ IIE .M I X P R E , * L C , F L I .1J, M E PI ;,F.1V ,C I)Nl, 
— -— 4

a C I I , C T 2 , C T S . C T R ,II5 ,CT4.C I7,CT ,CT R , C T P .C IS,CTM . I
- •(, A0 - ,RG, I-.4, PNT , S C,TRE. F ,’.AI R F F ,sp , S V , S L E N , O P R I N ,P LIJ T , 

-- --- ——  - -

*C~,, 0- ’IX .CF .MA X 1 T . T I- L,S1IPi~ , I
N 

*A ,X P R 0-,,.-~,UC,IC, T 1 C , P T C , wJ, yi, T T C ,  F
‘ V SEJN IC • I

- 
a y C (- ,xO , W O , y R ,YC0 , PO,.~~V , V A 2 , V E ? , I f ? ,N X T A ,I 0 ,

aN C.C 5A .If, A L J , 4LJ I),AL (,SCM , O 1 F F

151 IF ( •PRN (I). G T .O ) ‘.R~~T~ (4,,175) X C I )
- 

175  F~~W 0 - A I ( l H 1 , 2 U A .3 (l0--~M O - o.-flF (1 JET ’0 -N AND SSFT) P R ( I F I L F / S I X , $ H F I i R  X = , 
— 0-

A FF .U // 1OA .IH Y, MY .3HM SI,$X,2 kUD,7V .3HT~lri, 8 X ,?HfD, $A .3HRl-0,
-- A $x ,SH~~LN //)

DO 200 IJ :1,NPD
IF ( A P R N (  f). L;T .O) ~R IT f  (-“ .210 ) IJ ,Y (! J ) , PSIUJ ),IJi) (IJ),THD (IJ), 

- -

a 1D (Ji ), I- ’-’O (IJ), ’sN(IJ) 
—210 F l _ M A T C h . 1 3 , 0 - 1 1  •5.EI I •04, F9 ,h ,F10, 6, SEI 1, U)

l~~flJ •E Q. JE IxO ) ‘, R J T E (b,?IS)
- 2 15 F O W M A T ( / )  — - -— -

200 C( SIINUE
- - - - p, I - T T f c JR~~C , 0 - A X . E .G,SiI PD,SUP P .~~~~~~,Cfl0STP ,

T
~EW .~’fRSTP , 

I

a t P f l , PS~~, 0 ,00, 1 0-10, 0- U,  T J I ) , WH O, X LII ,
- 

* Ij , T .I Q I,A’ 0-ACH ,P T U T ,  lTD, P T D , MIl L F 1 , M flLF2 ,M( IL F3, MULF4 ,’-~L ILF5, MOLF6,JD 0-

1000 CONTINUE

~ E IURN 
- -  - - -- --- - — I

END

1
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a (-F (K LS P FIT •
SU 0 - 0 - 1)IIO 1SF L S I- ’F I T ( x,  0- . 0-~PIS , ~C ,~~C .N~~C , N D )

LS P F I T  1’,T F 1 ,.~ A T F  1 0-0-V I I .T FVI - O L AT F “LSPF IT
C IN I0 - i ,R A T E  (1W I F .IFN P I 1 0 - A T 0 -  0 - 1 5 1 5 1 ,  A P 8 R A , f l L A  w H IC H P A S S E D  T o-I -: J I J G 1 THE IIH
C A NTi  ( 1 • I ) ‘- 0- 1 N T S F 1 1 1  0- 1 S ” O -  S I -4 f ( ~ ~ I I A 0 - ,rI C I +?  ) Pj I 0- 1 S ( I F T H E Y 0 - 0 T H

‘C I L I S T )  SuCH T HA T  I’iF S D - L A N E  10 - F To— F D E V I A T I O N  IS A M INIM UM . NOTE
C THA I I I S GE I F  I -ALL 0- 51 LE C T F 0 SUCI- I P-I A I
C ~ 

.(I ) .LF. ’C .LT .x( I ,l )
C T o— F F L - . 0 - A T ! 0 - ’ , F I I I -  T N-. f P A R A B O L A  IS_
C 0 - - Y ( j )  A (ja (x— A (I )) a C*N—x(I)),’?

~ 
0 1 TM F NS I (10-I A C 1 0 ) . Y C I 0 ) , A C ( i o ) , YC ( I 0 ) ~ 

-

, C N I - T I .  10-i l O 10 -~E 0 - L S I P N  “ 10”  T 1O FS NUT N E C O TO 41,00- F E  w I T H  T H E  C A L L  INI, P R O G R A M

C INPUT—
C A , V PTS. (iN CURVE

N~~ 
NPTS NO . OF A -

C XC LIS T ISV A A T w H I C H  CA LC TO BE DONE
C 0 - C C I ) I N T E I . 0 - A  I I~ 0 - 0 -- CL 1NS T A N T  IF _ NO :—h
C N XC NO . QF A C

I C OYD :0 TO SET COORO , :1 10 GE T 1ST D E R I V A T I V E ,  - -

C :—1 FOIl I~~T E G P A T I O N

,L LEND : LI N E A R  F I T  IN END INTE R V A L ,  I OP F ~ ~

C O U T P U T_
C

____ _  

~ 0-C COORD IN ATE OR 0EI ’!vAT IV E AT XC OR
_ C _ __ _ _ ~~~ _~ c (IC)= INTE GRAL (Y ,DX) FROM ‘((1) TO ~C (IC ) w H E R E  IC :?,NXC

_ C NOTES— - — 
C “A” MA Y RI IN E I T kE P  ASCE N D ING OP DESC EN D ING ORDER .
C F O1 R I’.I E G N A T I I l N “ X C” M IJSI r’ f IN TH E SAM E O R DER AS •X ” • F flR I N TE RPO LAT ION
C NO SPECI A L ORDER IS k h - ) 0 - 1 I l - f D,

- CO MMO N / C L S P F  / I , L ENO  
- -  - - - —

- 
L O G I C A L  LEND 

- -

LOGIC AL 0-~IT H IN-- - 
D A T A  kNAME/4H LS~~~1T/ 

— - - _ - _ _ _ _  —- - - I
- 

N NPTS- .l
IF( r •fl .EQ .(—1 )) 1:1
I S A x I  : 0
SU N : SI  G 0 -~ I I  • • x (N 1 )— A  (1))

C BEGI N IN T E H I - I I L A T I O N  LOOP Fl I P * 1( 1 1)  IC :I ,NX C
- 

IC : 1

C L O C A T E  A PPR O P R IA T E  IN T E R V A L
100 1 : N I A O ( I , M INO (f, N)) 

_ _ _ _ _- - — 

y, IT ,-’T 0- : .FALSE. 
- - - -_ _ _ _ _ _ _

‘. I O u S I ;  0-I
- 

102 IF I ~ C I 0 - 5 1 )  119 , 103, 1 0 ~, 
- —

10.3 4,CuI INT: NCI1 IJN T—I

~~1 X C I )  
_ _ _ _ _ _  _ _ _ _ _ _ _ _

[ A D  
- 

= ~r (Tc)—x! 
- ______ 

~~ 

_ _ _ _ _ _ _ _

III



I 0 - (’~) 10U ,120 .10U
I C~ .4 1 F C Si - * ~ 0 ) I OS , i s 7 , I i 0

- C  0- .LI .O , ( 0 -  IS I—C F R A C T I O NA L  P (-SITIO’ IN T-’f I’I T E R V A L
I r~~ I ~ C 1 • 0- - )  • j ) C, Ll Ti) I 2(1

- 
I F C ‘.0 • 0- • • ( — 1 ) ) (.0 III I 1 Q
1 ~~~J~~ 1 -— 
G I T O 1Q2 ~ ~ 

- - - Y

‘ C f- .111 .0 ;
I 0 1 I 0- ( • ( I • I ) • ‘~E • ‘ I ) I,~ I TO I 20

- 
1 F ( l . GE . N )  L;U IL) 105
C.i l TO 1t ~~— - — - - - —— ——--- — — --——— - - - - --- -4

C F •t , T ,O.
- 

1 1 0 IF C 51.0-. • ( • c C IC ) — ‘ ( I + 1 ) ) ) I 20 , I 1 2, I I ‘4

C F .O -I .I .0. CR11 . 0 - 1 0 - . .  I SlE G 0 -~A I I f l ’  A \D DOUBLE P I I I N T  r F F O P E  I I 0 - C R E M E O -.TI O-~C’
112 IF ((NO .EU . (—I I) .00’, (l.’-E .5 •A’ .fl , X (!+I ).E~~.x (I.2))) Gil TO 120

C
11 0 - 4 F ( I ~~ ( 4 ) 5 )  GO T O 12 0

IF (ND .E.Q .(— 1)) (,L0- 10 122 ——- 
1~1b I : 1.1 —

GO ID 102

C I-~~€ L  I~~ I 1 .0 - Q 0 -  C~~L CUt 4 T J f 0 - 5 5  FOP l~~ T E W P l ) L A T 1 J N  OW I N T E G R A l  If)N
120 1 1 T I — 1 ’ .:.I~~UE • 

- -

122 I F ( I — I S A - . E )  12 - s, 12 9 ,1?a
I0- ~ ISA VE : I

4 1 : V I I )
A S  =

0 - 1 1 + 1 1 — 0 - I
C : 0,
T1)P 0.
1401 0 ,

- 
1 0 -  ( t E N D  ,ASO . ( 1 .10 .1  .011, 1.10. 5 ) )  1O TO 1214
1 0 -  ( I . L E . I )  1,0 Ti 1 d 7

- 
x l  • ( I — 1)~~X I  

—X I I  =
TOP X l a ( Y ~~* s 1 — ( Y ( I — l ) — 0 - I ) a~~~ ) a X l I
& OI = x l . , l . a 1 3 * X I  3 .~~3 

- — - - -

l?7 IF ( I .(,(- • 5 , i N  • ( • f l 1  - .0 • , A ’- )  ,IOII T  • NE • 0 , ) ’  0. - i  TO I 2B
=

X (1 , 2 )— A (T 4 - 1 )
v.. :
I p T I - ’ - ’ N R IJ a f  V ~~* ‘ I - — V I J * X  J, ). * I J 5

. 0 1 1 1  = t , I , T  • . R a , J . .( 4 5 a x I . I ~~~ a a 3

I 128 1 0 -  (H III ’. 0- 0 )  C : III -I /(~’ I I I

14 : 0,

- I~ (‘ .GT .O A ’IO .3.0 - F  ,0.) (3 : ( x ( I a I ) — v j ) / K 5  — C .’S

- 
120 1 0- (5(1) 5 ) ,  140.1 ‘- s i

1- - —
IC ND:. 1, I’~1 O - ,0 -- .A If
L

I I  i l



ISO I F (,NOT .w I T II I ’ 4) %0 X3 1

SI : ( 0 - f  • (0-’/? . + C/3 .*I II) a, U )IX O F
IF  (~~~~I T - I N )  1,0 1 1 3 5

C ‘1” IS O F I’ -(- I - . r-E’ E ‘,IFD TO 0- ISfl  L L PR I0 - 0 - N I A T F  IN 1 F I - V A L .  H f i ,CE , 
I

C I t - - U L A I F  T — ’ f I 5 IF I .RA I .  10 -F T k O  u N  I Y ,I ’ N v A L .  I

SA = SA + SI
1.11 1(1 I 1~‘C A PI 1 N I P 0 - I A I E  1 N T F 0 -~~A L 0 - 1 1 1 , x ( I ) -~~C( IC)- ’ (1s1) 

- —

135 1’- (1 C ,E- ~ . 1 ) SA VC ( I C ) S 1
— I 0 - C I C . sE .I) 0-C (IC )=SA ,SI 

-

(.0 TI ’  I S O

C ‘,P:C, I N T 0 R P P L A I ,  0 - I -  COORI) I P 0 - A T F S

1— . I) YC (IC ): v~ • (~ • C * A D ) a ’D

GO IC) I S O

C ND :I. FI RST 0 - D E R I V A T I V E  
-

1-fl ‘V C ( I C ) :  1V N 2, aCaX()
GO TO 150 

I

150 IC IC.I 
-  -

If (‘ - X 1 — I C )  9 0 0 , 1 6 0 , 1 8 0
16 0  IF  (0--.D • NE • C — 1 )  • A I’D • XC (IC) • F 0. . XC (IC — I)) 1:1+1 -

GIl  1 0 100

9 5 0  I - 0 -
END

I 
aDECK ‘ ( 1 1 S F  I

C Iv r I - L A 0 - ( S S S I I I S E , u , O )  - 
~~~~~~~

- — -~

PPCI G NA ~~ NOISE I

C M A jN~~ NOIS E OVE R L A Y  (4,0)

(I MN’ (IF s / T I -uU’~L / F 0-V , f ‘iD J Il S I

L I I I . I C A L  0- k~~ , 0 - 0 - D J (JH — - - -

COP’ F /CNI ’~-~ / 0 - - J I S , C T R N .OU-V I( 3 )
LI l I , I C A L  Ct k-O

I C A L L  VA I!I ’.S
IF C ,‘ I T ,c F I--i ) I I I  TI) 20

10 E- 0 - --’ • I~~uE . - - - - - - - -

20 ‘F TU RN

EN D

- I- - - -- -

H
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‘ ‘DECK HL~~l I
BL L 1 ‘ D A T A

I C 1 I~~
N 1  / N I - I S I I /  JE T T ’ .L I 5 — 1 N ,A F L C ,y F A C ( 9 ,~), x F A C ( u M ) ,

~

- 
• Z F A C  (I

~
,-
~) • T .—’ ’-’AX (94) ,FN U ( u $ )  ,Y - F N 1i, F-I F A R 0 - I I ,NE T A I 1 S ,I J L IJ NV

I D A T A  0 - F R 1 0 -, F PI/?~~,?2u .,? H? . , 4-V S. • -~~ 7 . •So’ S . ,7~~~9.,N IL’.,
- 

A i 1 2 0 . . l ~~ 10. ,17~~O ,.?2_ ~~ .,?$?(.,355T .,4~~70.,S 143i .,7 I1 9r .,$92O .,
a l i 2 f l O . , I . 0 - l 0 0 , , I 7~~1- 0 ..22R 00.,?~~2 0 O .,S S N 0 O .,4~~70O .,- - a 5~

. • ~ • 7~ , 0 • - 9 ,2, I 1 ? • , 1 ~ 1 . , I 7’ . . ~ -

A 22’- .., ?B2., 355., ~s47 ., 5o~ S ,, 7(19 .. $92 .,
I 

~ 1 I ? 0 .,I410, ,178O .,2?RO .,2H2O ., I5S(1.,44 7O .,5~~I0.,7090 ..H92O .,
~ A I1?O0 , /

~ DA T A I H ’ 0 - A x / Q a C ,.3 a20 ) . , 3a 3 0 ,, S * R - ~ .,14a50.,24*7O ./I D A T A  A F A C / b *I .,9.?0 ,,3• 0 -~0 .,14*2OQ ., 9a ?O,,baUO., 9*200 ,/
~~
-- - 

r~~T~~~Y F A C , 3 . l P ,2.4S,I .a5,f.~~
q ,1. 83,.b0 , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0-

A .~~I,.37, .I6,15’O .,

~

- 
A 3.114 ,?,~~5,I. .’5,1. 4~~,1.o3. ,e O , •~~I , .37,.114,.?0,.-~0 ,.b5,. 93,t.03,I a
a 21•O .,

~ A t ., .I~~..S 3, 1. 4. 1. 65, p . 9 , 1 .5. 3.3 . 2 .1, 2.5, ?a !. a , •57,
‘ X .NU ,.t46 F.,.0-4c4,.(43 0,, .1UU ,.75,.qb ,I.? ,1 .5 ,1. E49 ,2.37/ ~

D A T A  ZFA C ,7 .9’J ,7. S’~.3. h 5,3 .7?, 0-’ .O7.1 .5I,
—- 

A 1,30, .55 , .~~
0 ,5 .57, 7 .S14,1? •~a,12.0S, L S .4,1$ .’4.IS. 8,I5.9,35 .3,

A 30 • 3,27 .?, 2t • I . 30 • 1 , 1~~,S , 1 9 ,15,
A 7 .Q

~~,7 .3 1 5 , 3 . o i,3 . 7? ,~~ . O 7 ,  1 . 5 I , I ,3 0 , . 5 , . ufl ,.9 7 / ,I. 32~~,2 . l7 5 ,
a 3.09 , S .~~S, R .73,4 .7Q ,4.H 1 , I 0 , 7, -~? .77, e~.7b, M .R I , 9.7 2 ,~~*e.S15 ,
a ?,,. 4o-,.1. 1 15, N ,5,Il,2,1? .9,jO ,?, — 

~~ ~~~

• 27.I,I~s .3,Ib .7, 9.3S, 9.25,5.p ,S.IH ,4,S,0-4 .s ,5 .214 , 1 . S9 , 7 .25,9.28 ,
A ll.6 , l J .5,I~~.3 ,? ? . 9 ,
?.,,Ib, I .0S,?.i1 ,3.3,3.8,3.,b. N ,U 2 , 4.q ,2 .1S,2. N , t .0.~~, 1, F’ 1, I.5b,

• 1.52,1.8?, .0-4~~.?,5.I .2,U .,S.,8.3,7 .9/
END
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‘DEC’ 1N IERP
- - SU f ~0-- t i U T I 5 F I .1E RP (X ,Y )
a 15 T F I -P

, 

O1~~1 - 10 -l1 15 * T A F V L F ( ? 0 ) ,  vTA CS L E(? O)

- 
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- - -

0- ,1 .75, 2., E0- a 3, 75 /
- 

5 0-~~-~~N A ~~ ( // ~~ H • ,E 1S. Ol , 3(I H IS L 1 L I T S I P E  R A ’ 1C.1 0 - 0 - 0 -  TABLE.

- IF ( x — X T A t ~LE(1 )) 120.50.70
50 0- :YTA 0 - - ’LE (l )

- 
01) TI ) lA O

- 
70 1 0 - C  a T A H s E ( N)— X )  120. 75, 7S
75 00 1 10 1— 2 , 5

1 0 - 1 0 - — ’  T A ~-~L & C I ) )  I’~O . 90 .  I t O
Q( y : , T A B L E ( I )

- GIl TO l A O
110 C O NTIN UE.

- 
120 ~- 1- (I T 0 - (,,5) A

1,0- TO 180

140 II : 1- 1
-:v T A C- .LE( 1 1 )

11 T )- ..LE ()) )/ (XT A 0 - 0 - L E ( I ) X T A B L E ( 1 I) )
Y :A.1 z— , I A r V L F ( I I ) )  • B

I -0 I-F I LI- IS
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V

~

- H
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- -
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— —

L I I I . I C A L  E 1 1 R Y I
I J 0 - A L  V J E I  , V (- , MU PEF
I~~( A (- MAC I.

R E A L ~ I 1 L 0 - I ( ,l 0O ),~~i l L 0 - ? (?ÔO), IlL F3 (2OO) , I
~I 0 L 0 - 0 - J( 2C IO ),~~OLF5 (2OO), 

-

~~~~

- —— - - -

* V~~Lf~~~(d0O) -

C 1V” 1~N /~~ST 40 - 0 -T/ I0 - N F I ,, R E S T H T ,lJ I-ES,Y IX P R E  
-

LOGIC A L 0--’1~~-’I-E - —- --—
C t ’ - D N  / C T ~~L ?/  T i - i ) T ( 9 )
C I 1 ~~ ” 1N / C I V E - J I /

- - - 
a ‘- (  , C ’ 1 A - E  ( b)

-
~~;~

- 
A L j ( ~~ ) , A Lj ( 1 (~~~) , A L~~(b) . 

—- -
~~~~~~

—

~~~~ 

-- - -- -

a S ( ’ - - ( I - - )  , TI PTT 0- (~~) , 0 - V C P RF (o,) , CPC (3, o- )
C I I ’ I’ I 1 5 / D I C T I - / 01 0 - F , C0-~D (1O) 

—— — — —
L I J I , I C A L  0 1 0 - F
( - ‘ ‘ - ‘ 1 *~ /V l )L FS / A LX( 200,b )

C 1’’.’ ’ / I -C U L /  A L E  ) I ,F (o ~~) • ALO(b)
(I ~~N~~~ F / F I L I S/  (IRGF ,UP (1F ,0-I F . ’,F ,SCRF 

- 1
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C •~‘ N~ 1 5 / P A N 0 - V /
‘ U (?OO) . I (200), TI 1T(200 ), x ’- ACH (200),PTOT( ?OO ),TTD (200),
a PID(?OO). )I I ” Il R (N O q) 

a --

C i i ’ -’’ ~~~ ~ / PA I IU/ A P I - T O  -

C U / M I ( 1C /  pI.4( II~~) , P L o T
( I - - ( 0 -  /I I V ’ - 1 / f l 0 - I 0 -Y I

C - ‘-~~ 0- -N  / u ’~ F S — / ‘- ‘( H A ~1 0 , C , DV 1 , 1i ’-IS H , C A PC ~ C x I P , ~ R F ~
(a
(*a *a ., I’- P UT C O V Y [ I~.
C .

( I~~’~~~I F /IN~’JET /
* DI A J • M JET , T i l T  , I-’T JE T , sJi ~T
• T I J E T
a PF , , P0- , T I E  , T E  • F

* A ’ I  ~ NJ , NM

• ‘ (100) • P.. ’ 1 (100)
* l, A ’ -’ , I—I , ~ .-~P , Pol l

• SC ~ I RE- I , VI J P E -  F
C a
Ca •.*•~ CI N S T A S I  AND ENR OP C O ’-’llIx
Ca

/ C - F ’ - ’ !  S I T S  , F 0 - P  , 1,1 • (.(j , FOOT_
C .  - - - - -  —— -  - - - — - - - - - -

C a ..a .a ~I (l j F l A P ,  C I I .  111 115  CO M”ON
C .

C ’ ~ I 1 ’ , / N C /  SE 01~F • FEDGE , T o - s  DG~
C .

• a a a PIjI F .11 A CO ’E (( 0 - M I  IN
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C O M . ~IlN /C f l o 0 -E 0/ A C O P E  , d 1 I R E  , C C R S T P_
C

_
• 0-

C * a * a . a  S C A L E R  ( I j~~ IIS  C I 1 N V F R S I L ) N )  ( ( 1 M M I ’5

C a
(1 1M~. ( I 0- /SCA o_ E W /  50’ , S~ •

Ca
Cfl1’-~~rIF . / J E T I /  FL .’J, T TO, F

~x ,E.JlT
CO 0-’~’0- l N / I - — l -~~iT /

a P , PIlL , P0-fiT , I-G AS , SCC_ 
a 11.0 - 0 -  , 0 - S ’ E F  , MA CP , 0 - L C ,

I 
a
a PP(I (? (0- (I) ,00’0-1 3 (I -~CO ) , X L 0 - I (201T ) •T)U- -’j ‘4 (0-400)

C I~~~~ 1F I / X P R j 1 ,/ DP I-fi N
N- - -  

~ ~
‘-“-~~~I5 / F O A T A /  D U- ’ 7 ( ~J ) , NF C S V , NI-1~ 

I— — —- ——
I
- 

C lMM 1 I ~~ / C i - .~ f l P/  C T I  , C T ? , C T 3 , C T I I ,C 1 5 , C T - ,, C 1 7 . C T B  , C T 0 - 0 - , C T T O
C:I %-MIIN/ PPIj 0 - / PS1(?oO) ,Y(20v) •uD 2OO ), I~. -I (?Oo ).ED(2OO )

0- C1 0 - 0 - ’ 0 - ’ I 0 -N  liE I/
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- - — — -
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a 110 (200) • OSTI)I+ (800)
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- - - - - a IS A N E  C I S ) • T I TLE ( 1 0) , IDE’sT C 10 ) , ADO PFS ( 10) .T C E N  I I (1 0)
C .

- 
C IMM I l. /-‘I * F I- / M l A ,WD (100), XO (IOO ) ,CF ,yR (100 )
LOGIC A L 0 - 0 - I .
C L l 0 - ’ 1 I 0 -, /F LO 8AL/ I A A I T ,5LI p0 -5 ,5 I T~~PN !D, y))I),VDC,
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L O G I C A L 5 I i P r ~ , C 0 - I ,, IJ P S T ( ~ W
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E V E - A L  MAC H ?
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C’0-” - 1 I ’, / 1 4 1 0 - 1 0 2 /  G RA C U , I r ,~~
h 1
~~,11PII n ,PT~~, T T F

R E  A l  M 1J ~
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C I I ’0- ’II F / T — - ~V /  “ .0 - 1 1 0 0 )

— 
CL I . ’ 0 - I  0-, /I(UTM I,/ 50 - 0 -1 01 10

~~~~C I I w .~ r - 5  ,Cor UY / x C ” (10O) ,CL0. PC o-(1O O) ,YC -~I , SiCL
N /- JE I 3/STA 0O . NV ,ST A T 0 -

- 
( I~~ M I - 5  /~~E SI ‘ 0 -  ‘ ( 1 1 ) . - F V ~ ( II ) .  • l IlA ( 1 1 ) , ’ - 0 - ’  ( 11)
CI 10 - M I /~ ‘i ~~,F 1I ‘F R , ’-’E I0-5IP , •‘ IR(.

- 
C 0 - M R O 0 -  /S U P F 0 - 0 -/ SIjPC,SUPSTP,a511P
( I . ’-~~~

0 - 5  / C P I - I 1 0 1 2 /  C T ~~ , C T S, C T 0 -
( I I ’- I I - I 5  / i-...I ~ J2/  ‘- - A C I-’ LI ,HE 0 - L I ) .  ~ I, 

V I I , 1( 0-0-GE 
— - -

I ’ I I I I ,  /C [ . 5 1 0  / CO N I
C I II. I CI0-, / FIL I N O / ,F,EC,oc X X

C.
- 

E C I J I V A L E N C E  ( ‘ OL F l ( l ) , A L X ( l ) )  , (.~~
. & 0 - ? ( I ) , A L , ( ? O )) )

I 
- * - 

( ~‘(IL ~ 0 - C l )  ,A L ,  ( 
~s 0  I I I • ( ‘‘ L -~ I t )  • A L N ( F- I I ) )

* ( M I I L’ 5 ( l ) , A L 0 - ( - O I ) )  , ( ‘ 0 - U L O 8 ( I ) , A L . ( I O V I ) )
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C O M M O N  ,C MF ILE / Uf ILE
C a

DIM E N SI lls L F N 2 (I T  ),0-0-S ,IA (10 ) .LEF1 I (5),NSA(4)
- 

E I 1 r 1 ~ 1 A L E . C F (u E ,VF )
F J rJ~~AL F N C E (Cb,C (IIF (b))

- 
D A T A  E N T R Y I / T /

I 
E - A T t -  NS A /15, 1H J ,6,IH J/

— - I ; ~. I A ,I-i?A/S,?”I I • I , .‘‘-‘ 1 1 , l 1 , 1 I-I , I 0 .2H1J,5. ?HJX/
O A T A  I ’ E L A ’ N/ L 1 2 0 2 0 2 0 2 0 ? 0 2 0 /

— 0 - A l A  IP~- I 0 -/5H A P ’~OF/ — —
0~A T A  N A X I / ? I I X A /

- 
C .

C~____________
ca  ~~~~~~~~~~~~~~~~~~~~~ 

—- - - - - -- -_ -  — - -- — I ~~~~~~~~~~~~~~~~~~~~~~~~~ -4

N - 
I GO TO (120,200 ) , NIRY

I 

120 WE,’.I’O M F ILE ~ — - - -- 
P 1 0 - C  (‘0-FILE ) ? O A X I , X FVEC ,

-
I • N A M E , T T 1 L E , I O t ~~ T ,A D D R E S , I D E N T l ,

a 1~~.II OT • 
-

a B I T S , ER k ,GC ,GCJ , F O O T ,
. 

a D IA J , - J E T , T J E T , PTJ EI ,VJ F T ,T I J F T ,E J E T ,
a P 1 , ~ F , -‘F • I I E • 1 1 • A A J , NJ , N M ,
a UT , - I • P~~E • X L C  . 0- ~ 

I)
~~~J , ~

‘0 - I - GE. , F , V ,CON1 .
— 

a C I I , C T 2 , C I  5, C T R ,C I5 ,(Th,CT7 ,CT $,C I- ~,CTP ,C T5,C T rN ’,
a (.AM ,P5, P R ,0-0-P~~,5( ,T I-I E F ,~~ JR€F ,SP ,S V , S L L N ,P P 1 1 I N ,PL U I ,

*C~~ ,~~~I x , C~~ ,M A x I T , T L ) 1 , 5 0 -IP14 ,
*A ,*N. - F , I. ,UC, TC, T 1 C , PTC,, ’ .J,yJ,TTC, 

— — — 1~~
_

~~

a Y S I I F ,IC •
•YCV , xO . I-D , 0 - R .Y1~~ ,~~ I

~ ,~~ I - , MA 2 , V E ? ,  TE2 , N X T A . I, ~
• 0- -C , C ‘. A ~~i: , ~A L i • A L JO, ALE • SCM , l~) I F F

GO ~~~I 1 0 0 0  
-- - - -  — ———  --~~~~~~~- — - — -_ — - — — — - - - - - - -—l-— - - - - - — -

200 0 - ” F S  C S C . ’ ’ . .S
DO 210 IJ I, ’0 -E C
R ( L I 0- ( - ‘ - I L 0 - )  J I E C , a • , ,aPE G , I~ 0 - I P P ,S )PSTP ,C I 1 P E , CO R S T P ,U F A ,M FR ST P ,

a ‘_ Fç ,P5~ • 0- • IJO , — • I~0- , T 1D,  ~~~~~~ L 5,
- — a I . T . T I T ,~~ 0 - A C I ,P T 0 - T ,I T I .0 - - T I ,Y - ( L E - I , M(J LF.x ,~~’ O L F 3 , MIDLV’J ;F- .1I LF57E4U[r b,J

1 0 - C  + r A ,~~0. .0--~~E - S  ) GO Iü 10 0 0
210 CI I r . T I 0 - uL 

- 
F

F’-’’- ,T F O E .
y... IT F ( , .211) A A

2 1 1  ~~~~ M A  T M  ‘~ I . 1 / 2 0 -  • ~ 
r,~”, T A T  J IJN ~= ,F I  0 .~~, ?x , I I  ~ NI) I ( 0 - I F I L E / / I  

- — -

1 0 0 0  0 - 0 - E T I I I VN

1 0-sO 

~~l__l~~~~~ - - - 

- 

- 
— 

-

~
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‘ aC (Cp( MA IN N S
- 

S U R L L I I T I N E  ‘- IA I NNS - - -- - - - _~l ~~

CMA I I. NS M A J F j  SL 1KF000 TI0-.F.*a NOIS E

~ 
L O G I C A L  PAO, PSPEC

I L OGiC A L VF OI T J E T ,r ’ E T A I N ,OCON V . R I I 3 N E R ,L ILL EY
L O G i C A L  STA P F , I P U 0 -.CH ,F 5sOJfl FO 

- -— - ——

~ I NIE (.F ’- Sj(5),SIIU(?),SP(5),SPID (2), FSLANI4 
-

~ 
lP.E IIS A L F ’ ,CE (5~~,SP ), (SIID,SPID)

~r- D1’-’F’.SIO’. ‘F y 1 1 ))

~ 
R E A L  L S C A L E  -

I COMM IIN/ A LN F A C /L S C A L E
: C I l I - M I l ’. lu ’0-C (8) ,P I0-0 - II, SV ,00MJ (?) ,KEVR EF

T (flI.~~.~(I ’. / F I L ” / C S C
L C P M N I 0 -~/CU P I I A T /M A P ,IM AP ,NO IG IT( 1 U) 

- —

I CO M~~I 1 Nh / A lA M 0 2/ € N D iO 6
C 1 JN~~.i 1N /1uR1 D/A CO RE ,CORE,CORSTP
C ( M ~~[ F ./ C A 1 1 F T 0 - / N E~

I
- L O G I C A L  0-jE i.,E.RR 

_ _ _ _ _ _ _

~~ - 
C I ’~~’i - \ / C NE P P / S ~~I T S , E R ~~,lLIM4 O ( 3 )  

- -—— ——
~~~

—- — — —

L O G I C A L  F- lA N DS , A CCjUSP ,A (SPAN , ARC
C I IMM U N/ C E - (I TS /(3ITS ,BLANI(

I CU’ .~~t 1N/ CF ILE/N FUP E N ,UWOER ,OPIG.UPDAT
LO GIC AL N FOP EN
C 1 ) M , C 0 -. / N O T S F I / N O I S E C , A S P E E D , NA , S L I N F , A N G J ( 2 0 ) , P S U P ? ( 2 0 1 ,

— A IA S P L (? O ) , PRE~~N ,HAND3
I cO~~Mrl5 /NI )1sEQ/8ETA- C (IMMII 0-./NI )ISfb/A COU5P (lOO ), A CSPAN(? 0 ) 

-

CIJ a.I./(I’.,’S O I SE 7/ S CA LJ ,CV M AC 14,SCALT, PIB NFR, CQ IB ,LILL EY ,SE , PAO , MU
— A •PSPIC 

- -

Ct l0-- -’ ( IV / N ’ i l .S l O /A P C ,A R CL ,MC 
C L l M M 1 0 . / N i I S l 1 /j E T 1 E ,L I C . 0 T~~~ ,A F A C . y F A C ( ? p ,? ; ? ) , l FA C (2 0 ,?T.

A Z FA C (2—i ,?,?), THMAX(?P , 2 )  , FPQ (24,2),NFR(),1.E A 0 - F 0 ,I-E T A I N ,QCON V
- 

EQ I J I V A L E 0 -, 0 -  (H O T J E T , J E T T E 0 - )  
- - - - 

0-
Cr JM M (10- ,NOI S I2 ,TS PL (38,?O),IPUNC(3 F

—- 
CO MMO0 -~ / 1 0 - F I L E ,  P0- FILE 

- - -

.51 ) 151  10 -s P O T L I S T  ~~~ _-— - —--_ - -— 
I

NA v~~L IST / A /A I - C , A PCL, MC, H E T A ,CVM A C H , S C A L T , A CUUS P,A CSP A (- ,R IBNER ,
- 

X C I -IB, SLINF. ,A NG J , NA ,PR F F N, R A 0 -.D3.SI CA LJ, iE T T E M ,L II ,-, T )-4,
- A A F A C , Y F A C , X F A C , Z F  AC ,T” .’A v ,’.F RN , F -l) ,IN EARFD,X C IO0 - 0E,

0- SI •S1 10, 501,50-MO , IPLJ N C I— ’ ,STA PF ,CSC, NO I G IT ,~I (1T J F T, i ,TTA IN, OCO 0 -0 -V
,L T ILE Y, SE , P A C , Mu , PS P E C , L S CA L E  j F

• .0 / F I L E
NA M E L IS T/S L IST /T SPL

F-- -  - -   -—

a~~5 j 4 L ~~Z~ NOISE DATA -

- B L T A I N  •FALSE .
N~~A w F ~~ = 0
PAt) = •F A L S F . 

- 

~~ 

— -  - — - - — -

I PSPEC •FALSE . - —
MU 0

I JETTEM: 0
Q C ONV = .F4LSE .

L k I $ 5 1 0 0  • FA L S E . 
- - - —- — -  - -  —

- 
LIL LEX ’ •FALS E . 

- - -
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ME ILE : 2 1
LSC A L E :I .  I
C A & L  S F T M ( I ,O , A C L USI~ , 1 2 O )
AI -C:.F ALSE .
A R C L : RI T S  I

SE ~ I
5C ALT • S
SCA L J :1
C~~’A C H .b3 - I
C R I O .2577 — — - -—— 

I
..Ip, 4-I -:FA L S E .

DI] ID 1=1 ,5 _____ 
-

IC S1 (I):O
00 iS 1:1,2

I’ S l 1 D (1) :BLAN ~

C A L l . ,+O ISEU

RET URN
END
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~~~~~~~~

—

~~~~~~~~~~~

— --— - - — —  - - -

120 P~~x.E- 5 = C 1 a 7 .5*S 1I.TH **2 a( COST Ha * ?NF A C * ( 3.a Q FA C a *2*COS TH *a 2 b~~S C V M 1 *
0- 

0- 1 ,0- A L S C O S T H + L I .*CV M I**?) + FAC a a 2 * (9 ,*OF A C a a U a C O S T H * * 2 1R ,aCV IA I -

A . N E  A C * *3 *C U ST I -4+9 . a CV M 1 * a?*Qf A Ca*2))r ~o TO 30 
- ---— — 

~1
a LO N G I T U D I N A L  QUAD RUPLE MODEL

I 30 (2:1 ./PA W E N a a l  .5
- 

P A k l 0 -~~ C?* (CtIST I N * * L I + 0 -A C * (3 *0.F L C a * ?a C l J S T H a * . _ 12. a C V M 1 * O c A C . C  IST H a a 3
A _ C OST Il **2 . (LI. 9.*CV M Ia .2 )+6 .aCV ~’I*C OS T 0-4 + I, ) +0 - AC ..?.(s ..(~F A C * a a

- 
0- a CI l S T I S * .u_ 3b. * o F A C . a 3 a C O S T— ~.a3_ b .*I )0 -AC .a ?aC O ST~~aa2 . (l. — 9 .a 

— 

1
A CS M I a s 2 ) s 1 2 .*1 5 F A C * C V P I a C l J 5 T~-.*( 1 • — I . * LV 0 / I  a *? )+ (j . — 3 , *C , ’~ 1 * * ,))a *2) ) I

— _ — - —— - - - - - - - - -  - -  - -—-~~~~ — — — - -- — -— —— - -  1
39 I F(CV M I  •LT . .1) GO TO 33 

-
C~~SU~~T (UF I)
xO l. _ C V M I
x 1 :I • .CVM I
JSUIE I : ( f i  I! (xl) — F III 0-0) )/(3. VM1 •C~ *2)— - - 
PA k E I .~~JSU 03I/? . *PA ~~E F , ~~~ ~~~~

- 
GO TO 33 

— - — - - — - - - - I
a a * a a a a a a a • a a a a * a a a a a S a a I I * * * * I a a a a I a a a a a a a a a a a a a a a a a S * A I I S * I a â *  a a * I I * * a

3? I 0 - (L I L L E Y )  (.0 TO 205
a PISN E ’ S ‘.-~~THr lo 

-

~

AEL22:T ,E (J) a( .?5a C 01 I01*( COST~0-** 1J ,Cfl S TNa *2)*U(J )a *2
I •?.aSE .5 !~~ T (2,)/0- .aTK 1 (J)) 

- ——— -——

- P A ~-~ N : P A R F  t, * P4 0 0 - E N + U f  I
- PA I . ( r. r h. /P A R E r a a 2 , 5 t C 0 -~./?7 .)

I,r~l 1(1 I~

a
. L 1 L L F Y  M IIIJE L

205 sF1?? : 2./ I . a TkE (J) a D~~**~ ~ (SINTH*COST H)a52

I 
P A R F F ~,P A P 1N* PA I-0( N *U F l 

- 

I

P A R F N : h , /PA I0 - FN * *?.S
PMP O? :C PM0 - IO .RPLI (J)* a 2 *V El2 2 aV L 0 -~(J)aaS/ (R (J)5C ~C )a *2 * P A W E F J  

_ _ _ _ _ _ _  - 
I

r~ 

~~~~ ~ ~~ I
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•*a a ‘a * .a a a •~a * a  * a • a. a a * a * * * a  • I 0 *  * *  a * S  * *  * • • * •.*** **a a..... a S •**a a t  . •.a .**a

33 P~~I- C-? :CP 0-P -
‘I •.iP(0- (J).*2. I ’ E - (J) •.2a .E L?2/ ( A L ’.(J) a~~(J)*•- ~) 

.P4PE~~
I a / (G C a G CI -

;- 1,~ TO 35

N_
I a a a a a a a a a a a a a 4 4 a a * • S • • • • I * S a a * * • * * S * • I I 4 * a a a a a a * * t a a a a a a S a a a * * a a S • • a N a a

~ a P AD  F A A  0 - I E L D  0-.I)ISE MODEL

F 
~ F I F 9” 1 ‘- F I RE I A I , T I-F T A ?, TRE I A 3 

-

700] CT’- ’ I ? I . /( L IC ( J ) sA ( J ) )  I
~~~ - - 

‘/C~~~ t = M L - ) C (J )_ A (J )

IF (A 1 - ~S(~~C~~A) ~~~~ • 1.0) GO 10 7050 -- -- 
I F ( M C MA  • I ;T , 0.) F C ’ A I .  I

N- 
I 0 - C M C M A  .LT . 0.) M C - A :— t , —

7 0 5 0  F (M C M L  • L T  , ~, I (~.Li TO 7080 _ I
— C T - F  T I :I ,/ ’C 0 - A

C T — F  13 :—i . -. 
GO TO 70 85

- 
~ c- 14O C T _ f T 0 - : 1 ./M CM A  

-

C — ‘ - T h : . l .
7085 [115 11 0-JOE

- 
PMPO2 :0, - -
P”PO? P:O.

~
0- ( T ~ •~~ T , 1 . 0 - — N ) GO TO 35
A C~~~~ - j ’ - T / A S P E F D

II L I- ~- L : , 0-

I F C J I I T E -  0 - F  0) AL I— 0-’ A :,S
~/C F ] : • -, a 0-I ( I I I A SRI ED 

-

-
I -

,
— - 

cM I ; O : c~~,_ T ( A (~ 5(IJ
I (sO ) )  

- - - - - -

I F ( • •[I I • 0-) r~—’F C 1 III TI) 7 I (14 1- 
X L N I ,( •(J)/ (I. J F T a A L P HA )
f~
.
~ 1 , l _ I ,~~I a ( 1 )  

I
I F (x (1 ) , _ E - . *C 1~~’ E - I )  0-V I/ J II B M I S I /2 ,
, 0-- F~ ~ [0 - : * L A I T  • I)  C J ) /“~~ I • I 

-~

~~0- 0- I :,L’.(- J ) /0I ~~I x I
h S T : ’-’t~L - - . - . ( - J ) ’ C ( J S T - - / C X
II- (A’ l.J (’A l )  •

1- ,• ~O .) 1451:0,
ASI sST l / 1 4~~ * (  (1 • — - -- i- I (J)aC(1ST 0 ~)N • ? + (A L 0 -~I-’ A a L I I C (J )*C( I5T0-0-)**2)

- 
A 

• 
~,L - T D • 2

ST I :~ •/  (~~~, ‘I-h .A 3 I 5 1 1 * (— 0151.050011 (I-~ 1 t .  ‘2.’-. .A 5 L 5 I )  ) I
a - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -- — — - —

0- 5sF I . I J I J I :u C J ) a 5 0- 1 /C •
V N R IJ? (J):IJ (J)*5T?/I a

! I~~~E (.2:2. ‘~~ I ‘51?
1
L 

: 
~( (.0 1 : 0 0 -  1 , 1 a ( ~ • .ML C I J ) • CIjST~~) ~ _ - -- 

-

I (IFI (.1 / : i -’- F ,,- ‘  ( 1 • -“IlL 1 J) a i I 0 . T H )  
-

L~

I I :s 2



~O I :_ M A C~~*O .~FC,0l/4 (J) 
0-

- 
•V?:~~M A C~~a L0- r 1,02 /A (J)

• I I —~~A 1 I .( ~l ~ ~ • [~~S 
IH

• l 2z_ M A C ~~~*U~~~F (,~~’ a C I JSTH

-
a [- 1 ( 1 0 - 0 -F ‘-SIC P A I l  ~~i I I F L  TO USE
7114 I F (C C I S A .GT .Ct .- 1? (C T , .E T I ) )  On II I 713 0

I F ( (I II~ A • 0 T • C I - - p 2  1 C I ~ t I I 1 ) I)(I T O  7 1 1 0 ~ ~~ ~~~ 

- -

IF (1I 0 - S A •GT . C T — k ? (C T - ~F1 2 )) GO TO 7120
I IF ( C I 0 - 3 A  •O T . C T-- ~-? (CT-’ET?)) DL) TI) 711 0

1F (COSA .GT • C T~~~~ C C T ~ 73) ) Gil T1) 7100
1 F ( C l S A  • II T . CT ’- P? (CT’- ’Elfl ) Go TO 7 1 1 0

I- G(I T I I 7 I 2 O  
-— —--- -—-- 

7100 IF C PS PEC) 1,1) TO 7105, 
P010107:0- 55- 5 P I C ?  ) * P J a a I  .5 .T I a * I - a ’- A C ~ - * .M * A L P k A a L I / 0 - P I  J) •*?*A( J) •*2

A *X L N ( J ) )* I.~~
I s C I a ’ . i 0 - A T * * R  •A (J )/ (1 .—- ’L IC ( I• OSlo-fl

I , /S- .I - T (A(J) t *?~ ( AL P 0 1 A * - C E 5 T ) .a 2 )a a 5
c —‘ p o 2 0-’ P P P 0 2
1,11 TI) 7 1 (I~~

7105 PVRi -? :PI * T I a . p . ’ .A C~-..a$. ‘L’- TD / (32.’-’ (J) a* ? .A (J )*te ,.X L O )*cMDO
- A e C p ~ - F I; )h S L i~ (J))**LI/ ( 1 

_
~IL I )c cJ ) * C c ( T ) . o -  •P (—1 ~~~~~ ( (IMIS

L A • t ~ 
0 - - I ) ) •*~~~. ( ( I M F I _ O l  * X L N I O )  • .2))

I P’0-PO?P:PI • T I a • ..* ’ . ’ A C H a * R • X L V T O / ( 32, * 0 - V( J )* .?*A( J 1** * X I  13) *O’ .O

~ 
‘
, 0 - L 0 - 5l ) .a ?+ (01V F5 ,O ? a X L N T D) a s ? )) 

- - -

- 
1108 IF (~~U,

FIj ,I I GO TO 7200
GO T O 7 1 5 0

- 
7 1 1 0  0 - I v F G A = A ~~s AsPE.Eo/v J E -  TaDUC)

IF ( I ( ’ 0 - 1 1 ,4  • r .. 0, ) GO II I 0-S
- 

0 - I 0 .0 - 5% O3

I F (C O S T ~~ .1- 0.. 0.) CflS T I-~~~.0 0 0 l
IF (PSPFC) GO TO 7 11 5 

-

PMkV ?:i5 0 .*5()~~1 ( 2 , I . P I * * 2 . T [ * * p a / A r k a a R . l 1 O * * 2 * A L P N I A * * ( j  3./3. )
- 

0- ‘SI’ TH /CDST~~/(0..P (J ) a * ? . A I J ) a • 2 a 0 - 1  5 ( J ) a * ( ~~ ,/3. ) * , A a * (t ./3,) )
X a 1 . 0 - N~~ * A , S ( C - r I S T 0 , ) * ( 1 0 - . / .)

— —  
A /( (I. _ MLUC (J )aC (1G T ) 2* (S1 PpA *~~CC 1.cL1~~T )*a ?)* C~~./~~.) 

- —

- 
P M p O , IR~~p M 90 - ) 2
(~,O 10 7 1 1 8

7 1 1 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 
0-

A • (IIM ~ (i I I  I • X L ’ • 1~0-’5 1’— 1 • • I I •, , ‘ S • I / C 1 , — - L  - -C ( S 1 • (Y-5 T-- ) . • ( I ~ , I 3 •- - -
a a F N c ( _ 1 , /...a ( I ~~ i 1 . * L , I ~ Ia ./ , ( . I , O I ,X L ? l p )a .2))

pM 0 - - I I ? p :p I * a ? a T 1 a a s * M A C I . . a 1 4 . , L~~ I 5 I a A T O a a ? a S I V I I .0- /~ JI~~~~- P (’ ,N-. (J)* a r a
— A A( J) II N’ *~~L’.(JI *• (~~ ,/5 ,  )• - ‘I 1,A~~ * I I •1 ~. )

N 
x • ( I M T  002  a A L N ~ ~ C II ~ I ~i ) a a ( ~ • / 0- • ) I C I . - - L I[ ( ~ ) • C ~I5 I -. ) . ‘ ( 1 r’ • I 0- • )
a • o- a o-~ ( — I • I I~ • • ( ( 0- ~ 2 • • L ~~ ) a a 2 • ( -- o- 002 • a LN  I D ) • • 2 1 )

-7 I I 8 1 0- ( ‘ I) • I IJ • I ) I~’O Ill 7200
— 1, 1  T O 7 1 50  

- - - -

N 
7120 10 - ( l 0 -~~lC ) 0 1J TO 7127

~ 
oiI z?. aSD RI (.0- . 1 •‘C l N T . -  C 1) a A L P ,— A . L  ( S y ~./( ,1 F 5(J ) .S]~~T ((I.

I A 0 - .L U C (J ) ,C L I 5 1 H ) * * ,0 - + ( A L o - I p A a I
~ l I ( (J ) a [ ( I 5 T , ) a * 2 ) )

L k2:~~ l / S 1 .I-T(2. ) 
- -

I_ 
If (DM01, )

1 1
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)

I P R I N T io~ s, J.81,82 
_______— 7QQT3 F O ~~ ’A T ( 3 H S 1 R , 1 ~4 , 2 E l 3 . S )

0(1 71?? IJ:2,2b
- 

I~~(~~1 .LE. b TA ~~(IJ)) GO TO 7123 
- -

7122 CONT INUE
IJ :2b 

— - — --

7123 FOFBI :Ifl . (4LOG10(I~01~B (IJ— 1 )),(t31~~BT AH(I J—1)) a 
________________

~
— -  i (ALQ ( O c J F 3 ( I J J ) — A L Q , I O ( F 0 F a ( j J ~~j ) )~~, ( 8 T 4 T 3 ( f l T~WUJ~.f l) )

DO 7 1 2’~ IJ:2.2br 1~~(~~2 .LE. B1A1~( 1J ))  GO TO 7125 
_——— . -. ... . —- - — 

71214 CO NTINUEr IJ;2b - 

I 7125 FOF B2:10..* (ALOGIO( FOF ~~(1J ~~1 )),(H2~ 8TAS(IJ—1 ))* 
_______

r
f ( A L ( I G l O

~~
V(J

~~
1TJ ) )~~~LO G 1 ô ( F U F F ~ ( I~J~ lr) )7( i ;TAB cnT~~~~Tn T))) — --- —---- —

PMPO2P:3.aSWI4T(2.)* P I A a l . 5aTI.* MA CHa a 8aALPHA **14/(f~(J)aa2*A (J)*a2
x axLN(I)~~aoMQo *MpA yaa4 * CUSTHa*LI 

- 
/S(J14T((1.—~ILOC (J)

I *ç~~~~H) .a2,(AL~ HA *MCEN1*CO STH )a*�)a .5r
PMPO2P:PMPO2P*FOFA2 /FOFB (j) 

__________________________r G T U 1 I? 8
7127 PMPO2:PIaTIa*U*MACH*a8*XLNTD,(32. *p (J).*2*A (J)**2IXLN (J) )aOMQO 

* (OME GOI*X LNO ICOSTH )*a4/ ~~. - -

I (1..MLDC (J)*COSTM)*aS*EXP (~~1./S.a((* (11aXL ND)*~ 2
I • (O~ E G O 1 * x L N T D ) * a 2 ) . ? . a 4 6 S ( ~.. (J )* ~~t 1/C 1 ) -

pMPO?P:P1*TI**44*MACM *a8*XLNTD /(32. *Q (J)*a2aA(J)~~i2* XLN( J ))*QMQQ
I
x (1..MLOC (J)*COSTH )*aSaIX P(_ 1 . /14.* ((K12* XLND)**2
I •(OMEG O2*XLNTDIaa2).2 .*A BS(t(J)*k12/CX)) 

- - .- - — - —. -—- . - . -  - - -

7128 IF (MU.Ef~.l ) GO 10 7200
- - GO TO 71 50 ~~~~~~ 

- - —

7130 PMP0?~~~.
GO TO 35

* MU S 1~ SELF NOISE MU : 2. SHEAR NOISE MU : O~ BOT H
- 

71S0 IF(PSPEC) GO T0 7200 -

C OS I Hf l:A (J )  a COST H/ (  I. ~MLOC (J) aCO$TH) ______ ______________________________— ______ ______

E FAC XLN(J) ~~~ CCOSTpl 0**~~,CflSTH0a*2)/(2. aSQR T(2. ) * (T I  a V J E T ) * * 2
I *M ACH*.fl*OUa*2

PMP02 P:P MP02 Pa E~~ AC

_______
IF MU • EQ . 0) 60 TO 7155 

_____________

~~~pM~~0�P 
-—_____________ —-

~ 
-

~
- -

~

— 1
GO 10 7200

- 7155 CONTINUE 
. . - -  . - -  — — —  . — 

7200 PMPO2:PMP02*(P~ ai~l 1 4 / GC)*a2 - - -  - -

pMP02P:PYPO2Pa(PEa~~144./GC)a*? _______ ________ ____________- -  - ——— --— - — - - -  . - - ---—- - ——- .—— - — - -  -.-—_______ _________

Ca COM PUTE PIJ. SPLIJ

PIJ(J) IJ (J)/ ( l. IE. *COSTPI) 
—

1134



.4

P1J (J)~~ABS(P1J(J)) _______

jF (P1J(J ).Nf ~~0.) GO TO 37
SPL1J (J )~~0.GO TO S’,OO

37 SP J( J) :10. . A L O C 1 0 ( P IJ(J) . PRFFP~2) 
-

IF(SPLIJ (J).L1 .0.) SPLIJ(J):0.
(40 PSUM:P$UM ,PIJ (J) 

______________ ______ _________________

c*
5500 1~~( . P i OT . P AO )  GO 10 4961

PIJ2(J ):CAWCaPMPO?P.VUL*DYP,IES - -

P I J ? ( J ) ~~ P I J 2 ( J ) / ( 1  .~ ME*COS14 .l )
P1J2(J)~~A Bs (P1J2 (J)) 

—

3 F (PIJ2(J) •N~~. 0.) 60 TO 5510 
__________________________ _____

SPL1J2 (J) 0.
GO TO uQ~ 1 -

~ 5510 S P L 1 J 2 ( J ) : L O . *A L Q G i O ( P I J 2 (j ) * P P ~ F A i 2) ~~~~~ 
—

~~

1F(SPLIJ~~(J) •LT. 0.) SPLh12 (J)~~0.PSUM~ PSUM,P1J2(J) -

_ _ _ _ _ _ _— —  — — - -——~~——-  - --—_______ -1•*~~~* * * * * * * *h I* *l * * * * * * *~~~* * * * * * * * * * *  * * * * *~~~* * * *t * * * * * * * * *I* *~~ * * * * * * * * * * * * *

• POs~EP CA LCUL A T I0 P iS  — 

4961 IF(.~ 0T . AP CJWER) GO TO 50
UF:2.*TKE(J )/3. _____ _____________________ ________ _______— CV M 1 : MAC I~ iJCJ 7AS PE~ 0
UF):.25.CVM I**2
~F (J~~TTFM .E~~. 0) tJ~~I:.09eCVM1**2
TF(.NOT . OCONV) u~ 1 :2.u213.aT~ F (J)/ASPE~ED**2
U(A1~(S(U (J)—VE ) .LT . 1 .E—2 ) 60 10 4971
1F (.4~01.R143 P~~R •AND . .NOT .LILLEY .AND , LIGMT N .E0. 1 ) 

______________x ~o~~~~~i~~ S - ______________

— 

~~~ X 0= 1 ,~~~~NV~~~~~~~ 
—-

X 1 :t . ,CVt4 I
C:UF I

_______
C SQ4

~

T ( C )  
_________ ____________________________________ ______________cc~ ( 1. ,c *a2T . *U.5 —_____________

- 
BPIt~x BE1A/U .*4~HO~ iASPEE0**S*6C)
IF(LILL€Y ) GO TO 210
IF (R1hN~ R) Gu TO 8110

* * * •• a i * *  *** a * * * *  * * * * * *I  ***~~ * * * * * * * ** * * * *  **~~* * a * * * * * * * *~ • * * * *t * * * * ** *  0* *

* L I6 P4T4 ~1LL FAR F 1€LO MOOEL
1F(A~3S(C VM 1—1.) .LE. .05) 60 10 8005
IF (CVM 1 .6?. .1) 60 10 8001
~F ( C  .6? . .05) GO TO 8005

______ 
*11 :7 ./CC 

___________ ______ ______________ ______________p.— --
~~~~ ~~~~~~~~~~~~~~~ 

-—-- ---.--- — —  —____________

8001 I F C  .G~ . .05 .4~ 0. (CVMI .61. .15 .OR . C .61. .15)) 6010 8005
All :61(1. )—G 1 (—1. )
GO 1(1 8000

800 5 A 1 t : (~~I l ( X l ) — F l i ( X 0 ) ) / ( 3 . ~~C V M 1 * C * a 2 )  
- — -

L sooc spO~ (J):cq ./u .*B~ TA/2.).I~sO(J )**2.uF.*2.u(J)s*Q ________________

X / (A S P 0.a ’~aRH1J~ *x L N ( J ) a G C ) . I 1 t a v O % .  - —- —________________
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60 10 41969 
_________ _____

--

* PI8~.Fl~ MOOEL
8110 SPOWI 3W IE3a’1H0(J)~~~2.(2./3.’T~ E (J) )**3,x~~flJ )

SN:,1. _______________________ ______________

~
—--——--

I~ (ABS (CVW I .I.) .LE. .OS) 60 10 8300 
—

~~~~~~~~ 

—________

I F CV M I •GT . .1) 60 10 81Q0 ~~~~~~~~~~~~~~ - —  - - —-
412 :1.Obbb b 7fCC 

-

I F(C .GT , .05) 6 0 0  8~ S0 r *11:2./CC
60 10 8400 

________ _______ ______ ____________ __________________

8190 1F(C .GE. .05 •AND . (C~ MI .61. .15 .0W . C •GT. .15))
L x GO TO 8300

A~~~:~~j (1 .)— G1 (—1 .)
A12:G7 (1.)— G2 (— I ,) --  - -  — — — 
GO 10 8400

~~830O Al?:(~~12 (x1)- F12(XqJjjjCVMla*5 .C**41)
8350 A I1 :(FIj (*1 )— F Il (x0))/(3.*CvU1*C*.2)
8’00 SPC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

X *SPO~ l* VOL.
-— T~~~49~~~_

__
~~~ _ _ _ ~~~~~~~~~~~~~~~~~~~~~~ - _______

• LILLF Y MODEL ___________ _______ _________________________

210 SP(Thl:8W18*RHO(J)*a2~~(2./S ,*TK~.(J))*OU**6aXLN(J )**S
SN :—l. _______

IF *BS(CVMI—1 .) .LE . .05) GO TO 250
1F(CV~~1 • GT . .1 ) GO TO 230 

_____ ______

*13: • 26666 7/CC
GO TO 290 

_____ 
__________________________________________________

�~~~~I F GE Tb~~~~~~~~. (C~i~V.GT . .15 ~~~~~~~~ .61. .15)) GO 10 250
A 13 63(1 .)—63(—1 .)
GO TO 290

250 813:(P 1 (Xl )— F j3(X0))/ (CVM~ a*5aC**4)
290 SPO~~(J):A 13*SPO~ 1*VOL

GO TO 4969 _______________ ______________ _____________________________

* •* **  **.  * * ***  . * * * a * *  * ** * *a * *  * * a * * * * *a * *  ***  * * *.*  * * a * * * * * * * * * * * ** * * * * * ** * a

* SELF AND SHEAR NOISE MODEL 
——

4965 JT :JETTEM+1
______ 

ST NUM:FREQIJ(J )aD1*J/12./1116. 
__________ ______________

o1v i~~i5c4�~~~~~~~~ 
-—- - - — --._____________ -

IF( JFTT EM .10. 1) DIVI:293.7 
-

DO 4966 L:1,NFRO 
-

I F (STNUM .LT , FWQ(L ,JT )/DIVI) GO TO 4967 
— 

‘1q66 CONTINUE - -

L:NFPQ 
_______ _____ ___________________________________________ ____ ______________________________-

COSIHI:COS (THMAK(L,J1)*P1/180 .) -[ XO :1..CVMI

~l:1..CV M 1* C O S lH 1 
______

X2:1 . ,CV M I
It RM 1 :ZF*C (L,1,JT)/CVMI**3a(F1 (Xfl .FI(X0),F2(Xl.~~0)) _____________________

x ~ Z F L C ( L , e , J T ) , C v M l .~~3.(I1( i2)~~rt (x r F~~(X 2 X i ) )
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yE R M 2 :Z F A C ( L , 1 . J T ) / Cv M Ia * S . ( F 3 ( x l ) ~~r ;(xo ) ,(8 .— 3 . /2. *vF 1) * F2 c x 1 , ro)
X ).Z~~AC (L,2,JT)/CV~~l .a5aU3 (X2 )_ F3 (X1). (b .~~3./d.*UFt)*F2(X2 ,X1))
1E R!~3:(YFAC (L ,1.JT )a

X (Xje(2. .~~l *X 1,3.*UF1)/ (X1 *X l+U F 1 )**1. 5

I- X ~~~0* (? . a X 0 * X 0 , 3 . * U F 1 ) / ( X 0 * ~~04 U F 1) * * 1 . 5)
x •~ F AC (L,2 ,J T) ’ 

-- — - -

L x (~~2 a ( ? . aX 2 *X 2 ,3 . *UF 1) / ( x 2 * X 2 + U F 1 ) a * 1 . 5  _______ _________________

r [* 2.ax 1~~x l+ 3 u ~ 1 /c x1 1xl.u ~ 1~~**l.sn - - --———

x /(3.*CV M I .U FI* U FI)
SPO~ (J ):RETA*WH0( J)**2*U (J)**’1*T4~E (J)**2/R~ OE/A SPEEO**S /XL N (J)

X /C.C*VQLO ~5*(AFA c*1~ p1M1~~A FA C *TF Rfr 2~ A FAC *TERM2/XF AC(L , JT)+T(RMI)
GO TO ‘1969

000*****0 *0*0*0*0* ** 0 *  * *0 0 0 0 0 0 0 0 0 0 0 0 0 0 0* *  0 0 0* * * * 0 0 0  *0 *  * 0 * 0 0 * 0  0 0 1* * ** * ** *

49 71 SPOP(J ) :0 .  
-- 

‘4989 IFCS POv~(J) .L1 . 0.) SPO#(J):0.
SPCI*S:SPO6S,SPOW(J)

50_CONTI NUE 
_____ _________________________________

Ca PERFO RM 1/3 OCTAVE BAND ANA LYSIS IF REQUESTED 
-

Ca
70 CALL OC 1AV3(NPD,ENTPYI)

IF(.NO1. APOoER ) GO TO 60
_ C a  

_______ _____ __________ ______________ _____—

- 
b022 %, N P D~~~~~ 

—

~~~~~~~~

—- _ - -- -— — —- — — - — - — — -_ —— --— - - - _ _

1F (SPO~~(L).LF. 0.) GO 10 6921— TER ~ PP:1.35583f+13oSP04~(L)/VOLJ(L)
______ SPL)o(L) 10 . *AL OGI 0(1(RMPP)—______ ______ _____________________________________________________

6021 SPON (L):0. 
______ ________

8022 CONTINUE
b O A NGJJ :ANG J (NA I)  

______

C*
C’ J’RI’vT PROFILES OF YD,P,PIJ,SPLIJ,FREQIJ IF REQUESTED__________________________
C’

- - 
IF(ACOUSP (l).AND.ACSP*N (NA I)) CALL NOZSP -. —Co
IF(.NOT .APOWER)GO 10 100 _____ ______

JF (SPO~ S .E0. 0.) GO TO 99
_____ 

POI~(I):10. *ALOGI0 (1.3S58lE+13*SPU~ S/DXA *Cb) __________________ ________

PiTh TOT:POOTOT+SPOHS
GO TO 100

99 P06( I):0.
100 C O N T I NUE -

Ca OVE RALL PROPERTIES FOR GIVEN ANGLE
PSUMP C NA I ) PSUM 

_____________________ _____

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
LC ’

Ca COMPI.ITE OCT A V E FRE (J S SPLS—— (USE 1/3 OCTAVE DATA
L~c*
I - 

C ALL OC TAV 
- _ _ — —

IC * __________________________

[C. SUM FOW OCTAVE FRE QUENCY SPL CALCULATION
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00 201 L:1.8
b IF(SPLOC (L.NAI).EQ .O .) GO 10 202 

-

SPLOC (L ,NA l )=%0 .aA LOG10( SPL0C (L ,NA l )oPRE~ N2)
~ 201 CONT INUE 

-

C. 
______________________________________

C’
C* CONVE RT BAND PIJS TO SPLS
Ca

_ _  - _ - - - - - - - - - - - - -_ - - ——-— ——- - -

00 50 1 L~~1, 36 
______

IF (PIJI 3(L).EQ.0.) GO TO 50~
PIJI3 (L):l0.*ALOGIO (PIJI3 (L)OPREFN 2 )________________________________

501 CONTINUE
I~ (.NOT . PAO) GO 10 5600 - - —

00 5550 L:t,36
IF (PIJ13I(L ) .EQ. 0.) GO TO 5555
PIJI3I (L) :10 .‘ ALOG 10 (PIJI3I (L ) _____________________________________
IF (PIJUI (L) .LT . 0.) PIJI3I (L):0.

~ 5555 JF (PIJ132 (L ) .EQ , 0.) 60 TO 5550r
IF (PIJIS2(L) •LT .O.)_ PIJ132(L):0.~

5550 CONTINUE
5600 C ALL PNOBC 

_______ _____ __________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—_______

CAL L P8AND3 — - -_  -

500 CAL L JTFILN ( 1,OUMX)
IF( N A I . LT . NA ) GO TO 2 

_________

~C* FZNISIiEO——— PRPJ T OV ERA LL ACO (J57~~ PROPE~~TIE AND T/T
Ca OCTAV E BAND ANALYSIS 

—Ca
600 CA LL NPR ZNO 

_________________

I FCNE A RFD •G ) G O T ~~~iO~~O~~~~~~~~~~~~~~~~~~~~~ 
-________________

_____ 
IP (PAO ) 60 10 1000
PONTOT :t0.*ALOGIO(1 .35581E +I 3*P(J~ TQT)
DO 800 L:I.36 

_________________________________________________

IF(~bi~~(C) .L 1. 0.)  ~DT O 1~~POo~3(L):10.**LOG1 0(1.35581f,13*PONS(L)) ______ -
GO TO 800

799 POW3 ( L) :O.  
_______

800 CONTINUE
CALL PIIPRNT

—C ’
1000 R E T U R N

~~7990 F0RMAT(SD~ 0.5) 
— - _  — _ —

END

--

_ - -  - _ - 

-_-- 

_ - ___i_ __ _ _- __ -  - _
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ODECI’ NPRINO - — - — - -

SU8MOUT INF NPRIMO
CNPRINO SUMMARY PR INT ——OVI RA LL—— FAR FIE LD NOISE 

- -
LO GICAL PAD —

LOGI CA L ‘IIBNE P , L I L L E Y 
— - -

LO GI CA L IPUNCPI
OI’~’t N5~~(~~ PL1TIT( 12) 

______ ________

LO GICA L AX I  • xPRr4,C MPW S ,QJET, TLIRRJ ,NOI SEC,BAND3
R EA L M JEI ,ME, MUWE F 

—— - - —
COIM 1%N/NOI SF7 /SCAL J, CVMA CI~I .SC AL T, R IMNE R ,C PIB.LILLEY ,SE, PAO ,MU
COMM Or~/M)1 S 11 /J ITtf M .LIGH 1H .OUMMY (TS8),NEARF0 

- —
COMMUN / NOISI2/TSPL (36.20),IPUNCH
COMM ON/NO ISE 3 / S P C T P M ( 3 6 , 9) 

______

COMMON / N O LS (j /
• N0IS1C,ASPEED,NA .SLINE ,ANGJ(20 )~~PSUM2 (20),OASPL(20),PREFN ,AAND3

COMMON / INPJ~~T/
* DIA J , t4JET • IJ E T , PTJET , V JE T
A 11.11? ,

* P1 ______• V I , TIE , TE _______

a A X ~ , NJ , NM
a X(100) • * P R N UO O)  • - : - - - - - _ - - — -  - —
* 6AM , PG , PR , PW T
* SC • TREF , MUP~ F
CO’~~0N /TAG /NAME (10). TITLE(10 ).IDENT(10),ADDRES (l0),IDENTI (10) 

-- -

COMMON /PROF / PSI(200),Y(200),00MPA(b00)
COMMO N /CTRL/ NX T A ,DUM C I , N P D . O U M C R I 663~~S P 200
COMMON /NQISI2/ PIJ(200) .SPLIJ (700) ,FREQIJ(200),

X P~ J7(200) ,SPLIJ2C200) ,FPQIJ2 (200)
COMM ON /CIIITS/ BITS, BLANK 

_____

COMMON /NOISES/ PNOII(20) , SPLOCC8.20)
— COM’~ON/NOISE S/APO~ EM ,POV( (1O0).POWTOT,SPO~4(200)

COMMON / C I N TR Y /  NA I,XS ,ANG LE
LOGICAL APO~ ER 

_____ _______

COMMON /NOI5EQ/INP (36),P0Vd3 (36) -

D A T A  NANG/0 /  
- - - -  -— 

DATA PLITIT/)QI4SPL VS. FR ,3p o . , ea 14 ; 3 H s P L , 44HcR EQi~~~~ 
—

C. 
_________________________

C’ SUMMA RY PRINT O~ OVE RALL ACOUSTI C PPOPEWT 115 Of JET —.

C’ INITI ALLY PR INT JET AND FREE STREAM CONDITIONS
Ca

I X T R ~ F:TQ(F 
______

X M ukIF:M(JREF
— 

IF( IPEF .NE.0.)  60 10 3 
__________________ _______________________ -

X SC .S C
X T 44 ~ F:8IT S
XMUP~ F:8I IS
X SC :8 I T S

C.
_____________ _______________________—-

1F(. N0T . PAD) 60 10 70
MU 1ZMU,1 - 

0 (71 .73 ,75) ,  MUI 
— - — --

70 I F ( L I L L E Y)  GO 10 89 
___________________ _________ ______ ______[ IF(R IBNE R)  GO TO $8
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IF ( NEAR FD • G T . 0) GO TO $0 - 
_______________

IF(LIGHTH .10. 1) 60 TO 82
81 NPITE(b, 91)
91 FO RMAT( 5’4X.2S,ILIGN THILL FA R FIELD MODEL)

GO TI) 9Q
82 ~P IT E ( b , 92)
92 F L 1R MA T ( 50X ,3 I IH S ELF a S NEAP NOI SE FAR FIELD MODEL) 

_______________________

60 TO 90
80 GO TO (83, 84,8S,Bb ,87), N E A R F O  -
83 A R I T E ( b , 93)
93 FORMAT(4 $x ,37 HISOTPOPIC TURBULENCE NEAR FIELD MODEL) 

— —

GO TO 90

9(4 FQPMAT (5OX ,3UN LAJER A L QUADRUPLE NEAR FIELD MODEL)
GO T0 90 ._ 1~ ~~~~~ _ _ ~~~~~ -— - -- - — - ——-- - -

85 AR IT E ( b , 95) . —

95 F O R W A T ( 4 7 4 ,39M LO NGI TUD INAL QUADRUPLE NEAR F IELD MOD EL)
GO TO 90

_~~~~6_ ~RI T F ( b ,9 b )  ______ - - -  -- -—-—- — - — - - —-- - — —- — - - -

98 FOkWAT (30X ,73HCOMBIN AT JON NEAR FIELD MODEL USING LATERAL QUADRUPLE
A IN TRANSITION REGION) 

- 

-

60 10 90
87 ~e4 IT 1(6, 97)

- 
97 FOPMAT (79~ ,7bNCOMB INA T1 (JN NEAR FIELD MODEL USING ISOTROPIC T U R BUL E

XNCE IN TRANSITION WEGII1N ) 
______

GO TO 90
88 W P T T E ( 6 , 98) 

- - - - _

98 FORMA T( 5 bx ,P2HWIBNE R FAR FIELD MODEL)
GO TO 90 _______

89 # 4 4 7 1 1(8, 90) 
-

99 F (JW’~AT(5bX,22~ LILLEY FAR _ FIELD MODEL) 
______________________ ______

60 T0 90 -

7 1 v d R I T € ( 6 , 7 2 )  
_________________- — 

72 FORMA T( ’48X, bHPaO SELF + SNEAR NOISE FA R FI~~ b M ~ OEL )
60 10 00 - _ _ _ _ _ _ _  - ___

73 ~PI T F ( 6 , 7 ( l )
74 FORMAT (5?X ,3OHPA O SELF NOISE FAR FIELD MODEL)

GO 10 90
75 ~RI1E(6 ,7b)
76 FORMA T(52* ,3III PAO SHFAP NOISE FAR FIELD MODEL )
90 nRITE (6,108) NAM E ,AO DR1S, TITL E ,IDEN T ,IDENTI,

a T1,I jIAJ, GA M,PE ,M JET , RG,
*__vE ,TJET ,Pw ,Mf.,PTJET , PWT,Tlf.V JE1 ,XSC . lUll, 

________________________

a ~TR EP . 1MU ~~~~~~~~~Ca
C~ PPINT FA R FIELD NOISE PA PA METIR S  -

Ca
4 N~~ITE (6,109) RPFFN,4SPEFD ,SLINE - - - - - -

6PI TF (6,110) (L,ANGJ (L), PSUM2 (L),OASPL (L),PNDI3 (L), 
__________i (SProCrJ ;LrIJ : 1;8~7t:1~ N A r  — —

GO TO 10
— - - — _ -  — —— —_  — —  — ——— --— -——--_ ---— -— —  ---- —- —

I c. IF BAND3 :.TRUE . PMINT RESULTS OF 1 / 3  O C T A V E
C’ BAND FRE QUENCY SPECTRUM ANALYS IS - - — - -

‘C .  _______________ ________ ________________________________

L ~~ E~N t w v  P4~A~~~3
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NAN G NANG,1
- T F ( 4 ~A NG .G T NA) NANG~~F~~~~~~~~~~~~~~~~~~ 

— -_________ ______

ANG:ANGJ (#ANG)/57 .2958
DI A :DIAJ/12 .

I- YCOM :SLINE/DIA
W A I ’:SQPT (XCORa .2,YCOR**2) _______ __________________________
DO 25 l:I71~ 

—______________________

25 TSPL (I, NA NG) :SPC TRM (I,5)
30 CONTINUE 

- -

AW ITE C 8.1Q9 ) XCUP ,YCOW ,PAD,SL !NE,ANGJ(NANG )
IF (PAO ) ~RITE (6 ,198) -  - --  -—

198 FUPMAT( 1H , ,bQX ,b X ,4kNPTS,S~~.QM SPL • 08 ,6X,4HNPTS,SX,OHSPL , 08 /
X 76x ,UHSELF,7x,UM SELF ,8x,SHSNE AR ,7x,SHSHEAR)
DO 250 1:1,36
#RITE (8,?0Q) (SPCTRM (L,J),J l,S)

~ 250 IF (PAO ) MRITE (b, ?Oj ) (SPCTRM(I,J),J:6,q) 
-~~~ —

201 FUPMA T (IH+ ,8Q X, I10, F 1’4 .4, I10 , F1’4.4 )
C ALL PRNPLT(SPCTPM( 1 ,2),SPCTRM (t,S),36,8O., 180.,PLITIT) 

______________

10 RETURN
‘ Ca

C a . a * * * * a a . a a a a * 0 0 0 a O * a * a * * a * a  FOR MAT S T A T E M E N T S  aa . , *a ,* * * , a* 0 0 0* * * *
C’

1 00 FOR MAT( IHI, 4OX ,SlHa J I I A N A L Y S I S P R 0 G R A N
* */ / ,38X ,bj l 4*  S Li M M A R  y A C 0 U S I I C A N A L V S I
* S

308 FORMAT (30*,10A 8/,30X, 1OAb/ ,JOA,1 0Ab/ ,30X ,1O Ae/,30X ,IO A6///,
* 52X ,2BHa AER O DYNAMIC PARA ME TERS *//,

* 320 .IONEXIERN A L COND ITIUNS,IX,2 (4MJET DISC HARGE PARAMETERS,
• 5x,I F4GAS PRO PERTTE S// ,32x, IHTE :,FI4I.3,bX,
* 6HDIA J :.F1 3.5,5X,bpIGAN :,F13.5/,32X,______ ____________________

a 4IIPE :,F1 (1 .U ,4.X,844MJ11 :,F13 .4,5X,
• t~~PG :,F13.5,,32X .UHVE :,F1L1 .3,bX,6HTJET :,F&3.3, 

_____

* 5X,8MPI. :,F 1 3 . 5 / , 32 X ,UP1MF :,4 j u .a . 8 X ,b HP TJ ET: ,
a E 13. U ,5X ,bPIPP l :,F l 3 . 5 /, 3 2 X , aaIT IE ,E l 4 1.4, 

________

• bX ,8HVJ ET :,OPFI3.3, SX ,614SC :,F13.3/,56X,
* 6441 IJET • E l 3•Li , , 8HTMEF = F13. 3/, BOX ,
a b44MU441F ,€l3 . ’4////)

1 09 FORMAT (5QX,3 2H* FAR FIELD NOISE PARAMETERS a//,
* QSX ,3IHREFEREN CE PPESSURE(PREFN): ,E16.8/,
* 445*. 3 IHA MB IE NT SONIC VELOC ITY(ASPEED ):,OPFI6.2/, 

______

o £45x ,3IHSIDE—L I 44E DISTANCE (SLINI)= - ,F 1b. 4I/ / ,  - ______

a 2x,IHN ,2X, IOHA N GL E , DEG .,ux ,IIM SO UND PRES .,SX,BHQASPL,DB, 
________________

eX,BHPNDI , D8,25*;27hoc TA vE CEN T~ P FREQ(HZ)~—SPtST~~~~~~~~~~
* 6 3 X , 4 4 H ( 8 3 ) , ( 4 X , 5 4 1 ( 1 ?5) .(4X ,54 l ( 7 5 0 )  ,U X , S p 4 ( 5 0 0 )  ,3X,b4~(1000),3X, _____

‘ NH(?000),3X ,6P4(i4000). SX,8H(Bfl OO) /,NIX,7 N** *aa*a ,2X,
a 7Ha. * .aaa ,2X , 744a.***a* ,2X ,71-4aaaooa , ,2X ,7 M * * o a a a a ,7X ,
a 7F4 .oa.aa * ,2X,7Ha *a * *** ,2X ,7H i *a * .aa ,// )

11 0 FO RM A T( 1X ,12,F tl.5 ,E1 7 .8,FI? .4,F141 .(4,F1t .3.TFO .3) 
__________________________

100 FOHU AT(1H 1,24X ,2i~Hl/3 OC TAVE BAND ANAL YSIS/////,
X SX.8HX/0 = ,FN .3,5X, ,- 4s~ /D : ,F8.3,5X ,oHR/O = ,F8.3/
* 5* ,18M 51DE L I Nt~ OISTANCE :,11M ,2,tb*, bHAN GLE :,f8 .2//,

L * X , l 3 H LO i~€ R  f 4 ~EQ, H1,3X , 1 4 4 M C E N T E R  FRIQ, HZ ,2* ,I3HUPPER FRFQ, 442,
* 3~~,QHf4PTS.SX,8,4SP(. • DB) 

--

L 200 F C 1 P MA T ( F 1 3 .  1 ,F 16•  I ,F 1b. 1.1 I0,FI41 .44)_______ ______ _________

[C.
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Ca E NTRY NOISP(XS)——. PRINT PROFILES OF P I J , S P L I J , F R E ( f l J  A T  
- 1

C° A D IS TAN CE R FROM THE SOURCE
C.

ENTRY NOISP
KPO~ :1
IF ( APOv~EW ) KPO#:2

~C. 
_____ __________________________ _______________

~~~~~~~~~~ iCT~7~~bj ~~~~~ 
—_____________________________ _________________

N STA RT S ________r NLINES :NPD 
- - - _______

L IF(NLINFS .G1 .S0) NLINES:50 -
r NL:PvLINES 

-

GO TO (50b,30b6), K POW _______________________________________________h Tö o #RJ 1F (6,4410) x$,SLINE , ANGLE
L IF(PAO) NRZTFtb ,412 )

“12 FURMA T(IH + , 70x,7x,3HP1J, 7X ,PHSPLIJ,DB,5x ,OHFREQ IJ,HZ/
- -  

X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
K)

I—- __ __GO T,O 3 0~2_ _____ _______ ______________________________________ ____________

3066 8PITE (6,411) XS,SLIN(,ANGLE
3067 NEND :NL

ASS IGN 560 10 LGOI 
- - -

3070 60 10 ( 3 0 7 , 3 0 77 ) , KPOH 
_______

307 DO 310 L~ NST A WT, NF~ND
#RITE (b , ’4?0) L,Y(L) ,R (L).PIJ (L ),SPLIJ (L),FREOIJ(L) _________________________

31 0 IF (PAD ) 644111(6.4422) P1J2 (L),SPL!J2 (L),F440JJ2 (L)
‘4 22 F U R W A T ( 1 H , ,  h9* ,E1S . 4 4 . E 12. 4 , F 1 2.2)

60 10 3078
3 0 7 7 6(411 1 (6 , 44 2 1) ( L . Y( L ) , R( L ), Pf J ( L) ,SPLIJ (L) ,

* F~~EO I J ( L ) , S P U ~~( L) , L : NS T A R T ,N E NC  
-- -- —— - - - -

3078 60 10 LGUI, (360,390) 
_________________________ ________ _________

Ca a
360 1F( NP D .L E.S0)  GO TO 3Q0 

___________________ _____

~‘13T E (8,400)GO TO ( 361 ,362 ) , KP OW
383 #44 171 (b, ’ 4 l 0 )  X s , S LINE,&NGLE

I~~(PAO) 6W1T1(6,4%2) 
_____ ________________________ _______________

GO 10 ~363 
- __________________________- ________________

- 
362 *R7T F (6,4411 ) XS,~jLI NF,ANGLE - -  - -

363 NRM N:N PD—N L
IF(NRMN .GI. 50) GO TO 365
NSTART:NEhD ,1
N€ * T:MINO(S0,NRMN) 

__________________________ ______ _____ _________

A S S I G N  390 10 L 601
NE ND:
GO fli 3070

36 5 N S T A ~~T:NEND+1  - 

NE NO ~NL a 50 
______________________________________________

Th :N( . • 
-— -

GO 10 3070
I 390 RETURN - - - ~~~~ — -— -

FC .* aa.aao...aa aaa *aaaa * ..a FO RM A T  S T A T E M E N T S  a*** a **t **** * **~~* .*a**** 
- - - - — — . — _- -

Ico 
______[ 44 00 F O R M A T ( 1 M 1 ,  X~ �8 * J t ~V ANALY5fl PI406WAM •‘‘~~~ 

- -   - -  ______—
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4410 FOPMAT (21X ,1SHACOUS T)C PW0F ILES— , 17~~,?HX :,Fl0.S//, 1

•a 5x .1$H sIDF L I NE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a 3* ,IHN, 94 , l l 4 v , l O x ,SH R ,F T .,9x ,SHP IJ , 7* ,1~HSPLIJ,D I3,
a 5x ,OHFRE Q IJ ,hj) 

- -

4420 ~flRMA T(IS,11u .4l, F l I .2,ElS .u,E12. 44.F12.?)
SIl l FDRMA T( 21X , 18’~ACO US T IC PROF IL ES— , I 7X.2 HX: ,F I0.S/ / ,

a 5* , I R14S IDE I  INE UI STANCE :,F8.2, 1bX ,hH~ NGLE ,F8.2//, 
_______

o 3X ,lHN , 9x ,l HY, IO x ,5Hk ,FT .,Qx ,3HPIJ,7x,$HSPLtJ~ DB,
* 5* ,QR FWEQI J,H Z,~~x ,1bp1Pflw1P (PWL) , 081/)

4421 FCIRMA T (IS ,FlL ,.L8, F11.2,E l5 .u ,E12.4,Fl2.2,
a F16.6)

C a

~C .ao E NTRY TO PR INT ACOUSTIC PONEP AN A LYSIS 
__________ _________

Ca
ENT RY PWPRNT

• A RITE (6,810) PO~ TOT
C.
C. PRINT STATION PO#EP LEVELS
Ca 

________________________________________ _____rC.
Ca PRINT 1/3—OCTAVE PO6EP LEVELS

I Ca
#PITE ( 6 , 6 1 2 )  - - - - — -

~PjTE (6,613)__((SPCTRM(I,J),J=1 ,3).INP(I),POW3 (I),
* 1:1,38)

C.
- C *a ** F O R M A T  ST ATE M ENTS

61 0 FOUMA T( 1H1,19X ,381.4.* S Ii V N A P V A C 0 U S I I C,
a 5x ,35psP U N  E R  A N A L  Y S I  5 

- 
•a//,35* , 

—

_____.351-4TOTAL ACOUST IC PONFR OUTPUT OF JET:, F15 .b.1X,814(P6L) .DB///,
*4 3* .34kP Q~~~ OUTPUT PER JET RADIUS L GT H / / 1* , tH X , 1 �X ,

— 
*SHPONFP ,12* ,1HX ,12 X ,SHPOI’dEP ,I2X ,IHX,12 X ,5HPO#EP ,12X, 1HX ,12 X ,
ISHPOPER )

611 FO PMAT (FIl.5 ,Flb. b ,FI’4.5,Fj6.6,F144 .5, F16 .6,Fl4 .5,Fl 6.6)
612 FORMA I (//4l5X ,30#11/3— OCT~~VE BAND POwER SPECTRUMI/,

•23X ,I3HLO#E44 FREO , 44Z .3x ,IUHCENTE R FREQ,HZ,_________________ ___________

~ 2X ,I3HtjPPIR F~QEU, Hl,3X , (iH PTS;5x ,5H PU~4EW/ ) 
-—____________ — -  -

- 
613 FORMAT(20X ,F 13 .1,2F18 .1 , 110 ,F13 .6)

RETURN
END

- -  - -

_ _ _  _  

- •- -•

~~

- - - -  _
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a DEC K O C T A V 3  
• _____ - 

- 

1

CUCTAV I I/3 OCT A VE HAND ANALYSIS
SU8POUTINE UC IA VI(N P .ENTRY I) • - - -
LOGICAL P40

I L o GIC A L IN T RYI
C1)MMON/NOISE2/PIJ(200),SPLIJ (200),FREOIJ(200). PIJ?(200),

• X S~ LtJ? (?()O ),FPQ1J2 (200) 
_______

COMM(IN/NUISEI/fL(36),FC( Ib),F(j(~~6),IN(38),SP (3b), INI (3b) ,SP I (36),
A IN? (36),5P2(36) — •— 
Cc1,~~ON ,NUISE7/DUMMY(7),PAO
COMMON /NOISES/ PNDf3 (2O) , SPLOC(8,20)
COMMON ,NUISE8/APO#ER ,PUN(I 00),PONTUI,SPON (200)

_____LO GIC A L APO .~IP_______ _____ __________________________

COMMO N /NIJISEM/INP(38),PO63(36)
COMMO N / C E N T R Y /  N A I , X 5 , A NG JJ
R EAL L TA t I ( 2 2 ,6 ) ,  M T A B ( 2 2 , 44)

L. • • W E A L  N O V S , NOY S UM ,f4 OYS M ,NOVB AP — — - - -

D I M E N S I O N  - R E Q ( 3 0 )

~~~1~~F ~~~~~~~~~~~~~~~~~~~ AB(~~8j ____________

fl 1 ()UIVALENCE (LTAB(1 ),OTAM ( 1))~ (M TA8(I ),RTAB(I ))
DATA FREQ /

a )
~ .2,1’4.1,17 •F4,22.44 ,28.2,35.5,44U .7,58•3.70.9,89.2,

~ a 12.,,It,.,20.,25 ,,3l .5,’4O.,50.,63.,S0•,IO0 ,,
• 14 .1,I7 .8,22.’4,lB.2,35.S,44.7,Sb.3,70.9,89.2,1 12./

‘ Ca  
______ _________ _______ ________

I IF (.NOT . ENTR Y I ) GO TO 10
L C *
Ca IN ITIALI ZE ARRAYS 

• —

Ca
2 ENT RY l . F ALSE .

C ALL SETM (l ,0.IN ,36) 
__________________ _____

C A L L  S E T M ( I  ,LJ . , SP ,36)  
-

- 
CALL SETM (1 ,0,INl,36) 

— —

C ALL SETM(1,0,1N2,36)
C ALL . SETM (l,0.,SPI,Sb ) - —-
C A LL S E T M ( l . 0 . , S P 2 , 3 6)

_______ IF(.NOT . AP O w I W )  GO TO 611
CALL  S E T M (  I .O , INP ,~~6)  

- -

~~~~ •~~~ • • C A L L  S E T M( 1, 0 . , PO~~3 ,36)  
- - •

611 CUN :1.
J:I
DO I L:l,3b

_______ IF (L.EQ .l1 .044. L .EQ .21 .044. L.EQ .31) 61) TO 33
60 10 55

33 J 1
C049:10..CON

35 FL(L ):CONaFREQ (J)
I— - FC (L):CQN*FW€Q(J,10 • -

I F U( L ) : C O N a F R E U ( J ,2 0 )  
______

- 3 CONTINUE
- • --— - - — ---— --—— — • • • • - — - -

Ic .
t~~~ 

SC AN FREQ UENCIES —— SUM SOUND PRESSUPES 
• • — - • • • - -

1 10 DO 100 L:1,NP 
_______________

P~ F44I0i J(L) 
• — - - -  — - - — 

~~~~~~

—-- - - - -- -- - • - I

1144



IF (F .LT . FL(1 ) .OR . F .GT . FU (36)) GO TO 440
00 25 J:1,38
IF( FL(J ) .61 . F) GO 10 30  

-
25 CONTINUE 

—  •

J J a ~
30 IN (J—1) = IN( J—I) .1

SP(J~~1):SP(J—l)+P IJ (L) 
______

U (. NOT . PA D)  60 10 37
L I N I( J— l ) : I N 1( J . 1) , 1  

- • —S P I ( J — 1 ) : S P I ( J — 1 ) , P I J ( L )
37 I~~(.NflT . A P Q ,E R )  GO TO ‘40

I NP (J— 1) :INP (J—1) ,I
P0w3(J—I ):P063(J—1 )+SPOOd(L) 

________

£4 0 IF (.NOI . PAO) GO TO 10.0
F : F R Q I J 2 ( L )
IF(F .LT . FL (I) .044. F .61 . FU (36)) GO 10 100 

-— —

DO 50 J l  ,36 
- — - -  — -- -

1HFL (J) .GT. F) GO TO 60  
— • — —

50 CONI INUE 
_______ _________________________ _______ _____

J:J+j 
- -

60 IN2 (J—1) :1N2 (J—I) ,1
SP1 (J—1) :SP2 (J—1 )$PIJ2(L) 

- • • -

I N (J— l) :IN(J—l )s1 
• — — - -

SP(J—1 ):SP (J—t )tPIJ2 (L)
1 00 CONT INUE 

______________ ____________ _____

RETURN
Ca
C. COMPUTE OCTAVE SOUND PRESSURE LEVELS
Ca STA RT AT 63 HZ
Ca

ENT R Y OCTAV 
_________________________ _______ _________________

L % 7
LTI:LT,2
00 4400 L 1,R  

—  - - -

PSUMO:0.
00 44 0 1  K:L T , L T I  — • -

4 01  PSI ,M0:PSU~ O + SP (K) 
_______ _________

SPLOC(L,r 1 )=PSUM~ 
•

L T : L T + 3
L 1I :LTI.3

(400 CONTINUE
• - - - - - - • - - -• •- --  - -- —-— - - -- • -

4410 RETURN 
_____ ______ ___________________

C.
C’ ENTRY PNDB C—— PERCEIVED NOISE CA LCUL AT iON (PNDB)
C a

ENT RY PNDHC
DA TA 0188/   -

~~~~

• 44 ’ 1.,39 . ,3’4 . ,3 0 . , 2 7 . ,2 4 4 .,2 1., I 8 ., 5* l b .,  
____________________________

o
• 5I., 44b.,442.,39..3b.,33.,30.,27 .5,5’~’S., 

a bO .,Sh .,53.,’,1.,44H .,U8.,444.,’42.,S*U0..
* IM . ,3L4 ., 3 2 . ,3 0 . , 2 ’ PQ .,30 .,3I . ,37 .,
a

[ . 94l . h~~, 1 3 ’ I O O . , u4 2 9,   — _ -—  ]
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• 2?•Ico .,
— 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 3H.. S~~.,3?,,3O..2’?’4., 30 .,31 .,3’4./

D A T A  M IA M /
•
• ?a .044 7 7l2,2* .OS~~)I~~ , • 0b ~~1h , .O7QS2,
• •~~ 5 R ( I Q $ ~, .0’,2?~~k . . o ’4 7 s ~~i,?* . oi 3 c 7 3 ,  .0 4 4 0 2 2 1 ,
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a • 0’~~~~7, 2* ,0 3 4 ~I~ ~‘I. .O S ’ 3 h . 2 . . 0 3 3 3 3 3 .
a •O OS1,.OS O ~~7 ’,,b~~.03Ol03, 7a .O2Q4 6,.0442285,
• 1~~o ,0 S 0 l 0 ~~, H a .O 2 996 /

~C a  
- --- — -

C• CA L C U L A T E  NOYS VA LUES 
____ — - — -- —-——--—--—---——--—----— —•-— - — — -  _____—-__- — —--— • —--- - — - _ —_ - - —  ——- -- - - -~

NOYS U M: 0 .
• NO YSM ~0.LB:7

DO 200 L:1,22
LP:1B, I 

____________ _____________________

S~ L1 PTL~~YCa

~C’ LOCATE SPLI POS ITION IN TA1I LES 
- — —  —    ——

Ca

00 ?0 1 K: 1 ,5
I i ( L T A 8 ( L , k ) . G ( .SPL~~, 6(1 10 202

1 C O N T I N U E  
- —   -- — ——

202  IFN.~~E. l)  X M : M TA H ( L , K .I)

GO TO (2 1 0 , 2 1 1 , 2 1 2 , 2 1 3 ,2 1 ’4 ) , K
210 N P VS :O .

GO TO 22 0
2 11 ~ 1i~~S: .l •1O .*a(x~~~(SPL1~~LTA A (L ,K_ 1 ))) 

______

GO 11’ 220
2 1 2  N O~~S~~l0 . e * ( X M a ( S P L l _ L T A B ( L . K )  ) )

GO TO 220 
-

2 1 3  ~~‘Y S : t 0. a a ( X M * ( S P L l — L T 4 H ( L , K — l) ) )
60 10 220

2 1 44 K :I~,1 — ______

(.0 TO 2 1 2
Ca
C’ CO MP UTE NIJY SUM,NOYSM
Ca

- 
220  NO Y 5 ~~: A M A X l ( N ( J Y 5 M ,N ( J V5 )  

-

2 f l 0  NUY S UM :~~1 3 V S ( J P + N 0 V S
Ca
Ca C ( ’ ~~P~~T E PERCE iv EO .‘~(iISE LEVEL (PNOR )
C.

230 N f l Y~~ A 4 :~~~.~~ 5a ~~ ( i Y S M ,  . I 5 a N O Y S O M
I F ( I’~’ v ’ L 4 .O T . . 0 b2 5)  GO TO 2 4 4 0
PNrJ- (NA l )~~0 . O
RE T U M ~ 

— • • - _

244 0 P~~O M ( N A 1 ) : 4 4 0 .  • 3 3 . 2 2 . A L O G I O ( N O Y 8 A R )
RE TU RN

C.
END
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PP N P1 1
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3 0 (1’’ TS IFR S , 1 0 3
3N FR M ~ Qv( I4~fl 

_____________

44 0 Y G  = Y M N . D E LT A Y
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