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FOREWORD

This computer program User's Manual was prepared by
the Los Angeles Division of Science Applications,
Incorporated, for the Vehicle Dynamics Division of the
Air Force Flight Dynamics Laboratory, Wright-Patterson
Air Force Base, Ohio. The computer programs were
developed under Project 1370, “"Dynamic Problems in
Flight Vehicles", Task 137004, "Design Analysis",
Contract F33615-74-C-3094. James J. Olsen and later
Lt. William L. Holman (AFFDL/FYS) were the Air Force
Task Engineers.

R. M. Traci was the principal investigator for
the study and J. L. Farr, Jr., developed the computer
programs described in this report. Consultant E. D. Albano
contributed to the development and implementation of
the numerical method.

The authors submitted this report in July 1975
for publication as an AFFDL technical report.

Other reports prepared and submitted under the \
aforementioned contract are: AFFDL-TR-74-37, "Small 0
Disturbance Transonic Flows about Oscillating Airfoils,"
AFFDL-TR-74-135, "Computer Programs for Calculating
Small Disturbance Transonic Flows about Oscillating
Airfoils," AFFDL-TR-75-100, "Small Disturbance Transonic
Flows about Oscillating Airfoils and Planar Wings."
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1.0 INTRODUCTION

steady

harmonic oscillation. The theory is based on the fact that
a linear system can be obtained by considering the unsteady

Dy the present authors !¢2r and Ehlers‘. Detailed descrip-
tions of the theory and numerical solution method used in
the three-dimensional version of the Programs, documented
in the users manual, are presented in References 1-3. The

dimensional airfoils in Reference 1 ang of the 2-p computer
Programs documented in Reference 2. The final report of
the present Phase of researcn® describes the aeneralization
and presents some illustrative results,

and for harmonijc boundary disturbances ig also of the mixed
elliptic/hyperbolic type, depending upon the steady solution.

It is solved in TDUTRN using the Same numerical technique as
used in TDSTRN.

description are given in Section 4.0. Section 5.0 presents a

tions for making effective use of the programs, Sample cases
which exercise all pProgram options are presented in Section
7.0 with a complete specification of a1l input and sample

Output, Finally, complete FORTRAN listings of TDSTRN and
TDUTRN are pPresented in the appendices,
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numerical solution methods for the steady and unst
are described ip Section 3.0. 1t is noted that,
usual pProgramming practice, the FORTRAN variables used in

TDSTRN and TDUTRN are descriptive of the physical variables.

FIGure 1, SCHEMATIC oF THREE-DIMENSIONAL PLANAR Wing

The problem of interest ig the flow about an airfoil
(two—dimensional) Or planar wing (three-dimensional) oscil-~
lating with various flexible or rigid body degreeg of freedom
in the transonic Speed range. The airfoil geometry, flow-
field schematjc and coordinate definition are given in Figure
1 above. Rectangular coordinates (x,y,2) are fixed to the ajr-
foil leading edge with origin at the wing root angd Uu, M, a_
are the freestream velocity, Mach number and sound speeg re-
spectively. The airfoil has a thickness ratio 6, which is the
airfoil maximum thickness divided by its chorg ¢, and angle of
attack a and a3 semi-span b (ZSPAN). The assumption is made
that 6§<<1 ang ¢ is of the same order of magnitude as §.

-
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Also, the oscillatory motion of the airfoil is assumed to be
described by a small non-dimensional displacement £€<<§ and

a reduced frequency k=wc/U based on airfoil chord where w is
the frequency of oscillation.

Assuming inviscid, isentropic flow, the problem can
be reduced to the solution of a single equation for a velo-
city potential plus the tangency boundary condition on the
airfoil surface. As is well known, the derivation of a small
disturbance theory for transonic flows requires a singular
perturbation approach. The following scaling is thereby
introduced:

1/3 1/3
% = g, V= [(L4y)86M] % % = [(1+y)6M2] %
2/
o LA+)SMI] n 3
€= M2 E t

and the total potential is expanded about the uniform flow:

2/3
8 Uc $(N

NN
X,Y,2

¥ = Ucx + 8 4 ... (2)

1/3
[(1+y)M2)]

Retaining all terms of leading order in to total potential
equation and boundary conditions results in the following
form for the unsteady small disturbance system.

el

i+ dy - Mo e 3

where the transonic similarity parameters are:

(1-M2) M2
K = / N = / k
[(1+y)oM2127° [(1+y)sMi1%7°




with boundary conditions;

] k 3 LV
%’b = -+t = — f (X,l,t)
Y ax ¥ ) Tu,e
(4)
a\,
on y = ¢+ 0 Osx=1
0= %:ﬁb
" § 1
>
3} - 3% = 0, on y=0 (5)
N
0<z <pb
2 ) 2 R g s
3; + 3; + 3} > 0 as x"+y2+7? 4 o (6)

where fure is the unsteady airfoil sha
(7) below) on the uPpPer and lower surfaces

linear domain, which
Certain terms in the above
be omitted for a low fre-
The present version of
low frequency approximation (IGPT=0) or

general frequency formulation (IAPT=1) and either can be used
at the discretion of the user.

The approach Presented herein for solving the non-
linear system given above (Equations 3-6) is to expand the per-
turbation Potential function in terms of the unsteady boundary
disturbance e<<]. From this point on all tildas (v) will be




dropped with the understanding that all variables are scaled

variables, Harmonic boundary disturbances are explicitly
treated:

f(x,z,t) = fo(x,z) + efe(x,z)eint (7)
and the perturbation potential is expanded as follows:
o (x,¥,2,t) = ¢°(x,y,2) + ¢ ¢’(x,y,z)eiQt B e e (8)

Substituting this into the perturbation potential equation plus
boundary conditions and combining terms results in the follow-
ing pair of boundary value problems for ¢° and ¢! respectively.

(%n the following text, the superscript has been dropped from
¢ .)

-t )40 ¢ 1 =
(K=by) gy + 64y + 82, =0

00 = £'(x,z), ony =2+ J0 S X511
(o)
Y 02z < b

(9)

(64 =0, ony=0 J*>1
0 <z<b

2 2 2
0 0 0y, Bk om® s
() +(¢y) +(e,) 0 as x?+y?+z

-

and

‘ (K=0.)0, x*0yut0,, — (87 +2i2)0. + kAo = 0

¢, = fl+ikf, ony =20 J0SXs1
4 0<sz¢gb
] (10)
| [0, + ik¢] = 0, ony =10 J*>1
0sz<5b

2 : : T TR TN
| (¢,) +(¢y) +(6,) » 0, as x’+y’+z
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System 9 is recognized as the usual formulation for steady
transonic flow and system 10 is the formulation for the un-
steady perturbation thereof. It is noted that the governing
equation for ¢ is linear but of the same mixed elliptic/
hyperbolic type as the steady solution. It is also noted
that ¢ is in general complex thereby permitting phase shifts
between field quantities and the boundary disturbance. As
before, underlined terms in system 10 are neglected for a
consistent low frequency approximation. Also for two dimen-
sional airfoil sections, the z dependence on all quantities
and the ¢zz terms in the equations are neglected.

The main physical quantities of interest are the pres-

sure coefficient and airfoil force coefficients. The pressure
coefficient, defined in the usual manner, is given by:

igt

C = ( + ¢C e ) (11)

co
1/3 p P
[(1+y)M2)

where the steady and unsteady scaled pressure coefficients are
given to leading order in the small disturbance approximation
by:

R0 _ _9,0 - L :
cp = 2¢x, cp 2(¢x + ik¢) (12)

The formulations of the boundary value problems are
essentially complete with the exception of the practical matter
of setting the boundary conditions away from the airfoil, which
depends on the particular problem; subsonic or supersonic free
field, wind tunnel wall etc. Asymptotic far field solutions
to Equations 10 have been developed for two-dimensional sub-
sonic or supersonic free air or wind tunnel flows and for three-
dimensional subsonic flow. These solutions are described in
the present three-dimensional subsonic free air version of the
computer programs.




3.0 NUMERICAL SOLUTION METHOD

The numerical solution procedure for the boundary value
problems for the Steady and unsteady perturbation potential,
is based on the mixed differencing, line relaxation procedure
developed by Murman, Cole and Krupp®’®, They pointed out the
essential ingredient for the Success of relaxation procedures
for the steady transonic potential equation. The key to the
approach is to account for the local nature of the flow (el-
liptic in subsonic regions, hyperbolic is supersonic regions)
in the finite difference approximation to the governing
equations. The solution method used in the present work for
the steady perturbation potential, ¢°, is patterned after the
method for general lifting airfoils developed by Krupp®.

tion to dynamics or flutter problems three-dimenzional effects
must be considered. As with most other effects, 3-D effects
are more important at transonic speeds than in the other speed
ranges. The efficiency of the present scheme is such that

The initial development of the method is restricted to
rectangular planforms undergoing oscillations symmetric with
respect to the wing root (z = 0). The small disturbance
analysis and the unsteady perturbation theory valid for three-
dimensional flows were described in Section 2. as indicated
there, the generalization to three dimensions requires but
the addition of the ¢ term to the governing equations for
the steady and unstea perturbation potentials. Asymptotic
solutions to the governing equations have been derived for
lifting wings in subsonic free-stream flow by Klunker’, for
the steady flow, and by the present authors for the unsteady
perturbation. These solutions are summarized in Section 3.2
and used in the numerical solution method to fix farfield
boundary conditions. Three dimensional solutions for steady
transonic flow have been presented by Bailey and Steger® and
Newman and Klunker?; the latter work being most closely re-
lated to the method for steady flows used in this work.
Extensions of the solution method for the unsteady perturba-
tion parallel the steady method and these are now described.




The three-dimensional nume
most straightforward extension of the two
Previously described in detail in Referen
matically in Figure 2, a cubijc r
extent with u

solution space. The grid is ¢

dimensional versions!’? with
ence form for ¢zz given by:

Finite Difference Soclution Method

j=JM \ - i=IM

]
Bl Tl W
1 |
e
z
-4
b =5 + =] wake
e
1
’
&
_!
~
k
i
FIGURe 2,

SCHEMATIC oF NUMERICAL SoLuTIoN Domarn

rical scheme constitutes the
-dimensional method

ce 1. As shown sche-
ectanjyular mesh of finite
neven grid line spacing is overlaye

ries of the grid. The finite
ntical to the corresponding two-
the addition of a centered differ-




2 1
¢ = —— (¢ r - ¢' . )
Zzi,j.k {:‘xzkﬂszk_l] [ Azk 1,j,k+1 i,j.k

(13)

1
Tz, r i3,k = %4, 5 k1)

f

ay

(K=63) ; « o >0 (K=92) § & 4 <0
X"1,3,k x"1,3,k

F1Gure 3, SCHEMATIC oF DIFFERENCE ScHEME

The computational star for the three-dimensional scheme

The tests for the
the equation are made on the
centered difference form of (K-¢°

i 4.k’ and depending on the
value of this coefficient the x ﬁe}iJ&E

ives of ¢ are centered
or backward differenced as in the 2-D case. A parabolic

As before, the finite difference equations are set up
for each column (x,z = constants) in turn, taking account of
the airfoil, wake and farfield boundary conditions. 1In the
steady solution thisg results in a set of quadratic equations
for the column of ¢'s which are solved by linearizing and

o T8 —y————
e




iterating., The linearization is accomplished by using the :
Previous iterate for the coefficient V = K = ¢°. The re-

sulting linear system is tridiagonal and is sofvea by optimum

Gaussian elimination. The column iteration process is termi-

nated when the difference between successive iterates is less

than an arbitrary small amount (usually 10 °). As in the 2-D

case, convergence is usually achieved in three or four itera-

tions. In the unsteady solution it is recalled that the

equation is linear so that no column iteration is required.

After each column is solved, it is relaxed using a
variable relaxation factor which depends on the local nature
of the equation; w ~ 1.7 for elliptic points and ¢ ~ o 1| BpiE
hyperbolic points. The column solution process is performed
for each column in turn sweeping the grid from left to right
in x and from the wing root (k = 1) to the farfield (k = KM)
in z. The entire grid is swept repeatedly in this manner
until the change in ¢ for all grid points during one grid |
sweep is less than some arbitrary small amount.

The numerical treatment of airfoil and wake boundary
conditions in both steady and unsteady cases is the same as

sides of the grid. On the grid boundary containing the wing
root, a symmetry boundary condition is used whereby ¢_ = 0
on z = 0. The farfield solution depends on the spanwfse

The solution process summarized above has worked well
in the few cases calculated to date. Convergence, for in-
stance, seems to be comparable to the two-dimensional method
as will be discussed in Section 6.0. It is reiterated that
the details of the finite difference equations and wing, wake
and farfield boundary conditions as well as details of the
iteration procedures are identical in TDSTRN and TDUTRN as
described Previously for STRANS and UTRANS in Reference 2.

-10- |




3.3 Steady and Unsteady Farfield Prescriptions

Y8

— X, ¢

Ficure 4, CooRDINATE DEFINITION

The development of three-dimensional subsonic farfield
approximations for the steady and unsteady perturbation poten-
tials proceeds in the same manner as described in previous
work for the two-dimensional flow. As before the method
involves the approximation of various integrals over the wing
and wake which result from the application of Green's theorem
to the appropriate partial differential equation. Klunker’
has used the method to develop asymptotic solutions for the

three-dimensional steady flow and his result in the following
form is used:

e ———— .. s, BN




ZSPAN |

X
¢§f(X.y,Z)= * g / f t(£,n)dean
-ZSPAN °
ZSPAN
el X
4n (y24q?) ot R) f Y{n)an
: -ZSPAN (14)
yiat g
for :
x-)-m
+
ZSPAN
S T
-ZSPAN (z-n) 2+y?

for x » + »

where R = [(x2+K(y2+zz)]%, t(€,n) is the wing thickness dis-
tribution and y(n) js the spanwise distribution of Circulation.

The development of an asymptotic solution for the un-
steady perturbation potential follows the method of Klunker

- The field equation for
quation 10) is written

as:
L(¢] = K¢ ¥ ¢yy t o, - 2i00 + k0o
( (15)
- 0

‘ (¢x ¢x)x
| The application of Green's theorem to the linear operator L
{ and the use of wing and wake boundary conditions and weak
1 shock conditions results in the follow

=}f=




¢(X'Y'Z) =// Ad (E,n) wc dgdn

wing

+f Y(n)./“liC e-ik(g-l)dgdr. (16)
1

SPAN

-_______---.~\’—‘_----____—.

wake integral

Lo 2]

+/f/(¢g¢€°) ¥, dedndt

- 00

where ¢ is the source solution to L[%9] = 0:

4 5 (17)
i <\ ohel g (x-£) = =R
vix,y,z;£,2,n) = 4TR e (k A v K

where

f
H = Q('ﬁ"'k)

R = \/(x-a)’w[(y-c)’uz-n)’]

{ The use of the source function Y in Equation 16, neglecting the
volume integral as a higher order term, and after considerable
manipulation and approximation (as x’+y2+z2+w) of the various
integrals results in the following farfield solution:

-13~
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ZSPAN

M Q u ¥ o Q
(1+4i R) i(— X = — R)// -i=
@ff(x'Y'z) = 542 _'—/L' e k /E 0 A¢(E,n)e K

R? ~ZSPAN

ZSPAN
[Gx(x.y,z:n)+Gz(x.y,z:n)] /Y(n)dn
n=0
-ZSPAN
-ik(x-1). 2,.2
b f% * for {y Lo
x-b—m
ZSPAN
f[Ga(x.y.z:n)+Gz(x.y.z:n)J y(n)dn
-ZSPAN
for x-++w
where
KM_ e-iktl
€1 = RIRF_ =Ty T
Il
G2 =
rz
and where

r = Jk[y’+(z-n)’l

R = V(x-1) 2+K [y2+(z-n) ?]

MR- (x-1)
1-M 2

t, =

~lde

dfdn

13)




I, in the €quation,
a rationa}] a
he eng Oof th

integrang and ig Presentedq st
€ section,

t is noteg that botp the Steady ang unsteady farfielq
solutijong involve in¢
pend on th

el iy A§h b - (ev+ikd) [y, |
II" ﬁ e +ikr2 e —
1+uI g

A
+
v=Q CV+ikr

u, g -ik?u Iull (19)
[ z * Re =
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T
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N>

'q
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and ¢ = 0,372 with bv defined in the table.

b\)

1.0

-0.2418
2.7918
-24.9910
111.5919
-271.4354
305.7528
41.1836
-545,9853
-644.7815
-328.7275
64.2795




4.0 PROG.Am DESCRIPTIONS

Computer programs TDSTRN and TDUTRN, used in conjunc-
tion, implement the theory and numerical solution procedure
for unsteady transonic flow described in the previous two
sections. As described above, the boundary value problems
for the steady perturbation potential (Equation 9) and the
unsteady perturbation potential (Equation 10) are solved in
TDSTRN and TDUTRN respectively using a finite difference
relaxation procedure. The use and manipulation of magnetic
tapes forms an integral part of the operation of each pro-
gram as well as serving as the necessary "data link" between
the two programs. As a result the user is assumed to have
some familiarity with the use of tapes and their manipulation
with control cards. The reading and writing of data files on
magnetic tape is described in the next section and motivated
in Section 6.0. In this section, the logical flow of the
TDSTRN and TDUTRN programs is described and a brief summary
of each subroutine is presented. Both programs are quite
similar in logical approach and operation, so that they are
described together. Differences between the programs are high-
lighted with appropriate comments as needed.

'

The logical flow of the TDSTRN and TDUTRN programs are
almost identical with minor exceptions noted in the description
below. The calculation is begun by reading card input and, if
a restart is being performed, a tape dump. In TDUTRN the tape
dump of the steady solution being perturbed is also read. All
finite difference coefficients and airfoil boundary conditions
are initialized in a call to INITAL and subsonic farfield
quantities are initialized in a call to FARFLD. If a restart
is not being performed, initial values for ¢ at all grid points
are determined by the linearized subsonic or supersonic solu-
tion. The computational cycle is executed by setting up the
tridiagonal equations for a column of grid points using the
mixed differencing finite difference equations. The equations
are solved iteratively in TDSTRN and in one pass in TDUTRN, by
Gaussian elimination in a call to TRI. Each column is solved
and relaxed in turn proceding through the grid from left to
right. The grid is swept jteratively in this manner until the
change in ¢ for all grid points is less than EPSGRD(1l). A call
to PRINT prints out the airfoil pressure coefficients every
NPRINT iterations, and the farfield is updated every NGFF
iterations, in FARFLD.




When the converged solution is obtained, a tape dump
of all relevant input and calculated quantities is performed
and a call to FPRINT calculates and prints out the airfoil
pressure and force coefficients. Various diagnostic prints
are also performed in TDSTRN and TDUTRN after every grid
iteration, when the farfield is updated, when the grid is
refined and when a tape dump is performed. The iterative
procedure may also be terminated when the maximum number of
iterations (NGRID) has been exceeded. 1In either case, a
final tape dump and final print are executed.

A summary of each subroutine is now presented.

TDSTRN/TDUTRN

These are the driver routines for the respective pro-
grams. The logical flow of the mixed differencing relaxation
procedure as just described is controlled by these routines
and all operations including input, initialization, finite
difference solution and output are performed either inter-
nally or by calls to the various subroutines described below.

D@UBLE

(Not in present version).

FARFLD

The subsonic farfield is calculated and updated in this
routine using the asymptotic solutions for the steady or un-
steady perturbation potentials.

FLP (in TDSTRN only)

This is a function statement which contains the airfoil
lower surface slope distribution used in the linearized tan-
gency boundary condition. This function is called from sub-
routine INITAL and its value at each grid point on the lower
surface of the airfoil is stored in the FPL array.




FPRINT

This routine produces the final print and is called
when the solution has converged to the desired accuracy or
when the problem is terminated for reaching the maximum num-
ber of grid iterations allowed (NGRID). The unscaled pres-
sure coefficients above and below the airfoil at various
specified spanwise stations and the airfoil force coefficients
are also calculated and printed out in this routine.

FPU (in TDSTRN only)

This is a function statement which contains the airfoil
upper surface slope distribution used in the linearized tan-
gency boundary condition. This function is called from sub-
routine INITAL and its value at each grid point on the upper
surface of the airfoil is stored in the FPU array. The
doublet strength due to airfoil thickness (D@UB) must also
be given in this subroutine. This quantity is defined by an
integral of the airfoil thickness distribution function
(normalized to airfoil thickness):

+ZSPAN 1
D¢UB=/ f t(g£,n)d&dn
) -ZSPAN 0

GAMFUN

This routine performs the relaxation to update farfield
circulation (GAMFF).

INITAL

CX, AY1l, AY2, AZl, AZ2, AX(DX), AY(DY) and AZ(DZ) are computed
in this subroutine. The airfoil boundary conditions FPU and

(
' The finite difference coefficients AX1l, AX2, BX1l, BX2,

‘ FPL are also set here, using functions FUP and FLP respectively.
]

PRINT

This routine computes and prints the scaled pressure
coefficients akouve and below the airfoil every NPRINT grid
iterations.
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TRI

This routine solves a system of tridiagonal equations
using Gaussian elimination.

WAKE

This routine solves an integral used in the unsteady

farfield solution based on a rational approximation for the
integrand.
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5.0 INPUT AND OUTPUT

A description of the input required to run TDSTRN and
TDUTRN, and the resulting output of each program is presented
in this section. All card input is entered using the standard

5.1 TDSTRN Input

The input for TDSTRN is now considered in three sets.
Recommended and/or typical values for some of the input var-
iables which control the numerical scheme, appear in paren-
theses. Also presented at the end of this section is a
description of the restart capability which requires input
from a magnetic tape dump of a Previous calculation.

First Set

BCD title card containing any information in columns
1 through 80 (Format 8A10). This can be used to define the

case being run and is Printed out on the last page of output
which presents the final converged results.

Second Set

The second set of data is read in under NAMELIST name
SCANTRL. The single variable read defines the use of the
restart option. Some comments concerning the mechanics of
the use of this option are given at the end of the section.

NAME DESCRIPTION
ITAPE This is a flag for using a restart tape. ITAPE

= 0 means the problem ig being started from
scratch (iteration 0) using an initijal guess
defined in TDSTRN. ITAPE = 1 means the problem
is being restarted from a previous run which is
to be read from a dump tape.

sl




Third Set
The third set of data is read in under NAMELIST name

SIN, and includes all of the variables required to define a
problem, and control the numerical iteration procedure.

NAME DESCRIPTION

X An Array containing the streamwise grid coordi-
nates; IM of them

Y An array containing the normal grid coordinates;
JM of them
z An array containing the spanwise grid coordi-

nates; KM of them

IM Number of grid points in the streamwise direc-
tion (maximum of 40)

M Number of grid points in the normal direction
(maximum of 40)

KM Number of grid points in the spanwise direction;
(maximum of 20)

ILE I location of airfoil leading edge (X(ILE))

ITE I location of airfoil trailing edge (X(ITE))

JW J location of airfoil (Y(JW))

KSPAN K location of wing tip

ZSPAN Wing semi-span; 2 location of wing tip

M8 Freestream Mach number

GAM y, ratio of specific heats

DEL Airfoil thickness ratio in percent

ALPHA Airfoil angle of attack in radians

GAMFF Initial guess for the spanwise distribution of

airfoil circulation; to be used in the initiali-
zation of the farfield; KSPAN values.

NGFF Every NGFF grid iterations the farfield is up-
dated (~10).
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NAME

PMEGAH

PMEGAE

@MEGAP

EPSC@L

NC@L

EPSGRD

KEPS

NGRID

NDUMP

NPRINT

DESCRIPTION

Relaxation parameter for hyperbolic grid points
(v.75)

Relaxation parameter for elliptic grid points
(v1.7)

Relaxation parameter for parabolic grid points
(v.75)

Convergence criteria for column solution. The
change in ¢° during a column iteration at
every point in the column must be less than
EPSCPL for convergence to occur (%5 x 10 °)

Maximum number of column iterations allowed.
Note that if NC@L iterations is reached without
convergence, a printout of the degree of con-
vergence is given and the calculations proceed
as if converaence had occurred (v10)

An array containing criteria to control grid
convergence. The change in ¢° at every grid
point during one grid sweep must be less than
EPSGRD (1) for convergence to occur.

Set equal to 1. (Not used in current version)

Maximum number of grid iterations allowed. When
the number of grid iterations equals NGRID the
calculation is terminated and a final print
given.

Binary tape dump frequency. Every NDUMP grid
iterations current valuves of all variables will
be dumped on tape. Note that a tape dump occurs
automatically whenever the grid converges or the
number of grid iterations equals NGRID (set
equal to large number if a dump of only the
final iteration is desired).

Every NPRINT grid iterations the scaled pressure

coefficient above and below the airfoil is
printed.
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NAME DESCRIPTI1ON

IK Setting IK = 1, flags the use of a previous
solution as an initial gqguess for the current
problem where the Mach number, airfoil thick-
ness or shape and/or angle of attack may be
different.

NKPRT Number of spanwise sections for which pressure
coefficient data is printed in final print.

KPRT K location of spanwise sections for which pres-
sure coefficient data is printed in final
print (maximum of 20).

ZE Spanwise locatiouns for numerical integration
along span used in farfield calculations
(maximum of 25). This permits the specifica-
tion of more spanwise points than available
in grid (KSPAN) to increase accuracy of the
numerical evluation of wing integrals.

NZE Number of spanwise locations for wing integra-
tion.

The input data listed above are necessary to initiate
a calculation for which no previous calculation is available.
Most calculations, however, are performed as restarts using
data which has been stored as binary files on the restart
tape according to the format described in Section 5.2.
This use of the restart capability is an inherent aspect
of the recommended computational procedure. Some brief
comments describing the initiation of a calculation using the
restact capability are pertinent at this juncture.

It is noted that the restart or dump tape (TAPE7) may
be manipulated in any way desired using the appropriate con-
trol cards. In general the tape will contain data from many
runs, stored as individual binary files. For restarting the
TDSTRN program, the desired file from the restart tape (TAPE7)
is copied to a disc file (TAPE8)., The user is reminded to
rewind TAPES8. TAPE?7 is then positioned at the end of the last
file on the tape so that new dumps can be written by the program
without losing any of the old data. The first two sets of data
are than input with ITAPE=1. In the third set of data the
following control variables are needed as input:

PMEGAH, SMEGAE, #MEGAP, EPSC#AL, EPSGRD, NDUMP,
NC@L, NGRID, NGFF, PGFF, KEPS, NPRINT, NKPRT,
KPRT, ZE, and NZ2E.
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The remaining input variables are stored on the restart tape
and need not be input unless the restart option is being used
to run a new case. If a new case is being run, IK must be
set to 1 which allows the Mach number, airfoil thickness or
airfoil angle of attack (M8, DEL, ALPHA) to be changed. 1If
the airfoil angle of attack and/or the flap angle are changed
a new quess for the farfield circulation (GAMFF) can and
should be made.

5.2 TDSTRN Output

The output from TDSTRN consists of three parts: (i) a
continuous commentary which describes the progress of the
iterative solution procedure, (ii) a final print summarizing
results of interest from the final converged solution, and
(iii) a binary tape dump of all pertinent input and calculated
parameters.

The continuous commentary consists of various print
statements executed in the main program TDSTRN or the sub-
routine PRINT which describe the current state of the solution
as well as the occurrence of various "milestones" in the itera-
tion process. The only print that occurs every iteration is
the value of the maximum change in ¢° throughout the grid
during one grid iteration. When a column iteration fails to
converge, a print occurs which defines the degree of column
convergence and the j and k locations of the most poorly con-
verged point. Every NGFF iterations, the subsonic farfield
is updated and the new values of farfield circulation (GAMFF)
and airfoil circulation (GAMTE) are printed. The user can
examine the effect of degree of convergence on the solution
by specifying a print of the scaled pressure coefficients on
the upper and lower airfoil surfaces every NPRINT iterations.
Finally, a descriptive print occurs at certain milestone
points such as the occurrence of a binary tape dump and solu-
tion convergence.

The final print is executed in subroutine FPRINT when
the solution has converged to the desired accuracy or when the
number of grid iterations equals NGRID. The print is seif-
explanatory and includes the input parameters which define
the problem and various calculated quantities of interest.

The calculated quantities are of course based on the final
converged solution. The section lift coefficients are
printed out as well as the upper and lower surface pressure
coefficients for various spanwise coordinates.




The most important form of TDSTRN output is the binary
tape dump of all input parameters defining the problem and of
the most recent values of ¢° at all grid points. A tape dump
occurs automatically if the solution has converged to the
desired accuracy or if the number of grid iterations equals
NGRID. The user may also specify that such a dump occur
every NDUMP grid iterations. The tape so generated, not
only forms a permanent record of the results of a calculation
for possible future editing and examination but also forms a
necessary part of the computational procedure. Most important
is its use as required input for a TDUTRN calculation. How-
ever, it may also be used to restart the calculation to refine
accuracy or convergence or be used as the initial guess for

¢° throughout the grid for a similar calculation, as described
in Section 5.1.

The format used for writing and reading the binary tape
is given in the following FORTRAN statements :

WRITE (7) NITERG, IM, IM1,JM,JM1,KM, KM1, JW,
JWP1,JWM1, ITE, ILE, KSPAN, KCAP, DEL,
ALPHA,NDB,MB,GAM,DYBUI,DYBU?.DYBLI,

DYBL2, DBUB, ZSPAN
WRITE (7)  (X(I),DX(I),AX1(I),AX2(I),BX1(I),
BX2(I),CX(I),I=1,IM)
WRITE (7) (Y(I),DY(I),AYI(I),AYz(I),I=1,JM)
WRITE (7)  (2(I),DZ(I),AZl(I),AZ2(I),I=1,KM)
L=ITE*KM
WRITE (7)  (FPU(I),FPL(I),PHIUB(I),I=1,L)
WRITE (7) (GAMTE (I),GAMFF (I),I=1,KSPAN)
L=IM*JIM*KM
WRITE (7)  (PHI(I),I=1,L)
END FILE 7

Any information may be retrieved from the tape by using the
appropriate READ statements as is done in the restart option
described above.

=




3.3 TDUTRN Input

The input for TDUTRN consists of normal card input plus
input from a binary file which contains the steady solution
generated by an TDSTRN run. TDUTRN also has a restart capa-
bility which is implemented in exactly the same manner as
previously described in Section 5.1 for TDUTRN and elaborated
upon at the end of this section. The required input is now
described and some comments are presented at the end of this
section pertaining to the tape read of the steady solution.

As before, the card input is described in three sets.

First Set

BCD title card containing any information in columns
1 through 80 (Format 8Al0).

Second Set

The second set of data is read in under NAMELIST name
SCONTRL.

_NAME DESCRIPTION
ITAPE This is a flag for using a restart tape.

ITAPE=0 means the problem is being started from
scratch (iteration 0), ITAPE=1 means the pro-
blem is being restarted from a previous run
using the restart tape. Note that a tape is
also used for the input of steady results inde-
pendent of the value of ITAPE.

Third Set

The third set of data is read in under NAMELIST name

SIN.

NAME DESCRIPTION

X An array containing the streamwise grid coordi-
nates; IM of them.

Y An array containing the normal grid coordinates;
JM of them.

Z An array containing the spanwise grid coordinate
KM of them
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PGFF

PMEGAH

MECAE

PMEGAP

EPSGRD

DESCRIPTION

Number of grigd Points in the streamwise direc-
tion (maximum of 40).

Number of grid points in the normal direction
(maximum of 40).

Number of grid points jn the spanwise direction
(maximum of 20).

I location of airfoil leading edge (X(ILE)).

I location of airfoil trailing edge (X(ITE)).
J location of airfoil (y(Jw)).

Reduced frequency based on chord = wc/u,

K location of wing tip

Initial guess for the airfoil circulation used

in the intialization of the farfield. Note
that GAMFF ig a complex number,

This also
O be updated (~10).

Relaxation parameter used in the iteration for
the airfoil circulation jn the farfield (v1.5).

Relaxation Parameter for hyperbolic grid points

An array containing criteria to control grid
convergence. The change in at every grid
point during one grid sweep must be less than
EPSGRD (1) for convergence to occur,

Set equal to 1, (Not used in current version)




NAME

NGRID

NDUMP

NPRINT

IK

XP

ITYPE

IGPT

NKPRT

KPRT

ZE

NZE

DESCRIPTION

Maximum number of grid iterations allowed.
When the number of grid iterations equals
NGRID the calculation is terminated.

Binary tape dump frequency. Every NDUMP grid
iterations current values of all variables
will be dumped on tape. Note that a tape

dump occurs automatically whenever the grid
converges or the number of grid iterations
equals NGRID. (Set equal to large number if

a dump of only the final iteration is desired.)

Every NPRINT grid iterations the scaled upper
and lower surface pressure coefficient per unit
angle of oscillation is printed.

Setting IK=1 allows the user to use a previous
solution as an initial guess for the current
problem where the reduced frequency and/or
mode of oscillation is different.

Steamwise location of pitch point for pitching
oscillation.

Unsteady mode of rigid body oscillation

ITYPE=]1 -+ Pitch about XP
ITYPE=3 + Uniform plunge
Unsteady formulation option; I@GPT=0 for low

frequency approximation, I@PT=1 for general
frequency theory.

Number of spanwise sections for which pressure
coefficient data is printed in final print.

" K location of spanwise sections for which pres-

sure coefficient data is printed in final print
(maximum of 20).

Spanwise locations for numerical integration
along span used in farfield calculation (maxi-
mum of 20). This permits the specification of
more spanwise points than available in grid
(KSPAN) to increase accuracy of the numerical
integration of wing integrals.

Number of spanwise locations for wing integra-
tion.
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for accepting a new tape dump irst two sets of data
are input ag before (pe Sure to set ITAPE=1), 1p the thirqg
Set of data the following variables are necessary:

and ITYPE), In either case a new guess for the farfield cir-
Culation (GAMFF) should be made,

5.4 TDUTRN Output

Y similar to that of TDSTRN
+ final print and binary
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verged solution, are printed. These include the real and
imaginary parts of the unsteady contribution (per unit angle
of oscillation) to the aerodynamic force coefficients.

Also unsteady contributions to the upper and lower surface
pressure coefficients (per unit angle of oscillation) are
printed for every computational point on the airfoil. It

is again noted that these are complex so that the real and
imaginary parts are printed out in order.

The other form of TDUTRN output is the binary tape
dump of all input parameters and the most recent values of
(Re¢', Im¢') at all grid points. As before the tape dump
occurs automatically at normal program termination or at
the users discretion every NDUMP iterations. The format

used for writing and reading the binary tape is given in
the following FORTRAN statements:

WRITE (7) NITERG, IM, IM1,JM,JM]1,KM, KMl ,JWPI,
JWM1, ILE, ITE,KSPAN,@MEG, SMALLK,
DYBU1l,DYBU2,DYBL1, DYBL2,ND@UB, XP

WRITE (7) (X(1),DX(I),AX1(I),AX2(I),BX1(I),
BX2(I),CX(I),I=1,IM)

WRITE (7) (Y(1),DY(I),AY1(I),AY2(I),I=1,JdM)
WRITE (7) (z2(1),DZ(I),AZ1(I),AZ2(I),I=1,KM)
L=ITE*KM

WRITE (7) (FPU(I),FPL(I),PHIUB(I),I=1,L)
WRITE (7) (GAMTE (I) ,GAMFF (I),I=1,KSPAN)
L=IM*JM*KM

WRITE (7) (PHI(I),I=1,L)

END FILE 7




6.0 PROGRAM USAGE

The general structure and usage of the three-dimen-
sional programs TDSTRN and TDUTRN are very similar to that
for the original two-dimensional versions STRANS and UTRANS.
This being the case, it is recommended for economy sake that
the first time user initially become acquainted with those
programs. The programs are documented in detail in Refer-
ence 2 so that the comments concerning program usage in this
manual are kept necessarily brief.

In their present confiqguration, both TDSTRN and TDUTRN
allow a maximum of 11,500 computational grid points and the
number of grid lines in the streamwise, normal and spanwise
directions must each be less than 40, 40, 20 respectively.

In this confiquration, TDSTRN requires 70.53K words to load
and 57.04K words to execute and TDUTRN requires 161.7;K

words to load and 150.0,K words to execute. This configura-
tion was chosen so that each program could fit into small core
storage of a CDC 7600 computer. If greater storage is avail-
able and used, (Ex. CDC 6600) it is a relatively simple matter
to increase the array sizes of the primary variables PHI, X,Y,
Z, FPU, FPL, etc.

Detailed comments and suggestions are given in Refer-
ence 2 concerning grid design, farfield location and update,
choice of relaxation factors and accuracy and convergence.
These same comments apply to the present three-dimensional
programs and will not be repeated here. The sample cases
presented in the next section should provide some guidance
with respect to such items.

-32-

B T e o — e




- e .

G PSS VS

7.0 SAMPLE CASES

Detailed input and sample output for sequences of
TDSTRN and TDUTRN runs are presented in this section.

e TDSTRN Test Case

A sequence of computer runs are described in this
section, which calculate the steady transonic flow over a
6 percent thick, symmetric circular arc, rectangular plan-
form wing with aspect ratio 8, at M_ = .86, a = 0. The
individual runs required to complete the calculation are
described in the run log given in Table 1. The table lists
the restart tape read by each run, total grid iterations,
convergence achieved and the tape dump generated. The grid
used consisted of approximately 11000 points with IM=30
over -3.2 < x < 3.4, JM=19 over -5.4 <y < 5.4 and KM=19
over 0 < 2°< 6.0. In the x direction, 16 grid lines were
distributed along the airfoil chord with AXv .06 and in the
2 direction 10 grid lines were distributed over the span
with A2v .2. The runs shown in the log implement a "boot-
strapping" technique by which the calculation is initiated
at a low sub-critical Mach number and the Mach number raised
in later runs to the final desired value. _The final run was
taken to a convergence of A¢pax = 3.7 x 10 °. All runs were
completed in a total time of 85 seconds on a CDC_7600 which
indicates a computer time requirement of 3. x 10 > CPU sec/
grid point/iteration. The final convergence achieved is
believed to be more than sufficient for engineering accuracy.

Restart
M Tape Grid Convergence | Tape Dump
Run (J Used Iterations Achieved Generated
1s | .7 - 38 10~° 1S
25 | .8 1S 19 10~° 25
s | .86] 2s 50 1.9 x 10" 3s
4s | .86| 3s 50 3.7 x 10°° 4s

TaBLE 1. Sequence oF Runs For TDSTRN SampLE CASE
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P-4l Input for TDSTRN Sample Cases

The card input for ea
above is given in this secti

[ ) Run 1S: no tape read

23D O

SC@NTRL
ITAPE=(,

SEND

SIN
x(1)=—3.2,—2.2,-1.5,-

ch of the TDSTRN runs described
on.

+ geénerate file 1§

RCULAR ARC**#*

1.02,-.67'-.42'-.24,-.1'0.'-07'

.14,.21,.28,.35,.42,.5,.55,.6,.65,.7,.76,.82,

.9,1.,1.14,1.34,1

Y(l)=-5- 4'-3l 41,-2.91

.62,2.02,2.58,3.38,

,-1.91,-1.21,-.74,—.43,-.22,-.08,

0.,.08,.22,.43,.74,1.21,1.91,2.91,3.41,4.3,

Z(1)=0.,.25,.5,.75,l.

2.45,2.75,3.2,3.85,4.75,6.,6.8

IM=30,
JM=19,
KM=19,
ILE=9,
ITE=24,
JW=10,
KSPAN=10,

ALPHA=0.0,
GAMFF (1)=10%*0. ,
@MEGAH=. 75,
@MEGAE=1.7,
PMEGAP=. 75,
EPSC@L=5.E-5,
EPSGRD(1)=1.E-3,
NDUMP=2000,
NC@L=10,
NGRID=50,
NGFF=2000,
PGFF=1.5,
KEPS=1,

IK=0,

“  NPRINT=5,
NKPRT=10,
KPRT(1)=1,2,3,4,S,6,7,
ZE(1)=0012°I
NZE=2,

SEND

,1.25,1.5,1.75,1.9,2.,2.1,2.25,

’

8,9,10,
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Run 2S: read file 1S, generate file
***3D CIRCULAR ARC**+*

SC@NTRL
ITAPE=1,

SEND

SIN
@MEGAH=. 75,
@MEGAE=1.7,
#MEGAP=, 75,
EPSC@L=5.E-5,
EPSGRD=1.E-3,
NDUMP=2000,
NCgL=10,
NGRID=50,
NGFF=2000,
PGFF=1.5,
KEPS=1,
NPRINT=S,
NKPRT=10,
KPRT(1)=1,2,3,4,5,6,7,8,9,10,
ZE(1)=0.0,2.0,
NZE=2,

IK=1,

M8=0.8,

SEND

Run 3S: read file 2S, generate file
**%*3D CIRCULAR ARC**#*

SC@NTRL
ITAPE=]1,

SEND

SIN

PZMEGAH=. 75,
@MEGAE=1.7,
@MEGAP=, 75,
EPSC@L=5.E-5,
EPSGRD=1.E-4,
NDUMP=2000,
NCgL=10,
NGRID=50 ’
NGFF=2000,
PGFF=1.5
KEPS=1,
NPRINT=S,
NKPRT=10,

e

2S

3s




4,5:61718191101

L Run 4S: read file 3S; generate file 4S
**%* 3D CIRCULAR ARC***

SC@NTRL
ITAPE=1,

SEND

S$IN
@MEGAH=.75,
@MEGAE=1.7,
@MEGAP=.75,
EPSC@L=5.E-5,
EPSGRD=1.E-3,
NDUMP=2000,
NC@L=10,
NGRID=50,
NGFF=2000,
PGFF=1.5,
KEPS=1,
NPRINT=5,
NKPRT=10,
KPRT(1)=1,2,3,4,5,6,7,8,9,10,
ZE=0.0,2.0,
NZE(l)=2,
IK=0,

$END

7.1.2 Sample Output for TDSTRN Test Case

The following pages contain a sample of the continuous
commentary output for the first 4 cycles of Run 1S in addition
to the final printed page of all runs. Also included is the
complete final output for the final converged result (Run 4S).
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@ SAMPLE OUTPUT FROM RUN 1§

00e300S0L’~

00eJoosti®

L XZFIYTIL AL

1ie3t8009%-

00e3LL909°=

L0e3Srgulte

10e3G0E01 %~

00e3gvene

(L IRFLITLS

L9e30006L°

1de3L(vSa*

Goe325028 "=

00e32592v°~

20039m90§°

20e3vev0r’

JuefLleg®
s (Nl Vs N

00e 402v02°
g0eiiles’
s (1 0 3Y
PITETAL TARES
P LEL LYY &
s (1 04 N
Quesylitel®-
2ve dveSsi®
2 (3L C4 N
QL01 3CuN
«a»q wf
" »x§ sf
axyg eof
ax§ s
ok QLA

ane sl

ax§ sf
anxg up
e« ¥y sf
542 3Q00n
s ¥ 4 ulf
s w4 wufpf
= »e¢ sf
ey 330~

anxe

s un@g sf

ang sf
s xe sl
a» 4 =f

TS 1VE § L3

015848 °

10=365024%°%~

1) sd%) *AnJIdl eed0) Jafissiad Q3'evS V1

Guepenes
Vuelsssist.

Uve dulaiv'e
00eqdiscit®-

1) ajdaat® “in)IID4sdud Juniis

20elonuin’e
loedstevt”®

2Ge NSSRY e
10e40810¢°

100 3ufsil®=
10=jounde’e
Jjaa G1792s Ji

QVe 395154 °
vbe3sivee®

1) #3%0Y “AnIIIT 493060 seNSSIne Qs Vi |

dueeoule
fuelatent®

due jrninste
fdedvsice”

200 196 16K "%
g0eiSuzne”

) vana® *AInNITIIL4g90) IeNSSlae 231938 1

49 GiEmNIdu GAY 10e2(uws’

f£0=o02i8°
10=3viiv2®e
20=ifE02(°

e0=324299°

83 3%eirND)
agd 1903AN0Y
and ISHIAND)

agd IInIANL)

iy C8eNIJ0 QnY 10eJe5(08°

fuejturei’s
LOEE [TV 2 S
fU=3692,2"-
Qu=LLwse”

13 3%23An0)
aal e 4A0)
LLERE LE LI
and 198 IAN)

49 Caan)IQ OnY 10e3pr0e2’

sue3iLfest-
26=4500€0°

v0e3Lcved’s

an ISNIANDD
add I%8FANL)

ssd FnIANG)

4% QiamiIIU ONY LoeoavE2’e

vu=juene,s*

CPLE L LRI AL
f0~q04161°%
£0=25021°
f6=312048°"

and 39634~09
nad J%98IA )
ned 3983AN02
any I9mIanG)

nn3 306 3ANL)

veeudsel®

s gl:=2ad =lin
U4 337w 52
ud GIMve w2
L 0AVee SE
34 udVwas 0l

8 auead win
04 Q3w §2
(7% cnaw-u ee
Gi 03Vlwse @2
04 03ivs ot

s aJead =iw
04 I3 es St
OA G3Vlee 28
03 Qallvs o

s ghaA) wiim
ui 03livs o
04 03VUvs S2
G4 a3Vlvs 22
Ui C3Vlese S8

U4 aslles B4

10edsvvel’

Gvejovo2*
o % OQne P

luedngigl’s
vue svmede’
LI N VRCL B
20e%%0 09’
L0egnifos®
s a (e ¥
20eisp0re’
TERTTIT] 0
o ChY @
Ix9n e @
Amit LY @
Nt WUI @
i3 ®
Nl 1N W
tagw Imd §
LTIV IR Y
ueftI03 §
il 10§
Nebte W3O €
va A=, 2
b ¥WOJ 2
~as¥3J 2
NV HW) 2
I2a9a 3Ima
N ) 8
Nai W3 3
LT b I
netWI 8

N1 8

00Tl we°
rulivndal 4y

lvelduicol®s
vue sutlivv®
wulivadal 4y
2ueJouge2t=
1Csnqol’
Setaveddl de
2ueIelfe2t
iCes2ousi”®
NCLivalil av
SCLivedsl ay
sulsvadil 4w
nClavalal 4y
sulivaldil av
sulivedil 4y
silavedsl oy
~Llsvail avw
nOlivadil av
sGlivadl v
wGlaveil av
~Glavadal 4w
~Clivaiil av
wGlavaidsl iv
wulivednl aw
wClivasl av
n0livedil 4w
lavadsl 4w
s0liveisl iv
~Clavmnial avw

tGlaveddl 4w

s (gvuad/ad) KWOLIvg 9niT9dE

o (n) adijurnve Al1a9V]n]S

=37+

« Hge e

et



RUN 15

10=482008° 10-390405% 00e2VI1%e 000 I0LESI= OUeawryl®s (CeLVnl’~
o 0003950i2% ¢0e3a8l2°c 000226212% (0ejefvel®e 00e38duill’= GOeI%02(l°e 10o449ef 3%  10o014ud°%s 100 4v2L°
s 83°)) *Sinsll144303 3eSviae Vi0sely

10=342@948° 10o3904vs%e 0e20ZRII%® J0e3CLES1% Luedunbdl®= 04§ lal’e
0e316002% 00039G012°% 00eRdowl2®e 00e326212% (00eCEV0L®= Veo SUULi®e 00619028 1°= 1(oi500iu’s lucieinie’s (TLETIC TS
s Alae) ‘848131 23ud Feisbiae VU

=3§=

100300031° 00e300000° 00e0C0ee’ GOoJuuoes® vweuuvug’® (TLETELI g ,
o 00e400usE” [T PIIT T A due0ulie’ duejuooel® tueyCadus’ °¢ .
Jaonianut) shlemusess Vuenly 3

0e3li00e°* 00e3u00Les"° 90e30v008° Oue300V

s ANI13149303 4417 NQIAIVE ¢ » 34vslCeuiid 2ilanvas ViGanle

Li=3£f¢e

¥’ ® tysr) LiUee AnIsla
[RLETT T4 I s 4q11

2i=d0

$453131453u3 ¥Jeds WD

000 35€L90°%= & (IInUB) 4vI1IT 42373 3IenSidee vILiled
[(TXRITIY 2% s (a¥uel/ed) BuAdeg IN1T0IS @)
[TLE FITTT 2d 8 Clav% 423437 3alnm
*0 & (8v1avm) WIVIAY su IVSAY VIGsalvw
bueJuuvie® g 51498 83 emdlmy h

é¢° g (») R2)1Javeva Aslaviials
LR IT T Y 8 @ikntin »l¥n

toe 3@

¢ Iry AeNideld Q=S eoe “




RUN 28

0e3les92°~

Gedlose2’-

6e33300e°

[T LILTY A0S

[T2F LI1TY A0S

69030008S°

10=39€129° 10=)vaiote’e
CoeInleeld®= 00e0322: 00e300002% 00032102¢°
=3ugl12e° T ELINTT AL
00e3n1002% 000322£92°% 0003Gp002°= o2y uc’~
100300¢01°  00e3CLIve’
00e300008° 00e30002%° PR FITIS A vie d0Liwe"®
tle3 2vst® ® ANITII1 94907 4417 MUTLIDS

o Jrv avINIAL] Qe

Oveane0Sl®e wueilo2®e OGueiduiling®e (000USL9X°-
0003EL401% 1023y6L% > 10°302121°%= y0e3NL001°

® 83°07 *SinitI15439) FacsSiee ViUgelvw
00047908 1% G20 4llud®e vieI0LIN2%e (LU0 g&EI2°%e
VCeIELS01%e  1023¢5L%0°%e lu=3di¢l®= uledlgwtl’

® 8344 *SANILIL 94933 FeiSSave Vusely
00eI0002W°® GUeIVCUSL® Qe 0dL® Jue Jusuee®
[TEXTTLAY & Gvedcoont’ 16°353.04° )

49%1Landd dvlrevisis Tlusely

3 ® 31vnN12e00UI F6LNves Vudale

® (usa) 29GEY iNFelnm

Ci=3(0/00"
L F PLTE o ® 2411

ViCsely

$45313144303 30

0veInLdon®e B (IINUS) 1%11I1493u) FeNE6Ina V9ILi10)
vieieast’® ® (8vie)/a)) Puides INLVNIS @)
16e3vLev02® 8 Clive 4J3asy 94]e

*8  ® (SNPLU¥A) R3VILY e 3VI0NY VL ely
lyeJuaauv® 3 Clave 38Ivs3lmy

1Ceoneqt® 3 (o) sHiiavnve 4ilavlals

vve duuvue® 3 niveln wive

=39

e r——— e




3s

RUN

to=3tetel’= [0=320(e
000304 02°

100310t 10=32vE0u°s 0J0302102°
G0eswa L= 000320541°= 10=3usase’

000302£02° o0edrelene 00326598
00032e841°% 10=Tunesu’ 10=d1lfsl" soedevivt’®
& n3207 °SAn3LI1453u) JaNESine VDS

000 3alOR®= 95028405 °%e
L TRIT R wuedunyat®
wild14394) Jenssine Vagaly

s aiaa)

000360000 ° v0e30v020° 90e300094° JeeCOVAL’ v0e300060°

00030000

s IN113142302 4917 n01223S ‘0

[ TLFIITYY & woeguopel® ly=0ve0s"* ‘e
enfdecud delrneIsas Vusely

® JavnlauuDd ISInwves Yusalv

Sle3uwies’ s (uar) Aile® ANJela
PALE FEYYY & s Asl

$183125 94303 Ideug V0gelv

JUeUESe2= & (IININ) Av1I2T 4940 FnnSsire wllited
Jueiwul’ s (8¥ued’/a)) Puides 5817928 @)
19e3cvvee’ 2 LIave 1J)evV 9n]S

3 @ (SvvIuvm) wWIRLA® sO 310w V(gmlv

tu=3Juevue® s Clave 833W9I1e4

1003004st° 8 is) maad~vive ALlRVV b

[ TIRFITAL M

e0e  Jpw NvINIAL) Qef  eee

e r——— - =
= r———y — e ——

-40-

ik




® FINAL OUTPUT OF RUN 4S
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® FINAL OUTPUT OF RUN 4S (CONT'D)

00315002°%

LEEIES 'Y A0

Oe32engs e

0e32negs’e

0eiCiggn®e

0e306689°e

039

0035191¢%e

0035{0is%e

O0oILwi2g°-

Oe3s052¢°e

U4de quw2oie 10 dninen’e ooy 0g(ca 00305096 %  ypegeangace 006310202°%
000350¥08°=  00030700¢ %= 00e399089¢° G0e3ingg2®e VU AduRUE s (ueduy26)°e _o-.acmum.-mg-uam.. oo.«eam~..

LA LR IR T OV TR TP PPAT I vSune Visale

voejoveul® L0sduitev’e (pelugnfice V003i8S0mi®e  yyejecugee Vuo it 2elte
00030400§%= Oiel0vece 00e31%¢52%e  yyeguuyde®a Vs jutesl®s  Jpajneg2 Cemgmyygyn® Vi gemg|®

® mda3 Sineld1994,) TS5 3ne iieele

000359y

[STXYE T

LARLED FIRTE D RFITE ] 024238 toe3ugs

® 319N1usUN) 3Stanyag Mirvele

00e3s 051t 10e3§wqo0®e  000gltcnlce 000 30¢2u2®s 0o cnvye’a Vi dualof®e
00039,088°= 000352, 5% 000308856 °= (00s4vicne’e bUeIesUF2®e Queguifelce 10 39§i90%  10ejinput® voelwagel®

8 m3°21 *SuvIlIle9403 Innsse Vueale

00eInnqiye 103t ege 0033 12wt 03e3020u2°%= ULe42aegec= Lo uslagce
004392998°= 00e3s2. 5% 00030566 €°= 00e39.692% 00ed28082°= 00e30s801% 1o ;n_ac..—cnu.;.a.. ::.‘..e-..

B mledis *SinilIl 4432 JaiisN dea NGeele

fle3unseee B ANI1I144300 1417 wOl1LI3S 10e3006s1° ® 3Levldndd ISleneas TMitele

000300¢21°  1gayingip’e 0003i§vE1%  J0eyi080le L0e3linag®e Liojnsgsf’s
000320Lm%°e  g0e3 000" 006302 ® 00¢30m00€°c U0egu0v2%e 90030299%1%e 100 j;2003% fu=Jewrgl® Oveldensol®

® A3 *SunITIte4d)) Iniss dve NCy
G0e3umge® 10=30519%e g0ejig0g1%e Ueodlneni®e 006 iiy90°a
00¢30000¢° 00036L0v¢% V0e3n29ei’e 13=3cnnpte fv=3avngt®

& sdead *Sinildl e

e duige
Oue jpnnet®
13 IniSaIaza U

026320¢(%0%a OVeILo0fr e 00e3nze

fle3ecene’ ® ANILILI4IND L o] MULLIIIS  Tue0o0gte 8 IL9N10aU0I Igtmawas Ttasale

00e3decwet® 19°3510s85° 0Ge 4waS¢i®e 0ge3eigs1®e Ve Ui 1§®e Ouagqi[9n’e
0043520 9% 00e35 250 0VeI0ieis’e 0003556408 Queduler?®e goe3epavice .gn.o_camo-oncancn_. ;o.a-_.c..

® 23*07 *Sindld14¢3.) IaNesIne Visele

00e3020¢1° $02351066° 0oy Se1%e  yoe3ei0al® Ve dcaListe  goeigige
® 0003154 0( e 0Ve3durre®e 004340 9i%e 1023ul9m9%a  [gejepugs® Luelmignte

8 mlad *SinildLg440) Jel'ss doe Vl0gale

0CeIsva ma  yoe3g 240 Qvele

flejof

® AN 44300 a1 NOLLI3S bueuosete L% VYT

9aU0JY Islaveas VGgale

000 305058° 1023904v2%  Goo3gunul’e boesoffol®e uyedisngfce Obodnnafq’e
V0eISSENE’e  U0eIIg Uy 000 dlun®2%e  0003540i1% 1vedul26q®e  Jyejunggt® 00o 4qwint®

LA LR A B TEX TR FPPYRT] Ini6s Ina Vugele

900356L099°% 0063900

00+ 3nquft® fuelupgurte 000.48um0t%= Cue3agge) e vie 4lingfte QLejiyrfg’a
00e35F00%  00e3079n% GUeiSafar e COelgyOy Quedivgnece Q06 4540¢1°%e (LR P A léodunggge LETXTS Y 84

® mIgat *SINILIL 4939 Ialandes VUgely

2le3aiolte ® ANITIT 49300 L1419 wOLLIIs 10.360003° ® 3iev10000) sslenyas Wuamly

00e3qelst® Toednngicea f0ayitong e bueifslel®e Luetrveinta [SLE LT YT Y
00632406%"= (00e30¢f9n"a OueINesuE®e  yyuelaquuy’e [LEXTETT P LIS 0003n21il1% [Um3pl\ie®a TR IYEI L G0elemysnle

ToAet ) *Sinsbdiandi) 3 sS1ee iliugely

Odedsnlgle IV L PP LR beedlileg®e L e 5 iuia Vieievein'e ypejufegq’e
00632(00%°= 000394190 00e3foCus *e v0e jaayf’e Ovesinenc®e Jueqnelslce .;n;e'wln.o_cuurnv._. ecomo-.-_.

-42-

-




® FINAL OUTPUT OF RUN 4S (CONT'D)
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2 TDUTRN Test Cases

A sequence of TDUTRN runs are described in this section
which calculate the unsteady flow perturbation for the pre-
viously described circular arc rectangular wing oscillating
in pitch about the leading edge at:

k = 0.0
M_= .86
k = 0.1

The individual runs required to calculate these cases are
described in the run log in Table 2. All runs used the steady
solution given on tape dump 4S. The table presents the reduced
frequency, restart tape read, grid iterations, convergence
achieved and tape dump generated. The runs were calculated
using the same grid as the steady runs. They were performed
in the order shown to implement the "bootstrapping" technique
for getting from one reduced frequency to another. The input
required for each run and sample output are presented in the
following section.

Restart ~ Tape
Tape Grid Convergence Dump
Run| k Used Iteration Achieved Generated
v | 0.0 by 50 2.2 x 10°° 1U
2u | 0.0 1U 100 1.9 x 10~ ° 2V
3u | 0.0 2U 50 6.8 x 10~ ° 3U
4u*{ 0.0 1)) 86 1.0 x 10°° 4U
su | 0.05 4U 50 1.3 x 10°° 5U
6u*| 0.1 5U 200 6.0 x 10°° 6U

TasLe 2. Seauence of Runs For TDUTRN SampLE CASES
(*DENOTES CONVERGED SOLUTION)
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Input for TDUTRN Test Cases

The card input for each of the TDUTRN runs described

above is given in this section.

Run 1U: read file 4S, no restart tape read;
generate file 1U.

***3D CIRCULAR ARC***

SC@NTRL

ITAPE=0,

SEND

S$IN

X(1)=-3.2,-2.2,-1.5,-1.02,-.67,-.42,-.24,-.1,0.,.07,
.14,.21,.28,.35,.42,.5,.55,.6,.65,.7,.76, .82,
.9,1.,1.14,1.34,1.62,2.02,2.58,3.38,

Y(1)=-5.4'-3.41,-2.91,'1091,-1.21'-074,-.43,-022,-008'
0.,.08,.22,.43,.74,1.21,1.91,2.91,3.41,4.3,

Z(1)=0.,.25,.5,.75,1.,1.25,1.5,1.75,1.9,2.,2.1,2.25,
2.45,2.75,3.2,3.85,4.75,6.,6.8,

IM=30,

JM=19,

KM=19,

ILE=9,

ITE=24,

Jw=10,

KSPAN=10,

GAMFF (1)=10*(1.,0.),

@MEGAH=. 75,

@MEGAE=1.7,

@MEGAP=.75,

EPSGRD(1)=1.E-4,

NDUMP=2000,

NGRID=50,

NGFF=10,

PGFF=1.5,

KEPS=1,

NPRINT=5,

NNPRT=10,

KPRT(1)=1,2,3,4,5,6,7,8,9,10,

SMALLK=0.0,

IK=0,

XP=0.0,

ITYPE=1,

18PT=0,

ZE(1)=0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25,

1.375,1.5,1.625,1.75,1.825,1.9,1.95, 2.,
NZE=19,
$END
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Run 2U: read file 4S, restart file 1lU; generate
file 2U

**#3D CIRCULAR ARC*##

SC@NTRL

ITAPE=1,

$END

S$IN

@MEGAH=. 75,

@MEGAE=1.7,

@MEGAP=. 75,

EPSGRD=1.E-4,

NDUMP=2000,

NGRID=100,

NGFF=10,

PGFF=1.5,

KEPS=1,

NPRINT=5,

NKPRT=10,

KPRT=1,2,3,4,5,6,7,8,9,10,

ITYPE=1,

IgPT=0,

ZE (L)=0. , «125:, .25, : 875 5«65, : 75,8750, ::.1:25 ,1.25,
1.375,1.5,1.625,1.75,1.825,1.9,1.95,2,,

NZE=19,

IK=0,

$END

Run 3U: read file 4S, restart file 2U; generate
file 3U

**%3D CIRCULAR ARC***

SC@NTRL
ITAPE=1,

SEND

S$IN
@MEGAH=, 75,
@MEGAE=1.7,
@MEGAP=. 175,
EPSGRD=1.E-4,
NDUMP=2000,
NGRID=50,
NGFF=10,
PGFF=1.5,
KEPS=1,
NPRINT=5,
NKPRT=10,
KPRT=1,2,3,4,5,6,7,8,9,10,

=4 %=




ITYPE=1,

1@PT=0,

2E(1)=0.,.25,.25,.375,.5,.625,.75,.875,1.,1.125,1.25,
1.375,1.5,1.625,1.75,1.825,1.9,1.95,2.,

NZE=19,

IK=0,

$END

Run 4U: read file 4S, restart file 3U; generate
file 4U

#*%3D CIRCULAR ARC***

SC@NTRL

ITAPE=1,

SEND

SIN

@MEGAH=. 75,

@MEGAE=1.7,

@MEGAP=.75,

EPSGRD=1.E-5,

NDUMP=2000,

NGRID=100,

NGFF=10,

PGFF=1.5,

KEPS=1,

NPRINT=S,

NKPRT=10,

KPRT=1,2,3,4,5,6,7,8,9,10,

ITYPE=1,

2E(1)=0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25,
1.375,1.5,1.625,1.75,1.825,1.9,1.95,2.,

NZE=19,

IK=0,

SEND

Run 5U: read file 4S, restart file 4U; generate
file SU

***3D CIRCULAR ARC***

SC@NTRL
ITAPE=1,

SEND

$IN
@MEGAH=.75,
@MEGAE=1.7,
@MEGAP=. 75,
EPSGRD=1.E-5,
NDUMP=2000,
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NGRID=50,

NGFF=10,

PGFF=1.5,

KEPS=1,

NPRINT=10,

NKPRT=10,

KPRT=1,2,3,4,5,6,7,8,9,10,

ITYPE=1,

IgPT=0,

LB (1)s6,,.125,.2%,.378,:5,.625,.75,.875,1.,1.125;1,25,
1.875,1.5,1.625,1:75,1.825,1,9,%,.95,2.,

NZE=19,

IK=1,

SMALLK=.05,

$END

Run 6U: read file 4S, restart file 5U; generate
file 6U

**#3D CIRCULAR ARCH***

SC@NTRL,

ITAPE=1,

SEND

SIN

@MEGAH=.75,

@MEGAE=1.7,

@MEGAP=.75,

EPSGRD=1.E-5,

NDUMP=2000,

NGRID=200,

NGFF=10,

PGFF=1.5,

KEPS=1,

NPRINT=10,

NKPRT=10,

KPRT=1,2,3,4,5,6,7,8,9,10,

ITYPE=1,

1¢PT=0,

Z2E(1)=0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25,
1.375,1.5,1.625,1.75,1.825,1.9,1.95,2.,

NZE=19,

IK=1,

SMALLK=.1,

SEND
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7.2.2 sample Output for TDUTRN Test Cases

The following pages contain a sample of the continuous
commentary output for the first 9 cycles of Run 1U in addi-

tion to the final printed page for all runs. Also included
in the complete final output for the final run.

-50-




® SAMPLE OUTPUT FOR RUN 11U
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® FINAL OUTPUT FOR RUN 6U
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® FINAL OUTPUT FOR RUN 6U {CONT'D)
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FOR RUN 6U
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APPENDIX A
FORTRAN LISTING OF TDSTRN

A FORTRAN listing of the source deck for the TDSTRN
program is presented in the following Pages. The program,
as configured here, requires 70.54K words to load and 57.04K

words to execute. In this configuration the programs fit
into small core of the CDC 7600.
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SN .

OoOOOMNOOO

(2 XaNa)

PROGRAM TDSTRN (!N’UT.OUTPUT.TAP[SI!NPUT,TlptblourPuT,TAD!T.

1 TYAPER)

REAL XCAP,MB8,IWING

COMMAN JBELTAY DEEHDI.thuoi.ﬂ?{?nl.llttuﬂ}.lléiﬂﬂirﬂllf“”’-

1 ﬂtarnn1.cr{uﬂ:.l¥l{un).iva:nnj,ﬁzl:En},lrat?nl.rranj,vrnu:,
2 rria1.Fﬂu{nnnl.FFLtlunl.PHIu!t!nu}.IH.!*!.JH.JMIJH".Iﬂi.JH.

3 JHPl.J-N1,ITF.ILE,l!ﬂlN.DvBH!.nvﬂuE.D¥HLl,HvBLE,ALrni.an.na,
q Giﬂ.NCln.nun,rleffai,nnun.IquG.IaPlﬂ,wiﬂHT.uPﬂ1ranl

COMMON JCNEFFy 4ran).ﬂtqu,:raﬁ:.nrun},u-::115uu:

COMMAN /GaMma Glﬂfti{Eﬁ},ﬂl#TEfaﬂ1.PGFF.GlMFFr?ﬂ]

Chuunn sINTERR TEC25Y,N2F

DIMENSIONM PHInEtdﬂ}-PHIHE(#D!.ﬂHfGllﬂﬂ],u{ﬂnl.EPSEHD{l!
NAMELISY /1INy I.Ta?l!“rJHJKHiTLE-ITE:JHJ“Iflnpfaﬂlun"ﬁpﬁl”;ﬂEL;
1 lLPHi.EiH+F.DHEElu.nMrElE.D-EGIP.EFerL.EFsuﬂu.Nnunn.wcaL.
2 ucn:n,uﬁrr,ﬂﬁrr.trna.1:.MFH]MT,N!FHT.NFRT.EF.H:F

NAMELIST scONTRL ITapE

DATA aL,BEY 745,57

YO RESTARY PRNGRAM, CNPY TWE DaTa FOR RESTART FROM TAPEY Y0 a DISC
FILE YTaPEAR, pnsTTINAN TAPF7 AT THE END OF THE LASY FILE ON THE TAPE

SO NEW DAYTA way HE WRITYEN ON THE TAPE WITHOUT LOSING ANY OF THE
OLD Dara

READ (5,912) (TITLE(I),1sy,n)
READ (S,CONTRL)
IF (ITAPE,E0,0) 60 TO 1o

READ DAYA FRNM RESYART rapr

READ (8) NXTERG‘!"cXMI,J".J"‘a‘",““’,J“cJ“Pch“"lc!TE.!LE.
| KSPAN.KCAP.DEL.ALPHA.NDB,MB.GAN.DYBUI.DVﬂuaaDYBLiuovﬂLZ.
2 DOuB,2z8PaAN

READ (8) ('(!)ch(!)o‘xl(!’c"?fl)ca'l(I)cBXP(I)cCI(!)c!.Iv!“)

READ (8) (Y(!)cDV(Y)c‘YI(I)an?(f)cllan",

READ (8) f?(!)vDZ(I)c‘ZI(Y)o‘Z?fY)o!'ch")

LBITCakM

READ (8) (rpu(x).FPLfI).PHIUB(X).xni.L)

READ (&) (GAMTE(Y)nGAMFF(I)c!lchSPAN)

LeIMaIMeny

READ (&) (PN!(!)nIlloL)

IK=0

READ (S,1IN)

THE Ix NPTION 1S USED TN BNOT STRAP TN DIFFERENT MACKH NUMBPRS,
AIRFOIL THICKNESSES AND/OR ANGLES OF ATYACK MAKE SURF YNU MWAVE INPUT
THE NEw M8, DEL AND/OR ALPHA

IF (IX,EQ,0) 6N YO
KCAP:(!.-MB*:?)/((!.OGAM)aDELaMB--Z)-t.bbbbbbbbb7
CALL INITAL

CALL FARFLD

CONTINUE

SKEBSQRT(XCAP)

o0 2 Iz1,Kk8PAN

GAMTES(!)IGAMYE(T)

CONTINUE

WRITE (6,900)

WRITE (6,9014) NITERG

NITERG=) 63—




USSR N

Gn TO 15

C STARY PRNALEM FROM SCRATCHW

10

CONYINUE

READ (S,IN)

KCAPS (] ,wMBR22)/((1,4GAM)aDELaMARR2) e 6666666667
SKESART(KCAP)Y

DO S Isy,kSPAN
GAMYE(TI)SGAMFF(])
GAMTEY (IIRGAMFF (])
CONTINUE

NITERGSO

NDB=)

IMieIMey

RLAE RLTY

KMi{gKMe

JuPssjwel
JWMisJwel

C INITIALIZE FINITE DIFFERENCE COEFFICIENTS AND FARPIELD

CALL INITAL
CALL FARFLD

C INITIAL GUESS FOR SUBRSONIC CASE (INTERIOR ONLY)

a4

4o
30
20

a7
15

00 20 x=y,xMy

NDIIMOJM'(K.‘)

T282(K)an2

00 30 1s2,1M}

MEBMP4(lef)agM

X28x(1)an?
CONBeX(1)aDNUB/(6,2831883)
DN 4o J!Z.JN!

LeMey
RESORT(X2+¢xKCAPa(Y(J)nn2e22))
IF (R,EQ,0,) GO TN uy
PHICL)SCON/Run} ,
IF (ABS(PHI(L)),GT,1,) PHICLISSIGNCY,,X(1))
60 TN 40

CONTINUE

PHIC(LISPHI(L=JM)

CONTINUE

CONTINUE

CONTINUE

LSsITEaKM

0N S Isy,L

PHIUB(T)®O0,

CONTINUE

MB(ILE=2)wIMeIwW
KKs(ILEel)oKM

DO 47 Ksi,XSPAN
LIMOIHQJMQ(K.j)
PHIUB(KKeKIBPHE (L)

CONTINUE

COANTINUE

WRITE (e, IN)

WRITE (6,900)
CPCPBIDEL11.6666666667/((l.OGAN)*"B‘*E)“.333333333!
WRITE (6,913) KCAP,CPCPR
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KGRD=
RE=CYCLE POINY FOR GRID ITERATYION
TS CONTINUE
ERRORSEO,
NITSNITERG
NITERGSNITERGe!
1F (Mootnxvenc.nanrwv).eo.O) CALL PRINT(INIT)
1F (MUD(NIYERG.NGFF).NE.O) G0 TN 76
CALL GAMF(N
CALL FARFLD
WRITE (6,910) N!YERG.INING.GAMYEtl)oGAMFFtl)uGAMTE(KSPlN).
I GAMFF(KSPAN)
76 CONTINUE
C BEGIN LooOP DN THE PLANES (Z DIRECTION)
IMIMBIMA M
DO 100 Kmy,kmy
MPEIMIMA(Ke])
C CHECKk rOR AIRFOIL (CORRECY PLANE)
IFOILEO
IF (X,LE,xSPAN) IFNIL =y
C BEGIN LNOP ON & GIVFN PLANE (X DIRECTION)
00 200 Is2, 1My
MEMPO (el )e M
C CHECX FOR AIRPOIL (CORRECY COLUMN)
IFLAGS)
1F t!FOIL.Eo.l.AND.ILE.LE.I.AND.!.LE.IYE) IFLAGR]
IF (1FLAG,E0,1) NE(lel)aKM¢K
C 8AVE Twis coLumn OF PHT
DO 201 Js2,gmy
LaMe)
PHIOG(J)SPHI(L)
201 CONTINUE
NITERCED
C LOOP BACK POINY FOR COLUMN ITERATION
250 CONTINUE
NITERCSNITFRC+!
IF (NITERC,GY,NCOL) GO YO 394
C SAVE PREVINUS PH] FDR COLUMN ITERATINN
DO 202 Js2,JMy
LeMeJ
PHIOC(J)SPHI (L)
202 CONTINUE .
€ BEGIN LOOP ON COLUMN (v DIRECTION)
DO 300 Js2,gmy
€ CALCULAYE cELL INDICES
LeMey
LRaLegM
LLsLeJgM
LLLSLLegM
IF (1,60,2) LLLsLL
LASL e
LBsL et
LPSLeIMIM
LOKsLeIMIM
IF (K.EQ,1) LBKsLF &




1PHIRRPH]I (LR)
TPHILEPKHICLLY
TPHILLEPRT(LLL)
TPHIBKEPHNET (| RK)
1F (IFOIL.FQ.0.0Q.J.NE.JNY 60 T 301}
IF (1,EQ,1LE=]) PH!(l“)l.S'(PH!UH((IL[*!).KH#K)OPNI(LR))
IF (1,EN,1TE+1) PH!(LL)I.S!(PHIUR((IYE-l)nKM#K)oPNI(LL))
IF (1,EQ,1TE«1) 9“1flLL)'.S'(PHIUB((ITC-?)QKHOK)OPHI(LLL))
IF (1,EQ,I1TE+2) PHI(LLL)l.Sa(Pqun(txtc-l)-xnox)opﬂxtlLL))
301 CONTINUE
1F (!LE.LF.!.AND.1.LC.17[.AND.J.En.Ju.ANn.K.En.KsPA~¢g)
1 Pn!(Lax)a.s-(puxun((1.1)axnostAN)oPH!(LBx))
V(J)lKCAF-All(!-1)'(PHI(L)-PH1(LL))-AIZ(I-!)'(PHI(LL)-PN!(LLL))
C SET UP TRIDIAGONA| MATRIX TN SOLVE FpR PHTIC(1,J,K)
C A o« PHIMI,Jog,h) o R # PHI(1,J,K) ¢ € o PHI(Y,J=i,k) & D
1F t!FLAG.Eo.l.AND.J.EO.JuPl) G0 YO 350
I (IFLAG,EQ,1,AND,J,E0,JW) GO 0 380
IF (!FLAG.EO.!.ANO.J.EO.JNM!) GN TN 370
PARTS®O,
IF (!.LE.!YE.OR.XFOIL.ro.O) G YO %02
C xurtYa CONDITION
SIGIl(!(I)-I.)t(GANFF(')-GAHTE(K))l(l(t"l)-1.)¢GAMYE(K)
IF (J,FQ,JuMy) PARTE ,SeAY§(J)aS1G]
IF (J.EQ.J4) PAnvn.s-tAvt(J)-Avatd))-srcx
IF (J,E0,JwPY) PARTZe ,SaAY2(J) 08161
$02 CONTINUE
vv-KCAP-Axi(!)'(Pu!(LR)-pux(L))-Axa(!)'(PH!(L)-PHI(LL))
IF (vv,LT,0,) G0 TN %20
1r (VIJ)4LT,0,) GO 1O 3a0
..l.'..t..i...i..tii...'.ttQtt..'....'.t...tt.tﬁ.l.
* FLLIPTIC DIFFERENCING

.tt.titttt.tnt.t.ittttnt.t.tttttttt..tttnt'ittltittttt.t.t.t.tt.tltitttt.tl
OMEGA (.1)BNuEGAF

ACJy=savyc
B(J)n-(vv.raxltl)08!?(!))01v1(J)oAve(J))-121(K)-Alatk)
Ctorysava(cyy
O(J)l-vvtt811(!)QPHI(LR)OBXZ(!)-PH!(LL))OPART-(AZ!(K)QPHI(LF)O
1 A72(K)ePHI(LRK))
1IF (J,EQ.,2) 6O YO 303
IF (J.EQ,J™1) 60 10 304
GO v0 390

BOTTOM BOIINDARY

Y03 CONTINUE
D(J)lO(J)-Ava(J)tPHI(LR)
GO TN 390

TOP BOUNDARY

304 CONTINUE
O(J)ID(J)-AV1(J)tPH!tLl)
GO T0 390

320 CONTINUE
IF (V1) 67,0,) 60 10 340

tttttt'.ttt'tntttlntﬂltttttﬂttttﬁtttttttttt.nltttl

* MYPERBOL1IC O1FFERCNCING

ttttttananta.ttntnntannn.tnt.nntnttnttannt.nanat.tatttttttnt.tttanta.tttttn
OMEGACI)YBNMEGAN

..'..'..l..'.'..'...ﬁlﬁ.

(3 X o Na.

(2]

0

ili.'.."....'lﬁii.......

o000

-66-




VVtKCAP-CX(I-l)Q(PHI(L)-PHI(LL))-C!(I-a)t(PHI(LL)-PH!(LLL))
AlJymavy(y)
BfJ)lvv-811(!-1)-AY1(J)-AVZ(J)-A71(K)-AZZ(K)
CtJIrsava(yy
o(Jazvv-(exg(x-g)-PHI(LL)oeratx-l)t(PH!(LL)-PHI(LLL)))oPAR?-
| (121tK).PN!(LF)OAZZ(K)QPH!(LBK))
IF (J.EQ,?) GO 1o 322
1F (JEQ,JUM1Y 6N T0 323
GO TN 399
C moOYrNM BUNDaBRY
322 CANTINUE
D(J)lD(J)-Av?(J)tPN!(LB)
GO o 399
€ tO0P BOyYNDARY
323 conTINnyE
D(J)lD(J)-AV!(J)-DH!(LA)
GO t0 399
c ..Q...............nQ.QQIQQ.....Q...Q........ti.t....Q..........Q...Q.QQ....
C » PaRaBOLIC DIFF&RENC!NG
C .t..............Q..Q.QQ.....Q..Q.....Q.Q.Qtt.ti.....t....Qt.......t..i.....
340 cConTINyE
OMEGA (J)mOMEGAR
ACJ)savycy)
B(J)tvv-Bxi(!-l)-AV1tJ)-AVZ(J)-All(K)-AZE(K)
CtIrysayv(y)
D(Y)lvv-(811tr-1)oex?(x-i))nﬂu!(LL)-vvnaxa(x-l)-Pux(LLL)opnnr-
1 (111fk)-PH!(LF)oAZZtK)-PHt(LBK))
IF (J.€9,2) 60 T0 342
IF (J.EQ,JM1) G0 D %43
6N 0 1390
C 80TYOM BmOUNDARY
$42 convINuE )
D(J)IO(J)-AVZ(J)'PNI(LB)
GO Y0 399
C ror B0uNDaAYy
343 convinyE
O(J)lD(J)-Av1(J)-9HI(LA)
GO TD 390
c .........i..t............QQ..'..'. .......Q....Q....t.tt..tt......Q.......'t
C » SHOCK POINT DIFFERENCING
c Q.t.......Q..QQ.Q..Q...t.....QQ.QQQQQ.QQQ!Q.Q'QQ..Ql...i...it.....tt.......
380 CONTINUE
on!GA(J)'nNEGAE
A(Jrsayq(y)
Q(J)c.AL.vv-(Bll(!)oBX?(!))oBETQV(J)t921(I-l)-AVl(J)-AV?(J)-
{ A28 (K)eaz2(K)
C(Jrmava(y)
O(J)l-Aanvn(611(I)tﬁux(Lﬂ)oaxztt)nPuI(LL))anth(J)t(axt(I-t)'
| PHI(LL)Osztxoi)t('HI(LL)-PHI(LLL)))-(AZI(K)tPHI(Ll)OAza(K)t
2 PHI(LAKY)
G0 Y0 390

¢
350 contIny




- b

VVIKCAP-AK!(I)'(P“I(LR)-PNI(L))-AIE(I)'(PHICL)-P“I(LL))
IF (vv,LT,0,) 60 TN 354

1F (V(J) L T,0,) GO 0 353
C ELLIPYIC
OMEGA(JYBNMEGAE
ACJrsDvYRYy]
a(J)s-(ovauaovv.(oxn(1)0312(1)))-Azx|«)-Azatx)
Ctiysg,
D(J)lOYdUZ-FPH(N)-VVt(BXI(I)QDH!
1 'H!(L’)tll?(K)ﬂoﬂltLBK))
GL TN 399
381 CnANYINpUE
IF (V(3)467,0,) 60 710 352
C WyPERBNALIC
OMEGA(JYmNMEGAN
vv-xCAP-Cxtx-l)-(PN!(L)-PHI(LL))-Cx(!-:)ttPH!(LL)-P~ItLLL))
ACJ)sDvR)y

20))8VvaBX1 (1e1)2DYBULeAZ] (k) enz2(x)
c(Jyeo,
D(J)lovau?nFPU(N)ovv-(Rx!(I-I)nln!(LL)onxztl-

1 PHI(LLL)))-(‘Z!(K)'PH!(LF)tl??(K)QPHICLBK))
GO 1N 399

(4 PARABOL IC
352 conTINyE
OMEGA (J)BNMEGAP
A(J)sDyayy
B(J)lVVnsxl(r-l)-DVB01-AZl(K)-AZE(K)
CtJyma,
D(J)loveuztrﬂu(~)»vv-taxl(!-l)aPNI(LL)onatl-!)t(PH!(LL)-

1 'H!(LLL)))-(‘ZI(‘)tPHI(L"’Al{(K).PHI(LBK))
GG Y0 399

€ sWOCk pNINY
3§38 CONTINIE
OMEGA (J)=NMEGAE
ACJysDvamyy

a(J)l-Dvau1-Aanvt(ﬂxl(!)08!2(!))0857tV(d3'6!!(Ivlitllltl)-llafl)
C(Jymo,

D(J)IDVBU?'FPU(N)OAL'VV'(Bll(!)'PHI(LR)OBX?

1 (Bll(1-!).PN!(LL)OBXB(1-1)t(PH!(LL)-Pﬂ!(L
2 A72(K)ePmI(LAK))
GO T0 390

4 Q..........Q......‘....Q.......Q.Q.

C o
(4 RN AR AR AR R R Ry
370 CONTINUE
VVIKCAP-AX!(!)'(9HI(Ll)-PH!(L))-AXE(!)'(PHI(L)-PHI(LL))
IF (vv,L7,0,) GO 19 371

IP (VEdI,L7,0,) 6O vp 373
C eLLerlc

ONEGA(J)UO"EGAE
A(J)y=sp,
a(J)l-(DVBLlovv-(Hll(!)oﬂxatla))-AZllK)-AlZ(K)
C(JysDyHLy

D(J)IODVRL?QFPL(N)OVVQ(BXICI)QPN
1 DHI(Lf)oll?(K)'Pﬁl(LBR))

(LR)OB!?(I)'PH!(LL))'(‘Z!(K"

1)e(PHI(LL) e

(I)QPHICLL))OBEYQV(J)O
LL)))'(AZl(K)'PH!(LF)O

ROSANNA R RN RN RN RN,
ATRFOIL LOWER SuPFacr BOUNDARY CONDITION
CRRARA RN AR RN RN SRR NN

!(LR)OBlZ(!)tPHI(LL))-(‘Z!(K)'
-68-~
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GO YO 390
371 CONTINUE
C WYPERBOLIC
OMEGA(JYBOMEGAN
vv-KCAP-CxtI-l)t(PH!(L)-PH!(lL))-C!trna)-fPH!(LL)-nn!(LLL))
A(J)mo,
B(J)IVVtBXl(I-l)-DYBLi-AZl(K)-AIZ(K)
CtJysDYAL]
D(J)IODVBLE‘FPL(N)OVVQ(BX!(!'l)iPN!(LL)OB!Z(!G!)‘(’H!(LL’-
| 'H!(LLL)))-(lZl(K)-PN!(LF)OAIZ(K)tPu!(LBK))
G0 10 399
C PaRaBOLIC
372 CONTINUE
OMEGA(JY=OMEGAP
A(J)sp,
B(J)IVViHXl(t-l)-DVBLl-All(K)-AZZ(K)
C(JysDvYALy
D(J)l.DVBL?tPPL(N)ovvntﬁtl(1-!)*PH!(LL)Oﬂiztloi)t(’“!(LL)-
1)

1 ’“!fLLL)’)-(lZl(“)tPHI(LP)OAZE(K)'PH!(LBK
GO v0 3990

€ sHOCK POINY
373 ConTINUE
OMEGAtJ)lnNEGAE
A(J)mg,
a(J)-oDVBLl-AL'VVO(BXl(I)oBX?(!))oBEYtV(d)ilii(!-l)-lll(K)OAZE(K)
C(JysDvYBL]
D(J)I-DVBLZ"PL(N)-lLaVVitﬂli(!)aPN!(LR)OBll(!)tPH!(LL))ODETi
| V(J)i(!!l(!-l)'PN!(LL)Oalztr-l)-(PH!(LL)-PH!(LLL)))-(AZI(K)i
2 Pﬁ!(LF)0AZP(K)'PH!(L8x))
GO YO 390
360 ConTINUE
800y BOUNDARY JaJw
A(J)ymp,
8(J)sy,
CtJyso,
D(JysPHT (L)
300 CoONTINUE
PH!(LR)IYPH!Q
PHICLLISTRN]L
PRICLLLYSYPNEILL
PHI(LBKYSTPNHIBK
300 CONTINUE
c TH!D!AGDNAL MATRIX 1S SEY nNOW SOLVE FDR COLYMN OF Pul
CALL TRICI,X)
€ cHeex FOR CcoLumMn CONVERGENCE OF pN}
00 395 Js2,ymy
LoMey
JERROREY
ERRCIPHIOC(J)-'H!(L)
ir (ABS(ERRC).GT.EﬂaCOL) GO Y0 250
39S CONTINUE
394 CONTINUE

IF (NITERC,GY,NCOL) WRITE (6,904) NITERG,1,ERRC, JERROR, K
C CONVERGED, RELAX PHI, FIND ERROP AND MOVE 1O NEXT COLUMN




DO 396 Jz2,JM1
LaMe]
ERRSOMEGA(JI)I# (PHY(LY=PHING(J))Y
PHI(LISPHING(J)SERR
1F (ARS(ERR) LT, ,ARS(ERROR)Y GO TN 19
ERROREERR
LERRNRE|
CONTINUE
IF (IFLAG.NE,1) GN TD 200
LeMeIW
PHICLISPHI(Lel)eDY(JWMLIN(PHTI(Ley)=PHI(L=2))/DY(Jwa?)
PHIUAINISPHI(L41)=DY(IW)(PHI(L42)=PHTI(L+1))/DY(JIWPL)
1F (1,EQN,TYEY GAMTE(KIBPHIUB(NY=PHI(L)
200 CONTINUE
10¢ CONTINDE
PRINTY OUY ERRNR AFTER GRID SwEEP
WRITE €6,905) NITERG,ERRNDR,LERRARNR
IF C(ARS(ERROR) ,LTY,10,) GN TO 101
WRITE (6,915)
STOP
CONTINUE
100uBs0
IF (ABSCERRORY(LEEPSGRD(XGRDYY GO O 40O
IF (NITERG.,EN,NGRID) GO TO 410
IF (MOD(NITERG,NDUMP) ,[R,0) GN TO 410
GO ™" 7S
CONTINUE
KGROEXGRD+1
100uB=y
GN. TN 410
401 CANTINUE
CALL GAMF(IN
WRITE (6,910) NITERG,IWING,GAMTE(1),GAMFF (1),GAMTE(KSPAN),
{ GAMFF(KSPAN)
CALL FPRINY
WRITE (6,900
WRITE (A6,906) NITERG
CaLL ONymBLE
WRITE (6,914) IM, UM, Jw,KM,ILE,ITC,KSPAN
WRITE (6,902)
WRITE (6,903 (X(I1),Is1,1IM)
WRITE (6,911)
WRITE (6,903) (Y(1),Im1,JM)
WRITE (6,916)
WRITE (6,903) (7(1),1m1,KM)
GO 10 78
810 CONTINUE
C TAPE OumMP
WRITE (7) NITERG, IM,IM1,JM, M1, KM, KMY,Ju, WPY,JuMY,ITE,ILE,
! KSPAN,XCAP,DEL,ALPHA,NDB,MB,GAM,DYAYUYL,DYBU2,DYBLYL,DYBL2,
e DOuUB,28PAN
WRITE (7)) (X(2),DXCT),AXICTY,AX2CY),BX1(2),BX2C2),CX(1),181,1M)
WRIYE C7% (YCI),DY(I),AYICT),AY2(1),1Im1,0M)
WRITE (7Y (2C¢1),DZCT),AZ28(2),AZ22(2),1m8,KM)
LeITEaKM
=70~
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WRITE ¢7) (PPU(!?.'PL(!).PH!UB(I).III.L)
WRITE (7) (GAMYECI).GAMFF(!).lll.KSPlN)
LeIMaIMaKky
WRITE (7Y ¢
PND FILE 7
WRITE (6,907) NIvERe
CALL PRINY (NITERG)
1r (KGRD,GY,KEPS) 6N Yo 420
1r (NITERG,EQ,NGRID) 60 vn 43p
IF (IDOUR,E0,1) GO ™D 4ot
GO0 v0 7y
420 CONTINUE
WRITE (6,908) NITERG
GN T0 uasp
430 ConTINyE
WRITE (6,909) NIvTERg
900 PORMATY (fny)
901 FORMAY (gM o/o% CASE 18 BEING RESTARTYED Ay ITERATIONR]S)
902 PORMAY (1M o/, X(!).!llol"')
903 FORMAY (10€13,9)
904 FORMAY (gN 0/0% AT _TERATION®IS COLUMNwI4e FarLLh TO CONVERGE»
{1 » ERR SaE1Y,50 g Sel3e X se13)
908 FORMAY (gN 0/¢% AT ITERATIONAIS THE MAXIMUM ERRQR s*E1Y,85+ AND Qc
ICURRED AY NODEw1S)
906 PORMAY (gn o/s* THE NUMRER Qp NODES 18 BFING ONUBLED ay ITERATIONS

PHI(I)JI'!OL)

1 18)
907 PORMAY (gu */o% TAPE WAS BEEN DUMPED AT IYERATIONalS)
908 PORMAY (gm

(1
{AYIONe]S)

#/+* SOLUTION NAS CONVERGED to DESIRED ACCURACY Ay 17ER

%00 PORMAY (1M o/s® MAXTIMyM NUMBER OF ITERAYIONS HAS REEN QFACNED. CAS
$€ 18 BEING TERMINATED Ay ITERATION®]S)
910 FnRMAY (1N ,/,n UPDATE GaMFF AND FARFICLD AY !TCRAY!ONOIS./a
SeEY3, Sa GCAMTE (4 * GAMFF (1) 3e013,8, GAMTE(KSPAN

T (W L/,
FORMAY (8A10)
913 FoRMar (IM ,/,n SIMILARYYY PARAMETER (x) 50E13,5,/,¢ SCALING FacYp
iR (CP/CPRAR) S*E13,.8)
914 FORMAY (IN ,/7,0 1IN Salde JM Balge JV Bell4a KM selde ILL saly
! & ITC melye KSPAN sely)
1S PORMAY (iK% ,/,0 SOLUTION 18 DIVEIGING. THE PROBLEM 18 BFING TERMIN
1ATED)
916 PORMAY (1% ,/,0 7(K)oKlloKH!)
450 COnNTINUE
CALL FPRINY
END

SUBROUTINE DoumLe

QCAL KCAP,HG,IHING

COmMMON /DE

Yov(uo)y,

KM,KMS, JwW,
‘L'N‘JDELl".o

'] OAN,ICAP,NDB,YIYLECOJ, T(20)

COmMMNN /COFFF A(UO).B(“O)o

CommMnN 7GAMMA GAMTES C20),0




c

1
e
3
d

RETURN

END

SUBROUTINE FARFLD

REAL KCAP, M8, TWING

COMMON /DELTA/ DX(UO).DY(UO)ODZ(ZO)olXI(UO).‘XZ(“O).B!!(00)0
ﬂlzfaO).Cl(UO).‘VI(QO)o‘VZfQO)o‘Zi(20)0‘22(20).!(“0)0V(00)a
l(ZO’o‘PUtGOO’.PPLfUOO).PH!UBfB JM!.KH.KM!.JN,
JW.‘odunio!T!oYLE0“39‘~ODVBU100 Lal‘LP“‘oOELoHQa
GAM.KCAP.NDB.TIVLEtO).OOUB.!H!NG.ZSPAN,NKPRT.KPR?(!O)

00(40)09“1t11500)

COMMON /INTERP/

SUBSONIC FARFIELD
CALCULATE wiING INTEGRAL

10

CON1®DOUB/6,2831053

IWINGEO,

00 10 1s2,xsPaN
!H!NG'!N!NG*.s-tcanrc(xaocanrz(!-a))toztx-l)
CONTINUE
!HINBIZ.'(!H!NGO.StGAMTttKSPAN)t(ZSPAN-Z(KQPAN)))
CON28IWING/12,5663706

I87(xM)

Mlltuanaxnj
2282(KM)ne2

00 20 1=y, 1My

MaMPo (Lol )adm

28X ([)wn2

CON3IBeX (1) aCNN

00 2% Jei,umM

LeMeJ

Yeay(J)en
RlQQR?t!toKCantvzozajj
PHITSCONI/Rea}
PH!(L)IPN!TOCONatVtJ)ttl.OX(!)IR)/tvzola)

25 CONTINUE
20 CONTINUE
Xsx(1)

36

Xesx(1)na2
CON!O-!tl)ﬁCONi

00 30 Key,kMy

MP.!M#JM.(K-!)

Z282(K) an?

DO 3% Jeg,am

LeMPeY

Yeuy(J)an?

RUSORTtIZOKCAP'(VZOZZ))
PHITSCONI/Ran}

1F tVZ.EO.o..AND.ZQ.EQ.O.) 60 TN 36
’HIQL)UPHIYOCONE'VtJ)'(i.oltl)ll)/(VEOZE)
GO 70 3§

CONTINUE

PHICL)SPMTY

35 COnNTINUE
30 CovrINuE
€ YSY(1) AND vay(gwm)




00 4o 1Dmy, 2
144 (IN,EQ,2) ¢n Y0 4
Jayg

YeRY(1)eanp
GO0 ro 4p
41 COnTINUE
Jagm
VZlY(JM)t‘E
42 CONTINUE
PO 48 Kmy, KMy
np-xn.an.(n-ga
Z282(K)wnp
CON!!CONEtV(J)/(V&*ZZ)
00 4e 182, 1M¢
LlnlofxoljaJnoJ
R-sonrcxcr)--zonCAP-¢v2¢ze))
PH!T'-!(!)‘CDN!/R..!
PH!(L)!PH!TOCONSt(!.ox(!)/ﬂ)
46 CONTINUE
45 ConTInye
40 CONT!NUE
C xexepm
rz-xtrn)--a
DO s0 Ket,xuM
nn-zn.Jn-(n.g)
MBMP 4 IMY M
i za-zcn)--a
‘ 00 70 rat,nzp
A(!)lZE(!)
70 CONTINUE
NENDaNnZE
IPLImap
12=0
1k (!(!).LE.ZSPAN) 1209
00 ¢0 Jag,  m
1r (ABS(Y!J)).LE..S.OH.IPL!P.EG.!) 60 ro0 7y
00 72 Int,kepaN
l(!)'l(!)
¢ 72 CONTINUP
{ NENDakgpay
i IPL2Pay
7" CONTINUE
Lamey
va-th)--a
, cows-vt:azs.:atsozos
A!NY!O.
‘ 1r (!Z.EQ.!.AND.J.EO.JHJ GO Y0 o5
‘ 12e22
00 ot KKmy,NEND
62 CONTYINUE
wr (A(KK).LE.Z(!ZE)) GO TN 63
12en12E4¢
G0 0 62
63 CONT!NUE

‘NEH'(GANTE(!ZEOI)0(ACKK)-Z(!ZE-!))/DZ(!ZE'])'(GAHTE(!ZE’O
73~

} P et s e s rietcs. oy e e




.

1 GAM?E(!ZE-1)))/((Z(K)-A(KK)J'-aove)
JF (KK, EQ,1) GO TN ¢
Aznrtlruto.Sa(ANFwonLD)ttA(KK)-AfKK-i))
64 CONTINUE
OLOBANE W
61 CONTINUE
A!NTIAINTO.S*ANENt(ZSPAN.z(KSFAN))
65 CONTINUE
REBSQRT(X2eKCAPR(Y2472))
PHITZSeY(IM)ACNHNY /Renl
PHICL)SPHITCONTRAINT
60 CONTINUE
S0 CONTINUE
RETURN
END
FUNCTINN FLP(XY,77)
REAL KCAP,M8,IWING
CO=MON /DELTA/ ﬂltlﬁj.ET{IﬂI.D!{zﬂ!.llltlﬂl.llitluiaﬂiltﬂﬁl-
1 arztnu!.::tnuj.iv|rnu&.t!ztnu:.nrltanl.izzt!ﬁ:.rtnnj.vtauj.
2 ?{?u!.FFutlnﬁI.FFLt!ﬂn}.FHluut!uﬂ}.IN.IHI.JH.JHI-IH-!HI.JH-
3 Jul:.Juu1.ITE.ILF;lﬁPnu.Dvﬂul.nvnu!.nrﬂLi,nvuLz.lLlHl.ﬂ!L.ﬂ!.
4 nnu.ucin.unn.ilTLttu].Eﬂu!.IHIHG.ISFlH.HlFIT.u!nTt!ﬂJ
AIRFOIL LOWER SURFACE SLOPE DISTRIBUTION
FiPad, e(xxa,s)
RETURN
END
SUBRAUTINE FPRINT
REAL XKCAP,™M8, IWING
COMMON /DFLTA/ 01(00).th00).02(203.lx1tAO).AXZCGO).BlltOO).
1 sxa(aO).Cx(ao).Avxcao).Avatao).Aztcao:.Azztao).xtan:.#taaa.
2 !r?u!.FPutEDﬁ!.F'Ltlﬂﬂl-FH!UBIGEHI.IH.IHI.JH.JHI.!H,IHl.JH,
5 Jull.Juﬂl.IT!.lLE.rsFlH.nvlu:.ﬁvlu!.b?HLI.DTILE.lLPHl.ﬂEL.Hlu
(" Gl'.IElF.Hu!.TITLEtai.DHUB.IHIHE.Ialnu.uurlt.lFle!uI
COMMON /CNEFF A(a0),ACu0),CCa0),0(a0),PHIC11500)
COMMON JGAMMA / sinttttaﬂ!.GlPT!r!ni.FEFF.ﬁlnrrl!ul
cltlulnELtt.bniaﬁ&bhbe{tI.tﬁllInnl--z)-t.llllllllll
CPCRITR2 «CPCPR2KCAP
WRITE (6,900)
WRITE (6,901) (TITLFCI),I=1,8)
WRITE (6,902) ™ma
WRITE (6,903) KCaAP
WRITE (6,904) DEL
WRITE (4,908 ALPHA
WRITE (K,907) ZSPAN
WRITE (6,906) CPCPB
WRITE (6,916) CPCRIT
WRITE (6,912)
WRITE (8,915) txt!).!lILE.!TE)
CLIFTRY,
CNON'O.
DN 10 Ksy,xgpaN
oanrs.s.ttxcxr£¢qa-x.)-tcAnrrtK)-cnntctn))/txtxnt)-1.)ocAnvEtK))
"PI!"‘JM.(K.])
TINSMPOITER Mo W
PHICIJKISPHI(TIIK)ePARY




.

LeMPe(ILEe2)agMegw
LPS(ILE=2)eKkMeK
PH!UB(LP)!PH!(L)
LPSITEAKMaK
PH!UB(LP)OPH!(!JKJOZ.*PART
b0 20 IslLE,1TE
MEMP4(Tel)ugM

LeMe W

LPe(lmt)akMex

‘(IJ'-?.*(AX!(I)'(PHICLOJMJ
cPCrs

{ PHIUB(LPekM)))ncPeR

(KeGTo1) GO 71O 2%
C(Iyea(r)

D(I)sB(D)

21 COnNTINUE
CimA(l)eB(])
ca-c:-xtri
IF (1.6Y,ILE) 6D TD 22
CLaClwX(ILE)
CME,SaCanx(ILE)
G0 T0 23

22 CONTINyE
CLlCLO.St(Cl¢ClDJ*DX(IOIJ

CHICMO.St(CZOCZOJiDXfltiJ
23 CONTINUE

CineCy
C20ac2

20 CONTINUE
PH!(!JKJ'PHI(!JKJVPARY
IF (K,EQ,1) GO T0 4
CL!FTICL!FT#.5*(CL¢CLO)*DZ(K-1J

CHOMOCNDHO.S*(Cﬂ+CNO)ﬁDZ(K-IJ
11 CONTINUE

CLOsCL

CMDaCM

DO 12 Nag,nNkpRY '

IF (KPR?(N).NE.K) GO Yo 12
GAMPRT'Z.tGAMTE(KJ*CPCPB
WRITE (6,908) I(K),GAMPRY
WRITE (6,913)

WRITE (6,915) (B(!Jp!!!LEo!TE)
WRITE (6,914)

WRITE (6,915%) (A1), I1s1LE, 7€)
60 v0 10

12 CONTINUE
10 CONTINUE
WRITE (6,900) .
WRITE (6,901) CTITLE(D), 101,89
WRITE (6,902) Mg
WRITE (6,903) Kcap
WRITE (6,904) DE|
WRITE (6,905) ALPNA
WRITE (6,907) 2spaAN

-PHI(LJ)#AXZ(IJ*(PHI(L)
B(!)l-Z.*(AX1(!)t(PHIUB(LPOKMJ
8

®PHIC(LwJM)) )2
-PHIUB(LP))0‘!2(!)*(9H!UB(LP)-




et o —a e i, e U

— —

i e ek

900
901
902
903
904
908
906
907
908

909
"0
912
913
914
915
16

WRITE (6,906) CPCPB

WRITE (6,916) CPCRIY

WRITE (6,909)

WRITE (6,910) CLIFT,CMOM

GAMPRT=2 , #GAMTE (1 )*CPCPB

WRITE (6,908) 2(1),GAMPRY

WRIYTE (6,912)

WRITE (6,915) (x(1),YslLE,I17E)

WRITE (6,913)

WRITE (6,915) (DC1),I=TILE,ITE)

WRITE (6,914) ,

WRITE (6,918) (CCI),IsILE,ITE)

FORMAY (1MY)

FORMAT (30Y,B8A10)

FORMAY (W o /0 M /04K ,/,% MACH NUMBER s#f13,5)

FORMAT (s SIMILARITY PARAMETER (K) m#f13,5)

FORMAT (o THICKNESS RATIO s#Ey3,5)

FORMAT (# AIRFNIL ANGLE OF ATTACK (RADIANS) s+£13,.9%)

FORMAT (% CP SCALING FACTOR (CP/CPBAR) ®#E13,S)

FORMAY (% WING ASPECTY RATIO s#£13,5)

FORMATY (1H ,/,1H ,/7,21X#ATRFOIL SPANWISE COORDINATE sm#f1%.5
1 o SECTION LIFY COEFFICIENT s#F13,S)

FORMAT (1W ,/,1H ,/,% AIRFOIL FORCE COBFFICIENTSH)

FORMAT (1H ,/,3xoLIFY 3aE13,5,/,3XaMOMENT ABOUT (Xm0) saE(3,.%)
FORMAT (1M ,/,1M ,/,3X*AIRFNIL STREAMWISE COORDINATE®)
FORMAT (IH ,/7,1H ,/7,3X*AIRFOIL PRESSURE COEFFICIENTYS, UPPER =a)
FORMAY (iH ,/,3XeAIRFOIL PRESSURE COEFFICIENTS, LOWER uw)
FORMAY (3x10E13,5)

FORMAYT (% CRITICAL PRESSURE CODEFFICIENT (SONIC) ®«E13%,9)
RETURN

END

FUNCTION FUP(XX,22)

REAL KCAP,M8,IWING

COMMON /DELTA/ DX (40),0Y(40),02€20),AX8€40),A%2(40),8X1¢€40),
1 axztao).CXtaoa.AvitaO).sztao).AZt(20).&22(20).!(00).vtao).

2 7(20),FPU(B00),FPLCBO0Y,PHIUBCBO0),TM, IMT, M, JMY, KM, KM, JW,
3 JWP1,JWMY,ITE, TLE,KSPAN,DYBUY,DYBU2,DYBLE,DYBL2,ALPHA,DEL,NS,
4 GAM,KCAP,NDB, TITLE(B),DOUR,IWING,ZSPAN,NKPRY,KPRT (209

C AIRFOIL UPPER SURFACE SLOPE DISTRIBUTION

'UPI-“.'(!'-.S’

C DOUB 18 TWE DNUBLET STRENGTH DUE YO THICKNESS

Doytisy ,3333333330728PAN

RETURN

END

SUBROUTINE GAMFUN

REAL KCAP,M8,IWING

COMMON /DELTA/ DX (40),DYC40),02¢20),AX1C40),AX2€40),0%1€40),
1 Ox2(¢40),Cx(40),AY1C¢80),AY2(€40),A21(20),A22€20),X%C40),YCa0),
2 2€20),FP(800),FPLCB0N),PHIUBCBO0), IM, IML,IM,JM], KM, KM],J W,
3 JuPt,JwMy,1TE, ILE,KSPAN,DYBUYL,NYBU2,0Y8LY oDYBL2,ALPHA,DEL, M8,
4 GAM,KCAP,NDB, TITLE(8),DOUR, IWING,2ZSPAN,NKPRYT,KPRT(20)
COMMON /GAMMA/ GAMTEL (20),CAMTEC20),PGFF,GAMPF (20)

DO 10 Isy,KSPAN

GAMFF(1)SGAMTE! (1)ePGFFa(GAMTE (2)eGAMTEL (D))

GAMTEL (1)8GAMTE (D) "




10 CONTINUE
REYURN
END
SUBROUTINE INITAL
REAL KCAP,M8,1WING
ComMMON /DELTA/ DX(“O).DV(MO):DZ(?O);‘!!(4
{ DXZ(QO)pCX(MO)p‘Yl(GO)oAYE(MO)pAZl(ZO)p

e Z(ZO)oFPU(OOO)aPPL(GOO)oPHIUB(BOO)p!"u!"’oJHpJ"
3 JNPl.JNMloITE.!LE.KSPAN.DVBUI.DYBUE.DVBLl.OVBLE.ALPHA.DEL.MB.
NKPR?,KPRT(ZO)

4 GAM,KCAP,NDB,
CALCULATE Dx,py an
00 10 tey, 1My

OX(I)ux(Tegrex(y)

10 CONTINUE

00 20 rey, gy

OVeIluy(letyay(y)
20 CONTINUE

00 S0 tey,xmy

BZ(I)8Z(1e1)az¢()

30 ConTINyE

FINITE DIFFERENCE COEFFICIENTYS
00 40 1w2, pMq ,
Ax:(!)lb!(!-l)/(DX(I)t(DX(I-l)¢DX(I)))
sz(xanox(xazcoxcx-:)acoxcx-::ooxcxaaa
sx:ttana.-nx:cx:/oxcx-na
axz(x)-a.-axz(x)/oxtl)
Cx(1)e,S5/0x (1)

40 CONTINUE
CX(4)m,8/0x¢1)

0 30 fe2, gmy
Av:cxa-z.zcovtr;-covcx:oovcr-:)))
Ava(x)-z./covcx-t)acovcx:oovcxoa:))

S0 CONTINUE
00 60 I.EJK"’
Aztcx)-z./cozcx:acoz(x)oozcx-:)))
Azzcx)-z./cozcx-:)a(ozcx)oozcx-taaa
60 CONTINUE
AZ1€1)82,/D2(1)0np
A22(1)e0,
DY!U!IZ./((OV(JHPl)02.-DV(JN))tDV(JHPl))
DYIU&IDV(JwPl)tDVBUl
ovaL:-z./c(ovcdu-a)oz.-ovcawn:))-ovtaw-aaa
ovaLzuovtau-zaaovsL:
8ET AIRFOIL BOYNDARY ConDITION
00 70 Key,xspan
00 80 Is1iE,19e
LE(let)akMek
'PUCL)IFUP(X(I).Z(K)i
IPL(L)-rchxcx).z(naa
80 CONTINUE
70 conTINuE
RETURN
END
SUBROUTINE PRINY (NIYERG)
REAL KC‘P:NG:IN!NG

TITLE(O),DOUB,INING.ISPAN,
0 02
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COMMON /DELTA/ DYQQO)oDY(UO)nDZQEO)ol!l(EO)nAXEQGO)nBXI(UO)o
| BXZ(QO).CX(QO)olYI(00)oAYZ(QO).lZl(ZO)n‘ZZ(ZO)nX(QO)oYQQO)o
-4 Z(ZO).FPU(GOO).FPL(HOO).PH!UBIGOO).!M.!NloJH.J"l.KM.KMl.JN.
3 JNPloJWM!n!TEo!LEo“SPlNoDYauioDYBUE.DYBL!nDVBLEoALPHA.DELoNB.
4 GAM.KCAPoNDB.T!TLfte).DOUB.!W!NG.ZSPAN.NKPRT.KPRT¢20)
COMMON /CODEFF/ A(ﬂO),B(ﬂO),C(GO).D(“O)oPH!111500)
COMMON /GAMMA/ GAMTE!(EO)oGAMTE(EO)o’GFFoGlHFtho)
KSPANISKSPAN=
00 10 Ksy,KSPAN,KSPANY
PART|.5i¢¢¥(17501)'l.)'(GAHFF(K)-GAMTE(K))/(XQIMI)GI.)¢GINTE(K))
MPEIMa MR (Ko )
IJKBMPOITERIMe I W
PHICIJK)IBSPHI(IJIK)ePARY
LEMP4(ILE=2)aIMeIW
LPES(ILEa) aiMeK
PHIUBCLPYSPHICL)
LPSITERKMeK
PHIUB(LPYSPHI(IJIK)®2, aPARY
C COMPUTE CP LOWER (A) AND CP UPPER (B)
DO 20 IsILE,ITE
LeSMPe(lel)nIMe Iy
LPE(laf)aKMeK
A(I)'OZ.itlll(I)i(PH!(LOJN)OPHI(L))OAXZ(!)*QPHIQL)oiH!(L-JN)))
| 8(!)'-2.'(1X1(I)*(FNIUBQLPOKM)-PH!UB(LP))OAXZQI)iQPHIUB(LP)O
| 1 PHIUB(LPeKM)))
20 CONTINUE
PHICIJIKISPHI(IJIK) +PARY
WRITE (6,901) NITERG,K
WRITE (6,902) (B(I),IsILE,ITE)
WRITE (6,903) NITERG,K
WRITE (6,902) CA(1),IsILE,1TE)
10 CONTINUE
901 FORMAY (N o/0% AT ITERATION#ISe AND K mal3wn SCALED PRCSSURE COEFP
11CIENY, UPPER (ILE T0O ITE) se)
902 FORMAY (10E13,5)
903 FORMAY ({N ,/,% AT ITERATION®IS® AND K meIlde SCALED PRESSURE COEFP
L 1ICIENT, LOWER (ILE TN ITE) =)
RETURN
END
SUBRQUTINE TRI (I,K)
REAL KCAP,M8, INING
COMMAN /DELTA/ ﬁifﬁﬁiuﬁ?llﬂ!'ﬂlliﬁiplllllﬂlpll!llﬂlcllltlﬂil
| IIEIIE].ﬂltﬂ#}.l?ltlﬂill¥!flﬂ1-lllIEﬂl.l!!l!l!.lllﬂ!.?!!ﬂl,
2 !f!ﬂ!-Flullﬂﬂ!nFFLI!ﬂﬂ!-FHIu!tlﬂﬂIlepIHI.JH.JHI.I!.HHt.JH.
3 Jﬂ'iiJNﬂitTT!:ILErl!PlNrﬂTlUIiD?!HE.U?IL‘luTlLillLFngﬂELi"ll
'] IlH.IElP.HDI:TfTLEI!!-DUU!rl'lﬂﬂrliPlH.HIFHT-lFlTl!ﬁ}
COMMON /CNEFF/ lf@ﬂ).BCUO).CCaO).D(GO).PH!(IISOO)
MPRIMaIMA (Ko )
DD 10 KKs3, My
JBJMiaKKed
PaA(Jel)/B(J)
B(Jel)sB(Jel)aPaC(J)
0(Jel)aD(Jel)ePuaD())
CONT INUE
MaMPé (el ) eJNM

-78=-




PHI(MOZ)CD(Z)/B(E)

D0 20 J=3, Mg

LaMe)

PHI(L)'(D(J)-PH!(L-1)tC(J)J/B(J7
20 CONTINUE

REYURN

END
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APPENDIX B
FORTRAN LISTING OF TDUTRN

A FORTRAN listing of the source deck for the TDUTRN
program is presented in the following pages. The program,
as configured here, requires 161.73K words to load and 150.04K

words to execute. In this configuration the programs fit into
l small core of the CDC 7600.
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'S B N T W mle ST L —————

PROGRAM YDUTRN (!NPUY.UUTPUToT‘PCS'!NPUT.TQ’EOIDUT’UT.7"27‘

1 TAPEB,TAPEY)

COMPLE Y B.D,PH!UB‘PH!,’HIDGaG‘NTfloG‘"YE.G‘HFF.fRP,ERRUR,

1 OMEGEIOsxsxop‘RTl'PUOP’LITPH!'lYpN!Ll7’N!LLIT’HISKICO~

REAL kCAP,mB

COMMON /DELTA/ DX(“O’.DY(“O).DZ(“O’:‘X!(00)0‘!2(40)03X1(40)0

1 .X?(“O).CX(“O)“VI(aO)o‘VQQUO)l‘Zl‘ZO)a‘l!(?O)oX(aO)oYQQO)o
e 2(20)0"U(50010FPL(800)oPH!UUQQOO’oI”o!“l.JH‘JHl,KH,KM!.JU,

3 Jwﬂl,JWHlo!TE,!LE,KSPAN,DYBUI‘DYBUE.DVBLloDY'LE‘SM‘LLK‘OMEGo
4 NDOU”:CPCPBoYITLE(Q)oNBpDELa‘LPN‘a!TY'E;!QPT!XP:NK’RY.KPRT(EO):
5 ISPAN,KCAP,RPAR

COMMON /COEFF/ ‘(40).8(4°)uC(00).D(“O)a’"l(!lSOO)

COMMON /GAMMA/ G‘"TEI(20)oG‘“TE(?O)a’GFF.G‘HFF(ZO)

‘COMMON /STEADY/ PH!S(!‘SOO).‘XIS(QO)0‘323(a0’09118(00)onQQCQO)o
1 CXS(HO,.PHIUBS(BOO)

COMMON /INTERP/ ZEC(2S),N2E

DIMENSION PH!OG(“O)oDMEG‘(ao,oVQUO)oE’SGRD(!)

NAMELIST /INy/ X.V,Z,!N.JM,KH,!LE.ITE‘JN.KSPAN,G‘"FF,OHEG‘N.

1 OMEGAE;OMEG‘P,EPSGRD.NDU"P-NGR!D!NG";PG'F.KEPS,N’R!NT.NK’RY.
e KPRToS"‘LLKo!Kox’o!7YPEo!UPY;IE;N:E

NAMELISY /CONTRL/ ITAPE

TO START PRNGRAM, sTEADY (PHIS) DATA I8 vn BE READ FROM A DISC FILE
TAPES, UNSTEADY DATA WILL NOW 8F WRITTEN ON TAPETY,

TO RESTARTY PROGRAM, AGAIN STORE STEADY DATA AS ABOVE AND STORE
TME UNSTEADY DATA oM A DISC FILE vapEe, NEW UNSTEADY DATA wiLL
NOW BE WRITTEN ON TAPEY,

READ SYEADY SOLUTINN
READ (8) DUH.!Hs.IMIS.JMS.J"ls.KNs.KHIS.JHS.DUH.DUH.!YESa!LESo
| KSPANS.KCAP,DEL.ALPHA,NOB,MQ,GAM,DUM.DUM:DUM.DUM,DUM.ISPIN
READ (8) couv.oun.ax1s¢1).Asttx).lxistxa.sxzacxa.cxatx).xlt.!MS)
READ (8) OuM
READ (8) Dum
LBITESeaKkMS
READ (8) (DU"UDU"oPH!UBS(I)o!'!oL’
READ (B) Dum
LIIMStJMStKHS
READ (8) (PHIS(!).IllaL)
C wMOOIPY LEADING AND TRAILING EDGE PHI
MEIMSaJMS
MCII(!LEO-l)tJ"SOJUS
MC2B(ITESe1)e Mse NS
ncs-txves-a)ansoJus
LPll(!LES-i)OKMS
LP28(ITESw] )uxMg
LPSI(IYES-z)'KMs
00 ¢ Ks1,KSPANS
MPIM.(K-;)
LaMPeMC
LPaLPtex
PH!GCL)I.S'(PHIS(L)OPHIUBSCLP)J
LeMpemC2
LPeLPRex
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= L
R N = e e e

PHIS(LI® S (PHISCLI+PHIUBS(LPY)
LesMP+MC3
LPELPIex
PHIS(L)® ,S#a(PHISCL)Y®PHIUBSCILP)Y)
{ CONTINUE
SKRSQART(KCAP)
CPCPBRDELA#,6666666667/((1,4GAM)aMAR22) s, 3333333333
RPAREY , /7((1,¢GAMIXMBaa2wDEL ) we 333333333
READ (5,911) (TYITLE(I),1m1,8)
READ (5,CONTRL)
IF (1TAPE,.EQ,0) GO TO 10
C READ DATA FROM RESTARY TAPE
READ (9) NITERG, IM)IM1,IM,IML, KM, KMY, IW, JWPY, JWML, ITE, ILE,
1 KSPAN,DMEG,SMALLK,DYRU1,DYBU2,DYBLY,DYBL2,NOOUB,XP !
READ (9) (XCT)oDXCI), AXICTY,AX2CT),BX1C1),BX2C2),CXCT),Iny,1M)
READ (9) (Y(I1),0Y(CI),AYLCT),AY2(1),1Iny,JIM)
READ (9) (Z(I)»DZ2C1),A21C2),AZ2¢1),1m1,KM)
LBITENKM
READ (9) f’PU(I)aFPLfI’a’HIUB(”aIllaL’
READ (9) (GAMTE(I),GAMFF(1),Im1,KSPAN)
LBIMeIMaKM
READ (9) (PHI(I)Y,Isy,L)
b0 2 I=],KSPAN
GAMTE1(1IBGAMTE (1)
2 CONTINUE
IK=Q
READ (S,IN)
WRITE (6,900)
WRITE (6,901) NITERG
NITERG=O
WRITE (6,913) KCAP,CPCPB
C THE IXK OPTION IS USED TO BONTSTRAP YO DIFFERENT REDUCED FREQUENCIES
C AND/OR MODES OF OSCILLATION
IF (IK,EQ,0) GO YO S
ONEGISMALLK'nGttz/((l.OGAM)tDELtMGttZ)tt.6666666667
CALL INITAL
CALL FARFLD
G0 Y0 1S
C START PRDBLEM FROM SCRATCH
10 CONTINUE
READ (S5,1N)
NITERGSD
NDOUB=)
OHEGISNALLKtMBttaltll.OGA")tDELtNOtte)tt.bbbbbbbbb?
00 3 Isy,KSPAN
GAMTEL(I)mGAMPP (1)
GAMYE(I)BGAMFF(])
3 CONTINUE
IMinIMey
JMIB M=y
KMiBKMe |
JWPIsIWel
JAMiBJNe]
C INITIALIZE PINITE DIFFERENCE COEFFICIENTS AND FARFIELD
CALL INITAL
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CALL FARFLD

C INITIALIZE GUESS FOR SUBSONIC CASE (INTERIOR NONLY)
C ASSUMED SYMMETRY IN Y

42

40
30
20

48
15

JWam2eaJw
CONBGAMFF (1) /6,28418573
DD 20 Ksy,xkMy
MPEIMaJMA (K= )
IPSZ(K)+ZSPAN
IMBZ(K)=ZSPAN
Z2BZ2(K)wn2

DO 30 1m2,1IMt
MEBMP¢(I=l)nJM
PHI(M#JN):CMPLX(O.,O.)
XesX(I)Ywnp

D0 40 JsJwP§,J My

LeMeJ

LLSMeJWR )

Y2sY(J)wn2

IF (X(I)uLT,1,) GO 70 41
PHI(L)!CONt(ATAN(ZP/Y(J))-ATAN(ZM/VtJ)))
GO 10 42

CONTINUE
RSSART(X24KCAP*(Y2472))
'HI(L"CON*ZSPAN#(V(J)/(Y?QZ?))t(!.OX(I)/R)
CONTINUE
CPHISCABS(PHIC(L)Y)

IfF (CPHI,GT,t,) PHICLISPHI(L)/CPNH?
PHICLLIS=PH]I(L)

CONTINUE

CONTINUE

CONTINUE

LSITERKM
ERRSCMPLX(0,,0,)

00 4 1st,L

PHIUB(I)SERR

CONTINUE

MS(ILEe2)nIMeINW
KKS(ILE=] ) wKM

D0 48 K=y1,KSPAN
LeMeIMaIMR (Kat)
PHIUB(KKeK)IBPMHICL)
CONTINUE

CONTINUE
OMEG2IZCMPLX(0,,2,*0OMEG)
WRITE (6,IN)

WRITE (6,900)

IF (ITAPE,EQ,0) WRITE (6,913) KCAP,CPCPB
KGRD=¢

€ RE«CYCLE POINY FOR GRID ITERATION

CONTINUE

ERRORSCMPLX(0,,0,)

NITSNITERG

NITERGENITERGe}

IF (MOD(NITERG,NPRINT),EQ,0) CALL PRINT(NIT)
IF (MODCNITERG,NGFF) ,NE,0) GO g? 51




¥ THN GAMF(N
CALL FARFLD

WRITE (6,910) NIYERG.GAHY!(!’.GANF?(I
CONTINUE
r~cn-e--¢~oa-~ooua)
K8steINCR
IMIMBIMa N
!HSJNS'!"S'JNS
IN LooP NN THE PLANES
00 100 Key,kMy
KSaKseINCR
00 102 I82,Jmg
V(l)skCap
CONTINUE
NP!INJNQ(K-])
NPS'!HSJHSQ(KS-I)
C cHEeLK FOR AIRPORY
1P01Le0
IF (x,LE,
1882<INCR
C BEGIN LOOP NN A GIVEN
00 200 1=, 1M1
18e18¢1nNCH
CK Fon AIRFOIL
IFLAGRO
1r (IFO!L.EO.I.AND.ILE
1F (!FLAG.EO.!) N
N!NPOCI-I)'J"
NSONPSO(ISﬂI)'JNS
c SAVE THis COLumMN o
00 201 Je2, 9t
Lamey
PH!OG(J)!PNICL)
CONTINUE
Ja-z-!NCI
C #EGIN LANP on COLUMN (y DIIECTION)
00 300 Je2,  me
JssJ8eIneR
CuLarre CELL INDICES FOR PNIOD
LSaMgeys
LAReLsegmg
LSL'LSOJ"S
LSLL'LSL-J"S
ir (19,60,2) LS LeLgL
CuLare CELL INDICES FOR PN1{
J

€ s8ec (Z DIRECTION)

102

KSPAN) P01 et

C cwHe

oLE

.!.AND.!.LE
2(let)akx

MoK

PHY

203

€ caL

LlLeLegm
LLiolLegn
IF (1.20,2) LLLe

LBl et

LAnf ey

LFaLetmMym

LIS PRI

1’ (,€Q,1) LAKsLF 84

——— et £ g W s st
L T S

DL R e T e

B

),GANT[(KS’AN).GAMFF(KS'AN)

PLANE (X DIRFCTION)

oITE) IrLAGey




AR RARRN AR RN AR R RAR RN NN RN AN R RN AN ARN AR A RR R AR AR IR AR RR AR RN AR RN ARAA RN NARAARRAR
* CALCULAYE v AND PMIXX FROM STEADY SOLUTION
AR R RARRA R AR AR RN R RN AARN R R RARAR RN RN RN AN R RN R RANRRARARAR AR AR A RAANR AR RANRRR AR
VVEKCAPaAX{S(IS)* (PHIS(LAR)IPNIS(LE))IwAX28(28)#(PHIS(LS)e
1 PMIS(LAL)Y)
vvasyy
IF (VV,LT,0,) GN YO 301
ELLIPTIC
OMEGA (J)SOMEGAE
PHIXXSBX1S(18)# (PHIS(LSR)aPHIS(LS)IwBX2S(IS)In(PHIS(LS)ePHIS(LSL))
60 70 302
301 CONTINUE
QMEGA (J)ISOMEGAP
IF (v(J),GT,0,) GO YO 303
HWYPERBOLIC
OMEGA(J)SOMEGAM
VVEKCAPeCXS (1801 )0 (PHIS(LS)ePHIS(LSL))InCXS(I802)a(PHIS(LSL ).
§ PHISCLSLL)Y)
303 CONTINUE
PARABOL IC
PHIXXSBX1S(I8S=1)a(PHIS(LS)ePHIS(LSL))=BX2S(ISeiIn(PHIS(LSL).
1 PHISCLALLY)
302 CONTINUE
vV(J)svvs
TPHIREPHIC(LR)
TPHILSPHICLL)
YPHILLOPHICLLL)
TPHIBKEPHE (LBK)
IF (1POIL,EQ,0,0R,J,NE,JW) GO TD 304
IF (1,FQ,ILEe1) PHICLRIS Sa(PHIUBC(ILEe1)aKMeK)ISPHI(LR))
IF (1.EQ,ITESL) PHICLLI® So(PHIUBC(ITE@1)aKMeKISGPHI(LL))
IF (1,EQ,ITE#1) PHICLLLI® ,So(PHIURCCITE2)aKMeKIGPHTI(LLL))
17 (1,EQ,1TE#2) PHICLLLY® ,Sa(PHIURCCITE=1)nKMeK)IGPHI(LLL))
304 CONTINUE
IF CILEGLE I,ANDQI,LE,ITEAND,JEQ JW,AND, K ,EQ,KSPANSGL)
1 PHI(LBK)I® Sa(PHIUB((Tel)aKMeKSPAN)SPHI(LBK))
S8EY UP TRIDIAGONAL MATRIX YO SOLVE FOR PHI(I,J,K)
A o PHI(1,J%1,K) ¢ B o PHI(1,J,K) ¢ C # PHI(I,Jey,k) 8 D
IF CIPLAG,EG,1,AND,J,EQ,JWPL) GD TN 330
IF (IPLAG,EQ,1,AND,J,FQ,Jw) GO TO 340
PA.Y‘CHPLX(O.'O.’
IF (1.,LE,I1TE,0R,IFNIL,EQ,0) GO TO 308
KUTTA CONDITION
SIGIS(X(1)ml I (GAMFF(K)LGAMTE(K))/(XCIML)e] I¢GAMTE (K)
IF C(I10PT,ER,1) SIGIWBIGIACEXP(CMPLX(O,,»SMALLK*(X(1)el,)))
IF (J,EQ,JWM1) PARTS 80AYS(J)aS816]
IF (J.EQ,Jw) PARTE, Se(AV1(J)eAYR(J))28162
IF (J,EQ,JWP1) PARTSe,S0eAY2(J)28.061
303 CONTINUE
IF C(vvs,.LTY,0,) GO YO 320
EARRARRARAARRAAARR R AR AARARRAN AR AR RARRAARNARNANRA N AR RARRR AN RARARAAARARARRORA
e ELLIPTIC DIPFERENCING
.'i"...'..'...ﬁ..."....'.i.ﬁ.ﬁ..ﬁ'....."....'.'.ﬁ.......ﬁ.'..'..'.ﬁ..ﬁ.
ACJIBAYLC))
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B(J)='(VVQ(BX1(I)DBXE(I)JOAYl(J)+AYZ(J)¢(0ME02109HIXX)i(l!2(1)-
1 AX$I(I)))eAZi(K)IwAZ2(K)

C(I)=av2())

D(J)'-VV'(BX!(!)tPHI(LR)iexztl)*PHI(LL))*(ONEG2I¢PH!XX)Q(AX!(I)i

1 PHI(LR)-AXQ(I)QPHI(LL))OPART'(‘zl(K)QPHI(LF)"ZE(K)'PH!(L'K))
IF (J.EQ,2) GO 7O 31%

IF (J.EQ,JMY) Gn YO 312
GO 70 390
C BOTYOM BOUNDARY
3§1 CONTINUE
D(J)ZDCI)mAY2(JI)#PHI(LB)
60 vO 3990

C TOP BOUNDARY
312 CONTINUE
DCJIBDCI)eAYI(I)APHT(LA)
GO TO 390
C ttittttttittttttttﬁittitittttiiiittﬁttttitttttitiitttttittitﬁttttttttiitttt
C = HYPERBOLIC AND PARABOLIC DIFFERENCING
C titttttttiiittttititiittttttittttttttt*iiitttiﬁtttitttittttiﬁtitiitttitttti
320 CONTINIIE
ACJIsAYL ()
B(J)tvv-8x1(1-1)-Avi(J)-Ava(J)-(OHEszopulxx)tcx(I-!)-AZ!(x)-
1 AZ2(K)
C(JlI)sAY2())
D(Jatvv-(8x1(l-i)tPH!(LLJ#Bxatl-!)*(PNI(LL)-PHI(LLL)))-(OH!GZIo
1 Perx)t(cxtrol)aPN!(LL)-CX(I-E)t(PHI(LL)-PHI(LLL))JOPAR?-
2 (AZ1CKI*PHTICLF)rAZ2CKIRPHI(LBK))
IF (J.€9,2) GO 10 32%
IF (J,EQ,JM1) Gn TO 3122
Gl T 390
C BOTYOM BOUNDARY

321 CONTINUE
D(J)'D(J)-lYZ(J)tPHI(LB)
GO TO 390

TOP BOUNDARY

322 CONTINUE
DCIIBD(IIeAY ] CI)4PHTCLA)
GO TO 390

t*tttiti..tttttttititiitii*itiiititt..it.iittiiiii.tiiii..ilttttiiittitittl

] AIRFOIL UPPER SURFACE BOUNDARY CONDITION

ﬁtﬁttttttttttﬁtttiQﬁittittﬁtt*tiﬁttﬁtttﬁatttttttﬁttttttttt.tﬁttttittttttnti
330 CONTINUE

IF (VV8,LT.0,) GO 7O 33y
ELLIPTIC
ACJysDYAy"
B(J)l-(vv-(BXl(!)06!2(1))¢DYBU!OCONEGEIOPNIXX)i(Axatl)-AX!(I)))-
T AZ21(X)mAZ2(K)
CtJimo,

D(J)'DVBUZtFPU(N)-VVttaxl(I)'PHI(Ll)#l!?(!)tPHI(LL))’!UMEBZ!O

1 PH!X!)t(lX!(IJtPHI(LR)uAXZ(I)tPHI(LL))-(‘Z!(K)t!HI(LFJO
2 AZ2(K)#PHICLBK))

GO TO 390
HYPERBOLIC AMND PARABOLIC
331 CONTINUE
ACJ)sDYBUY

(2 Xe Re) o

(¢}

(¢}




B:J)lVVtaxlt!-l)-DVBU!-(OHE62!OPHIXX)tCX(I'l)-AZI(K)-AZE(K)
C(J)so0,
DCJ)SDYBUZ#FPUCN) tVV# (BX1 (Lol I*PHI(LL)#BX2(To1)# (PHI(LL) =
1 PHI(LLL’))-(OHEGEIOPH!XX)“C!(I'l’*PNI‘LL)?C‘(I'Z)'(PﬂI(LL”
2 PHICLLLY))I=CAZLI(KI«PHICLF)®AZ2(K)#PHI(LAK))

G 1O 390
tttitttitttitttttitttttttttttttittitttttttttttttttttt ARRAARAAARR AN AN TR A A kR
*® AIRFOIL LOWER SURFACE BOUNDARY CONDITION
iittittitttttttttttttttititttiiitttttttttttttttitttttttititttttttttttittttt

$S0 CONTINUE

1P (VVS,LT,0,) GO YO 35¢
eLLIPTIC

ACJ)s0O,

B(J)l-(DVBLtoVVatBXlt!)oath!))otDMEGz!+PHIXX)ttAX2(I)-AX!(I)))-

1 AZICK)I=AZ2(K)

C(J)=sDYBL!Y

DtJ)l-DvathFPLtN)-VVt(ax1(I)apnxtLR)onztl)tantLL))ot0M562!¢

1 PHIXXINCAXTCI)APHICLRI@AX2CI)#PHTI(LL) Yo (A2 (KIAPHI(LF)¢
2 AZ2(K)APHI(LBK))
GO0 YO 390
€ MWYPERBOLIC AND PARABOLIC
381 CONTINUE

A(J)=0,

B(J)lvvtaxlt!-!)-DVBLlvtoﬁtszlopHIXX)tCX(!-l)-A21tK)-AZZtK)

CCJysDYBLY _

DtJ)l-DYBLatFPLtN)OVVttBXl(!-1)aPHI(LL)#SXZ(I-!)!(PH!tLL)-

H} PHICLLL)))=COMEGRI4PHIXX)I#(CXC1ai)#PHI(LL)CX(1e2)*(PHICLL)"

2 PHICLLLY)I=CAZI(KI#PHICLFISAZ2(K) #PHI(LBK))

G0 T0 390

80DY BOUNDARY JsJW
340 CONTINUE

ACJ)=0,

8CJISCMPLX(1,4,0,)

CtJ)ys=o,

DCJYSPHICL)

390 CONTINUE

PHICLR)STPHIR

PHICLL)STYPHIL

PHICLLL)STPHILL

PHI(LAK)BTPHIBK

IF (10PT,EQ,0) GO TO 300

IF (1FLAG,EQ,1,AND,J,EQ,JW) GO YO 300

BCJ)SBCJI)¢SMALLKAOMEG
300 CONTINUE

€ TRIDIAGONAL MATRIX 18 SET NOW SOLVE FOR COLUMN OF PH1
CALL TRI(1,KX)

€ RELAX PHI, FIND ERROR AND MOVE TN NEXT COLUMN
D0 395 J=m2, My
LeMeJ
ERRSOMEGA CJ)In(PHI(LY=PHIDG(J))
PHICLISPHIOG(J)#ERR
IF (CABSCERR) LT,CABSCERROR)) GO YO 395
ERRORSERR
LERRORSL

308 CONTINUE

(2 X2 Nal

(2}

(2]

-87-




IF CIFLAG,NE,1) GO TO 200
LoaMeJuw
PH!(L)IPHI(L-l)ODV(JNMl)'(PH!(L-l)-PHI(L-Z))/DV(JN-Z)
PH!UB(N)IPH!(L*!)-DV(JH)Q(PN!(L#E)-PNI(L&!))/DV(JNP!)
IF (1,EQ,ITE) GAMTE(K)SPHIUB(N) wPHT (L)

200 CONTINUE

100 CONTINUE

C PRINT DUT ERROR AFTER EACH GRID SWEEP

WRITE (6,905) NITERG,ERROR,LERRDR
IF (CABSCERR),LT,10,) GO 1O 104
WRITE (6,912)
$70P
CONTINUE
I00uBe0
1F (CABS(EPROR).LE.E.SGRD(KGRD)) GO YO 400
IF (NITERG,EQ,NGRID) GO TO 410
1r (MOD(N!TERG.NDUHP).EG.O) GO TO 410
G0 TO S0
CONTINUE
KGRDAKGRDe}
I00yBay
G0 T0 4g0
CONTINUE
CALL GAMPUN
WRITE (6,910) N!TEIG.GAMTE(!).GAMFF(!).GAHTE(KSPAN).GANFF(KQPAN)
CALL FPRIN?
WRITE (6,900)
WRITE (6,906) NITERG
CALL OOuBLE
UR!T! (‘09‘“) !"'J"'J“'K".ILE.IT!'KS"N
WRITE (6,902)
WRITE (6,903) (x(I),1my,IM)
WRITE (6,904)
WRITE (6,503) (Y(Ih!l!.JM)
WRITE (6,919)
WRITE (6,903) (2¢1),1m1,KkM)
G0 T0 SO
CONTINUE
WRITE (7) N!TERG,IM.!Hl,JN.JM],KN.'HloJH.JHPloJNNlo!YEo!LEo
{ KSPAN.OMEG.SHALLK,DYOU!oDYBU?cDVaL!oDYlL?.NDUUB.xP
WRITE (7) (x(!)obltl)olll(I),AXZ(!).!I!(I)obxatl).Cl(!)o!ll.!N)
WRITE (7) CYCI),OYCI)oAYICI),AY2(1),181,dM)
WRITE (7) CZCIY,0ZC1),A20€2),A22C1),101,KM)
LEITEwKM
WRITE (7) (FPUCT),PPLCTY,PHIUBCT), InE,L)
WRITE (7) (GAMTE(I),GAMPF(T),181,KSPAN)
LoIMeIMaKM
WRITE (7) (PNIC(I),1m4,L)
END FILE 7
WRITE (6,907) NITERG
CALL PRINT(NITERG)
IF (XGRD,GT,KEPS) GO 7O 420
IP (NITERG,EA,NGRID) GO TN a0
IF (IDOUB,EQ,1) 6D TO 4oy
60 v0 So
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420 CONTINUE
WRITE (6,908) NITFRG
GO TO Usn

430 CONTINUE
WRITE (A,909) NITERG

900 FORMAT (1M1)

901 FORMAY ({H ,/,% CASE 18 BEING RESTARTED AY ITERATIONSIS)

902 FOKMAT (iM , /% X(I),188,1IMe)

903 FORMAY (50F13,95)

904 FORMAT (i1M ,/,% Y(1),181,JMe)

908 FORMAT (1M ,/,% AT ITFRATION®1S5+ THE MAXIMUM ERROR Be2E13,5« AND O
{CCURRED AT NDODE#IS)

906 FORMAY (1M ,/,% THE NUMBER OF NODES 18 BEING NOUBLED AY ITERATION=
4118y

907 FORMAY (iW ,/,® TAPE WAS BEEN DUMPED AT ITERATIONeIS)

908 FORMAT (iW ,/,= SOLUTION MAS CONVERGED TO DESIRED ACCURACY AT ITER
{ATION®1S)

909 FORMAT (1M ,/,% MAXIMUM NUMBER OF I1TERATIONS HAS BEEN REACHED, CAS
{E 18 BEING TERMINATED AY ITERATION®IS)

910 FORMAT (iW ,/,» UPDAYE GAMFF AND FARFIELD AT I1TERATION®IS, UXe GAMY
{E(1) WPk (3,S,4xe GAMPF (L) me2F13,5,/,4dXe GAMTE(KSPAN) 302E13,5¢
2CAMFF(KSPAN) BwRE'T.S)

91t PORMAT (8A410)

942 FORMAY (IM ,/,® SOLUTION 18 DIVERGING, THE PROBLEM 18 BEING TERMIN
{ATEDSe)

943 FORMAT (1M ,/,* SIMILARITY PARAMETER () swE13,5,/7,» SCALING FACTD
{R (CP/CPBAR) =eE13,5)

04U PORMAY (1K ,/,% IM salde JM seluw JW salde KM selde ILC seld
{ o I1TE selue KEPAN ®eld)

948 FORMAT (iH ,/,0 2¢1),1m1 ,KMe)

480 CONTINUE

CALL FPRINT

END

SUBROUTINE DNUBRLE

COMPLEN B.D.PHIU!.!HI.GAM?EI.BAMTE.GAHFF.FPU.FPL

REAL XCAP,MB

COwMON JDELTA/ nilih!.ﬂftﬂﬁ}.DItHUJ;lliIiﬂirllitﬂﬂ!:!lltiﬁin

li!tﬂu}.:Itun!.lv1tnui-lr!tnu!.lti:Eﬂ!.l!!t!ﬂ!.ltln:.v{in!-
ttaﬂi.rru{uona.FPLtlﬂﬂ!aPHqu{!nu:-Iﬂalnl.JH.JﬂI.I".lHi.JH:
Juii.Juui.ITE.ILE.un!nu.nvaul.bv!u!.leLl;brIL!.iHlLLﬂ.nHEBr
anu!.tltF!.TlTL!l!i-Hl-ﬁEL.lLFHl.ITTF!-IﬂFT.lF,HIP!T.ﬂFITIIﬂ]-
78PAN,KCAP,RPAR

COMMON /CNEFF/ A(UO).8(00).C(00).D(UO).PMI(llSOO)

COMMON /GAMMA/ GAMTEY (20),GAMYE(20),PGFF ,GAMFF (20)

RETURN

END

SUBROUTINE FARFLD

COMPLEYX BpoppﬂlppH!UB|"00"LpBAMY£‘oGAHT[oGA"".P‘p"Op"RY‘O

'] pAlTlo.onx,uxuc,Auux.quth.Gl.azooAMTE!.CONa.CONs

REAL KCAP,Mp

COMMAN /DELTAZ DX(40),0v(a0),DZCa0),Ax1(40),AX2(40),BX1(00))

i itltlnl.tltﬂﬂj,lfl{ﬂﬂj.lTllnﬂj.l!ll!ﬂ!.l!!t!ﬂ!;lliﬂ!.?llﬂj.

2 r:!ni.Flutanﬂl.FFLt!Gn}.PHlultluu:.IN;IHI.JH.JHl,HH.Iﬂl.Ju.

3 Ji'l-Juni.IT!.IL!.llllH,n1!u1.nvlu!.uvlLl,ntlL!.IﬂlLLl.nnlu.

') unnul.:F:F!.T:TLEIl!.H!.EEL.iLIHA.ITvFE.lnFT.ll.Hﬂ!lT,uilT:!ﬁj.
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2APAN,KCAP,RPAR
COMMON /CQEFF/ A(UO).B(UO).C(UO).D(UO).PHI(!!SOOJ
COMMON /GAMMA/ GAMYEI(20).GAMTECEO).PGFF.G‘MFF(EO)
COMMON /INTERP/ ZE(25),NZE

SUBSONIC FARFIELD (ASSUMED SYMMETRY IN v)

SKSSQRT(KCAP)
CON].!./b.EB!lGS!
CON2aKCAP#CONY
CONISBOMEG/KCAP
AMU!SQRT(OMEG!(c0~3¢8NALLK))
AMUK:CMPLX(O..lMU/SK)
BETA22] ,eMBa4)
OMKBCMPLX (0, , =CON3)

Jwaz2egu

IMIMBIMA M

CALCULATE PART NF WwING INTEGRAL

et
20

1

DO 10 IsILE,ITE
MLE(Iwl)aJMeJw

MUB(Iwl)wKM

CONalCEthOMK-xtI))
PARTIICMPLX(O..O.)

DO 20 k=1,xksPAN

LEIMIMR (Kat) oM

LPeMUeK

PIUPHIUB(LP)-PHI(L)

IP (K,EQ,1) G0 Tn 21
PARY!IPART!O.St(PloPlO)tDz(K-i)
CONTINUE

P{OsPy

CONTINUE
PlﬂrlicoNat(PAHTlt.StPlttZSPANnZ(KSPAN)))
IF (1.EQ,ILEY GO T0 119
w!ucswlwco.St(PART!tPARriOJ-Dx(I.1)
CONTINUE

IF (1,EQ,ILE) HING-.SaPARTltXt!LE)
PARYT108PARTY

10 CONTINYE
INTEGRATE GAMYE

GAHTEIlCMPLX(O..O.)
DO 1S k=m2,xspPaAN
GAMTEIIGAHTEIO.Si(GA"TC(K)OGANTE(K-l))'DZ(K'!)

1S CONTINUE

GANYEI'GAMTEI¢oSiGlMTE(KSPAN)t(ZSPAN'Z(KSPAN))

I8Z(KM)

MPRIMIMaKMY

1282 (KM)an)2

00 30 Isg, 1My

MBMP¢(Iml)agMm

X2wY(l)wa2

X0sx(I)ey,

X028 X0wn2

Pux(noau)-cnPtho..o.)
CONalCONltCEXP(CNPLX(o..-SNALLKQIO))tGAHTtI
CONS'CONZtN!NGtCEXP(CMPLX(O.oCONS:!(I)))
00 31 JSJWPY, UM
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LEMeJ
LLEMe W2 ]
Yany(J)eaw?
RaKCAPa(Y2¢22)
BRASART(X02¢+R)
SR SART(R)Y
TIa(MBrBReX0Y/BETA2
REBSReRPAR
UsT{/RM
CALL WAKF (U,SMALLK,RH,WAKEIN)
GanCAPtMBQCEKP(CMPLI(O..-SMALLlﬁY!))/(BR*(BR-MBO!O))
GR2BWAKE IN/R
BRESQRY(X24KCAPa(Y2422))
PN!tL)ICONanvtJ).gG:oGé)oCQNSnV(J)t(|.oAnuxtaR)-csxnt-AMux.en)/
1 ABRwee3
PHIC(LLYmePHI(L)
31 CONTINUE
30 CONTINUE
C xsx(1)
X2sx(1iwne
X0ex(1)ey,
X028X0wne2
co~a-co~|-cEthchtho..-snALanxo))acantex
cous-couzauxustcsxl(CMPLxto..cous.xtl)))
DD 60 Kmy,KMy
MBIMIMa (Ke])
T2nZ2(K)ne?
PHI(MeJW)ISCMPLX(0,,0,)
D0 61 JsJwPi,J M
LaMe)
LLSMeJW2a)
Ye2sy(J)ee2
REKCAPe (Y2422
BRESQRT(X024R)
SRaSORT(R)Y
Yia(MBuBReoX0)/BETYA2
RHBSRaRPAR
| UsTi/RH
¢ CALL WAKE Uy SMALLK, RN, WAKEIN)
Gl-KCAPaMa-cexP(CHPLxto..-SMALLKtT!))/tsnttal-nonxO))
G2aWAKEIN/R
BROSQRY(X24KCAPa(Y2422))
PH!(L)'CONBOV(J)'¢61062)0CON5'Y(J)t(1.0ANUKtBP)'CEXP(-AHUKQBR)/
{ OBRae}
PHI(LL)®=PNI(L)
61 CONTINUE
60 CONTINUE
C xsx(IM)
1JeIMiwgM
Xesx(IM)na
X08x(IM)el,
X028X0wn2
cona-cnu:-csxatcnPtho..-SNALLx-xoaJ
CONSUCONZ'U!MGtCEXPtC"’thO.aCONStX(!M)))
00 43 KXsi,xM

A e —

S A A
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MEIMIM® (Kal)e]lJ
PHI(M#Jd)lCMPLX(O..O.)
7287 (K) w2
DD 70 sy, ,NZ2E
ACI)®Z2E(Y)
70 CONTINUE
NENDBNYE
1FLIPRO
DO 44 JIsIwPt, M
IF(v(J).LE..S.OH.IFLIP.EQ.l) GO 0 71
00 72 Ist,KS8SPAN
Al1)e2(1)
72 CONTINUE
NENDCEKSPAN
IFL1P8
71 CONTINUE
LIMQJ
LLBMée JW2w)
Y28Y(J)an2
PAnrxncanx(n..o.)
12€x2
D0 4S xKsy,NEND
47 CONTINUE
IF CA(XK) LE,2C12E)) GO TO 48
12E817E+
GO vo 47
48 CONTINUE
RIKCAPaCYEO(Z(K)-A(KK))t-z)
BRESQRT(X0N24R)
SRE®SQRT(R)
TI®(MB+BReX0)/BETA2
RHSSRaRPAR
UsTy /RHW
CALL N‘KE (Ul’"‘LLK,RH.”‘KE!N)
GI-KCAPtMa-CEXP(CM'LX(O..-SMALLKtTI))/(BR.(:!-MQ::O))
G28WAKEIN/R
Pl-(GAMYE(!ZE-l)OtAtKK)-Z(IZE-i))/DZ(!Zt-l)t(GAMTt(!ZE)-
1 GAMTE(IZE=1)))2(G14G2)
IF (MX,ER.1) GO YO ué
DAR?!!PARY,0.5'(910910)-(A(KK)-A(KK-l))
46 CONTINUE
PifsPy
¢S CONTINUE
PAQT!-CONaov(JJ-(PAarlo.StPlt(lspAN-ZCKSPAN)))
BR'SQRT(I?OKCA?.(Y!OZ?)’
PMI(L)'PARTIOCONSOY(J)t(!.OAMUK'BR)'CEX?(-lHUKtBR)/Bﬂtﬂl
PHICLL)SePNHI(L)
44 CONTINUE
43 CONTYINUE
C vysy(1) AND vsy(gM)
JaJgM
Y2sy(J)en2
DO S3 Kksf,xM
MPSIMIMA(Kel)
T28Z(K)nn2

e oo b e+ vy i i L




00 S4 Is2,1mMy
MEMPe(TIwl)aIM

LaMe)

LLeMeJW2e)

X2sx(l)ee2

!OlX(I)-l.

X028X0un2

conu-cnna-csxvtcnva(o..-sMALLx-xo))-sAMrEx
CONSlCON2twt~GtCExP(CM°L!(o..CONBtXtI)))

RBKCAP2(Y2¢422)

BRESGRT(X024+R)

SRE3QRT(R)

TIa(MBABRaX0)/BETAD

RHBSReRPAR

UBTY/RH

CALL WAKE CUySMALLK,RN, wAKEIN)
G!IKCAPaMatC!xP(CHPLX(O..-SMALLKtri))/(BRotBR-na-xo))
GRawAKEIN/R

BRlSQQT(XZOKCAPt(Y2¢ZRJ)
Pﬂ!(L)ICOVQtv(J)t(GtoGE)oCONStV(J)t(l.OAMUKaBR)tCEth-ANUK-BR)/
{ BRexy

PHICLLYS=PNI(L)

S4 CONTINUF
S3 CONTINUE

RETURN

END

SUBROUTINF FPRINT

COMPLEX B,D.ﬂhxua.PHr.GAM751.GANTE.GAMFF.FPu.FPL.PART,Cl.CP.
| ClO.CED.CL.CM.CLO.CMO.CLI?Y.CMOM,GAMPRT.Bl.Dl

REAL KCAP,M8

COMMON /DELTA/ Drtnn}.nvtﬂal,nziuulpllltiﬂ!,i:zlﬂu!.!lll#u},
| !Iztﬂn].CltuD:.l¥tEHﬂ!.lTi!lul;l!l{En!.l!!taﬁ!.!fnﬂlnvtuu}-
- It!ﬂ];Fnut!uﬂ].FPL{!ﬂﬂI.FH!u!tunu:.Iﬂ,lnl.J!.Jnl,IH.KHI.JH.
3 JHFI-JHHI.ITE,!LE;KHPIN.ﬂTIUI.DTHUE,H?!Ll-erLE.u"lLL'-DHEG.
('] HDHUH:CICFI.TITLEEH}-NB-DEL;lL'HI.!T¥F!.IUFT-IF.H'PprlFHTt!ﬂl.
S  ZSPAN,KCAP,RPAR

COMMON JCOEFF/ htaO).B(QOJ.CtGOJ.D(aOJ.PHI(!!500)

COMMON /GAMMA/ GAMTEltZO).GAMTE(QO).PGFF,GAHFF(ZO)

DIMENSINN Hl(aO).DttQO)

CPOELsCPCPB/DEL

WRITE (6,900)

WRITE (6,991 (TITLE(1),1s1,08)

WRITE (6,902) Ma

WRITE (6,903) Kcap

WRITE (6,904) DEL

WRITE (6,905) ALPNA

WRITE (6,906) SMALLK

WRITE (6,907) OMEG

WRITE (6,908) xp

WRITE (6,909) 23PAN

WRITE (6,910) CPCPB

WRITE (6,911)

WRITE (6,912) (!(l,pI.ILEpIVE,

CNOMICMPLX(O.aO.) 93




0O 10 K=t ,KSPAN
PART'.S*((!(!TEOI)*l.)'(GAMFF(K)-GAMTE(K))/(X(!Ml)'lo)¢GlMTE(K))
1F (10PT.ER,1) PARTSPARTY®CEXP(CMPLX(N,,=SMALLK&(XCITE®1)eol,)))
MPEIMe JMa(Kwi)

IIKEMPITEAIMeJW

PHI(IJK)BPHI(IJK)=PARY

LEMP4(ILE=2)nJMe W

LPS(ILE=2)aKMeK

PHIUBCILPYSPHT (L)

LPEITEwKMeK

PH!UB(LP)IPHI(!JK)oz,tPART

0D 20 IsILE,ITE

MEMP¢ (Iel) o M

LesMeIwW

LPE(lef)nKMaK
lB(é);;?.'unt!)ttPH!(Lodn)-PH!(L))OAX.‘!(!)'(PMtL)-PHI(L-JM)))t

PDEL

D(I)Sw2, w(AX1(I)n(PHIUBCLP4KMIPHIUBILP))SAX?(1)a(PKRIUB(LP)e

1 PHIUB(LP=KM)))aCPDEL

IF (INPY.EN,0) GO TO 24

CIsCMPLX(0,,2,*SMALLK)®CPDEL

B(1)SB(1)=ClaPHI(L)

D(1)SD(I)=CinPHIUB(ILP)

24 CONTINUE
IF (K.GT,1) GO TO 2%
Bi1(l)sB(1)Y
D1(1)=D(])

2! CONTINUE
CimB(1)=D(I)

C2sCie(X(1)=XP)

17 (1.,6T,ILE) GO 1O 22
CLeCieX(ILE)

CMe ,S»C2wX(1ILE)

G0 TN 2%

22 CONTINUE
CLSCL*,S*(C1eCID)NDX(I=Y)
CMECMe ,Sn(C24C20)00X(I»1)

23 CONTINYE
CinsCy
c2nscC2

20 CONTINUE
PHICIJUK)SPHI(IJK) ¢PARY
IF (K,EQ,1) GO YO 11
CLIFTSCLIFT+ ,S#(CL*CLOI#D2(K=1)
CMOMECMOMe ,Sn (CMOCMNINDZ (Ko )

11 CONTINUE
CLOsCL
CMOsCM
DD 12 Ns§,NKPRY
IF (KPRT(NY NE.K) 5N TO {2
GAMPRYS2 ,aGAMTE (K)wCPDEL
WRITE (6,913) 2(K),GAMPRY
WRITE (6,914)

WRITE (6,915) (DC1),I=ILE,ITE)
WRITE (6,916)
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WRITE (6,91S) (A(I1),IsILE,ITE)
GO 10 10
12 CONTINUE
10 CONTINUE
WRITE (6,909)
WRITE (6,901) (TITLE(I),I=1,8)
WRITE (6,902) M8
WRITE (6,903) KCAP
WRITE (6,904) DEL
WRITE (6,905) ALPKA
WRITE (6,906) SMALLK
WRITE (6,907) DMEG
WRITE (6,908) XP
WRITE (6,909) 78PAN
WRITE (6,910) CPCPB
GAVMPRTE? ,«aGAMTE (1) #CPNEL
G0 TN (30;350“0)'ITYPE
30 CONTINUE
WRITE (6,917
WRITE (6,918) CLIFT,CMOM
WRITE (6,913) 2(1),GAMPRY
WRITE (6,919)
60 YO 4S
35 CONTINUE
WRITE (6,920)
WRITFE (6,918) CLIFY,CMOM
WRITE (6,913) 72(1),GAMPRY
WRITE (5,921)
60 TO 45
40 CONTINUE
WRITE (6,922)
WRITE (6,918) CLIFT,CMOM
WRITE (6,913) Z(1),GAMPRY
WRITE (6,92%)
4S8 CONTINUE
| WRITE (6,911)
| WRITE (6,912) (x(1),IsILE,ITE)
J WRITE (6,914
WRITE (6,915) (D1(1),1sILE,ITED
WRITE (6,916)
WRITE (6,915) (BI(1),IsILE,ITE)
900 FORMAT (1M1)
90y FORMAT (30X,8A10)
902 FORMAY (1M ,/,1H ,/,x MACKH NUMBER B#E13,5)
903 FORMAT (% SIMILARITY PARAMETER ®eE13,5)
Q04 FNRMATY (& THICKNFSS RATIN =eE313,5)
905 FURMAT (+ AIRFNIL ANGLE OF ATTACK (RADIANS) =«E£13,S)
906 PFORMAT (% REODUCED FRLCAUENCY (BASED ON CHDRD) =«C13,5)
907 FORMAY (% SCALED FREQUENCY (OMEGA) s#E13,S)
908 FORMAT (+ PITCH AX1S (XP) =aE13,S5)
Q09 FORMAT (% WING ASPECTY RATIO =#E13,5)
910 FORMAT (= CP SCALING FACYOR (CP/CPBAR) s+E18,5)
911 FORMAY (1HW ,/,1M ,/,3x*AIRPOIL STREAMWISE COORDINATES®)
942 FORMAT (IXE13,5,13XF13,5,13%E13,5,13%F13,5,13%XE13,5)
943 FORMAT (1M ,/o1H /) 1SX«AIRFOIL SPANWISE COORDINATE =e£13,5
-95-




A

1 &« SFCYINN LIFY COCFFICIEMY ®a2E13,S)
Q1d FORMAT (1M ,/,1K ,/,3x«daIRFO]L PRESSURE COEFFICICNYS, UPPER ae)
915 FORMAY (3x10E13,5)
916 FORMAY (1M ,/,1H ,/,3x¢AIRFOIL PRESSURE COEFFICICNYS, LOWER ar)
917 FORMAY (1M ,/,1K ,7/,% UNSTEADY FORCE COEFFICIFNTS (PER UNIT PIYCH
{ANGLE IN RADIANS)e)
918 FORMAT (1H ,/,3XeLIFY Ba2013,5,/7,3X«MOMENT ABOUY (X=mXP) mBa2E134,9)
919 FORMAY (1M ,/,14 ,/,» PRESSURE COEFFICIENYS NN T=e AIRPOIL (PER ywN
117 PITCH ANGLE IN RADIANS)w)
920 FPORMAY (1M ,/7)1M ,7,% UNSTEADY FUORCE COFEFFICIENTS®)
921 FORMAT (1M ,/,tH ,/,% PRESSURE COFFFICIENTS UN THE AJRFOIL®)
922 FORMAT (M ,/,4H ,/9¢ UNSTEADY FORCE COEFFICYENTS (PER UNIT PLUNGE
{ DISPLACEMENT NORMALIZED YU CHORDY @)
923 FORMATY (IN ,/7,1H , /7,0 PRESSURT COEFFICIFENTYS DN THF ATRFOIL (PER yUN
11Y PLUNGE DISPLACEMENT MDRMALIZEN TN CHDRD)#)
RETLIRN
EnND
SUBROUTINE GAMPUN
COMPLEX PHIUB,GAMTEY,GAMYFE ,GAMFF ,FPYy,PPL
REAL XCAP,™8
COMMON /DELTA/ DY(CU40),DY(U0),D2C40),AX (40),AX2(40),8X2C40),
1 Ox2€40),Cx(80),AVICU0),AY2(040),A23(209,A22C20),XC40),YC40),
2 L(20),FPu(B800),FPLCBO00),PHRIUBCB00),IM,IMY,IM, ML, KM, KMY,JW,
3 JuPil,Jumy,1TE,ILE,KSPAN,DYBUL,DYBU2,DYBLL,DYHBL2,3¥ALLK,0MEG,
4 NDOUB,CPCPR,TITLECAY,MA,DEL,ALPYA,IYYPE,IDPT,XP,NKPRT,KPRT(20),
S TSPAN,KCAP,RPAR
COMMON /GAMMA/ GAMTEL(20),GAMYE(D20),PGFF,GAMFI(20)
DO 10 l®i,x8PAN
GAMFF(1)RGAMYEL (T)OPGFFa(GAMYF(IY=GAMTLL(I))
GAMTEL (I)eGAMTE(])
10 CONTINYE
RETURM
END
SUBRNUTINE INITAL
COMPLEX PHIUB,FPU,FPL
REAL wCAP, M8
COMMON /DELTA/ DX(U0),0Y(40),D2¢40),Ax1(u0),Ax2(40),8x1(40),
1 Bx2(40),CxCu0),AvE(U0),AY2(U0),A21(20),A22C20),XC409Y,Y(40),
e L(20),FPUCAD0),FPLIANN),PHIUBCBONO) ,IM, IML, M, ML KM, KM ,JNW,
3} JwPY,JumMy, 1T, 1LE,«SPAN,DYBUL,DYBU2,DYBLL,DYBL2,MALLK,DMEG,
4 NDNDUB,CPCPB,TITLE(B),M8,0CEL,ALPHA,ITYPE,IOPT,XP,NKPRY,XPRT(20),
§ 28PAN,KCAP,RPAR
€ CALCULATYE DX,DY AND D2
DO 10 lmy, My
ODX(I)ax(Jet)ex(])
10 CONTINUE
DO 20 lef,JMy
DY(I)mv(Jel)ev(T1)
20 CONTINUE
00 30 Isf,xMy
DZ(1)82(Te1)e2()
30 CONTINUE
€ PINITE DIPFERENCE COEFFICIENTS
D0 40 1e2,IM
AXLCIYRDXN(Te1)/(DXCI)0(DX(I=l)eOX(])))
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Axatl)lD!tl)ltbrtl-l)t(DX(l-l)ODXCI)))
Bxl(!)lz.-ax1t1)/oxtl-:)
axa(xauz.-Axatra/oxtxa
CK(IJI.SIDI(I)
40 conTInye
cx(:)-.S/ox(l)
00 so Is2,9mMy
AV!(1)lz./tDV(IIGCthl)ODVt1-!)))
AVZ(!)IZ./(DV(!-!)t(DYt!)ODYCI-!)))
S0 ConTINyE
00 60 122,xM1
lZl(1)'2./(02(!J'(OZ(!JODZ(I-l)))
AIEtI)lz./tDZ(I-l)ttDZ(!)ooztlcl)J)
60 CONTINUE
Alltl)-é./DZ(!)ttE
AZ2(t)m0,
DYDU!!E./((Dv(JnPl)ta.tDV(JH))tDVtJNPl)J
Dv!u!-DY(Jupgjaovaug
DVBL!!?./(tDV(JH-a)ta.tDv(JHHl))tDV(JN-EJJ
DYaLleV(JH-EJtDVHLl
(124 AIRFOIL BOUNDARY CONDIYION
FlOPYl'LOAY(lOPY)
00 70 Ky ,KSPAN
00 80 IsILE,ITE
LE(lel)akMek
1F (I1TYPE B4, 1) FPU(L)'C"PLX(-!..-FIOPfﬂsHALLKt(X(I)-l')J
tte A NEw FUNCTIONAL DEPENDENCE cAN BE INSERTED HERE POR ITYPER2
1F t!TvP!.Eﬂ.l) FPU(L)‘CHPLX(O..-'lOPTtsHALLK)
FPL(L)!FPU(L)
80 CoOnTINUE
70 CONTINUE
RETURN
END
SUBROQUTINE PRINY (NITERG)
COMPLEY B.D.PH!UB,PHI,GAMTE!.GAHTE.GAHFF,FPU.FPL.PART
REAL KCapP,M8
COMMON /0ELTA/ DX(GO).DY(OO).DI(GOJ.AX!(lO)oAX&(#O).BXl(GO)o
Dx!tUO),CX(QO),AVl(aO).AVE(GO).AZl(EO)oAZZ(ZO).X(UOI.V(aO)o
2(20)oFPUCOOO).FPL(OOO)oPH!UBtGOOJoINo!HloJHoJ"!oR"oK"l.JHo
JuPi.Jqu.!TE.lLE.KSPAN.Dvau:.DYBUB.DY!L!.DYBL?.S"ALLR.OHEGo
NDOUB,CPCP!.TlTLEtR).HG.DEL,ALPHA.lTVPE.lOPT.xP.NKPRf.KPRT(IOJ,
ZQPAN,RCAP,RPAR
COMMON /COEFFy A(an),B(aOI,C(aOJ.DCOO).PHl(11500)
COMMON /GAMMAy OAHTEQ(20).GAHTE(EO).PGFF,OAHFF(?O)
NSPAN{BKSPANGY
00 g0 Kl!oKSPAN.KSPlNl
PARr-.Sﬁt(!(lTEO!J-l.)t(GANFF(K)-GAHTE(KJJ/(X(IHlJ-l.J*GAHT!(KJ)
Ir (10PY,E0,1) P‘RT"‘RT'CE!’(C"’Ll(OQD'SMALLK.(XftT!‘!,.!Q,,,
N?GIHGJH'(K-I)
IJKCHPOIYE.JHOJU
'HI(lJK)-PHl(!JKJ-PART
L-HPO(!LE-Z)tJHOJN
LPR(ILEe2)aKMen
PN!UB(LPJ!PH!(L)
LPEITEakMeK

NEe v -
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PHIUB(LPYaSPHI(IJK)e2,%PARY
C COMPUTE CP LOWER (B) AND CP UPPER (D)
D0 20 I=ILE,ITE
LAMPe (=i Y MOI W
LPE(lel)aKMeK
D(!)l-z.-(lXI(!)-(PHI(LOJM)-PHI(L))OAXZ(!)*(PH!(L)-PHI(L-J")))
D(I)l-l.*(lxi(!)0(PH!UB(LP9KN)-PHXUB¢LP))leztl)‘(PH!uB(LP)-
{ PHIUB(LP=KM)Y))
20 CONTINUE
PHICIJIKISPHI(IJIK) 1PARY
WRITE (6,901) NITERG,K
WRITE (6,902) (D(1),IsILE,ITE)Y
WRITE (6,903 NITERG,X
WRITE (6,902) (B(1),I8ILE,ITE)
10 CONTINUE
901 PORMAT (1M ,/,% AT ITERATION®IS® AND K Bal1Sa SCALED PRCSSURE COEFF
{ICIENT, UPPER (ILE YO IT€) =)
903 FORMAT (IW ,/,* AT ITERATION®IS» AND K mel3e SCALED PRCSSURE COEFF
1ICIENT, LOWER (ILE TO ITE) =w)
902 FORMAT (10E13,S)
RETURN
END
SUBROUTINE TRI (I,Kk)
COMPLEX 5.0,’"!UB,’"!'FPU."L.9
REAL KCAP,M8
COMMON /DELTA/ ox(ao).ov(aO).oztao).AXl(ao).sztao).BXl(ao).
| sxztao).tx(aoa.nvgcao).nvz(ao).Azxtzoa.Azztzn).x(ao).vtaoa.
2 2(20).FPU(GOO).FPL(BOO).PHXUB(GOO).!Mo!Nl.JHoJNI.K"oKNl.JH.
b J JHPI.JHN1.!T!.!LE.KSPAN.DVBUI.DVBuaoDVBLIoDVBL!.S”lLLK.ONEO.
(] NDDUB.CPCPH.TI?L!(B).NOoD!L.AL’NAo!YVPE.!DPT.lPoNK'RT.KPRtho).
S ZISPAN,KCAP,RPAR
COMMON /CNEFP/ AC40),B(€40),CCa0),DC80),PH2(11500)
MPBIMa MR (Keol)
00 10 Xx=3, MY
JOJMieKKe3
PEA(J=1)/8(J)
8(Jel)aB(Je1)ePerC())
D(Jel)mD(Jel)ePeD(J)
10 CONTINUE
MEMPe (1wl )M
PHI(Me2)8D(2)/8(2)
0Q 20 Jed, My
LaMeJ
PHICLIS(D(JYPMHI(L=1)C(J))/B())
20 CONTINUE
RETURN
END
SUBROUTINE WAKE (U, SMALLK,RH, WAKEIN)
COMPLEX PART{,PART2,PARTI,PARTU,EKRAU,CKRM, WAKEIN
REAL KRM
DIMENSION B(12)
DATA C /,372/
DAYA (B(I1),1m1,12) /l.o-.ZUlaleG.2.79100270'24.’91079.lllo5°196,
1 -271.03500.303.75288.01.10363.-505.085370604.18158.-328.72755.
e 64,279811/
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C CALCULATE 11 FOR WAKE INTEGRAL

10

20
30

18

IF (SMALLK,EQ,0,) GD TO IS
PART23CMPLY(0,,0,)

PART3IBPARY2

PARTUBPARY2

AUsABS (U)

SUSSQRT(1 ,oUxn2)

KRHBSMALLKwRM

CKRHEBCMPLX(0,)KRN)

EKRAUSCEXP (CMPLX(0,,oKRH®AU))
PARTIZ=mAUwFKRAU/SU

DO 10 lsi,12

AMBFLOAT(l=1)
PART2BPART2¢B(I)REKRAUCEXP (eCuAMaAL) /(CtAMOCKRH)
CONTINUE

If (U,6T7,0,) GO TO 30

PART3IS=PARTY

PARTUBPART?

00 20 1Is=g,12

AMSFLOAT(l=])
PARTUSPARTYeB(I)/(CaAMECKRM)
CONTINUE

CONTINUE

PART2ZPART2#CKRH

PARTUZS=PARTU®CKRH
WAKEINBPART{4PART242 aREAL(PARTICPARTY)
RETURN

COMNT INUE
WAKEINSCMPLX (1 ,=U/SQRT(1,9Un%2),0,)
RETURN

END
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