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1. INTRODUCTION

For the last two years A.R.A.P. has been developing a
computer program capable of solving the three-dimensional
steady flow problem of fluld motion in a stratified fluid.
This work was accomplished in various stages, and is now
assembled in one FORTRAN program called WAKE, Thig program
resides on the A,R.A.P. computer system, This part of the
final report summarizes the usage of WAKE and gives detailed
c4planations of 1ts input requirements and output results.
In Sectlon 2 we briefly summarize the theoretlical problem,
In Section 3 we examine the numerlical scheme used to solve
the eqyuations of motion., 1In Section 4 we detall the input/
output specilications, ilncluding the structure of the impor-
tant initial profile file, The Appendix glves a source
listing of the entlire .JAKE program and its f'ull subroutlne
complement, This gulde 1s not Intended as a full explana-
tion of the WAKE program - only the FORTRAN listings can do
that, Nor 1Is 1t intended to demonstrate the conversion
possibilities of WAKE to other computer fucilitles. Rather,
with thls gulde a computer analyst untfamiliur with the WAKE
program should be able to construcl a needed set of initial
prof'iles, grasp an overview ol the numnerlcal scheme and
program structure, &nd predute sullably correct output from
the A.R.A.P, oomputer faellity 1n a falrly shert peried of
time,
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2, THE THEORETICAL PROBLEMX l

When a self'-propelled body moves through a meaium with
u stratifled denslity gradlent, a wake ls generated which ]
expands behind the body as its potential energy lncreases.,
Far behind the body the potential and kinetic energles come
Into balance and the wake collapses. The heavier iR
finding 1itself 1n a region of lighter background density,
reestablishes the stable conditlon exlsting betfore passage
of' the body, but at the expcnse of the generatlon and trans-
mittal of internal gravity waves., The theoretical predictlion
of this complex physlcal problem has been the subject of a
; great deal of study. The Intent of the A.R.A.P. approach 1s
| to model the generated turbulence by the technlque of invariant
second-order closure and to follow the bulldup and collapse
phase through two Brunt-Valsala (B.V.) periods of fluid motion.
A more detalled explanatlon of the derlvation of the equations
1s presented in Part 1 of thls flnal report (ref, 1). For
completeness we here present the derived, modeled, approxlmated

| and normall~zed ejquations as they stand prlor to numerical solu-

tion,
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For the perturbation density ;:
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For the mean velocities u, v, and w:
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the turbulent correlatlons:
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A complete nomenclature may be found iIn Part 1., Restric-
tions and modificatlons, especlally in regard to the Quasi-
Equilibrium egs. (2.8) for the turbulent correlations and the
correction factor ', are also detailed iIn Part 1, 'The algebralc
solutlon to egs., (2.8), with the ussumptions that the principle
production gradients are in u und p, and density gradients in v
are smaller than density gradients in 2z (for computation of f i
only) glves: L)
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The solutlon procedure always involves the solution of egs. (2.9)
for the turbulent correlations and eq. (2.6) for the dynamlc scale A.
However, the solutlons of the main variables q2, :, u, v, w, and =%
are governed by the regime of interest. Thus, only q2, B and u are
computed in a Phase I calculation where Ri, < 0.1, Here v =w = % = 0
since the flow 1s far from collapse, In a Phase II calculation, we

solve for q2, Q, v, w, and 7, assuming that u = 0; we are here
restricted to flows for which |Upax!/dpax < 0-1. When the flow
situation does not fit either condition, we calculate all the
variables 9>, p, u, v, w, and 7 in a Phase III calculation,

For the runs presented in Part I (ref. 1), we take our initial
conditions on the main variables (when they are nonzero) to be those
assembled 1n Table 2.1.
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3. THE NUMERICAL APPROACH

Equations (2.1)-(2.8) are solved in the two-dimensional
Y-z plane by recasting them in finite difference form and
applying the ADI technique of Peaceman, Rachford and Douglas
(refs. 2 and 3). In this method we construct a two-dimensional
grid in the y and z directions and march in the x directlion as
we follow the flow development downstream of the initial condi-
tlons., Tn the y and z directions the first and second deriva-
tlves are approximafted by centered differences (spacing 1is
varrlable), while forward differences are used in x (ref, 4).
Inputted tolerance parameters control the size and speed of
the marching direction, and the spacing variability and
intensity,

At the beginning >f a new step in /Ax (perhaps the start of
the run itself), the program performs an implicit sweep in one
direction in Ax/2 and then sweeps in the other direction 1in
/x/2 to complete the ADI procedure. The initial sweeplng
direction alternates with each full step to unblas any solution
near the edge of an expanding proflle. These steps have used
the current values of 12, :, u, v, w, and 1y, together with the
gross scale A to step forward in x, Although the main variables
are coupled by egs. (2.1)-(2.5) and (2.8), we choose to use
current values wherever necessary to decouple the equations
completely. OSolutlons at the next x are then swept to compute
maximum values, maximum changes, and various Iintegrals of
interest, along with the updated scales Ay and \z' The next
e 1s computed based on the changes taken by the present
step in relation to the maximum change permitted, The profiles
are then swept again to update the pressure forcing function -
the right side of eq. (2.7), and to compute the algebraic
turbulence via eq. (2.8),

step Ax
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WAKE then calls the pressure iteration subroutine, It works
as a miniature WAKF program by adding a - o1/0t term to the left
side cof eq. (2.7) and performing iterations in = stepping from
the current solution to the next steady state estimate. Appro-
priate output routines are then called, followed by the
necessary set of routines that inspect the curvatures in the y
and z directions, readjusting the profile again per inputted
tolerance criteria. A new step is then taken,

The mainline program is called WAKE. The Appendix of this
report contains a complete listing of WAKE and its subroutines;
in-house disk I/0 routines and other straightforward assembler
routines are not included. These routines control the monitoring
of the disk flles storing the large array of deta necessary to
execute the caleculation,

It may be worthwhile to reallze that the file record length is
24 words, broken into four sections of six words each. The first
section contains TV(0), where TV(1l) = du/dy; TV(2) ou/0z;
TV(3) = 9p/d.s; TV(4) = dp/dz; TV(S) = F; and TV(6) = 5. The second
section holds XV(6) at the present step value; the third holds the
intermediate (first-sweep) values of XV(6); and the fourth section
holds the new step values of XV(6)., Here XV(1) = q2, XV{2) = ps

XV(3) = u; XV(4) = v; XV(5) = w; and XV(d) = A.

1




4, INPUT CONTROL

Initialization of a WAKE run requires the generation of

an initial profile file (giving the desired initial conditions
to the desired variables) and the input of an appropriately
punched deck of computer cards. The initial file must be formed

in a way totally compatible with the sample generation program
shown at the end of the Appendix. It must be structured as
follows.,

First word:

Second word:

Next

Next

Next

Next

Next

With
sion

f'our

NY words:

NZ words:

NY*NZ words:

NY*NZ words:

word:

the initial x position value.

the number of points NY in the y direction and
NZ in the z direction,

the NY independent y values of the y directlon
mesh (monotonically incre sing).

the NZ Independent z values of the z direction
mesh (monotonically increasing).

the complete corresponding mesh values for
the first initialized dependent variable.
The file must contaln these NY*NZ values in
blocks of 10 y values at a time (for all z)
until the last block contains enough values
to reach NY, Thus, the blocks would be built
as 10*NZ, 10*NZ, 5*NZ if NY=25,

the second initialized variable,

b4

- 1.0 to signal end-of-data.

the disk buffering currently in operation, the file inver-
program PBFFI must be called to invert the initial file
sectors at a time.

The input cards to the WAKE program (example copies are
included in the Appendix) are as follows:
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Card 1: INFLG, N, JOBE (3I4 format code), INFLG = O on
a restart, = 1 on a start, N = 1 permits a new run to start
before completing the current run; N = O does not. JOBE =
value, the upper minute limit on current Jjob execution time,
If JOBE = O, the program will not test for the Jjob time,

Card 2: NRUNI, CMNT (I4, 19A4)., 1If NRUNI = value, the
current run is given this run number; if NRUNI = O, the run
number counter in the common file is updated by one., CMNT is
a 19 element vector containing any desired comments (printed
at the start of the run),

Card 3: NSTMX, NSTSI, XMIN, XMAX, DELX, MXHRS, LAMIN
(214, :¥8.3, 2I4), NSTMX sets the maximum number of steps
permitted for the run, NSTSI sets the initial step value,
typically = 0. XMIN is the initial x value, XMAX is the
maximum x value (the program terminates when reaching XMAX).
DELX is the initial Ax spacing., MXHRS 1is the run time
maximum hours (termination also). LAMIN = O signals a normal
run with turbulence; LAMIN = 1 signals a run with laminar flow.

Card 4: MXRY, LYLFF, MXRZ, LZLFF (4I4). MXRY and MXKZ
are the maximum number of mesh points possible in the y and z
directions; the most possible currently is 40, LYLFF and LZLFF
set the lower boundary flags, = O Implies a free lower boundary;
= - 1 implies a reflecting lower boundary.

Card 5: NRFV (14I4). NRFV (7,2) gives the reflection
properties for the seven variables qg, ;, u, v, w, A, 7 #Ccross
the two axes, The first seven integers give the variable
properties across the z axis ( + to - y); the second seven glive
thelr properties for + to - z across the y axis, The integer
entry is O if the varlable is zero at the axis, and 1 if the
slope of the variable 1s zero across the axls,
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Card 6: VSCAV (5F8.3). VSCAV is a five element array
glving the scaling factors for q2, B, u, v, w; typlcally = 1.0,

Card 7: VWTFV (5F8,3) is a five element array giving the
welghting factors for q°, o, u, v, w. Typically, weight = 1.0

1s given to 92, p and u; while = 0.0 1is given to v and w (they
do not control anything),

Card 8: ZEROV (7F8,3). ZEROV 1s a seven element array
glving the edge values of q°, p, u, v, w, A and 7, where q°,
u and 7 must = 0,0, but nonzero values are possible for :, v

and w, The edge value for A is formed Internally within the
program,

Card 9: EPSN, EPSX, EPSS, ECMN, ECMX (5F8.3). This card
gives the run tolerances, and is used with the scaling and
welghting factors to set running noise levels (EPSN times the
appropriate VSCAV entry), maximum changes (EPSX), edge toler-
ances (EPSS), minimum curvature (ECMN), and maxlmum curvature
(ECMX), Typlically, EPSN = 0,001, EPSX - 0.05; EPSS = 0,001;
ECMN = 0.02 and ECMX = 0,05,

Card 10: DXMAX, DXMIN, DXFMX, BUFAC, FCUR, DFFMN, DFFMX,
DFRMX (8F8.3)., This card sets the spacing in the three direc-
tions, 1In the marching direction x, DXMAX 1is the maximum step
size permitted; DXMIN 1is the minimum slze, = 0,00001; DXFMN 1is
the maximum rate at which Ax can grow and the solution march
downstream, = 1,5; BUFAC is the maximum factor (times EPSX)
that a variable may change before the step size 1s reduced and
the step tried again, = 2.0; FCUR multiplies ECMN and ECMX when
curvatures require too many points, = 1,1; DFFMN is a minimum
Spacing factor (times the width of the profile) below which a
point cannot be inserted, = 0.05; DFFMX 1s a maximum spacing
factor above which a point must be added, = 0.05; and DFRMX 1is
the optimum spacing ratio, traditionally set equal to 2,00,
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Card 11: NIOLP, NIOPP, NFOLP, NTOPP, NTOLP, NSOLP, NIAAF,
LOUT (8I4). The first six parameters control printout as a
function of the number of steps taken by the solution, Thus,
if NIOLP = 5, every fifth step will generate an intermediate
line printer record of x, Ax, Ay, Az, maximum values of all
variables, and integrals of potential and kinetic energles, and
momentum, NIOPP generates intermediate disk storage; NFOLP
causes a print of normalized mesh output along a specifically
inputted y and z value; NTOPP generates a disk save of the
total variable profiles; NTOLP causes a line print/piot of the
variable profiles; and NSOLP ylelds a print of nonnoise turbu-
lence to the line printer, NIAAF sets the frequency of profile
readjustment, = 2 from stability considerations, LOUT = -1
forces only a printer plot; = +1 forces only a numoer plot; = O
permits both printer plot and full profile output to the line
printer for every requested variable,

Card 12: XOUTV (10F8,3) gives specific x values at which
total printouts and disk storage is requested (overrices the
output control parameters on the previous card), 1

Card 13: NSTAT, NSTBC, NUFF, LIBUF, LFBUF; LTBUF, NSTPR,
IDSV (14I4), NSTAT controls the solution configuration desired:
NSTAT = 1 for the solution of q% B, s NETAL = 2 TOP q% E, Wy W5
sy and NSTAT = 3 for all variables, NSTBC prevents a backup and
retry of a step for the initial number of steps (typlcally = 5)
set by NSTBC, NUFF sets the smooth transition to an XOUIV value,
= 4, LIBUF, LFBUF and LTBUF control intermediate, full, and
total printouts on a backup (O or 1), NSTPR is the number of
steps in the pressure iteration loop, < 5, IDSV 1s an array of
seven elements glving the disk storage switch for each of the
seven variables ( = O 1if the variable 1s not to be stored, as
must be the case currently for A; = 1 1f the variable is to be
stored for future plotting purposes),

T
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Card 14: RE, G, PR, AS, A, B, BETA, C, S (9F8.2). This

card gives the Reynolds number, (Froude number)'e, Prandtl
number, and turbulence model parameters currently set at AS =
2.24 A= 0.75y B=0.125; BETA = 0,0; C = 0,1; S = 1,8,

Card 15: DC, U, RIS, DRDZ, SCALE, PCRIT, SCALM, SPORS,
CPOR (9F8.3). DC = 0.3 1s the diffusion coefficient; U is the
free stream velocity = £.0% RIS = 0,25 418 the stability cutoff
of the Richardson number; DRDZ is the constant background apo/az.
If DRDZ = 0.0, WAKE will read card 20. SCALE sets the initial
value of the scale length. PCRIT = 0.005 1s the value of the
ratio of maximum change to maximum value below which the pressure
iteratlon 1s sald to converge (herewith, 0.5%). SCALM = 0,01
1s the minimum scale length permi<ted. CPORS is the square
of the distance to the wave-absorbing liner, normalized by bi <
and CPOR 1s the strength of the liner Itself, The liner
strength increases exponentially with a power of CPOR*(r-2 - SPORS).

Card 16: 81, S2, 85, 96. S7, S8, LSCAL (6FB.35; T4). The
values of S1 - S8 set the constants in the dynamic scale equation.
LSCAL = O means the scale equation is computed but does not
Influence the other variables. Currently, s3 =4 555 8, = 56 =
S7T = 488,

Card 17: QCUT, DIVP, DIVF, PNORM, PCUT, CMU, XFACT, XZERO,
YOUT, ZOUT (10F8.3). QCUT = 0.001 1s the factor times the
current maximum value of q2 that sets the computational noise
level of q2. If a local value of q2 is below QCUT*qiax, that
point 1is not considered when constructing the various Integrals
of interest. Re™!l is given the value of CMU, not RE_l, at
points beyond a squared distance, normalized by A, greater than
PCUT (= 40). This procedure is a further attempt to stabilize
the solution., DIVP = 0,1 1is the fraction of DXMAX setting the
minlmum value of the step size Ax entering the calculation for
the corrective divergence effect, the last term in &, (2.7
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When the program Axnew is below DIVP * DXMAX, the dilvergence
correction may overwhelm the physics taking place, typically ;
during the first few steps of a run, DIVF = 2,0 is the accepted !
value given to the effectiveness of the divergence term, so that

9/dx = - u/2/x

e PNORM = 1.0 normalizc¢s the pressure step-size
factors that yield the step-size in the pressure iteration (ref, 4),
The pressure step is At(1) = PNORM * (YMAX-YMIN) * (ZMAX-ZMIN)/PN(1),
where PN is (10,0, 30,0, 60.0, 100,0, 150.0). XFACT and XZERO

glve the rational distance downstream, so that (X/D) = XFACT * X

+ XZERO, Finally, YOUT and ZOUT are the values of y and z along

which the full printout is computed for output display.

Card 18: FNAME (8A4) is the name of the disk files tc be
used during program execution, and are the working file (WAKWF),
the gamma matrix file (WAKGM), the global intermediate save file
(WAKGL) and the total profile plot save file (WAKPL). The common
file (WAKCM)is entered into WAKE by a data statement,

i

Card 19: FILEN, ISTAT, ITYPE, LZMAX, LPRFL, IFULL (A4, Al, |
5I4), This card controls the locatlion of the initial prof'iles, '3
and provides start conditions on various aspects of the WAKE
program, When ITYPE = -1, FILEN is ignored and the initial
profiles arve sought in the entered profile plot file., When
ITYPE = O, FILEN gives the name of the file contalning the
initial profiles, For ITYFE > O, these initial profiles are
assumed to have been generated by the axisymmetric program JEIMN.
ISTAT is the counterpart of NSTAT and glves the run statistic
for the initial profiles (1, 2 or 3)., When LZMAX = O the program
keeps track of the spread in A, and prints and stores the running
profiles at the first point of nonmonotonic behavior in Az.

Then LZMAX = 1 so that the procedure will :ot repeat, When

LZMAX = - 1, the scales Ay and Az are fixed at the SCALM value
entered on card 15, LPRFL = -1 is the standard operating mcde

of the pressure loop, and signals to tne body of the WAKE program

B e e -

e - g
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that the iteration 1s complete, When LPRFL = O on initializa-
tion, the pressure iterations are performed prior to the first
step DELX in q2, ;, u, v, w, IFULL = 1 forces a total printout
to the line printer of the initial profiles; IFULL = O does not.

Card 20: ZL, DRLZH (2F8.3). When DRDZ = 0.0 on card 15,
card 20 1is read, Above z = 0,0 and below z = ZL, the background

denslty gradient is se. to DRDZH., For ZL < z < 0,0, DRDZ = - 10-6

With the reading of these twenty cards, WALE will begin
computation., Beside the intermediate output desgcribed above,
several integrals and functional values are prinived every step
by the pressure iteration and WAKSC subroutines. The heading
above each value is chosen to give a quick identification of
that value, The normalized divergence error indicates the
closeness to which our calculation is maintaining Vv . v = 0,

The various kinetic and potential energy components give an
indicatlon of energy distribution within and outside the turbu-
lent wake. The printout "error" of the pressure iteration should
be disregarded since the pressure lteration scheme currently in N
use has evolved beyond the usefulness @f "error", Otherwise, g
printout in WAKOT is explained when it is printed. The plot

file 1s stored in the same manner that the initial profile file 11
1s constructed, only with multiple values of X, one set of data

following the othcr.

The switches on the META-4 console permit on-going changes
to the output scheme presented above. The switches used here
are:

terminates a run during the pressure iteration loop
forces an intermediate line printer output

forces a full line printer output at YOUT and ZOUT
forces a total line printer output

: forces an Intermediate printout to the disk file

= w P = O
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5: forces a total printout to the disk file
6: forces a total line printer output of the turbulence
distributlions
7: forces a printer picture of the main variables
13: terminates a run after a step in Ax (including the
pressure iteration) has been completed
14: prints the full reflection vector on run initialization

There 1s, of course, no substlitute for the actual program
language, A copy of the FORTRAN logic 1s presented 1n the
Appendix, The potential user must be warned that the weak link
in the program 1s the capacity of the pressure iteration loop
to maintain a consistent pressure solutlion behind the running
solution of q2, 3, u, v and w, The cross velocitles v and w
will react rapidly to a degenerating pressure fleld, but they
react slowly to a bulld-up of the density fleld prior to collapse,
The WAKE program runs slowly on the A,R.A,P. facility; a 24 hour
run 1s standard when trylng to extend collapse dynamics to one

B.V. Since this program ls a "one-man" operation, extreme care
must be taken in the 1input of the data cards. Internal data
consistency checks are simply not there,
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APPENDIX

This Appendix contains the FORTRAN listing of the complete
WAKE program as programmed at A.R,A,P, The first listing is
the mainline WAKE followed by thre listing of common, followed
by the called subroutines in alphabetical order, WAKE consumes
all 32 K of core storage, requiring every subroutine called by
the mainline to be Localed, and subroutines within these routines
(particularly WAKMY and WAKMZ) to be Secaled. Data and program
storage would push beyond 200 XK on a larger machine,

The las: program in the Appendix gives a sample indication
of the structure of & FORTRAN program generating the initial
profile file, Following this program 1s a listing of an example
input deck,




———— =

,.
[l

—_
5

re

D = B

WARE +5(0105)
*J0CS (2501 READER,1403 PRINTER)

*xWAKE = STRATIFIED SUBMARINE WAKE MAINLINE

o
c
c

THIS IS THt STRATIFItD SUBMARINE WAKE MAINLINE

*COPY (CMwAK)

(g]

C
C

[N Ne NeNel

~

NOOO»OO0O0OO0O0

OO NMOOO MNOOO
& LV}

(=]

AEOOO

60

INITIATE THE RUN

CALL WAKIN
IF (LSTFL) 20+¢048

INTEGRATE THE EQUATIUNS
GO TC (746! NSS
CALL WAKSZ
GO TO (10+7)+NSS
CALL WAKSY
GO TO (6410)NSS

INITIALIZE THE PROFILES
CALL WAKPI

COMPUTE AUXILIARY WUANTITIES
CALL WAKAC

CHECK SOLUTION VALUES

CALL WAKAL
IF (LMLFL) 2245045

COMPUTE THt SUPEREQUILIBRIUM VALUES

CALL WAKSC
IF (NSTAT=1) 24,30,24%

COMPUTE PRESSURE SOLUTILON
CALL WAKPC
QUIPUT RUN RESULTS
CALL WAKPP
CALL WAKOT
IF (LMLFL) 40420420
AUTOPOINT ADJUST PROFILES

IF (LIAAF) 5020450
IEND=NRST+JEND=-1

A-1

CALL WAKAA(DZDZM¢£0L0VeZNEWV I NRNZV «NRST¢IEND MXRZLZFAF ¢NPNZ

1 LZLFF2)

CALL WAKAA(D2UYM,YOLUV,YNEWVNRNYV NYPS,NYPE MXRY,LYFAF NPNY,

1 LYLFF1)
IF (LFCUR) 30+60430
CALL WAKAZ




GO TO 20
ENU
CART 10 0105 0B ADOR 3080 OB CNT 0078




H ¥
CMWAK,S(0105)
8 DIMENSION ZMV(20)+2ZV(20)2PV(20)
c
‘ - COMMON IOLAY+IYPSN,NMOVE NKyJOBE+NOUTBUFR(1284) BUFS(1284%)
1

COMMON NWR o NWWZF « NP TSN o NCOMT o NWVEC + IBOT  ITOP
| COMMON NPUS ¢ JZsJY sLLFAF LYFAF (LIAAF o NMAT o NVAR « NVART o NMK
L) COMMON LIOLF 4L 1OPF 4 LFOLF 4LTOPF+LTOLF 4LSOLF,LSTFL ¢+LMLFL
| COMMON LTRIF + LBURF ¢ LPKRF + LUVCF 4LOVFF ¢ LFCUR y JERR
COMMON YMoYoYPoFMUXKoCVVIBBETAWHBETABBSvGsDXICwWS¢SCAL
COMMON ZNEWV (40) + YNEWV (40) ¢ NRNZV(40) «NRNYV (40)  NPNZ ¢ NPNY |
COMMON IROWT+ IROWA , LROWR y IROWG +MOOD o IMAPV (4) + JSTAT ;

COMMON ZM IYPSMoIYPEM ¢ XMMVY(6) ¢« XMYV(6) ¢« XMPV(6) |
CUMMON Z41YPSsLYPE ¢XZMV (B) XV (6) 1 XLPV(6)

COMMON ZP¢IYPSP IYPEP «XPMV () «XPYV(g) 1+ XPPV(g)

COMMON TZMV(6)+TVIE) ¢ TLPV(6)+TPYV(6) e TMYV(S)

COMMON AV(6)+6GM(16) sROWB(L8+40¢3) +ROWG(16140)

COMMON XMAT(6)+YMAT(6)+2ZMAL(6),IVEC (24) |
COMMON ZA+IVECA,IVECB.IRFV(644) !
COMMON SLNIUL(3) ¢6AMID(3) «6LOID(3)4PLTID(3),COMIDI(3) |

COMMON NSTMXoNSTST ¢ XMIN¢XMAXINGINPINSSINRUNKLOK(g)
COMMON NYPS NYPE M XKRY (NRSTyJENDeMXRZ +LSCAL ¢ LENDF ¢« DFFMNeCMU
) COMMON EPSNEPSXLPSS et CMNIECMXoVSCAVIS) o VWIFV(5)
COMMON OXMAX ¢DXMIN DXFMX ¢BBUFAC +DFFMX+DFRMX ¢DXSAV s X e XPsFCUR
) COMMON NPTS NIULP NIOPP .NFOLP,NTOPP NTOLP NSOLP ,NSTPR,LPRFL |
COMMON NIAAF NSTAI NSTBC ¢yNUFF,LIBUF,LFBUF LTBUF
CUMMON XOUTV(10)YOLUV(40)+20LDV(40)+IYPSV(40),IYPEV(40)
COMMOKN RE+GsPR4DCeASISsAvBIBETAICIUGRIS«DRUZ+PCRITISCALM
COMMON LAMINsMXHRS LOUT 4LZMAX+DXeCVSeD20YM(40) 4D2DZM(40)
- CUMMON &PSXV(5) ¢EPSSV (D) 1 CMXV(5) s XMOM¢XPE « XKE ¢ TURBX(10)
COMMON FMAXV(T7) YMAXV(T) «ZMAXV(T) s TMAXV(T) yGMAXVI(T)
CUMMON DEPST,DEPSI,SPORS,CPORPNORM,PCUT @CUT DIVP DIVF
| L] COMMON S145S2¢55,56,57,S8,XFACT,XZERO,SCALE ,YSCAL+Z2SCAL
| COMMON ZEROV(7) ¢NRFV(742) +1IDSV(7)¢LDRDZ+DRUZL ¢+ DRDZH
COMMON CMNT(19) «FNAME (8) «LYLFFJLZLFF2YOUT +£OUT (SPACR(10)
c
EQUIVALENCE (ZMY(1)eZM) 4 (ZV(1)el) o (2PV(1) 4 2P)
CAKT ID p105 DB ADDR 4340 Ot CNT Qo4A
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WAKAA,S(0105)

**WAKAA « STRATIFIED SUBMARINE WAKE, AUTOPOINT ADJUST PROFILES
SUBROUTINE WAKAA(D2UM.FOLDV FNEWVNRNV, ISTRT!IEND MXP+LFAF «NPN+
1 LFLFF.LL)

THIS SUBROUTINE IN THE WAKE PROGRAM ODETERMINES THE NEW SET OF POINTS
NEEDEO TO SATISFY ERKOKR TOLERANCES &

OO0

DIMENSION DzOM(40) +FOLOV(40) +FNEWV(40) ¢ NRNV(40) JPOS(2)
*COPY (CMWAK) L
c
DATA JPOS/1HY1HZ/
c
1000 FORMAT(//33H CURV/TURE TOLEFRANCES RELAXED IN +A1+E1505) =
c
10LAY=11
FNEWV(1)=FOLOV(ISTRI=1)
NRNV(1)SISTRT=1
DFMIN=OFFMNx (FOLDV (JEND+1)“FOLOV (ISTRT=1))
OFMAX=DFFMX# (FOLDV (IEND+1)=FOLOV(ISTRT=1))
ISTRX=ISTRT+LFLFF
RATIO=ECMX/ECMN

FCURV=1,0
(o
C FORWARD PASS TO DETERMINE NEw PROFILE POINTS
(o
100 JN=]

DFNEW=1,0E1Q

D0 128 J=ISTRXIEND

F=FOLDV(J)

FP=FOLDV (J+1)

IF (J=ISTRT) 1101110241102
1101 FM=F+F=FP

G0 TO 11y
1102 FM=FOLDV{J=-1)
1104 DFM=F-FM

DFP=FP=F

DF T=0FM+DFP

I=NRNV(JN)

IF (J=ISTRT) 123,1106,1106
1106 IF (I) 120+120.+111
111 IF (I+1-J) 120+112,122
l1e DFNEW=1,0€E10

IF (UN=1) 114+114%+113
113 OFNEW=FNEWV (UN) =FNEWV (UN=1)
114 IF (OFT=0FMAX) 1145¢1145.116
1145 IF (DFT*OFT%D20M(V)*RATIU=FCURV) 115+115¢116
115 IF (DFT/DFNEw=UFRMX) 12641264116
116 IF (OFM/OFNEW=UFRMX) 117¢117.119
117 IF (OFM-DFMAX) 118,118,119
118 IF (DFM*DFMx02D0M(J)=FCURV) 120¢1204119
119 IF (OFM-OFMIN) 120,1195,1195
1195 JN=JN+1

CALL WAKDS(D2DM(J=1)+D20M(V) +OFMsDFNEW)

FNEWV(JN)=FM+DFM

NKRNV (JUN)}=0
120 JN=UN+1

FNEWV (JN)=F

NRNV (UN)=J
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DFNEW=FNEWV (UN) =FNEWV (JN=1)
IF (DFP/DFNEW-DFRMX) 123+1123,125
123 IF (UFP=DFMAX) 12%,124:125
124 IF (UFP*DFPx020M(u)=FCURV) 12611264125
129 IF (DFP-DFMIN) 126,1255,1255
1255 JnN=JUN<+l
CALL WAKDS (D2DM(J) «D20M(J+1) «DFP «OF NEW)
FNEWV (JUN) =F+DFP
NRNV (JN) =0
L] 126  IF (JN+4=-MXF) 128¢11604:160
126  CONTINUE
I JN=JN+1
[ FNEWV (JN)=FOLDV (IEND+1)
. NRNV (JN) =IEND+1

r—q

C
C bACKWARD PASS OF NEW POINTS TO SATISFY RATIO CRITERION
- o

JS=0
130 JP=UN+JS

FP=FNEWV (JN)

FNEWV (JP)=FP

NRNV (JP ) =NRNV (JN)

00 141 J=3.UN
< I=UN+2~J
FSFNEWV(I)
[ NR=NRNV ()
e JP=JPal
IF (JS) 132,132,131
[ 131 FNEWV(JP)=F
| NRNV (JP)=NR
RS 132 FM=FNEWV(I=1)
) OFP=FP=F
L DFM=F <FM

IF (DFM/DFP<UFRMX) 1404140134

134 NRM=NRNV (I=1)
[ IF (NR®NRM) 140,1%40+135

135 DFO=DFM
CALL WAKDS(D2DM(NK) «D2DM(NRM) «DFOUFP)
FO=Fa(FO
IF (NR=NRM=2) 137¢1364137
136 NR=NR=1
F=FOLDV(NR)
IF (ABS(F=F0)=UFNM/DFRMX) 13841384137 l
] 137 NR=0
| F=FO
i 138 JP=JP=1
IF (JS) 14041404139
i 139 FNEWV (JP)=F
NRNV (JP)=NR

f———
— o it

-
(USR]

140 FP=F
& 141 CONTINUE
c
C CHECK FOR POINTS aDDtD TO SATISFY RATIO CRITERION
o

IF (JS) 142.142.150
" 142  JS=2=JP
IF (JUN+JS+4=MXP) 143¢1434160 !
143 IF (JS) 150,150,130
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C CHECK WHETHER PROFILE MUST BE REORGANIZED
C
150 LFAF=0
NR=ISTRT=1
JN=JN+JS
DO 156 J=1+uJN
NRN=NRNV (J)
IF (NRN-NR) 151,155+151
151 LFAF=}
GO TO 1565
155 NR=NR+1
156  CONTINUE
1565 NPN=JUN
IF (FCURv~1,0) 156,198,157
157  WRITE (NOUT,1000) JPOS(LL)FCURV
156 RETURN
c
C MaxIMUM POINTS EXCEEDEU ON AUTOPOINT ADJUSTMENT
c
160 FCURV=FCURV%FCUR
IF (FCURV=1,0£10) 100+1804180
180 LFCUR=LL
RETURN
’ END
CART ID 0305 DB ADDR 2t50 DB CNT 011A
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WAKAC,S(0105)
*xWAKAC = STRATIFIED SUBMARINE WAKE, AUXILIARY CALCULATIONS
SUBROUTINE WAKAC

)

TH1S SUBROUTINE IN THE WAKE PROGRAM PERFORMS A NUMBER OF TASKS
AUXILIARY TO THE SOLUTION OF THE SYSTEM OF EQUATIONS

=

1) COMPUTES MAXIMUM ABSOLUTE VALUE FOR EACH VARIABLE ANU Y AND ¢
LOCATIUNS OF SaMEs+ MAXII'UM STEP CHANGE OF VARIABLES. AND

r—-

MAXIMUM X OERLIVATILIVES
f CUMPUTES FOR EWCH 2 ROW THt MAXIMUM SECOND DERIVATIVE
U WITH RESPECT Tu Z FOR aLL Y

3) CUMPUTES FOR EaCH Y COLUMN THE MAXIMUM SECOND DERIVATIVE
WITH RESPECT Tu Y FUR aLL ¢

——
| r

4) CONSTRUCTS THE MESH VALUE PRINTOUT

=

%) COMPUTES THE APFRUPRIATE LENGTH SCALES

OO0 COOOO0OO0O0O0O0O0O00
A\

DIMENSION VALUE(40) «TOTAL(7¢4002)¢PSIV(40)

*COPY (CMwAK)
EQUIVALENCE (TUTAL(1e1¢1)¢ROWG(L1e1))e(VALUE(L) NRNZV(2))
EQUIVALLNCE (PSIV(1)eZNEWV(1))e(GM(1)+TKE)+(GM(2),VKL)
EQUIVALENCE (GM(3)+RPE) ¢ (GM (%) sWPE) ¢ (GM(S5) ¢ WKE)
EQUIVALENCE (GM(b) ¢AREA) ¢ (GM(T7)¢PSIM)¢(GM(B) o XLIFT)

[—-—w

v,

ZERO PERTINENT VARIABLES

e ——————————— R

4
OO0

IVLAY=S
MO00=1
LFL=NPTSN=NSTST
PLANE=1+0/FLOAT(LYLFF+2)/FLOAT(LZLFF+2)
XMuM=0.0
XPE=0,0
[ TKE=0,0
[ VKE=0,0
, RPE=0,0
| WPE=0,0
L WwKE=0,0
AREA=0.0
PSIM=000
XLIFT=0.0
CALL SFVFL(0+0+PSIVeMXRY)
CALL SFVFL(0sUsFMAXVs4=NVART)
DO 40 I=1.2
] DO 35 JY=1440
CALL SFVMV(2ERUVsTOTAL(14JY¢I)sNVART)
35 CONTINUE
40 CONTINUE
CALL SFVFL(0+0+02UYMe40)
CALL SFVFL(D.04020L2Me40)
CALL WAKSE(ECMX ECMXV)
NYPSX=NYPS+LYLFF
DU 50 JY=NYPSXsNYFE
IF (YOUT=YOLUV(JY)) 60455145
45 IF (YOUT-YOLOV(UY+1)) 55450+50
50 CONTINUE




35 RATY=(YOUT=YOLOV(YY))/(YOLDV(JY+1)=YOLDV(VY)) !
C INITIALIZE FOR PASSING THROUGH PROFILE !

60 IROWA=¢
IROWR=4
IF (LSTFL) 96196,95 )
95 IROWR=2
96 NRSTX=NRST+LZLFF
NREND=NRST+JEND=1
NPOS=NRST=1
CALL WAKRR(NRST=142V)
CALL WAKRR(NRST,Z2PV)
DO 250 NR=NRSTX,NREND
PSIH=000

RELD THREE SURROUNDING ROWS AND TEST FOR SELECTED & IN (OMAIN

o000

IF (NR=NRST) 1044205+103
103 NPOS=NR

CALL SFVMV(Z+ZMiNWWLF)

CALL WAKMR(241)

CALL SFVMV(ZP+2Z NWWLF)

CALL WAKMR(3+2)

CALL WAKRR(NR+1,2FV)

GO TO 105
104 ZM=2+2=L4P
105 DZM=2-2M

D2ZP=2P=2

DLT=2P=2M

LYFAF=0

IF (20UT=ZM) 107.10654106
106 IF (20UT<Z) 106541074107
106% LYFAF=1

RATZ=(20UT=2M)/(2=2M)

c
C STeEP THROUGH ALL Y POINTS COMPUTING AUXILIARY QUANTITIES
c
b §

07 Y=YOLDV(IYPS=1)
YP=YOLOV(1YPS)
CALL WAKMP(IROWR(NR+1+IVYPS=1,XPYVyl)
CALL WAKMP(IROWR\NRsIYPS=14¢XV,1)
IF (NReNRST) 105,109+109
1p6 CALL WAKRF(XPYV,.XMYV.e2)
G0 TOo 110
109 CALL WAKMP (IROWR \NR=1,IYPS=1,XMYV,1)
110 IYPSX=1YPS+LYLFF
IF (LFL) 112+1124211
111 CALL WAKMP(IROWAWNReIYPS=19AVel)
11¢ CALL WAKMP (IROWR«NR+1¢IYPS«XPPVel)
CALL WAKMP(IROWR«NReIYPS¢XZPV,1l)
IF (NR=NRST) 113,414%+114
113 CALL WAKRF (XPPVXMPV+2)
GO 70 115
114 CALL WAKMP(IROWRNR=14IYPSIXMPV+el)
115 DO 200 JY=IYPSXx,1YPE
IF (JY=1YPS) 11641174117
116 CALL WAKRF(XPPV XFMV,1)
CALL WAKRF(XZPV¢XZMV41)




CALL WAKRF (XMPvXMMVel)
[ YM=Y+Y=YP
GO0 TO 13¢
117 IF (LFL) 1201204119
119 CALL WAKMP(IROWANReJY AV el)
120 CALL SFVMV(XPYV(XFPMVNMOVE)
CALL SFVMV(XVeXZMVNMOVE)
CALL SFVMV(XMYvy,XMMVeNMOVE)
YM=Y
Y=YP
YP=YOLUV(JUY+1)
CALL WAKMP(IROWR¢NR+1eJY+1eXPPVel)
CALL WAKMP(IROWR NReJY+14XCPVel)
IF (NR=NRST) 125,128+128
125 CALL WAKRF (XPPV XFPVe2)
l GO TO 1390
t 128 CALL WAKMP(IROWR«NR=1+JY+1e¢XMPV+1)
130 DYM=Y=YM
DYP=YP=Y
DYT=YP=YM

B

c
C PLKFORM AUXILIARY COMPUTATIONS FOR EACH VARIABLE
c

e

DO 145 I=1eNWVEC

IF (LFL) 1406+1406,1402 |
1402 TEM=ABS(XV(I)=AV(L)) ;

IF (TEM=TMAXV(1)) 1406¢1406,1403
1403 TMAXV(I1)=TEM
1406 TEM=ABS(XVI(I))

IF (TEM=FMAXV(1)) 142+¢142:1407
1407 FMAXV(I)=TEM

YMAXV(I)=Y

ZMAXV (1) =2

IF (I=1) 1408¢1408.142
1408 NRL=NR

|

——
m— )

L] JYL=JY
142 IF (LIAAF) 143+145,143
143 IF (I-NVAR) 14441444145
r 144 DZDY:((XZPV(I)-XV(I))/DYP-(XV(I)-XLMV(I))/OYM)/DYT/ELMXV(I)

| D202=( (XPYV(I)=XV(I))/0ZP={XV(I)=XMYV(1))/0ZM)/DLT/ECMXV(I)
TEM=ABS (D20Y)

[ IF (TEM=D2DYM(UY)) 1447,1447,1446

1446 D2DYM(JY)=TEM

E | 1447 TEM=ABS(D202)
IF (TEM=D2DZM(NR)) 145414501448
l i 1448 D2DZM(NR)=TEM
145  CONTINUE
c
C STORE MESH OUTPUT VALULS
g

- iF (LYFAF) 1515,1515¢150

150 DO 151 I=1.NWVEC

TOTAL(IedY «1)=XMYV (L) +RATLH (XV(I)=XMYV(I))

) 151 CONTINUE

1515 IF (YOUT=YM) 155+,153.152

15¢ IF (YOUTeY) 15541950105

155 DO 154 I=1.NWVEC
FE TOTAL(IoNK¢2)ZXZMV (L) +RATYR(XV(I)=XZMV(I))
154 CONTINUE




155 IF (Jy=JYL) 158,156+158
156 VALUE (NR)=XV (1)
c
C COMPUTATION OF INTEGRALS
C
158 CALL WAKLL(TEMs1)
IF (TEM) 200+159+200
159 SUMF=FLANE*DYT%DZ I
LLFAF=0
IF (NR=NRST) 1591¢1992,1592
1591 SUMF=0.5%xSUMF
L4FAF=]
1592 IF (JY=NYPS) 1593+1994,1594
1593 SUMF=0«.5%xSUMF
LZFAF=1
1594  XMOM=XMOM+XV (3) % (U+XV(3))%xSUMF
TKE=TKE+XV(1)%x(U+XV(3))xSUMF
TEM=(XVI4)=ZEROV(H) ) %%2+ (XAV(5)=2EROV(5) ) *%2
TEMS(XV(3)RXVII)+TEM) % (U+XV(3))*SUMF
RPE=RPE+XV(2) *xv (2)*SUMF
VKE=VKEL+TEM
XLIFT=XLIFT+(XV(5)=LEROV(S) ) *SUMF
IF (XV(1)=QCUTxFMAXV(1)) 162+162+161
XPE=XPE+XV(2) % ¢xSUMF
AREA=AREA+SUMF
GO TO 165
WKEL=WKE+TEM
TEM=XV{2)%XV(2)«xSUMF
XPE=XPE+TEM/2.0
WPL=WPE+TEM
IF (LZFAF) 20041664200
PSIH=PSINH+0, b*DYM*(XV(b)+XtMV(a)-Z.O*ZEROV(b))
PSIVIJY)=PSIV(UY)+0eS%kDZM®(X\/ (4 ) +XMYV(4)=2,0%2EROV(4))
TEM=0,5%(PS1V(JY)=PS1H)
IF (ABS(TEM)=ABS(PSIM)) 20042004167
PSIM=TEM
CONTINUE
CONTINUE
TKE=TKE/2,0
VKE=VKE/2,0
WKE=WKE/2,0
XKE=TKE+VKE
XLIFT==XLIFT
RPL=G%*RPE/2,0
WPL=GxWPE/2,0
XPE=GxXPE
c
C COMPUTATION OF GROSS SCALE LAMBDAS
C
NPOS=NKRL
CALL WAKRR({NRLs2V)
Y=YULDV(JYL)
XV(1)=FMAXV (1)
TEM=XV(1)/4,0
IYPSX=JYL+1
LFL=0
VO 260 JY=IYPSX,1YPL
XMYV(1)=XV(1)
YM=Y




CALL WAKMP(IROWRNRLeJY ¢XVel)
Y=YOLDVIJY)

IF (TEM=XV(1)) 256,292:252

IF (LFL) 260254260
YP=YM+(Y=aYM)®(XMYV(1)=TEM)/Z (XMYV(1)=XV(1))
LFL=1

GO TO 260

LFL=0

CONTINVE

EPSSV(3)=2.U*Cx(YP=YOUT) .
NKSTX=NL+1

LFL=0

00 280 NR=NRSTX . NKEND

IF (TEM=VALUE(NR)) 27642720272

IF (LFL) 2802744280
ZP:ZOLDV(NR-I)+«ZOLUV(NR)-ZOLDV(NR-1))t(VALUE(NR'l)-TEH)/
1 (VALUE(NR=1)=VALUE(NR))

LFL=1

60 TO 280

LFL=9

CUNT L{NUE

EPSSV(1)=2.(0%Cx(2P=40UT)

Re TURN

ENL

CART 1D 0105 OB AODR 4390 D8 CNT 0206
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WAKAL,
xxWAKAL = STRATIFIEO SUBMARINE WAKE.

c

C THIS SUBRCUTINE 1IN THE WAKE PROGRAM EXAMINES SOLUTION VALUES

c
*COPY
o

c
1000
1001
c

$(0105)

SUBROUTINE WAKAL

(CMWAK)

DATA UMSGF ¢ JMSGR ¢ UMSGB s JMSGS /2HS T+ 2HRS « 2HBU ¢ 2HOK/

FORMAT(//47Th FULL OUTPUT AT FIRST LOCAL MAXIMUM OF 2 LAMBOA)
FURMAT(//35H UX LESS THaN MINIMUM ALLOWED vALUE)

C CHECK RUN POSITION

c

100

102

102

103
104

105

c

10LAY=6

IF (LMLFL) 3100.300,122
XP=x

NPTSN=NPTS

IF (LSTFL) 102¢101,102
NPTSN=NPTS+1

XP=X+DX

CALL WAKFS(NIAAFLIAAF)
LIOLF=0

CALL WAKFS(NIOLPWLIULF)
CALL WAKFS(NIOPP,LIUPF)
CALL WAKFS(NFOLP LFULF)
CALL WAKFS(NTOPP,LTUPF)
CALL WAKFS{NTULP+LTULF)
CALL WAKFS(NSOLPLSULF)
JSTAT=JMSGF

IF (LSTFL) 103+110,105
IF (LPRFL) 1044+170,170
LIOLF=1

LIOPF=0

LFOLF=0

LTOLF=0

LTOPF=0

LSULF=0

JSTAT=JMSGR

GO TO0 170

LIOLF=1

LFOLF=1

LTOLF=IYPSN

LSOLF=0

LIOPF=NIOPP
LTOPF=NTOPP
LIAAF=NIAAF

GU TO 164

C SET UP FOR NEXT STeP

C
110

CALL WAKSE(EPSS.EPSSV)
CALL WAKSE(EPSXJ EFPSXV)
JSTAT=JMSLS

DXSAV=DX

D0 114 IXBRK=1410
XBRK=XOUTV(IXBRK)

IF (X=XBRK) 1lc.1144114

AUXILIARY LOOP FOR EXECUTION




DO 1122 I=1,NUFF
TEM=FLOAY ()
IF (X+VTEM%DX=XEBRK) 1122,1124.1124
1122 CONTINUE
60 T0 114
1124 OX=(XBRK=X)/TEM
1F (I=1) 1126411341126
1126 XP=X+DX
GO TO 116
113 XP=XBRK
119% LiOLF=1
LFOLF=1
LIOLF=1
LSULF=1
LIOPF=NIQPP
LTCPF=NTOPP
IF (LTRNF) 119+11€4119
114 CONTINVE
116 IF (XP=XMAX) 11841174117
117 LTRNF=1
LENDF=1
60 TO 1135
118 IF (NPTSN«NSTMA) 119+1174117
119 DX1=2,070X
C
C INITIALIZE FOR CURRENT INTEGRATION STEP
c
LMLFL=1
IF (LBURF) 12041204121
120 NS8S=3-NSS
121 RETURN
122 LMLFL=0
IF (LPKRF) 19041244190
C
C ERKOR CHECK
c
124 CALL DVCHK(L1SW)
650 TO (1241,1242) ¢1SW
1241 LOVCF=1
LIOLF=1
1242 CALL OVERF(ISW)
GO TO (1243,1244,1244),ISW
1243 LOVEF=1
LIOLF=1
1244 IF (LOVCF+LOVFF) 1794130175
c
C CHECK FOR BACKUP aND DLTERMINE NEW DX
c
130  LBURF=0
00 136 I=1+NVAR
IF (TMAXV(I)=EPSXV(I)*xBUFAC) 13641364135
135 1F (NPTSN=NSTBC) 136+15641355
1359 LBURF=I
136 CONT INUE
DXN=OXSAV*ABS(UXFMX)
OV 162 1=1+NVAR
VMAX=GMAXV(])
IF (LBUKF) 144,142,144
TEM=FMAXV(I)




A-14

143
14983
144
145
1455
146

147

146
149

151

160
lel
162

1620

16¢1
lec2
1623
163

1530

le31
1632

1633
1634
1635
1636
1637
leds
o

IF (TEM=VMAX) 1435,1435,143
GMAXV(I)=TEM

VMAX=TEM

IF (VUTFV(I)) i62+1624145

1F (VMAX-VSCAV(I)*EPSN) 145541464146

VMAX=VSCAV(])*EPSN
AERR=ABS (EPSX)

IF (EPSX) 1471484148
AERR=AERR®VSCAV(I)

60 TO 149

AERR=AERRXVMAX
AERR=AERR/VWTFV (1)
TEM=TMAXV (1) /DX

IF (TEM) 15141624151
OXX=AERR/TEM

IF (DxX) 162¢1624160

IF (OxXx=DXN) 161¢162:162
DXN=0XX

CONTINUE

DX=DXN

IF (DX=UXMIN) 1620416211621
LIOLF=1

LTRNF=1

WRITE (NOUT,1001)

60 Tu 190

IF (DXFMX) 163,1623¢1622
IF (DX=DXMAX) 163¢163,1623
DX=DXMAX

IF (LBURF) 16304¢16441630
JSTAT=JMSGB

LTRNF=1

IF (UXSAV-DX*DXFMX) 1631163241632
DX=DXSAV/ZUXFMX

LIOLF=0

LFOLF=0

LTOLF=0

LSOLF=0

LIOPF=0

LTOPF=0

IF (LIBUF) 1633,1634+1633
LI10LF=1

IF (LFBUF) 1635,1636,41635
LFOLF=1

IF (LTYBUF) 1637,1638¢1647
LTULF=1

IF (LIBUF+LFBUF+LIBUF) 19041014190

C SUCCESSFuUL INTEGRATION STEP

c
le4
le42
leby

IF (LZMAX) 1646416424165

IF (EPSSV(1)~ZSCAL) 164441654165
LZMAX=1

LIOLF=1

LFOLF=1

LTOLF=1

LIOPF=NIQOPP

LTOPF=NTOPP

WRITE (NOUT,1000)

60 T0 165
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1646 EPSSV(1)=SCALM
EPSSV(3)=SCALM
165 ZSCAL=EPSSV (1)
YSCAL=EPSSV(3)
CALL SFVMV(FMAXVGMAXVNWVLC)
170 LMLFL==1
175 CALL WAKCS(1+L10LF)
CALL WAKCS(2+LFOLF
CALL WAKCS(5+LTOLF)
CALL WAKCS(4+L10PF)
CALL WAKCS(5«LTOPF)
CALL WAKCS(6+LSOLF)
19v CALL WAKCS(U0+LTRNF)
CALL WAKCS(13.LTRNF)
RETURN
END
CART 1D 03105 Ot ADOR 5880 DB CNT 0160
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WAKAY,S(0105)
*xWAKAY = STRATIFIED SUBMARINE WAKE, AUTOPOINT ADQJUST Y
SUBROUTINE WAKAY(NRX)
(o
C THIS SUBROUTINE IN THE WAKE PROGRAM REORGANIZES A ROW
o
DIMENSION IYPNV(40)
*COPY (CMwAK)
CQUIVALENCE (YOLOV(1)e1YPNV(2))
C
C MARE WORKING COPY CF NRNYV
C
NPOS=NRX
CALL WAMRR(NRXs2V)
IF (1YPS) 16041604100
100 1YS=¢
DO 108 Iv=1,NPNY
I=NRNYV (1Y)
IF (1) 1064106,101
101 IF (IYS) 102+102+104%
19¢ IF (I-IYPS) 104,410U34103
1909 I1YS=1yY
104 IF (IYPE=I) 106,1U54+105
105 IYE=1ly
196 IYPNV(1IY)=1]
108 CONTINUVE
(o
C CHECK FOR MID=-POINT ADUED ON EITHER END
(o
IF (1vYS=1) 11%411%,111
111 IF (NRNYV(IYS)=1IYFS) 1144112,11%
112 1F (WRNYV(1IYS=1)) 113+1135+114
113 1YS=1YS-1
114 IF (IYE=-NPNY) 11541204120
115 IF (NRNYV(IYE)=IYPE) 1204+116+120
116 IF (NRNYV(IYE+1)) 11741174120
117 IYE=IYE+]
(o
C CHECK WHETHER NRX ROw IS VvOIUED BY ADJUSTMENT
C
120 IF (IYS=IYE) 121+121+1201
1201 IF (IYE=1) 121,121,1203
1203 IYS=1YE

o

C FOKRWARD REORGANIZATION PASS

o

121 JYM=0
IYS=MMAX(1¢1YS~1)
IYESMMIN(NPNYs1YE+L)
00 150 IY=IVYS.IYE
JYT=RYPS+IY=2
JYF=IYPNV (1Y)
I=1y

122 I1=]+]1

IF (I=-NPNY) 123,123+124
125 JYP=1YPNV(I)

IF (JYP) 12241224125
124 JYP=10000
125 IF (JYF) 12641264132




sLREM NN TENEIR 7Y

A-17

I.“’

126 IF (JYT=JYM) 150.4150¢127
IF (JYT=JUYP) 126+150+150
128 CALL WAKIY(JYMeJY1,WTPel1Y)
GO TO 148
132  IF (JYT=JYF) 13342484142
135 IF (JYT=JYM) 13441344145
i 134  JYM=JYF
GO TO 150
IF (JYT=JYP) 145,150¢150
= 145 CALL STVMV(ROWB(1eJYHe2) 1 KUWB(1¢JYT42)NMOVE)
148  IYPNV(IY)==yYT
JYM=JYT
50  CONTINUE

=)
)
N
-~

-
£
[\

1
(0
C BACKWARD REORGANIZATLON PASS
(&

JYT=NYPS+1YS+1YE=uY=2
1YSIYS+1YE=JY
} JYFSIYPNV(IY)
IF (JYF) 1544+151,152
151 JYM=IABS(IYPNV(IY=1))
JYP=IABS(IYPNV(IY+1))
CALL WAKIY(JYMeJYTeJTPe1Y)
GO TO 153
152 CALL SFVMV (ROWB(1+JYF42) ROWB(1eJYT,42) +NMOVE)
- 183 IYPNV(IY)==yYT
154 CONTINUE
IYPS=NYPS+]IYS~1

|
I . DO 154 JY=1YSelYE
]

L] IYPESNYPS+IYE=3
160 CALL WAKWR (NRX42V)
RETURN
J END

CAKT 10 0105 0B AUDR 3200 08 CNT 008e

Y B Nyl s B i i e g
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WAKAZ,S(0105)
*xWAKAZ - STRATIFIED SUBMARINE WAKE, AUTOPOINT ADJUST 2
SUBROUTINE WAKAZ
TH1S SUBROUTINE IN THE WAKE PROGRAM REORGANIZES THE SOLUTION FILE
COPY (CMwAK)

CHLCK PROFILE SHIFT

OO0 #0000

I0LAY=12
MOOUL==1
IF (LZLFF) 101.,102,102
101 NRSTN=2
60 7O 108
10¢ NRSTN= (MXRZ=NPN¢)/72+2
IF (NRST4+(JEND=1)/2=-MXRZ/2) 107+108,107
107 LZFAF=1
108 IF (LYLFF) 111.112,112
111 NYPSN=2
GO TO 118
112 NYPSN= (MXRY=NPNY)/2+2
IF (NYPS+ (NYPE=NYPS)/2=-MXRY/2) 117+118,117
117 LYFAF=1
118 IF (LYFAF) 1181+119+118)
C
C SOLUTION PROFILE MUST BE REORGANIZED IN Y DIRECTION
| C
1181 NYPS=NYPSN
NYPE=NYPS+NPNY =3
DO 1185 JUZ2=1.NPN2Z
NRF=NRNLV (JZ)
IF (NRF) 1185+.1185,1182
1162 CALL WAKAY (NRF)
1165 CONTINUE
DO 1188 I=1.NPiNY
JEENYPS+]1=2
I YOLOV(JZ)=YNEWV(I)
1188 CUNTINUE
| 119 IF (LZFAF) 120+16V,120

] Cc
| C SOLUTION PROFILE MyS) BE REORGANIZED IN Z DIRECTION
o
120 NRST=NRSTN
JEND=NPNZ=2
o
C FORWARD REORGANIZATIUN PASS
c

NRM=0

DO 150 JZ=1,NPnZ
NRT=NRST+JZ=2
NRF=NRNZV (JZ)

J=JZ

JEJ+]

IF (J=NPNZ) 12341234124
NRP=NRNZV (J)

IF (NRP) 12241224125
NRP=10000

IF (NRF) 1l2604+126+¢132
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E 126 IF (NRT=NKM) 15041504127
127 IF (NRT=NRP) 128¢150¢150
e 128 CALL WAKIZ(NRMyNRT ¢NRPJZ)
GO TO 148
i 132 IF (NRT=NRF) 133+:148+142
133 IF (NRT=NRM) 134+¢13%44145
134 NKM=NRF
G2 70 150
142 LF (NRT=NRP) 145,150+150
- 145 [HPOS=NRF
CALL WAKRK(INRF42V)
NPOS=NRT

L] CALL WAKWR(NRT.2V)
148 NRNLV (JL) ==NRT

[ NRM=NRT
] 150 CONTINUE
C
C BACKWARD REORGANIZATLION PASS
o
- DU 154 JZ=1.iNPNZ
NKT=NRST+NPNZ=u2=-1
I1=NPNE+1=ULZ
NRF=NRNZV(IZ)

IF (NRF) 1544191,152
( 151 NRM=IABS(NRNZV(1Z=1))
| NRP=IABS(NRNEV(IZ+1))
- CALL WAKIZ(NRMoNRT NKP4[2)
GO TO 153
152  NPOS=NKRF
G CALL WAKRR (INKF 42V)
NPOS=NRT
CALL WAKWR(WNRT42V)
L 153  NRNZV(IZ)==-NRT
154  CUNTINUE
- DO 156 I=1l+NPNZ

[ JZZNRST+]=2
- ZULOV (JZ)=ZNEWV (1)
1506 CONTINUE
[ 160 RETURN
END

CART ID 0105 OB AUDR 2+70 D8 CNT 00Cy
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WAKCL,S(0105)

*sWAKCL - STRATIFIED SUBMARINE WAKE, COMPUTE LENGTH SCALES
SUBROUTINE WAKCL(XXVeFTEM)

c

C THIS SUBROUTINE IN THE WAKE PROGRAM COMPUTES THE VERTICAL AND

C SCalLE LENGTHS Y “OMPARISON W1ITH THE RICHARDSON LENGTH

c i |
UIMENSION XXV(e) . ]
sCUPY (CMWaK) 1
C ;
SCAL=2SCaL
IF (FTEM) 103¢140¢103
103 TEM=SORT(RIS®ABS(XXV(1)/FTEM)/G) ]
IF (SCAL=-TEM) 140+140,110 .
110 SCAL=TEM

120 SCAL=SCALM

140 SCAL=SQRT(aBS(SCAL*LSCAL))

140 IF (LSCAL) 150416V,150

15U SCALE=XXV(6)
RETURN

160 SCALE=2¢0%YSCAL*YSCAL®SCAL/ (YSCAL*YSCAL+SCaL*SCAL)
RETURN
END

CAkT 1D 0105 OB AUDR 3A90 0B CNT 002E

A
|
IF (SCAL-SCALM) 120¢150,130 i
|
!
|
|
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WAKCS,S(0109)
**WAKCS - STRATIFIED SUBMARINE wAKE, CHECK DATA SWITCH
SUBROUTINE WAKCS(LLeLFL)

THLS SUBROUTINE IN THE WAKE PROGRAM CHECKS THE LL DATA SWITCH
FOK POSSIBLE OUTPUT 10 LINE PRINTER OR DISK F1LE

— =23 &=

COPY (CMWAK)

O#0000

= CALL DATSWI(LL+LISW)
GO TO (10+20)¢ISW
1o LFL=1
LIOLF=1
20 RETURN
END
CART 1D 6105 08 ADDR 2UE0 DB CNT 001C

—
==

i o T

£

4
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WAKDG,S(0105)

*&«WAKDG - STRATIFIED SUBMARINE WAKE, DETERMINE OENSITY GRAUIENT
SUSROUTINE WAKULG(LPOY)

c

C TH1S SUBROUTINE IN THE WAKE PROGRAM DETERMINELS THE BACKGROUND

C DENSITY GRADIENT wWwHERE APPLICABLE

C
xCOPY (CMWaK)
(6
IF (LORDZ) 10+100¢10
1o IF (2P0S) 20+¢30,4+30
20 IF (ZPOS=DRDZL) 30,380,425
25 DRDZ2=-0,000001

RETURN
30 DRLZ=0ROZH
100 RE TURN
ENV
CART (U 0105 D8 AUDR 45a0 DB CNT 0020
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AARDS,S(0105)
*«WAKUS = STRATIFIED SUBMARINE WAKE. OBTAIN DELTA SPACING RATIO

O20000

190
191
19¢

193
194

195
196

CART 10U 0105 OB AUDR 2700

SUBROUTINE WaKDS(CURVM(CURVPDF +OF0)

COPY (CMwaK)

OFRM=0¢99%DFRMA

IF (CURVP) 190¢191.,190
1EMB=SWURT(CURVM/CURVP)

IF (TEMB-OFKRM) 192,192,191
TEMB=DFRM

GO TO 194

TeMa=10/70FRM

IF (TEMB-TEMA) 193,194,194
TEMB=TEMA

DF=0F/(1,0+TEMg)

IF (OF/DF0=-DFRM) 19641964195
OF=DF0*JUFRM

Ke TURN

END

Ob CNT oo02C

A-213

THIS SUBROUTINE IN THE WAKE PROGRAM COMPUTES a NEW OF AS SOME
FRACTION OF THE OLD S0 AS TO bALANCE THE THREE-POINT PROFILE
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WAKEC,S(0105)
**WAKEC - STRATIFIED SUBMARINE WAKE, EDGE CONDITION CHECK vl
SUBROUTINE WAKEC(LFL) &

r [|
C THIS SUBROUTINE IN THE WAKE PROGRAM TURNS THE IMPLICIT UPSWEEP
C ANU CHECKS FOR SATISFACTION OF THE BOUNDARY EQGE CONDITION |

~ C —
*CUPY (CMwAR)
c

LFL=1

CALL SFVMV(LVeXMAT  NWVEC)

DU 100 I=1+iWWVEL ,

XMAT(I)SXMAT(I)=GM(L)®2LROV(]) ‘J l
100 CONTINUE

DU 110 I=1.NVAR

IF (ABS(XMAT(I)=2EROV(I))=EPSSV (1)) 110,110,120 ]
110 CONTINUE

CALL SFVMV(XMAT AV NWVEC)

CALL WAKMP(IROwWANRIJY 1AV eZ)

RE TURN
120 LFL=0

Rt TURN

ENU
CAFT 1D 0105 DB ADDR 43310 08 CNT 002C




WAKFS,8(0105)
**WAKFS = STRATIFIED SUBMARINE WAKE. FLAG SET
SUBROUTIN.. WAKFS(NPPLFL)

c
C TH1IS SUBROUTINE In THE WAKt PROGRAM SETS THE OQUTPUT FLAGS
c
*CUPY (CMwuK)
¢
LFL=0
IF (NPP) 102+102+100
100 IF (MOO(NPTSN«NPP)) 102¢101,102
1pl LFL=1
LIULF=1
10¢ RETUKN
END
CAKT ID 0105 OB AODR 2t00 Dg CNT 0031C
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WAKIN,S(0105)
*sWAKIN - STRATIFIED SUBMARINE WAKE, INPUT CARDS AND START RUN
SUBROUTINE WAKIN

c
C THIS SUBROUTINE IN THE WAKE PROGRAM STARTS THZ RUN
C
1 DIMENSION ETID(é)oLFLAG(b)oCOMN(2)oFILEN(2)oFILID(3)

DIMENSION IDAT:(Q).JVCHV(S)oFTID(3).HSCAL(2)
*COPY (CMWAK)
EQUIVALENCE (LTRNF.LFLAG(I))o(AV(I).FILID(I))

C
DATA COMN/HHWAKCQlHN/oJERRX/ZH / «BLANK/4H /
DATA HSCAL/3HOFF,3HUN /
DATA UVCHV/2HQW2HRUW2HU 2RV 12HW 7

C

1000 FORMAT(1814)

1001 FORMAT(7(A4,A1,3X))

1002 FURMAT(I4+19A4)

1003 FORMAT(2I443F8,3,214%)

1004 FURMAT(6F8.3,14)

1005 FORMAT(10F8,.3)

1020 FORMAT(A4,4A1,515)

2000 FOURMAT(1HO«A4+A1+26H CANNOT BE FOUND OR OPENED)

2002 FORMAT(44HOUUB ABCRT - WAKE PROGRAM IS IN RESTART MOUE)

2006 FURMAT(45HIARAP STRATIFIED SUBMARINE WAKE PROGRAM 119A4,
1 7H RUN +14)

2007 FURMAT (12HORUN RESTART 411X e4A2)

2008 FORMAT(10HORUN START13X14A2)

2009 FURMAT(20HORUN SPLCLAL RESTART 43Xy 442)

2010 FURMAT(/3x¢9HMAX STEPS3X¢10HSTART STEP4XsSHMIN X+ 7Xe¢SHMAX X
1 4Xo10HINITIAL DX o4X¢7HMAX HRS ¢ 4X . 8HLAM FLAG/
2 1601120“X03E120'40150112)

2021 FURMAT(/2X+10HMAX Y SIZE+2X¢10HLOW Y FLAG12X110HMAX ¢ SIZE2X,
1 10HLOW 2 FLAG/IB4112)

2012 FORMAT(12X47E1lZ.4)

2013 FORMAT(14HOSCALE FACTORS 44X ¢5(A2410X))

2014 FORMAT (15HOWEIGHT FACTORS.SX.S(AZ.IOX))

2015 FORMAT(/3X.9HNCISE MIN¢2X 4 10HMAX CHANGE 12X ¢ 10HEDGE TOLER,3X,
1 8HMIN CURV,4X48iMpaX CUKV/5E12.4%)

2016 FORMAT(/4X.6HMAX LXe8Xe6HMIN OXe5X,9HDX FACTOR3X,9HBU FACTOR,
1 SX 4HCURV s Xy IHMIN SPACE 43X ,9HMAX SPACE.SX.SHRATIO/bE12.4)

2017 FURMAT(1S5HQUUTPUT CONTRUL (4X ,9HINT PRINT ¢ 3X (8HINT DISK,.3X,
1 10HFULL PRINT2X+10HTOTAL DISK«2X4s11HTOTAL PRINT 2X¢8HSE PRINT,
2 3X411HAUTO ADJUSI.SX.7HP1L7URE/12X.8112)

2018 FURMAT(12H0X OUTPUT AT 10E12,4)

2022 FURMAT(/6X.2HRE,10x.1HG.11x.2HPR.8x.7HSMALL Ay7Xe1HA411X,1HB,
1 lox.qucTA.9X.1HL.11X.1HS/9£12.4)

2023 FORMAT(/éonHDLolox.lHU.11X.SHRI*.8xc4HDRDz.8X.5HSCAL£04Xc
1 10HPRES ERROR,38x¢9HMIN SCALE 44X, 7HSPOR so.sx.uHcpoa/ssla.u)

2024 FORMAT(/6X.2HSI.10X.ZHSZoluxoaHss.loX.aHSb.lox.aHs7.10X.2H88.
1 6X19HSCALE EQN/6L12¢4¢5X A 3)

2025 FORMAT(15H0SOLUTIUN FILESo“Xo7HNORKINGo“xo5HGAMMA.5X.6HGL05ALO
1 4X04HPLOTo&Xo6HC0MNUN/20Xo7(A4oA105X))

2031 FORMAT(18HOKEFLECJION VECTOR,2X4141¢)

2032 FORMAT (12HUEDGE VALULS.bX.S(AE.lOX).2HSL010X.2HP )

2033 FORMAT(14HOCONTROL FLAGS +5X y 9HTYPE STAT+4X¢8HSTART=UP,5X,
1 SHBREAK,6X6H5U INT ¢6X,T7HBU FULL+5X+8HBU TOTAL«4X¢eBHITERATES,
¢ 4X4.16HDISK SAVE VECTOR/12X,711249X,712)

2034 FORMAT(17HOSTART CONDITIONS.SX.QHNnmE.sx.SHVALUE.SX.GHOPTION.
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1 4Xe6HLAMBDA +3X¢BHPRESSURE +3X¢6HOUTPUT/20X A% A1 019,4120)
2035 FORMAT (12HODRDC CHANGE «2E12,4)

2040 FURMAT(/3X.8HQ CUTOFF +3X¢1UHDIVG PCENT +3X¢9HDIVG FACT 4X,
1 6HP NORM¢SX+8nS CUTOFF ¢4X+9HCUTOFF MU+3X+8HX FACTOR¢5X,
2 6HX 2ERO0¢5Xe8HY UUTPUT4X+18HZ OUTPUT/10E12.4)

—1 .

C
C RUN INITIALIZATION
c

==

I0LAY=1

CALL IIBFR(2+BUFR)

CALL LETLI(ETIOBUFR)

CALL IIBFR(2«BUFS)

CALL LETLI(FTIDWBUFS)

NCOMT=419

NWwZF=2

NWR=24

NMk=18

NMOVE=12 !

i
[] NMAT=16

o BB

NINU=S8
NOUT=5
NVAR=5
[} NWVEC=0o
. NVART=7
IROWT=1 f
i IROWG=6
u IMAPV(1)=1
IMAPV (2) =7
r IMAPV(3)=13 N
L] IMAPV (4)=19
CALL GDATE(IDATC)

[] C OPEN COMMON SAVE DISK FILE ANU READ IN CONTENTS

(@]

L=1

CALL LETLU(COMID+2BUFRWETID«COMN(1)s=1e¢2¢N)
U IF (N) 542045

5 CALL SFVMV(COMN.FNAME2)

.| 1o WRITE (NOUT.2000) FNAME (L) FNAME(L+1)
| | CALL EXIT
J 20 NRX=1

CALL PBFOR(COMID«NRXeNCOMT ¢NSTST)

C READ INITIAL INPUT CARU

READ (NINU+1000) INFLG«N+JUBE
LSTFL=1
g o INFLG=INFLG=-1
. IF (INFLG) 110+115,120
I 110 LSTFL=-1
‘ Ll NSTST=NPTS
GU TO 1211
! 115 IF (LENJF) 11841164118
116 IF (N) 118+117.118

' 117 WRITE (NOUT,2002)
. . CALL EXIT
: 118 LENDF=0
: i ¢
C READ REMAINING INPUT CARDS

|
F §
1
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120  READ (NINU+300Z2) NRUNI.CMNT
REAU (NINU¢1003) NSTMX NSTSIoXMIN(XMAX¢DELX ¢MXHRS (LAMIN |
REAG (NINUv1000) MXRYLYLFF yMXRZ4LZLFF
READ (NINU+1000) NRFV
READ (NINU+1005) VSCAV
READ (NINU+1005) VWIFV L)
ReAal (NINUw1005) <EKUV
READ (NINUv1005) .PSNEPSX EPSS ECMN+ECMX ,
READ (NINU+1005) OXMAX4DXMINDXFMXsBUFAC+FCUR(OFFMN s DFEMX ¢ DERMA L]
REAU (NINU+100u) NIOLPNIOPP(NFOLP,NTOPPNTOLP ,NSOLP NIAAF LOJT
READ (NINU,1005) XQUTV
REAU (NINU+2000) NSTATNSTHCNUFF(LIBUF ¢LFQUF LTBUF +NSTPRIDSV
READ (NINU+1002) KRE«G1PRyASsA¢BIBETAVCoS =
READ (NINU+1003) DCeUsR]IS+URDZ¢SCALEPCRIT,SCALMSPORS+CPOK
REAU (NINU,1004) S1¢52,55,564S7+58,LSCAL
READ (NINU,1005) GCUT,DIVP,DIVF,PNORM,PCUT,CMU,XFACT ,XZERD, L]
1 YOUT,20UT
REAu (NINUG1001) FNAME

C
C OPEN REMAINING SASIC D4SK FILES
C
1

211 L=1
CAaLL LETLU(SLNLD.Z.BUFS.FIID.FNAME(1)o-loatNHR.N)
IF (N) 1041212410

1212 =3
CALL LETLU(GAMID.Z.bUFRoETID.FNAME(3)o-loZtNMAT.N)
IF (N) 1041213410

o

C OPeN GLOBAL DISK FILE AND PROFILE DISK FILE
c ;
1213 IF (NIOPP) 1215,1215+1214%

1214 L=S

CALL LETLU(GLOLDQZqBUFRqETIDqFNAME(S)0-1020N)
IF (N) 10+2216410
1215 CALL SFVFL(BLANK.FNAME(S)'Z)
121e IF (NTUPP) 1218,1218+1217
1217 L=7
CALL LETLU(PLTID!ZQUUFthTIDqFNAME(7)0-1020N)
IF (N) 104122410
1218 CALL SFVFL(BLANK FNAME(T)2)
12¢ IF (INFLG) 144,123,1224%
(&
C SPECIAL RESTART WITH CURRENT wORKING FILE (NEw COMMON DATA)
(o
1224 NSTST=NPTS
LSTFL==1
GO TO 142

o
C PROFILE INPUT INIIIALICATION
C
1295 NSTST=NSTSI
NPTS=NSTST
IF (NRUNI) 12541254124
124 NRUN=NRUNI=1
125 NRUN=NRUN+1
IROWR=2
ZSCAL=3SCALE
YSCAL=SCALE
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ZEROV (6)=2,0%SCALE
X=XMIN
IF (DELX) 130+130+129
129 DX=DELX
130 READ (NINU+1020) FILENLZFAF ¢LYFAF LZMAXLPRFL,IYPSN
IF (LYFAF) 13441381,151
131 CALL LETLU(FILID2BUFRWETIDFILEN{1)e=1¢24N)
IF (N) 132+1404132
132 WRITE (NOUT,2000) FILEN

CALL EXIT
134 CALL SFVMV(FNAME (7)FILEN+2)
(o
C INITIALIZE FIXED PARAMLTERS
C
140 NSS=1
LIAAF=1
DEFST=0.0
OEPSI=0.0
OXSAV=0.0
142 DU i43 I=1+642
KLOK(1)=0
143 CUNT1NYL
LDRUZ=0

IF (DRDZ) 14441435,144
1435 LORDZ=1
ReAaD (NINU«1005) URUZLWORDZH
144 LSOLF=0
DU 145 I=1+6
LFLAG(l)=0
145 CUNTINUE
JERK=JERRX
FMU=1,0/RLt
XK=PR/RE
BEETA=1+0+2,0%8%BETA
HBLTA=1.5%BBETA
B88S=1,0+BBETA/d/S
CVV=(1e0~2,0%8%(1.0-8BETA))/3,0/BBETA
c
C REFLECTION PROPERTY CONUITION CONSTRUCTION

DO 155 L=1.2
00 151 I=1.ihwVeC
IRFV(IeL)SNRFV(IsL)
151 CONTINVE
DO 153 1=2,3
D0 152 K=1.2
N=2%(3=1)+K
IRFV(N«L+2)=IABS(1=NRFV(I+L)=1ABS(L=~K))
152 CONTINVUE
159 CONTINVE
DO 154 N=S5«NWVEC
IKFVIN'L+2)=NRFV(7,4L)
154 CONT INVE
155 CONTINUE
CALL DATSW(14¢1SW)
60 TO (1604200)185W
160 WRITE (NOUT,1000) IKFV
(o
C OUTPUT RUN PARAMEJERS

A-29
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200 WRITE (NOUT,2006) CMNT NRUN

IF (INFLG) 201,202,203
201 WRITE (NOUT,2007) IUATE

60 TO 204
20¢ WRITE (NOUT,2008) IDATE

GO TO 204
203 WRITE (NOUT,2009) IVATE
204 WRITE (NOUT42010) NSTMXNSTST+XMIN«XMAX DX sMXHRS « LAMIN

WRITE (NOUT,2011) MXRY LYLFF+MXRZ L2ZLFF

WRITE (NOUT,2031) NKFV

WRITE (NOUT,.2013) JVCHV

WRITE (NOUT,2012) VvSCAvV

WRITE (NOUT,2014) JVCHV

WRITE (NQUT,20.2) VWTFV

WRITE (NOUT,.2032) JVCHV

WRITE (NOUT,2012) 2ZLKOV

WRITE (NOUT.2015) EPSNeEPSX4EPSS+ECMNECMX

WRITE (NOUT+2016) DXMAX OXMINGODXFMX,BUFACFCUR ,DFFMNyDFFMX ¢+ DFRMX

WRITE (NOUT,2017) NIOLP,NIOPP ,NFOLP NTOPP NTOLP NSOLP NIAAF,LOUT

WRITE (NOUT,2018) XUUTV

WRITE (NOUT,2033) NSTAT(NSTBCNUFF+LIBUF+LFBUFLTBUF +NSTPK,I0SV

WRITE (NOUT,2022) RLeG+PRIASIAIBIBETACS

WRITE (WNOUT,2023) DCeU«R1S+DRDZ+SCALE+PCRIT,SCALM,SPURS,CPOR

WRITE (NOUT,2024) S14852+S54864¢57¢88,HSCAL(LSCAL+1)

WRITE (NOUT,2040) QCUT,DIVP,DIVFPNORM,PCUT,CMU(XFACT +XZEROD,

1 YOUT,Z0uT

WRITE (NOUT,20¢5) FNAME,COMN

IF (INFLG) 2104205.210
205 WRITE (NOUT,2034) FLLEN,LZFAF LYFAF, LZMAX+LPRFL ¢ 1YPSN
210 IF (LDRDZ) 215+220,215
215 WRITE (NOUT,2035) DKUZL ,DROZH

C

C STaRT RUN EXECUTION

o

220 LMLFL=-1
NPTSN=NPTS
RETURN
END

CART 1D 0105 08 ADOR 5570 DB CNT o224
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WAKIY,S(0105)
. ®«WAK1Y = STRATIFIED SUBMARINE WAKE, INSERT A Y POINT
1] SUBROUTINE WAKIY(UYMsJYTeJYP4IY)

THIS SUBROUTINL IN THE WAKE PROGRAM INSERTS
A Y POINT BETWEEN TWC EXISTING ROW POINTS

CUPY (CMwAK)

O®*O0OO00O0

RATY=(YNEWV(IY)=YNEWV(IY=1))/(YNEWV(IY+1)=YNEWV(IY=1))
DO 102 I=1.2
CALL WAKMP(I+NPQOSesJYM¢XZMV,43)
CALL WAKMP (1 4NPOS+YP4X2ZPV+el)
DO 101 J=1.NWVe(C
XVIJ)2XZMV(Y)+RATYR(XZPV(J)=X2ZMV(J))
101 CONTINUE
' CALL WAKMP(I «NPCS+JYT X Vve2)
' 1p2 CONTINUE
RETURIN
ENG
CAKT 1D 0105 DB ALDDX 2CCO 08 CNT 0026
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WAKIZ,S(0105)

*ssWAK]1Z = STRATIFIED SUBMARINE WAKE, INSERT A Z ROW
SUBROUTINE WAKIZ (NRMsNRT«NRP¢12) ]

C

C THIS SUBROUTINE IN THE WAKE PROGRAM INSERTS

C A 2 RUw BETWEEN TwO EXISTING ROWS

C (99

*COPY (CMWAK)

o

C FILL MINUS aND PLUS ROWS IN BUFFER

C

—

NPOS=NRM+1
CALL WAKRR(NRM,ZMV) ‘
ﬂ NPOS=NRP=1 =
CALL WAKRR(NRP+ZPV)
| Z=ZNEWV(I2)
i RATZ=(2-ZM)/(LP=2F) i

IF (IYPSM®IYPSP) 10410420
10 IYPS=MMAX(IYPSM,IYPSP)

G0 TO 30 !
| 20 IYPS=MMIN(IYPSM,IYPSP)

30 IYPE=MMAX(IYPEM, IYPEP)
IYPSX=IYPS+LYLFF

o

| C INTERPOLATE FOR NRT ROW
C

NPOS=NRT

00 114 JY=IYPSX.IYPL

00 112 I=1.2

CALL WAKMP(1eNRTel, uY(XMYVel)

CALL WAKMP(I+NRT+14JY¢XPYVel)

D0 111 J=1.NWVEC

XV(J)=XMYV(J)+RATLx (XPYV(J)=XMYV(J))
111 CONTINUE

CALL WAKMP(I«NRTeuYeXve2)
112 CONTINUE
114 CONTINUE

CALL WAKWR(NRT2V)

RETURN

END
CART 1D 0105 OB ADOR 2LFO 0B CNT 004E
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WwaRLL,S(0105)
*#WAKLL = STRATIFIED SUBMARINE WAKE, LINER LOCATION CALCULATION

SUBROUTINE WAKLL(TEMLFL)

THIS SUBROUTINE IN THE WAKE PROGRAM DETERMINES WHETHER THE LINER

C HAS BEEN REACHED AND SETS THE COEFFICIENT APPROPRIATELY

*CUPY (CMwAK)

TEM=0,0
RR=YxY/YSCAL/YSCAL+4%2/ZSCAL/ZSCAL
IF (KR=SPORS) 100¢100+10
TEMM=CPOR%x (RR=5PQKRS)

GO TO (20¢30)¢LFL
TEM=0,5*(EXP(TeMM) 4+t XP(=TEMM) )=1.0
RETURN
TEM=Y*(XV(4)=ZEROV(4))/YSCAL/YSCAL+Z2*(XV(5)=2ZEROV(5))/ZSCAL/ZSLAL
TEM=CPORRTEM* (e XP(TEMM) =EXP (=TEMM) )
RE TURN

ENC

DB CNT go026
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WAKMG,S(0105)
*sWAKMG - STRATIFIED SUBMARINE WAKE, MOVE GAMMA ROW
SUBROUTINE WAKMG(NRX¢2POSLFL)

TH1S SUbROUTINE IN THE WAKE PROGRAM MOVES THE GAMMA MATKIX ROW
BLTWEEN THE ROW BUFFER AND UlSK FILE

OO0

DIMENSION 2POS(¢)
*COPY (CMWAK)
c

DATA JERRX/2HML/

c
IF (NRX) 100+100¢10
10 IF (NRX=MXRZ) 20+20+100
20 CALL SFVMV(ZPOS¢ZA NWWZF)
IYPSX=IVECA+LYLFF
| LL=NMAT* (IVECB=IYPSX+1)
NRXX=(NRX>' &MXRY+IYPSX
GO TO (30+40)sLFL
30 CALL PBFOR(GAMID«NRXXsLLIROWG(14IYFSX)) |
i RETURN
8 40 CALL PBFDN(GAMID.&RXX.LL.RUHG(IQIYPSX))
RETURN
| 100 JERR=JERRX
RETURN
END
| CART 10 0105 08 ADDR 2ue0 OB CNT 0032
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WARMP,S(0105)
*sWAKMP « STRATIFIED SUBMARINE WAKEs MOVE A POINT
SUBROUTINE WAKMP(IMAPNRZ«NRYsVECLFL)

s =

THIS SUBROUTINE IN THE WAKE PROGRAM MOVES StLECTED POINI
INFORMATION BETWEEN THE ROW OR GAMMA BUFFER AND VEC

,._.
OO0

UIMENSION VEC(2)
*COPY (CMWAK)
| c
DATA JERRX/2HMP/
c
J=NRZ=NPQOS+2
IF (J) 2004200410
10 IF (J=3) 20,204,200
lJ 20 iF (IMAP<5) 60,200,330
! 30 G0 TO (40+50) sLFL
49 CALL SFVMV(ROWG(1+NRY ) VECsNMAT)

{ RETURN
LJ 50 CALL SFVMV(VEC+ROWG(1+NRY) +NMAT)
RE TURN
60 NRXX=IMAPY ( IMAP)
IJ IF (IMAP=3) 90,7080
- 70 IF (MOUD) 90+80,200
80 NRXXZNRXX=NWVEC
!J 90 GO TO (1004110),LFL
4 100  CALL SFVMV(ROWS(NKXXsNRYsJ) s VEC + NWVEC)
: RE TURN
r 110  CALL SFVMV(VEC ROWS(NRXXsWRYsJ) s NWVEC)
L] RETURN
' 200  JERR=JERRX
RETURN

END
[] CART 10 0105 0B ADDR 2uAO 0B CNT o040
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WAKMR,S(0105)
*eWAKMR = STRATIFIED SUBMARINE WAKE+« MOVE A BUFFER ROW
SUBROUTINE WAKMR(NRF «NRT)

THIS SUBROUTINE IN THE WAKE PROGRAM MOVES THE CONTENTS OF THE
ROW BUFFER FROM ROW NRF TO ROW NRT

COPY (CMwaK)

00 100 I=1.MXRY

CALL SFVMV(ROWH(1+I+MRF) +ROUWB(1eI+NRT) NMR)
100 CONTINUE

RETURN

END
CaRT 1D 0105 0B ADOR 2u40 D8 CNT 001A
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WARMV,S(0105)

*xWAKMV = STRATIFIED SUBMARINE WAKE, SUPEREQUILIBRIUM MATRIX VALUES
SUBROUTINE WAKMV(XXVeTTVeT)

c

C TH1S SUBROUTINE IN THE WAKE PROGRAM COMPUTES THE SUPEREGWULLIBRIUM

C MATRIX VALUES NEEUED FOR THE LIMPLICIT UPSWEEP CALCULATION

c
DIMENSION XXV(6)+1TV(6)+T(10)

*COPY (CMWAK)

c
IF (XXV(1)) 1004200101
100 CALL SFVFL(0e«0eT,10)
cvs=0,0
CwS=06,0
RETURN

101 Q=SGRT(AXV (1))
FIEM=TTV(4)+DRDZ
CALL WAKCL(XXVeFTEM)
IF (LAMIN) 100+102,100
102 BOL=BBETA%Q/SCALE
C1=A*BAL*Q/SCALE=-GCxFIEM
C2=BBS*GxFTEM=C1
TEM=TTV(1)=TTV(1)*SCALE/QG/BOL-BBETAxG*FTEM/C2
1 =TTIV(2)2TTV(2)*BBEIA*(G*FTEM%(1.0=A/B/S)+a%A%xXXV (1)
2 /SCALE/SCALE)/C1/C2
CvS=CVV+(B=-CVVATEM)/(HBETA+TEM)
CALL WAKTC(CVS+1,0.IVECA)
Cvw=CVS/C1
C4=CVW*GxTTV(3)
T(7)==-8QL*CVW*XXV(1)
C3=CVS*URDZ+CU=BBOS=®TTV(3)
T(4)=CVSxXXV(1)*BUL/C2
T(3)=C3*BuL/C2
CWS=CVS=2,0%G* (C3+CVSxTTV(4))/C2
CALL WAKTC(CWS+1,0=CVS,IVECB)
DURS (FTEM®CWS*XXV(1)+C4xTTV(3)xXXV(1)
1 =BALx(T(3)xXXv(1)+1(4)=TTV(4)))/Cl
T(2)==(GxDUR+CWSxXXV (1)) /BGL
T(e)==-CVSxXXV(1)/8QL
T(5)==ClxTTV(2)/86L
CURS(FTEM*C4=TTV(1)+TTV(3)*TTV(1)*CyS*(1.0
1 +B@LxBaL/C1))/C1
T(1)==-(6xCUR+C4xTTV (1)) /BAGL
T(8)=CVS
T(9)=CWS
T(10)=C4
RE TURN
END
CART ID 0105 0B ADDR 41C0 DB CNT 00SE
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WAKMY,S(0105)
*sWAKMY = STRATIFIED SUBMARINE WAKE, Y IMPLICIT MATRIX COEFFICIENTS
SUBROUTINE WAKMY
o
C THIS SUBROUTINE IN THE WAKE PROGRAM COMPUTES THE XeYeZ AND D MATRLX
C COLFFICIENTS FOR THE Y IMPLICIT UPSWEEP
c
OIMENSION T(10¢5)
*CUPY (CMWAK)
EQUIVALENCE (T(1e1)eZNEWV(1))
o
FPRZ(AHGM-ARG.ARGP):FZMt(ARGM+FZStARG-FZR*ARGP)
FPRY (ARGM s ARG+ ARGF ) =F YM% (ARGM+FYS®ARG=FYR* ARGP)
SPRZ(ARGMyARG1ARGK)=SZMxAKGM+SZ*ARG+SZP*ARGP
SPRY (ARGM ARG ¢ 4RGP )=SYMxARGM+SY % ARG+ SYPxARGP
c
C COMPUTE SPACING FACTORS
c
DZM=2=4M
DZP=2pP=¢
D&T=02M+D2P
FZM==DZP/0LM/0LT
FLP=DZM/DLP/DLT
Fé==F2ZM=FLP
TEM=DZM/D2P
FER=TEM%TEM
FLS=F2R=1,0
SZM=2,0/DZM/027
SZ2P=2,0/04P/ULT
S€==8ZM=SZP

DYM=Y=YM
DYP=YP=Y
ODYT=0YM+DYP
FYM==DYP/LYM/DYT
FYP=DYM/OYP/DYT
FY==FYM=FYP
TEM=DYM/DYP
FYR=TEMxTEM
FYS=FYR=1,0
SYM=2,0/pYM/0YT
SYP=2,0/0YP/0YT
SYz=SYM=SYP

CALL SFVFL{G+0+XMATNWVEC)
CALL SFVFL(140+YMATINWVEC)
CALL SFVFL(0+0¢ZMAT«NMOVL)

COMPUTE MULTIPLICATIVE FACTORS

OO0

CALL WAKDG(2ZM)

CALL WAKMV(XMYV,TFYVeT(14¢5))
CALL WAKDG(2P)

CALL WAKMY(XPYVTPYVeT(104))
CALL WAKDG(Z)

CALL WAKMV(XZMVTZMVeT(1+3))
CALL WAKMV(XZPV,.TZPVeT(1+2))
CALL WAKMVIXVesTVeT(1e1))
TMU=FMU
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c

C COMPUTE DERIVATIVE FACIORS

c

OO0

OO0

C
C COMPUTE MATRIX ELEMENTS FOR U
c
50

CUMPUTE MATRIX ELEMENTS FOR Q@

CUMPUTE MATRIX ELEMENTY FOR RHO

IF (SPORS) 40+40,20
TEM=Y=Y/YSCAL/VYSCAL+<*Z/LSCAL/2SCAL
IF (TEM=PCUT) 40.404¢30

TMU=CMU
CL=2,0*(AS*TMU/SCALL+B*Q)/SCALE

OXX=DXI*(U+XV(3))

CALL WAKLL(TEMK,.1)

ADM=FYMxX2ZMV(4)

AD=FY%XV(4)

ADP=FYP®x2ZPV (4)

SL=ScaALE/3.0

FaY=FPRY (SQRT(XZMV(1))+1Qe¢SART (XZPV(1)))
FQZ=FPRZ(SQRT(XMYV (1)) +Q¢SGRT(XPYV(1)))
FKZ=FPRZ(XMYV(1)XVI(1) e XPYV(1))
FRZZ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>