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BOUNDL: A program for calculating flow past a semi-infinite 
flat plate using the vortex sheet method. 

A. Y. Cheer 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

Abstract 

BOUNDL. is a computer program which implements the Vortex Sheet 

Method for approximating boundary layers [1]. The specific problem 

of flow past a semi-infinite flat plate is considered. Listings of 

the main program and its subprograms, together with their respective 

flow charts, are enclosed to facilitate the documentation process. 

Work supported by the U. S. Department of Energy. 
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Introduction 

Program BOUNDL was written by A. J. Chorin implementing his method 

• described in (1]. In the process, it has gone through many generations 

of code, and thus can be confusing. In this paper, I will attempt .. 
to.relate all the secrets that link the code to the method. References 

will be made to the lines of code and their corresponding formulae 

in [1] as much as possible. 

Section one describes the function of the main routine and its 

relation to the subroutines. The next section describes subroutine 

WALL. This subroutine corresponds to pages 8, 9 and 10; the vorticity 

creation section of [1]. 

In section three, subroutine DISPL is documented. This routine 

calculates and prints the drag, the displacement thickness and the 

boundary layer for flow past a semi-infinite flat plate. Also it 
c.' .••• 

sets up formats for plotting figures 1 and 2 in (1]; and it sets up 

arrays like (UXA(I)) for further use by the main routine. Finally, 

section four documents subroutine STEP. Here, the random numbers 

ni are generated and a random step taken according to the formulae 

on pages 4 to 7 of (1]. 
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1. Program BOUNDL (main routine) 

The following are definitions of variables in the COMMON file: 

H 

N 

L 

VEL 

RE 

TSIG 

DT 

PI 

TPI 

MM 

CM 

LOOK (30,30) 
LS 
MS 

HX 
xo 
YO 

X(500) 

y ( 500) 

S(500) 

DX(500) 

DY(500) 

h where h = ~x = length of sheets 

Total number of vortex sheets created . (N increases 
in time by the total number of vortex sheets created 
at each time step IADD, and is decreased by the number 
of sheets Qi with center (Xi,Yi) that flowed out of 
the domain of interest.) 

Number of points on the x-axis where sheets are created 
(partition of the x-axis) . 

U00 (velocity at infinity or freestream velocity) 

Reynold's number 

2 times the variance 

k where k = ~t = time step 

Constant~ = 3.1415926536 

27T 

Number of sheets created at each point (Xi) of the x-axis. 
(The sum of all MM for each Xi i = 1, ..• ,Lis equal 
to IADD where IADD = total number of vortex sheets 
created at each time step) • 

~ax (maximum allowable intensity for each vortex sheet). 

Variables used in subroutine DISPL to aid the output 
formatting of figure 1 of [1]. 

Array storing the X-coordinate Xi 

Array storing the Y-coordinate Yi 

.. ~rfaY~ storing .;i (intens_it_Y._9{ vortex sheet Qi) 

~rray storing Ui (first-velocity component of 
Ui = (Ui,Vi)) 

Array storing Vi (2nd velocity component) 



UXA(lOO) 

DRAGA 

VAR 

RIGHT 

NOLO 

MN( 500) 

MNO 

MNMAX 
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Array storing average velocity: Ut average 

Drag 

Variance of drag 

Rightmost point on the x-axis under cqnsideration. 

Holds the previous value of N (this variable is used 
to aid the sorting routine in subprogram WALL) • 

Tags. (Each vortex sheet created is assigned a tag 
MN(I) . This tag aids in the assigning of the random 
variable ni· Every sheet with the same value MN(I) 
gets the same nil • 

Holds the last tag used at the previous point. Usually 
MNO = MNO + MNMAX. 

Maximum number of sheets one is allowed to create at 
each position Xi• 

Following is a list of local variables and their definitions: 

NMAX 

NMIN 

NAV 

CNAV 

NSTEP 

TIME 

Maximum number for N to reach 

Minimum number for N 

Note: NMAX and NMIN was not used in this particular 
problem. 

This is usually an integer > 0. For each NAV number 
of steps, the main routine calculate averages for drag, 
variance and velocity. 

NAV (Real variable, not integer) 

Total number of steps to be taken 

t = time 
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The first task BOUNDL does is initialize all its variables, a 

list of which are given above. This corresponds to lines 3-40 of 

the code. Figure 10 is the output corresponding to the values L = 

7, H = 0.2, DT = 0.2, NAV = 20, CM = 0.1 andRE= I.E+ 6. 

Secondly, the time step is advanced and a call to subroutine 

WALL to create vortex sheets is executed. After the vorticity is 

created, another call is made to subroutine DISPL. Here, the drag, 

the variance and the velocity profile (UXA(I)l are calculated, stored 

and displayed if desired. 

Next, BOUNDL checks to see if twenty steps have been tak.en since 

the last time aver ages were compu'ted. If yes, then the aver age profile, 

the average drag and the variance are calculated and printed. Loop 5 

calculates the average profile, Loop 6 prints the profile and Loop 

3 reinitializes the array UXA(I) to z.ero. Lines 59 and 62 of the 

code calculates the average drag and variance1 lines 60 and 65 outputs 

the values, and lines 66 and 67 reinitializes the variables VAR = 0. 

and DRAG = 0. 

If twenty time steps have not ellapsed, or after averages are 

computed, BOUNDL calls subroutine STEP to generate random numbers. 

Each vortex sheet with different tags gets assigned a different 

random number, and a random step is taken. 

Finally, the controlling loop1 loop 11 is advanced and the program 

checks to see if the number of steps already taken is ~-NSTEP. If 

yes, then the above process is repeated. If no, the program exits 

and execution halts. 
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1NITI~L C-LCULATIC~S -NC SETTINGS 
P1=3.1415<;2~~36 

TP I: 2 • *P I 
L=IO 
L=12 

L=6 
L=13 

L= 7 
CL=L 
MNO=O• 
I~NM AX= 20 
I\MAX=150 
NM IN= I 
H=.O .1 
H=·o. 2 
HH=O .S*H 
RIGHT =CL*'H +HH 

V'::L= lo 
V AR:O • 
uRAGA=C• 
NAV-=5 
NA V =2 0 
CNAV=NAV 
I\PF<=1 
NSTEP=3 
NSTEP=20 
"5TEP=10 

NS TEr>=30 
"5TEP=60 
DT=Oo 1 
CT='0o2 
TIME=Oo 
N=o 
RE=t.Ei4 
RE=1oE+~ 
T S I G= 4 • * C T /R E 
DC21=1,20 
L:XA(I)=Oo 
CONT 11\UE 

TIME STEP 
DOIISTEP=1,1\STEP 
TIME=TIME+DT 
PRTNT9000 
PRJ NT900 I ,!STEP ,T l "F 
CM= Oo 2 

·cM=Oo1 
CALL ~ALL 
CALL ClSf>L 
IF{((lSTEP/I\AVl*I\AVl.~E.ISTEPJGCTC4 
~OSI=1,20 
UXA( I l=UXA( I )/CN-V 
PR!NT<;C04 
006 1=1,?0 
PRINTCJ002,LXA(I) 
D.':J.ll=1,20 

UXA(Il=O• 
CON Tl NLE 
CRACA=CRAGA/CI\AV 
PR!NT9003,C~ACII 
VAR=VAR/CNAV-OF<AGA**2 
V AR =V Ill~/ CN IIV 
IF( \IAf'oGTo Co) ~IIF<=~CRT{\u>R) 
PR!NT<;OO~t\IAR 

VA R =0 • 
DRAGA=C• 

CCNT I 1\UE 
CALL ~ TE F 
CONT!NU!= 
CALL EXIT 
t=LlRMAT(/) 
FORMIIT(>> STEP>I,I5,>1 TIME>6,F1lo7l 
F C R ~AT ( I X , EF <; • 5) " 
FORMAT(* A\IERACE DRAG*~F1lo7l 
FCR~AT(t AVEF,Cf ?ROFILE*l ' 
FORMAT!* VARIA~CE*,Fllo7) 
~I) 

Fig. 1 



PROGRAM BOUNDL 

EXIT 

• YES 

PI = 3.1415926538 
TPI =2"PI 

L•T 
CL • L 

MNO<>O 
MNMAX =20 
NMAX • 350 

NMIN=1 
H = 0.2 

HH = 0.5"H 
RIGHT = CL "H + HH 

VEL= 1 
YAR ::Q 

DRAGA = 0 
NAY= 20 

CNAV =NAY 
NPR "1 

NSTEP c 60 
DT •0.2 

TIME., O. 
N "'0. 

RE = 1.E + 8 
TSIG = 4"0T/RE 

UXA(I) = 0 I = 1, . , . , 20 

PRINT 
AVERAGE PROFILE 

XBL 783-514 
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2. Subroutine WALL 

This subroutine corresponds to the Vorticity Creation section 

of [1]. The new variables in this routine are: 

EPS 0.5 * CM = l/2 ~max (this is the maximum allowable intensity 
of each vortex sheet for this run) 

ss used to calculate ui 

!ADD Counter for the number of vortex sheets created on this call. 

For each j=l, .•• ,N, Yj > 0 and I Xi - Xj I< h, Loop 2 of this routine 

calculates: 

N 

ui = U00 - ~ ~j dj 
j=l 

which is a modification of equation (4a) of [1]. This summation is 

done in the following steps: 

l) Line 90 corresponds to the condition Yj > 0 

2) Line 92 is: D- ABS(XX- X(J)) 

3) Line 93 is condition (4c) of [1]: 

4) Line 95 is equation (4b) of [1] where: 

c = (H-D)/H 

h - I Xi - X·l 
= J 

h 

I Xi - X·l 
= l - J 

h 

= dj 
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5) Line 96: SS = SS - S(J) * C 

N 

= uoo - L ~j dj 
j=l 

j=l, .•• ,N 

where SS is initialized to U
00

, C = dj and S(J) = ~j· This quantity 

SS also corresponds to U0 on pg. 8 of [1]. 

Now that the value for U0 is known, line 100 of the code checks 

to see if j2U0 j<EPS (=1/2 ~max>. If yes, then it advances to the next 

position Xi+l and calculate ui+l as above. This is done so long 

as Xi+l is in the domain of interest, i.e., Xi+l <RIGHT. If j2U0 1 > 

EPS, then it breaks 2U0 into an even number of vortex sheets, MM 

or DIV, each with the same intensity SS/DIV. 

Next, loop 4 (lines 108-121) checks to see if the number of sheets 

created JADD < MNMAX, where MNMAX is the maximum allowable. If no, 

then set JADD = MNMAX and print a warning. Else, increase the counter 

!ADD and create a new tag for each sheet: MN(N + !ADD) = MNO + JADD. 

MN(I) is the array of tags corresponding to the vortex sheet with 

center at (X(I), Y(I)) and intensity S(I). 

Note that JADD is reinitialized at each Xi position, but MNO 

is kept fixed for all Xi at the same time step. Hence, different 

vortex sheets, at different X position, at same time step, can have 

the same tag MN(I). 

Thus, we have that at each Xi position 7 i=l, ••• , L, Ui is 

calculated,and vortex sheets are created according to the above algorithms. 

At this point, the variable N is updated: N = N + !ADD. In 

words, the total number of sheets to date, equals the number before, 

plus the number created. Also, MNO is reinitialized to MNO = MNO + MNMAX. 
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This will ensure that brand new tags will be used at the next time 

step. 

Loop 16 and 17 now takes over the task of sorting the sheets 

created above according to the values of their tag MN(I). This sort 

is done to facilitate the assignment of the random number ni in 

subroutine STEP, where the same ni is assigned to sheets with the same 

tag MN(I}~ 

Now, for I= 1, ••• , N, loop 9 checks to see if (X(I) ,Y(I)) is 

in the domain of interest. i.e., X(I) < RIGHT and Y(I) > 0. If yes, 

do nothing. If not in the domain of interest, delete if from the 

stack, decrease the number of vortex sheets N by one, and move the 

trailing stack up one position. This moving procedure is done in 

loop 10. Finally, print N and allow control to return to main routine. 
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lSUOROUT INE IPIALLJ 
COMMCNH,Hii,II:,L,VEL,~E,TSIG,CT,TFI 1 MM,CM 
,LOOK( JO,JO),L~,M~,HX,HY,XO,'YO 
, X (50 0 I, Y ( 500 ) , S (500), CX ( 500), CY { 500 I 
,UXA( ICC) ,ORAGA , .. AF< ,RIGHT 0 1\CLC 
,'INISOO ),MI\O,MNMAX 

Er> S=O • 5*C M 
VORTICITY CF<E~TICN 
XX=-HH 
IACC= 0 
OOII=I,L 
XX=XX+-H 
SS =VE'L 
002J=I,N 
I FIN .EO .0 lCOTC2 
IF{Y(J).LToOolCCTC2 
D=I\05(XX-X{J)) 
IF{D.GT ot-lCCTC2 

C =CH-0 I /H 
55=55-5( J I 
-~ c 
CONTINUE 
P~INT9006, 1,xx,55 
5S=2o*SS _ 
IF {ASS( S5 l oL T oEP ~ IGO TGJ 
MM={A85(5SII'C"'I 
MM=MM+-1 
lF(((M.M/21*2loP..E.MM)MM=MM+l 
OIV=f'"' 
5S=55/DIV 
DC4KK= I, MM 
JADD=KK 
IF ( J ACC oLE oMN,..I\X )GOTO 15 
JADD=IIP..MAX 
PRINT9007,JADC 
FCF<,..AT ("' TCO FEW 5L I-CES*, 16) 
CONTINUE 
IACC= IACrJ+-1 
X(f\1+-IADOl=XX 
Y(N+IADDI=C• 
S ( 1\+ IACD l=SS 
MN(N+-IADOl=f'NC+JADD 
CONTINUE 
COI\T 11\I...E 
CONTINUE 
1\CLD=I\ 
N=N+-IADD 
MNO=MNO+MNMAX 
IF( IACC.LEol HCTCI8 
NM =N- I 
DCI61=1\CLD,NM 
IP=I+-1 
lJO I 7J = IP t N 
IF(~N(IloLE.~P..(J))CCTC17 
XT=X{I). 
YT=Y (I l 

5T =S (I) 
"1T=MN (I l 
X( I l =X { J l 

Y{ I l = 'r( J l 
S{I)=S(J) 
MN( I l =MN(J) 
X(J l=XT 
Y(Jl=YT 

S(Jl=!"T 
"'"I J )'=MT 
CONTI NLE 
CUNTINUE 
CONTII\LE 

PURGE 
NAFTER=N 
NAFN=N-1 
009 I= I • N 
CON Tl NLE 
IF( loCT.NAFTERlGOTG9 
IF ( Y ( 1) • L T • 0 • l G CT C I-\ 

IF(X{1).GToR1GHT)GOTOI4 
GCTG9 
CUNTINLF: 
IF( loEO.t~AFTER lGOTOl~ 

1)01 JJ=1 ,NAFN 
X( J )=X( J+l) 
Y(J)=Y(JH) 
51Jl=~(J+-Il 
MN(Jl=MN(J+I 
CONTINLE 
CO 'IT 1 NU': 
NAFTEI'l=NAFTER-1 
NAFN=I\AFTE~-1 
GOTO 12 
CCI\TII\LF: 
N=NAFTER 
PRINT9004, 1\ 
FORMAT!-" N'I',IS) 
FO R M AT ( I X • 15 , :: F 1 I • 7 l 
RETL~I\ 
END 

Fig. 3 



SUBROUTINE WALL 

(Vorticity Creation) 

YES 

YES 

IADD "' IADD + 1 
X(N + IADO) "' X)( 
Y(N + IADO) = 0 
S(N + IADD) "' SS 

MN(N + IAOD) "' MNO + JADD 

X(J) ~ X(J + 1) 
Y(J) ~ Y(J + 1) 
S(J) ~ S(J + 1) 

MN(J) :: MN(J + 1) 

YES 

YES 

XT ~ X(l) 
YT ~ Y(l) __ _ 
ST ~ S(l) 
MT ~ MN(I) 
X(l) ~ X(J) 
Y(l) ~ Y(J) 
S(l) ~ S(J) 

MN(I) ~ MN(J) 
X(J) ~ XT 
Y(J) ~ YT 
S(J) ~ ST 

MN(J) ~ MT 

11' 

XBL783-515 
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3. Subroutine DISPL 

This subroutine does the following: 

1) Sets up formats to output .figures 1 and 2 of [ 1] 

2) calculates and prints the drag, the displacement and the boundary 

layer, and 

3) stores results of velocity profile, drag and variance for further 

use by the main program. 

Here are definitions of some local variables: 

JPR 

ETA 

DRAGR 

DRAG 

DISP 

RBDL 

RBDLl 

If JPR = 1, then DISPL skips loops 1, 2 and 3 (lines 
292 to 316) which outputs figure 1 of [1]. Also, 
skips loop 6 (lines 340 to 343) which outputs figure 
2 of [ 1 ]. 

Similarity variable. 

Real drag (for flow past a semi-infinite flat plate) 

Drag computed by this program 

Displacement thickness 

Boundary Layer (computed) 

Real boundary layer used for comparison. 

The first thingDISPL does, after initializing its local variables, 

is set up formats to output figure 1 of [1]. Here, a printed"*" 

indicates the center of a vortex sheet. Note that this section of 

code (lines 291-317) is executed only if JPR 1 1. 

Next, loop 40 initializes array UX(I) to U00 for I= 1, ..• , N. 

Then, loop 4 calculates 

U· = UJ· ~.] 

for I X - xil < h. 

j = 1, ... , ku 
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Here, ku ~· 20 since 20 .:l.s the maximum number of partition points in 

they-direction for each X .• 
1 

Now, if JPR ~ 1, loop 6 calculates the values for ETA which 

are used in plotting figure 2 of ~1]. If JPR = 1, DISPL jumps control 

to line 346 where the values of UX(I) calculated above are stored 

in array UXA(I). This array is used by the main routine to compute 

the average velocity profile. 

The remainder of the code is devoted to calculating the drag 

and the displacement according to the specification of formulae on 

pages 12-14 of [1): 

a) Loop 7 calculates: SS(JJ) = S(I) * C 

M 

= L: E, i ai 
i=l 

where M = min(N,lOO) and I X - xil < h. 

b) Loops 10 and 11 sorts the array of vortex sheets such that 

c) Loop 13 calculates U = U - SS(JP) 

JJ 

= uoo - L: E,j dj 
j=l 

where SS(JP) is from loop 7 above. 

d) Finally loop 12 calculates: 

for I=l, ••• ,JJ, where JJ = min(N,lOO) = M. 
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(i) Line 389 of code: 

DRAG = DRAG + u * (VEL - U) 

M 

= I: u · cu - u · > 1 00 1 Ll Yi 

i=l 

where Z YY(~) - yY(l - 1) 

and U is from loop 13 above. 

(ii) Line 390 of code: 

DISP = DISP + (VEL.- U) * Z 

II 

= E (Uoo - Ui) 1\Yi 

i=l 

* z 

(line 382 of code) 

Now, the real drag DRAGR and the computed drag DRAG are computed and 

printed. Also, the real and computed bound~ry layer, RBDLl and RBDL 

respectively, are outputted. Finally, variables: DRAGA and VAll are 

incremented and stored away for used by the main routine. 
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$UA~CUTI~F CISPLl 
co.•h10 NH, HH, N, L, \i ~L , ~E , lSI G, C T , TP l, ~ ~, C P. 

I ,LOUK(J~,JO),LS,MS,bX,HY,XO,YO 
I ,X(500),Y(500I,S(500),CX(300l,CY(500l 
I ,UXA( IOul,ORAGA,IIAR,RlGHT,NOL!) 
1 9 !11\(500) 9 MI\0 9 /oiN.M~X 

I ,Sf1fCK(3C,JC) 
CI·MENSIUNLX( IOOl,YY( IOC),SS( 1001 

JPFl =I 
x:J=J. 
YO=O. 
'III~ERE= lo 
L S= 30 
MS=lO 
hX:=:.l./2'0 • 
HY = 0 o4 
HY=HY/SCRT(RE;oHE~EI 

IF(JPR.F.'Q ol lCOTO?O 
PR(NT900R,t-Y 

')C I l =I, LS 
DOIJ=I ,MS 
SOIJK·( I, J I= 0 • 
LCOK(I,JI=IH 

YD 2K= I ,N 
LK=(X(KI+-X0)/1-X 
MK=(Y(K)+YCliH' 
LK=LK +I 
MK=fil<+l 
(F(LK.LloliGCTC2 
lF(,..K.Lrol lGCTC2 
IF(LK.GT.L5)GC1C2 
IF ( MK • C T .M 5 I GC TO 2 
LCCK(l.K 0 11Kl=lt-'+ 
SOOK(LK,MKI=~CCK(L~,~~~~+S(K) 
l.f'< S C CK ( LK, MK I •'- T. 0 • )LOCK ( LK, "lK 1.= I H 0 

Cr.NTINUE 
DOJJJ= I, MS 
J:MS-JJ+l 
P'liNT<;C04,(LCCKI l ,J),l=l ,lSI 
CC~T I "LIE 

·~u= 2 o 
HY=Oo2 
H~=HY/~QRT(RF/oHERE) 
VeLOCITY PROFILF: 
DC40I=l 9 MU 
UX( I )=VEL 
.004 I =I, N 
D=AAS( ~HERE- X( Ill 
IF( D oCT .1- IC:OTQ4 
C=(H-D)/H 
KU=Y(l)/HY 
IF(KUoGToMU)KU=MU 
I)Q5J= I ,KU 
IF(KU oL T .I IGUT05 
LX ( J I =LX ( J l -S ( l) 
*C 
CONTI~UE 
C CN Tl 1\LE 
f>H INT<;OO 2 

lF(JPf;.EQ.I lCCTC21 
DOci=I,MU 
Cl=l 
E T >\ =C I 'i<H Y 1< S C F: T I F: E / ~ 1- F F: E ) 
PRINT<;QOI,UX( ll 
,0:: T A 

CONTINUE 
0014I=1,20 
UXA( I) =UXA(l )+LX(() 

Fig. 5 
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DRAG 
JJ=O 
D07l=I,N 
D =AOS ("HERE-X (I)) 
!F(O.GT.H)GOTC7 
C=(H-C)/1-< 
JJ=JJ+-1 
IF(JJ·.cT .too HOT07 
YY( JJ) =Y (I) 
55( JJ l=S( l) 
·:oc 
CONTINUE 
PR lNT9005, JJ 
IF( JJ,GT .I 00) JJ=I 00 
JJM=JJ-1 
DCIOI=l,JJM 
lP=I+-1 
DO 1 I J = lP , J J 
IF(YY( I)ol.T,YY(J))((f(ll 
~T=~~( I l 
ST=SS(I) 
YY(Il=YY(J) 
SS(Il=SS(J) 
YY(J)=YT 
55(J)=5T 
CO•T II\UE · 
CONTI 1\l.E 
DRAG= 0, 
DISP=O• 
DO 12 I =1, JJ 
IF( JJ .EO ,Q )GOTCI2 
l·"YY(I) 
IF( I .NE.Il z=~H 1)-~Y( I-ll 
U=VI"L 
DOIJJ=I,JJ 
JP=JJ-J+l 
L=L-SS(JPI 
COf~T INUE 
CRAC=CRAC+l.~(~EL-Ul~Z 
DISP=DISP+(~~L-Ll*Z 
CONTINUE 
~RAGR=0.664l*SC~T(~~EFE/~El 
D~AG=DRAG* 100 • 
CRAGR=CRAG~*lOO. 
PR!NTSC07,0RAG,DRAGR 
RECL=C lSP>i<RE 
RBDLI =t.72*SCRT ( RE* .. ~EFE) 
PR!NT<;009,D!~P,RBDL,RECLI 
CRAGA=CRAGA+CFAC 
~AR=VAR+OR AG>I<*2 
FORMAT(/) 
F"ORMAT (I X 9 3Fll • 7) 
FORMAT(* VELCCITY FRCF!LE*l 
FORMAT(IX,cOA!l 
FORMAT("' SHEElS II\ SLICF.*,I5) 
FO Rl~ AT ( I X, F I 1 , 7 ) 
FOKMAT(* DRAC~,2Fll.7l 
FORMAT(* H'*•Fllo7) 
FORMAT(~ D!SF ANC RE1,~Ft~.7) 
r1E Tl.f<l\ 
END 

Fig. 6 



YT • YYtll 
ST SS[I] 

YY(I) YY(J) 
SS(Jj SS{J) 
YY{J} - YT 
SS(J} • ST 

SUBROUTINE DISPL 

JPR • 1 
XO •0 
YO • 0 

WHERIE •1 
LS 'JO 

MS ·30 
HS•1.1n 
HY • 0.4 
HY • HYISQRT(REIWHEAEJ 

YES 

YES 

CAAQA • O.MI1"$0RT(WHf:AE!RE) 
DRAG • CRA0"100 

DRAGR • DMGR"IOO 
PAINT DRAG, DRAGR 

R8Dl • DII~"IIE 
ABDL I • 1.7:Z"SQJI'T(I'IE!WHERE) 

PRINT DISP, RBDL, R80L1 
DRA GA • DRAGA • DRAG 

YAR • VAR t DRAG"·a 

XBL 783-517 
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4. Subroutine STEP 

First, this subroutine creates the random numbers n .. Then, each 
l 

vortex sheet takes a random step as prescribed by formula (6a) and (6b) 

on page 6 of [1]. 

In order to use formulae (6a) and (6b) , we need to know Ui = 

Yj > 0, loop 1 and 2 calculates Ui and Vi in the following manner: 

A) Lines 198 to 206 of the code corresponds to the integral (5b) 

1) line 198: D = ABS(X(J) - X(I) - HH) 

2) 

3) 

line 199: D 

line 201: c 

= ~-(Xi - Xj +~>I 
~H=>O ~ + . 

~di ~ 1 

= (H - D) /H 

h 

= 1 - I xi - Xj + ~ I 
h 

+ = d· J 

the smoothing coefficient corresponding to formula (5d) of [l]. 

4) line 202 and 203 corresponds to (Sf) of [1]. 

Namely, YY = min(Yj, Yi) 

* = Yj the displacement 
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5) line 205: Gl = Gl + S(J) * YY * C 

~ * + = L...J r,J. y. d· 
.+ J J 
J 

B) Lines 207 to 215 calculates the integral U - r
2 

which corresponds 

to ( 5c) of [ 1 ] : 

1) line 207: D = ABS(X(J) - X(I) + HH) 

= lxj - xi 

= 1-(Xi-

+~I 
h 

X· - -)1 J 2 

2) line 208: D < H ~ 0 ~ dj ~ 1 

3) line 210: C = (H - D)/H 

= 
h -j-(Xi- Xj- *)' 

h 

= 1 - !Xi - Xj -~I 
h 

formula (5e) of [1]. 

* 4) lines 211 and 212 again is: YY = min(Yi,Yj) = Yj 

5) line 214: G2 = G2 + S(J) * YY * C 

= I: E,j Yj *dj-
j-

= Uoo- I2 by (5c) of [1]. 

c) Lines 216 to 220 calculates (4a) of (1]: 

ui 
1 

=Uoo-2f,i -L f;jdj 
j 

1) line 189: u = Vel ~ u = uoo 

2) line 190: u = u - S(I) * 0.5 

• 
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3) line 216: D = ABS(X(J) - X(I)) 

= lxj - xil 

= 1-<Xi - Xj) I 
4) line 217: D < H ~ 

5) line 219: C = (H - D)/H 

= 1 - !Xi - Xjl 
h 

= dj by (4b) of [1]. 

6) line 220: For Yj >Yi, U = U - S(J) * C 

= u - l ~i- ~~. d· 
00 2 ~ J J 

J 

Now, if Yi = 0 (i.e. on the wall) then the Ui component of velocity 

DX(I) = o. Else, DX(I) = u = uoo- t Si -~sj dj· 
J 

Also, if Xi > RRI (i.e. outside domain of interest) then the Vi component 

DY(I) = 0. Else, DY(I) = (Gl - G2)/H 

(Uoo - I1) - (Uoo - I2) 
= h 

= 

by (Sa) of (1). 

Having calculated Ui and Vi, we have yet to find ni before we can 

take a random step. This random variable ni is drawn from a gaussian 

distribution with mean 0 and variance 14vk in the following way: 

Ql = RANF(O.) 
Q2 = RANF(O.) 

RANF(O.) returns a pseudo-randon number s.t. 
0 < Ql < 1 
0 < Q2 < 1 

QR = SQRT(-TSIG * ALOG(Ql)) 
WALK = QR * SIN(TPJ * Q2) 

where ni =WALK. For further discussion, see reference [2] pg. 39. 
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Before actually taking the random step, a few things need to be 

checked. First, line 234 checks to see if the tags of the successive 

vortex sheets are the same. If they are, then they are assigned the 

Since the tags are ordered linearly, this process is straight-

forward. 

Next, the subroutine checks to see if Yi = 0. If it is, then 

we wish to choose ni s.t. ni have different signs each time. This 

alternating of signs of the random variable ni is to ensure that the 

random step, steps across the wall exactly one half of the time. 

This process of alternating signs is aided by the variable LIP which 

takes on values ± 1. Now, Yi = 0 and LIP> 0 implies that n i > 0 the 

last time. So, jump to line 254 and generate ni =WALK> 0 and set 

LIP <0. If Yi = 0 and LIP< 0 then generate ni =WALK> 0 and so on. 

This corresponds to lines 239-260 of code. 

With the appropriate ni on hand, the random step is taken in 

the following manner: 

Line 263: X(I) = X(I) + DT * DX(I) 

xn+l 
i 

= X~ + kUi 
1 

which is formula (6a) of [1]. 

Line 265: Y(I) = Y(I) + DY(I) * DT + WALK 

Y~+l = yin + kVi + ni 
1 

which is formula (6b) of (1). 

Finally, if Y~+l < 0 and Y~ tO, then reflect the point 
1 1 

by symmetry, setting y~+l = -Y~+l. 
1 1 

However, if Y~+l < 0 and 
1 

Y~ = 0 then Y~+l is lost across the wall. This whole process 
1 1 

is done for each vortex sheet Qi, i=l, ••• , N. 
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~gs~2~X!~~.~~~?vEL,~E,TSIG,CT,TFI,MM,CM 
,L00K(30,3C),LS,M~,HX,HY,~O,YC 
,x ( 500 I, Y ( 500 l, S ( 500 l, CX ( 500 I, CY ( !:00 I 
,UXI'd ICC) ,~)RAGA,~AF<,RIGHT,I\CLD 
,~N(500),M~O,MNMAX 
HT=Io5'4<H 
Llf-'=1 
r:~<I=R ICI-T-1-
UU II= I ,N 
G I= 0, 
G:? =V • 
U=VFL 
U= 11-S (I )1<0 ,5 
D C2 J= I 0 1\ 
I F ( A F. S ( X ( I )- ~ ( J ) I , G 1 , H 1 ) G 0 TC 2 
IF( I oEGoJIGOTC:> 
IF( Y( J),LT,C,)GC1C2 
[;=ABS (X ( J )-X (I l-1-1-) 
IF(0,GT,H)GCTC3 
C=(I--CI/1-
YY=YCJI 
IF(Y( JJ,GT.H I))Y'I=Y(I) 
GI=GI-+S(J)>IYY 
~.:c 

CON T (;~UC 
D=ABSCX(J I-X (I l-+1-1-l 
[F(f),Gf,H)GCTC4 
C=(I--CI/1-

YY=YCJI 
IF(Y(JJ,GT.Y( lliYY=Y( II 
G2=G? -+S ( J l ~yy 
'( 
CONTINUE 
1):1\LJS(X( Jl -X (I I J 
IF(i.J,GT.H)GOTC2 
C= ( H-C I/1-

!F(Y(JI oGC.Y( Illl=L-5(JH'C 
CONTINUE 
r) X ( I I =t. 
IF( Y( 1 loEO,C,IDX( I l=O• 
OY ( I I= ( G 1- C2 I I 1-
IF(X(IloGT,fHIIIDY( Il=Oo 
C.JNT !"•WE 
Il\r.=o 
<)051=1 0 N _ 
!F(fJI\( I J,EC.II\C)CCTO~ 
!N')=MN(II 
v I = RAN F ( 0 , ) 
02=f;AI\F((J,I 
OR= SO R T (- T ~ I G * 1\ l C G (_C I I I 
I'IALK=·')R4SII\( TF I~C?.I 
IF( Y( I I oNF .o, )GGTle 
IF ( L I I',.:; T, 0 I GO lO 9 
CCI\T 11\UC 
Ol=PANF(Q,) 
rv =><AN F ( 0 , I 
Cn=SO~TC-TSIG~~LCCCCI )) 
WALK=QR05!N(TPI0021 
!F(WALK.CT .u. )CCTCIO 
LIP= I 
~OTDB 
CDNTII'<t.E 
Cl1NTINU'7: 
Ql =llAI\F (0,) 
G2=~ANF ( Q, I 
Qfl=SQRT(-lS IC'ALQG(Cl )) 
~1\LK=CR~S!~(TFI•C?I 
IF ( "oA L K, L T, 0, ) G C T C 1 I 
t_IP=-1 
C Cl\ Tl 1\~E 
CQNTI"'UF. 
X( I I=X ( 11+-CT .. CX( I I 
Y T =Y( I I 
Y( I ):Y( I 1-+CY( [ ).,CT 
-+~I\ LK 
IF(YC!l.CT.O,I GOTC7 
I= ( YT ,r:::a .o, lCCf07 
Y(li=-Y(!I 
CONTI 1\UF 
C Cl\ TI 1\t.E 
F')R~~AT( IX, !CF<;,!';) 
FCRf>IAT(IX,?.I5,5F9,5) 
R": TUP N 
EN I) 

Fig. 8 
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Subroutine STEP 

INO MNjl) 
01 RANF(O.) 
02 RANF(O.) 
QA SORT (·TSIG"ALOG (01)) 

WA.LK QA"SIN(TPI"02) 

YES 

01 RANF(O.) 
02 RANF(O.) 

YES 

QR • SORT (·TSIG"AL.OG(Q1)) 
WALK OA"SIN(TP1"02) 

01 ~ RANF(O.) 
02 s RANF (0.) 
OR • SORT (·TSIG"ALOG(01)) 

WAUC: • $1N(TPI"02) 

YES 

XBL 783-516 
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OUTPUT FROM PROGRAM BOUNDL 

---·-s·ni>·- 1 '1 ~E ·-;;;oo·ssoo ___ _ 
------~-· ;fooJOOJ 1.,nooooo 

< o:!OOOOCO loOOJOOOO 
----------~--&QOCCCO loJl~C.Q..9JL •• 

• .1ooooo1 t.ooooooo 
!' o9COOCCO loOOJOOOO 
6 1 ol OOJOOO loJOOOOJO 
1 lo ~_()0_0 C_C_Q. _ _j~O.QO.O_QY_Q_ 

N -··f4·o. 
VFLCCITY PRCFIL~ 
SHEF.TS IN SLICE 40 

__ _j; IH (; . __ 'J.t --___,~J <;>_Q_'Ll_O_\L. 
DISP AND RE Oo J. 

_s......,x .. E.:;;P'-:1:---.!io~-=-~-;J~~~~'i'~~o--o:- .. ~~g}s·~~o) 
< oJOOCCCO -~OOOOJJO 
3 .~OOJOOJ -.JOJOJJJ 

_____ A_ •. ~ OI.ICOIL.I.L0-"'0'-"0v..O.__...:_=...•.-"OCCJ.OCOO~C o
0
n
0 0
)_ __ _ 

5 .9000CCO 
b loiOOJOOO -.JJ~OJOJ 
7 loJOO~CCJ -.OOJOJOJ 

N 7J vi::L.ocirv-·PP(FILC _______ ----
S~EETS IN SLICE ?0 
DRAG o01aiAOO .06~4100 

____ D I_~? •. AND_Rt,;__ --·---•.JUJ2.Q..l2_ ____ ~01o46<l3f?'1 

_sJ.C3. __ 3_T_LMC... .tccrocc 
I o100JOJJ .~00000) 

- .:foo·ocrc--~oco,,1JJ 
J .~ccocco -.ooooooo 
4 o7COOOOO -.01-10000 

--~--·· .• • <; Q.Q~CiL..::.LQ~C Q..O __ 
6 1oi00JOJJ -.JOJJOJJ 
7 loJOI)CCCC -.JOJO.J0) 

N eo 
VEt..CC.LTY PRCfl~--- __ . 
!'HF':.TS IN SLICE ?J 
CP~( o03J4~4P o0bb41)0 
DI~P AN~ RE o00)7~~4 716oJP4116Q 

STEP 20 TIM~ •·COOOJCJ 
- 1 .1 ada ceo .4no4'4 

~ _J_ ~_c_~_:t_c_c_o • J 11 3.,? r 
J~ -- e30000CO • 0'~t'J ~~ 7:; 
4 .7000000 -.11~11~' 
!' o'>OOJCCJ ol'i\2~12 

------ (> ___ ..Ltl_O.OJ..OO.:l -·'"-"·'.l_!0.20..6f.'J..>~-- _. 
1 1. :!oooo co • ost.62.,7 

N 144 
VELOCITY PRCFILE 
5Ht.:F1S I.N SLICE 
D~~G .,1651818 
DISf> .1\ND R!: 
AVC~IGE POQF!LF. 

.11770 

.£8022 
• 171 ;)4 

• 47:00 
.~5A44 
o60854 
.t139'l 
• 74609 

_._7_€ :?.2 ~-­
.el019 
• 1"6073 
oE7<;8C 

-- .•. ~9)l9~ 
• 9130 7 
.<;31 I 'l 
• ~· 7411 

47 
.J-)61•1<)0 
oOJ?4.171 

--:{~~~:-------
• ~681 0 
.<;7418 

__ .AlLfB)I~JVG o042017JL 
VARI~NCE oJC42745 

hg. 10 

?4.37ol117t5Q • 

17~u.OJOOOJO 

17..,cJ.OCOOOJJ 

172-J .OJI)Jr)J.) 

1 1 ? u • o n .) J a a o 



OUPUT FORMAT FOR PROGRAM BOUNDL 

N 

STEP 

I = 1 

2 

!STEP TIME 

X (I) 

L X(L) 

VELOCITY PROFILE 

SHEETS IN SLIC'E JJ 

DRAGR 

DISP 

DRAG DRAG 

DISP AND RE RBDL 

-15-

TIME 

S(I) = i 

RBDL1 

f 
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