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ABSTRACT 

This report describes a computer code written in FORTRAN 
language code-named UNFLAVOR I. It computes the unsteady flow 
field around a body of revolution performing lateral oscillation 
by the method of small perturbation and method of characteristics. 
The nonlinear steady flow field upon which the present computa- 
tion is derived is a l s o  computed by the method of characteristics. 
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I. INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  a program code w r i t t e n  i n  FORTRAN 
language  f o r  computing t h e  unsteady s u p e r s o n i c  f low f i e l d  by t h e  
method o f  small p e r t u r b a t i o n .  The t h e o r e t i c a l  development h a s  
been r e p o r t e d  i n  Ref. 1. The s t e a d y  f low f i e l d  from which t h e  
u n s t e a d y  f low i s  computed i s  f u r n i s h e d  b y  a n o t h e r  computer pro-  
gram r e p o r t e d  i n  R e f .  2 .  A t  t h e  s t a r t i n g  l i n e ,  t h e  uns t eady  f low 
da ta  must be  s u p p l i e d .  These q u a n t i t i e s  c a n  b e  o b t a i n e d  from t h e  

s o l u t i o n  o f  a n  o s c i l l a t i n g  cone,  which i s  r e p o r t e d  i n  Ref. 3. 
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11. EQUATIONS FOR UNSTEADY PERTURBATIONS 

The unknown q u a n t i t i e s  t o  be  computed a t  a f i e l d  p o i n t  
o r  a t  a body p o i n t  are t h e  f o l l o w i n g :  

The re  are  f i v e  e q u a t i o n s  F1 t h rough  F5 o r  B 1  t h rough  B5 from 
which t h e  unknowns can  be c a l c u l a t e d .  A t  a shock p o i n t ,  e i t h e r  
pr imary  o r  secondary ,  t h e r e  i s  a n  a d d i t i o n a l  unknown namely t h e  

a m p l i t u d e  of t h e  shock motion y2  t o  b e  de t e rmined  and a n  a d d i t i o n a l  
e q u a t i o n  i s  p rov ided .  The shock p o i n t  e q u a t i o n s  are S1 t h rough  
s6. 

These e q u a t i o n s  l i s t e d  i n  t h e  f o l l o w i n g  pages are w r i t t e n  
i n  t h e  form s u i t a b l e  f o r  t h e  f i n a l  i t e r a t i o n s .  The f i rs t  approx i -  
mat ion can  b e  made by  r e p l a c i n g  t h e  q u a n t i t i e s  a t  m,n a t  t h e  

r i g h t  hand s i d e  b y  e i t h e r  q u a n t i t i e s  a t  m,n-1 o r  a t  m-l,n which- 
e v e r  i s  a p p r o p r i a t e .  The s u b s c r i p t  1 re fe r s  t o  t h e  s t e a d y  quan- 
t i t i e s  which  are already known from t h e  s t e a d y  f low s o l u t i o n .  
The s u b s c r i p t  2 r e f e r s  t o  t h e  uns t eady  q u a n t i t i e s .  

I n  t h e  shock p o i n t  e q u a t i o n s ,  t h e  s u b s c r i p t  f r e f e r s  t o  
c o n d i t i o n s  b e f o r e  t h e  shock and t h e  s u b s c r i p t  a r e fe r s  t o  con- 
d i t i o n s  b e h i n d  t h e  shock .  

The p o i n t  E i s  a n  ups t r eam p o i n t  from m,n. It i s  a n  
i n t e r s e c t i o n  of  t h e  s t r e a m l i n e  from m,n and a c h a r a c t e r i s t i c  
l i n e  e i t h e r  from m,n-1 o r  from m-1,n. Values  a t  p o i n t  E a r e  
o b t a i n e d  by i n t e r p o l a t i o n s .  A u x i l i a r y  q u a n t i t i e s  appeared i n  
these  e q u a t i o n s  are  l i s t e d  i n  separate sheets f o l l o w i n g  these 
e q u a t i o n s .  

‘l’he unknowns i n  uns t eady  f low are a l l  complex q u a n t i t i e s .  
I n  a c t u a l  computa t ions ,  t h e  s u b r o u t i n e s  s h o u l d  b e  w r i t t e n  i n  
complex o p e r a t i o n s ,  o r  t h e  e q u a t i o n s  be separated i n t o  r ea l  and 
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icizg:zcry c r . e ~ .  The s:brcut.ines i n  the p r e s e n t  program are 
w r i t t e n  a c c o r d i n g  t o  t h e  l a t t e r  p rocedure .  
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F i e l d  Po in t  Equa t ions :  

(y) I m,n-f 
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Along the streamline: 

5 '  



Body P o i n t  Equations: 

Along the characteristic line hlb : 

Along t h e  body su r face :  
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R 

where 

R 

( B -  4 )  
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Shock Po in t  Equa t ions :  

Along the c h a r a c t e r i s t i c  l i n e  h lo: 

+ c o t p ,  

Condi t ions  a c r o s s  t h e  shock 

7 
52 -I x 

a t  p o i n t  m,n: 
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where 
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( S - 4 )  
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R 

where 

d 
3 -  I t 

8,) 

S2# 
R 

- I  

Cos% c o t  ( e  - / 

;f, 

J 
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Definitions of Auxiliary Quantities: 
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111. DESCRIPTION OF THE COMPUTER PROGRAM 

The computer program c o n s i s t s  o f  a main program and s i x  
s u b r o u t i n e s .  The f u n c t i o n  o f  each program i s  d e s c r i b e d  below. 

1) Main program 

The main program c o n t r o l s  t h e  p r o c e s s  o f  computa t ion .  
The l o g i c a l  o r d e r  of t h i s  program f o l l o w s  t h a t  o f  t h e  

s t eady  s t a t e  program. The p o i n t s  a re  computed i n  t h e  same 
o r d e r  as t h e  s t e a d y  c a s e .  When a p o i n t  i s  t o  b e  com- 
p u t e d ,  t h e  i d e n t i f i c a t i o n  code i s  f i r s t  t e s t ed .  Accord- 
i n g  t o  t h e  code,  i t  i s  i d e n t i f i e d  as a f i e l d  p o i n t ,  body 
p o i n t  o r  a shock p o i n t .  The a p p r o p r i a t e  s u b r o u t i n e s  are 
then  c a l l e d  when t h e y  a re  needed. 

2 )  S u b r o u t i n e  FIELD 

T h i s  s u b r o u t i n e  computes t h e  uns t eady  unknown quan- 
t i t i e s  a t  a f i e l d  p o i n t .  

3 )  S u b r o u t i n e  BODY 

T h i s  s u b r o u t i n e  computes t h e  uns t eady  unknowns a t  
a body p o i n t .  

4 )  S u b r o u t i n e  OUSHOK 

T h i s  s u b r o u t i n e  computes t h e  uns t eady  unknowns a t  a 
o u t e r  shock p o i n t .  The uns t eady  shock s l o p e  i s  a l s o  com- 
puted .  

5 )  S u b r o u t i n e  STAR 

T h i s  s u b r o u t i n e  computes t h e  c o e f f i c i e n t s  A1,A2, 

B 3  'B4 , p3 'P4 

6 )  S u b r o u t i n e  PRESSD 

T h i s  s u b r o u t i n e  c a l c u l a t e s  and p r i n t s  t h e  p r e s s u r e  
r a t i o  and t h e  d e n s i t y  r a t i o .  
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7 )  S u b r o u t i n e  P r i n t  

T h i s  s u b r o u t i n e  p r i n t s  t h e  resu l t s  

I V .  LISTING OF THE COMPLETE PROGRAM 

The complete  program i s  listed in t h e  following pages. 



c --- DRo PoTeHSU He MC CALLUM M I T  EXTe 2430 --- 
c --- AIRLOAD DUE T O  SMALL LATERAL OSCILLATIONS OF A BODY OF REVOLUTION- 
c --- I N  SUPERSONIC FL IGHT --- 
c --- U N F L A V O R  I UNSTEADY STATE PROGRAM --- 
c --- ALLOWS FOR SMOOTH CORNERS AND EXPANSION CORNERS I N  THE BODY --- 
c -a- PROVIDES FOR CONTINUATION RUN --- 
c -e- USES LOGICAL TAPE ITAPE AND NTAPE FOR INPUT AND OUTPUT --- 
c -e- USES TWO USER TAPES - LOGICAL KTAPE AND LTAPE --- 
c --- FORTRAN I 1  PROGRAM --- 

DIMENSION B S H A P E ~ 8 r 2 l ~ r S T A R P T ( l l r l O O ) r P O f N T ( 3 ~ ~ l 5 O ~ ~ ~ E M ~ l ~ 3 ~ ~ ~  
1 T E M P 2 ( 3 7 ) r S H A P E ( 3 r 3 ) r B M T I O N L Z l l r H A L F P T ( 3 7 ) * T E X p ( 3 7 )  
2 r F S H O K ( 2 8 ) r D M L ( 2 )  

COMMON NTAPE 
TPOLTF(YlrY2)=FACT*(Y2-Yl)+Yl 
ITAPE= 4 
NTAPE= 2 
KTAPE- 9 
LTAPE= 10 
WRITE OUTPUT TAPE NTAPEr 9 0 0  

B S H A P E ( l r l l = 6 2 6 3 5 1 2 1 3 1 2 7  
B SHAPE(291)=306360433145  
6 S H A P E ( 3 r l ) = 2 5 6 0 6 0 6 0 6 0 6 0  
B SHAPE ( 1 9  2 I s 4 7 2 1  5 12  1 2 2 4 6  
B SHAPE(Zr2  ) = 4 3 2 1 6 0 6 0 6 0 6 0  
B SHAPE f 3 r 2 1 = 6 0 6 0 6 0 6 0 6 0 6 0  
B S H A P E ( l r 3 ) n 4 6 2 7 3 1 6 5 2 5 6 0  
B S H A P E ( 2 r 3 ) = 6 0 6 0 6 0 6 0 6 0 6 0  
B SHAPE( 3 r 3 ) = 6 0 6 0 6 0 6 0 6 0 6 0  

READ INPUT TAPE I T A P E r  9019 NSEGSrNS~PTSrNCOEFS~NOPl 
READ INPUT TAPE I T A P E r  9 0 2 s  GAMAIR,EMI*THETACIOMA 

GP=GAMA+loO 
GM=GAMA-loO 
GR=l e O /  t GAMA*R) 

READ INPUT TAPE ITAPEr902rR2SR,R2SI  

GROMA-GR*OMA 
GRAT=GM/GP 

WRITE OUTPUT TAPE NTAPEr 9039 N S E G S ~ N S T P T S I G A M A ~ R I E M I ~ T H E T A C , O M A  
c --- READ AND PRINT BODY SHAPE INFORMATION --- 

NCORNS =N SEGS+l 
READ INPUT TAPE I T A P E r  9049 ( ( B S H A P E ( I I N S E G ) ~ I P ~ ~ ~ ) , N S E G = ~ ~  

WRITE OUTPUT TAPE NTAPEr 9 0 5  
DO 10 NSEG-lrNSEGS 
ID=BSHAPE( l rNSEG)+o5  
WRITE OUTPUT TAPE NTAPEr 936r NSEGr(SHAPE(IrID)rI~lr3)*(BSHAPE(Ir 

1 NCORNS) 

1 NSEG) r I p 2 r 5 )  
10 CONTINUE 

WRITE OUTPUT TAPE NTAPEI 9079 ( B S H A P E l I r N C O R N S ) r I t 2 r 3 )  

NC=Z*NCOEFS 
READ INPUT TAPE I T A P E r  9 0 8 9  ( B M T I O N ( 1 ) r I = l r N C )  
WRITE OUTPUT TAPE NTAPEI 9099 ( B M T I O N ( 1 ) r I ' l r N C I  

c --- READ AND PRINT BODY MOTION INFORMATION --- 

READ INPUT TAPE ITAPEI 910, ~ ~ S f A R P T ( I ~ N ~ ~ I ~ l ~ l l ~ , N l l t N S T ~ T S ~  
WRITE OUTPUT TAPE NTAPEb 911 

READ INPUT TAPE I T A P E ~ 9 0 2 r ( F S H O K ~ I ) ~ I r 4 , 6 ) r ( F S H O K ( I ) r l P 9 * 1 8 )  
SM=FSHOK(4)**2 
T E RMm GM* SM 
FSHOK ( 1) =TERM/GP 
F S H O K ( Z ) = l o - F S H O K ( l )  
FSHOK(3)-4.*GAMA+SM/(GP*(GP-TERMI 1 
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c 

c --- 
11 
1 2  

1 3  

c --- 
14 

140 

1 4 5  

1 5  
c --- 

1 6  

161 

1 7  

1700 

1 7 0 2  
1 7 0 3  

1704 

p - ' ' n u 9 ' ?  r anvn A !zFSH~~!~j!/FSHoKrfi) 

FSHOK(Z l )=oS*(GP-TERM) 

F S H O K ~ ~ ~ ~ ~ F S H O K ~ ~ ~ ~ - ~ O * F S H O K ~ ~ ~ * F S H ~ K ~ ~ ~ ~ ~ / F S H O K ~ ~ ~  
F S H O K ~ 8 ~ ~ ~ F S ~ O K ~ 1 8 ~ ~ 2 ~ * F S H O K ~ l ~ * F S H ~ K ~ 2 O ~ ~ / F S H O ~ ~ 2 ~  

FSHOK(ZO)=FSHOK(l4)/FSHOK(4) 

F S H O K ( 2 2 ) = S M / F S H O K ( I l )  

FSHOKI23)-FSHOK(4)*FSHOK(9) 
F S H O K ( 2 4 ) = F S H O K ( 4 ) * F S H O K ( l O )  
F S H O K ( ~ ~ ) ~ ~ O * F S H O K ( Z ~ ) ~ F S H O K ( ~ ) / ( G P * F S H O K ~ ~ ) )  
F S H O K ( ~ ~ ) = ~ O * F S H O K ( ~ ~ ) * F S H O K ( ~ ) / ( C P + F S H O K ( ~ ) )  
FSHOK(27)=FSHOK(4)*SINF(FSHOK(6)) 
FSHOK(ZB)=COSF(FSHOKr6) )  
JGOrl 

I N I T I A L I Z A T I O N  --- 
REWIND KTAPE 
REWIND LTAPE 
I END30 
N-0 
IH=O 
IF INOP1)  l l r 1 4 9 1 1  
FOR CONTINUATION RUN --- 
READ INPUT TAPE ITAPE, 901, NCONT 
READ TAPE KTAPEI ( T E M P Z ( I ) r I = l * B )  
READ TAPE LTAPE, N t M ~ ( P O I N T ( I , M ) t I ~ l ~ 3 7 )  
IF (N-NCONT+l) 1 2 1 1 3 ~ 1 3  
I D e P O I N T ( l r M ) + . 5  
I F  ( I D - 2 )  1 2 r 1 4 9 1 2  
READ NEXT POINT FROM STCADY STATE TAPE --- 
READ TAPE KTAPEI ( T E M P Z ( l ) r I = l r B )  
GO TO (145s14O),JGO 
J G O = l  
DML(Z)-(TEMP214)-STARM)/(STARM*(TEMP212)-STARM)) 
CALL S T A R ( P O I N T ( l r l ) , G R ~ G M , O M A t D M L )  
CON T I NUE 
I D = T E M P Z ( l ) + o 5  

I F  (ID) 48,45915 
GO TO (22,26r48r33r16,30,38138ra8,48),10 
STARTING POINT --- 
N=N+1 
M= 1 

DO 17 I = l r l O  
TEMPZ(X+B)=STARPT( I tN)  
CONT I NU€ 

I F  (ABSF(TEMP212) -STARPT( l l rN) ) -1 .OE-61  161 ,161*50  

NCC=NCOEFS-1 
DO 1 7 0 3  f*1,2 
T E M P Z ( I + l 8 ) = B M T I O N ( I )  
IF (NCC) 1 7 0 3 r 1 7 0 3 9 1 7 0 0  
K= I 
DO 1 7 0 2  J = l * N C C  
K=K+2 
T E M P 2 ~ 1 + 1 8 ) = T E M P 2 ( 1 + 1 8 ) + B M T I O N ( K ) * T E M ~ 2 ~ 2 ) * * J  
CONT INUE 
CONTINUE 
I D = T E M P 2 ( 1 ) + * 0 5  
IF (10-4) 1 7 0 5 r 1 7 0 4 , 1 7 0 5  
TEMP2(19)=R2SR 
TEMP2 ( 2 0  ) = R 2 S I  

1 7 0 5  CONTINUE 
C--- TO DEFINE DERIVATIVES FOR STARTING POINT--- 
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1 7 0  
171 

1 7 2  

179 

I F  (N-1 )  1 7 0 r 1 7 0 9 1 7 2  
DO 1 7 1  J z 3 3 r 3 7  
TEMP2 ( J  ) = O o  
JGO= 1 
DML( 1 ) m o o  

DML(2 ) = 0 0  
C A L L  S T A R ( T E M P Z r G R 9 G M r O M A I D M L )  
STARX-TEMP2 ( 2 1 
STARS-TEMP2 ( 5  1 
STARM=TEMP2(4) 
GO TO 1 7 9  
D E N O M = ( T E M P 2 ( 2 ) - S T A R X ) + S I N F ( T E M P 2 ( 7 ) ) / C O S F ( T E M P 2 ~ 7 ) + T E M P 2 ( 6 ) )  
T E M P 2 ( 3 3 ) - ( T E M P 2 ( 5 ) - S T A R S ) / D E N O M  
T E M P 2 ( 3 4 ) ~ ( T E M P 2 ( l l ) - S T A R P T o  )/DENOM 
T E M P 2 ( 3 5 ) = ( T E M P 2 ( 1 2 ) - S T A R P T ( 4 r N - l ) ) / D E N O M  
TEMP2(36)~(TEMP2(17)-STARPT(9~N-l)~/OENOM 
TEMP2(37)=(TEMP2(1B)-STARPT(lO~N-l))/DENOM 
D M L ( l ) = ( T E M P 2 ( 4 ) - S T A R M ) / ( T E M P t O + ( T E M P Z ( Z ) - S T A R X ) )  
STARXxTEMPZ ( 2 
STARM=TEMP2(4) 
STARS-TEMP2 ( 5 ) 
JCO=2 
CONTINUE 

C A L L  PRINT (NrMrTEMP2)  
WRITE TAPE LTAPE, N r M , ( T E M P 2 ( 1 ) , I - l r 3 7 )  
I F  (N-1 )  1 8 r l B r 2 0  

1 8  DO 1 9  1 x 1 9 3 7  
P O I N T ( I i l ) = T E M P 2 ( 1 )  

19 CONTINUE 
C A L L  PRESSD (CM~GPICAMAIRIEMI rTEMP2 1 
GO TO 14 

2 0  DO 2 1  I s 1 9 3 7  
T E M P l ( I ) = T E M P Z ( I )  

2 1  CONTINUE 
MP= 1 
GO TO 14 

c -e- UPDATE MEMORY --- 

c --- F I E L D  POINT --- 
2 2  M=M+1 

2 3  MP=MP+1 
I F  (M-150)  2 3 9 2 3 ~ 4 9  

IDmPOINT ( 1 *MP)+o 5 
I F  ( 1 0 - 7 )  24,419231 

2 3 1  I F  (10-9) 4 3 ~ 4 3 9 4 8  
2 4  CALL F I E L D  ( P O I N T ( l t M P ) t T E M P l r P O I N T ( ~ ~ M P - l ) r T E M P Z ~ G M ~ G ~ ~ ~ M A ~  

1 CROMA) 
c -a- UPDATE MEMORY --- 

DO 2 5  1-1937 
P O I N T 1 1 r M - l ) I T E M P 1 ( 1 )  
T E Y P l ( I ) = T E M P 2 ( 1 )  

CALL PRINT (NtMeTEMP2) 
WRITE TAPE LTAPE, N , M 1 ( T E M P 2 l l ) r X = l r 3 7 )  
GO T O  14 

c --- BODY POINT --- 

25 CONTINUE 

26  I F  ( N )  1 6 9 1 6 9 2 7  
2 7  M = M + l  

28  MP=MP+l 
I F  (M-150)  2 8 9 2 8 9 4 9  

CALL BODY ( T E M P l r P O I N T ( 1 ~ M P - 1 ) r T E M P 2 ~ B M T I O N ~ G R ~ G M ~ O M A ~ G R O M A ~  

20 



. . . - I C - - .  
A I ILUI=I -JI  

c --- UPDATE MEMORY --- 
DO 2 9  1 1 1 9 3 7  
P O I N T ( I , M - l ) = T E M P l ( I )  
P O I N T ( I ~ M l = T E M P Z ( I )  

29 CONTINUE 
2 9 1  CALL PRINT ( N I M ~ T E M P ~ )  

WRITE TAPE LTAPE, N , M I ( T E M P ~ ( I ) ~ I = ~ , ~ ~ )  
I H=O 
CALL PRESS0 (CMtGP*CAMA~R,EMI rTEMP2) 
I F  ( I E N D )  4 7 9 1 4 9 4 7  

c --- HALFWAY POINT --- 
30 IH=l 

MP= 1 
DO 3 1  1 - l r 8  
H A L F P T ( I ) = T E M P Z ( I )  

3 1  CONTINUE 
F A C T ~ ~ H A L F P T ~ Z ~ ~ P O I N T ~ 2 ~ l ) ) / ~ P O I N T ~ 2 ~ 2 ~ ~ P O I N T ~ 2 ~ 1 ~ ~  

DO 3 2  1 - 9 9 3 7  
H A L F P T ~ I ~ ~ T P O L 1 F ~ P O I N T ~ I ~ l ) r P O I N T ~ I ~ ~ ~ ~  

3 2  CONTINUE 
C A L L  PRINT (NIMIHALFPT) 
WRITE TAPE LTAPE, N ~ M I ( H A L F P T ( I ) , I - ~ , ~ ~ )  
GO TO 14 

C --- OUTER SHOCK POINT --- 
3 3  N=N+1 

M = 1  
IF (IH) 3 4 ~ 3 4 ~ 3 6  

DO 3 5  I l l 9 8  
H A L F P T ( I ) = P O I N T ( I r Z )  

34 MP=2 

35 CONTINUE 
3 6  DO 3 7  I l l 9 8  

3 7  CONTINUE 
TEMP1 ( 1 )  -TEMP2 ( I )  

CALL O U S H O K ~ H A L F P T ~ P O I N T ~ ~ ~ M P - 1 ) , I E ~ P l ~ R ~ G R , C R A T ~ G M ~ O M A ~ G ~ ~ F S H O K ~  
C A L L  PRINT (N,MtTEMPl) 
WRITE TAPE LTAPEs N 1 M , ( T E M P l ( f ) r 1 - 1 ~ 3 7 )  
GO T O  14 

c --- EXPANSION POINTS --* 
38 M=M+1 

3 9  DO 4 0  I=1,8 

40 CONTINUE 

GO TO 14 

I F  ( M - 1 5 0 )  39939,49 

P O I N T (  I , M l = T E M P Z ( I )  

WRITE TAPE LTAPE, N I M ~ ( T E M P ~ ( I ) , I ~ ~ ~ ~ ~ )  

c --- F I R S T  EXPANSION POINT - COMPUTE UNSTEADY VALUES --- 
4 1  T A N P = T A N F ( P O I N t ( 6 r M P - 1 ) + P O I N T ( ~ ~ M P - l ) )  

T A N M ~ T A N F ( P O I N T ( 6 r M P ) - P o I N T ( 7 ~ ~ ~ ) )  
T E X P ~ ~ ~ = ~ P O I N T ~ ~ ~ M P - 1 ) - P O I N T ( 2 , M P - l ~ ~ T A N P - P O I N T ~ 3 ~ M P ~ + P O I N T ~ 2 ~ M P ~  

1 *TANM)/(TANM-TANPI 
T E X P ( 3 ) = P O I N T ( 3 r M P ) + T A N M * ( T E X P ( Z ) - P O ~ N T ( 2 ~ M P  
F A C T = ( T E X P ( 2 ) - P O I N T ( 2 r M P - l )  ) I ( T E M P 1 ( 2 ) - P O I N T  
DO 4 2  1 - 4 9 3 7  
T E X P ( 1  ) = T P O L T F ( P O I N T ( I I M P - ~ ) , ~ E M P L ( I ) )  

CALL BODY ( T E X P t P O I N T ( l ~ M P - l ) ~ P O I N T ( 1 , M P ) r B M  

CALL PRINT ( N , M s P O I N T ( l t M P ) )  

42  CONTINUE 

1 NCOEFS) 

1 
2 rMP-1) 1 
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CALL PRESSD ( G M ~ G P ~ G A M A , R ~ E M I , P O I N T ~ l ~ M P )  1 
GO TO 2 4  

c -e- SUBSEQUENT EXPANSION POINTS --- 
4 3  DO 44 I s 9 9 3 7  

POINT(IrMPl=POINT(I~MP-1) 
44 CONTINUE 

GO TO 2 4  
c --- END OF BODY --- 

4 5  T A N P ~ T A N F ( P O I N T ( 6 n M P - l ) + P O I N T ~ 7 ~ M P - l ) )  
T A N M = T A N F ( T E M P 2 ( 6 ) - T E M P 2 ( 7 ) )  
T E X P ( Z ) ~ ( P O I N T ( 3 r M P - l ) - P O I N T ( 2 r M P - l ~ ~ T A N P - T E M P 2 ~ 3 ) + T E ~ 2 ~ 2 )  

1 *TANM)/(TANM-TANP) 
T E X P I 3 ) = T E M P 2 ( 3 ) + T A N M * ( T E X P ( 2 ) - T E M P 2 ( 2 ) )  
F A C T ~ ( T E X P ~ 2 ) - P O I N T ~ 2 ~ M P - l ~ ) / ( T E M P l ~ ~ ) - P O I N T ~ 2 ~ M P - l ~ ~  
DO 46 1 = 4 r 3 7  
T E X P ~ I ~ ~ T P O L T F ~ P O I N T ~ I ~ M P l o ]  

4 6  CONTINUE 

1 NCOEFS) 
CALL BODY ( T E M P l , P O I N T ( l ~ M P - l ) r f E M P 2 ~ B M T I O N I C R , G M , O M A ~ G R O M A ~  

IEMD= l  
GO TO 2 9 1  

c --- NORMAL E X I T  --- 
47 END F I L E  LTAPE 

C A L L  E X I T  
c -e- IMPOSSIBLE I D  NUMBER --- 

4 8  WRITE OUTPUT TAPE NTAPEI 9 1 2 1  NsMvMP,ID 
CALL E X I T  

c --- M EXCEEDS 1 5 0  --- 
49 WRITE OUTPUT TAPE NTAPEI 9 1 3  

C A L L  E X I T  
c --- X OF UNSTEADY STATE STARTING POINT AND X OF STEADY STATE STARTING 
c --- POINT FROM TAPE DO NOT AGREE --- 

SO WRITE OUTPUT TAPE N T A P E , 9 1 4 r S T A R P T ( 1 1 , N ) r T E M P 2 f 2 )  
C A L L  E X I T  

900 FORMAT (29HO HELEN HC CALLUM EXTe2430/1H1//40X~48HUNSTEADY A I R L  
l O A 0  ON A LATERALLY OSCILLATING B O D Y / 1 H O ~ 5 8 X , l O H U N F L A V O R  I )  

9 0 1  FORMAT ( 4 1 4 )  
9 0 2  FORMAT (5E14.8) 
9 0 3  FORMAT ( 1 8 H 3  INPUT NSEGS = I ~ ~ ~ X I B H N S T P T S  = I ~ / ~ H O I ~ O X I ~ H G A M M A  = 

1 F50294X13HR PF90394X17HM I 2 = E ~ ~ o ~ I ~ X I ~ H T H E T A  C t E 1 4 0 8 9 4 X 9  
2 lOHOMEGA/A* xE14.8) 

904 FORMAT ( F 2 r 0 1 4 E 1 3 0 7 )  
9 0 5  FORMAT ( l H 2 ~ 4 0 X ~ 1 6 H B 0 D Y  INFORMATION/20HOSEGeNOe BODY SHAPE,13X* 

9 0 6  FORMAT ( 1 5 r 5 X ~ 2 A b r A l r 4 E l l e 7 )  
9 0 7  FORMAT ( lHO*9X, l lHEND OF BODYv2Xg2E17e7)  
9 0 8  FORMAT (2E14.8) 
909 FORMAT (lH1//4X,36HCOEFFICIENTS IN BODY MOTION EQUATION/ lHOslOXs 

1 ~ H X I ~ ~ X I ~ H R I ~ ~ X I ~ H T H E T A ~ ~ O X ~ ~ ~ H D E L T A  THETA/) 

1 ~ H R E A L I ~ ~ X I ~ H I M A G I N A R Y / / ( ~ € ~ ~ * ~ ) )  
9 1 0  F O R M A T ( 4 E l 3 e 8 / 4 E 1 3 e 8 / 3 E 1 3 . 8 )  

911 FORMAT ( 4 H 1  N I ~ X ~ ~ H M ~ ~ X ~ ~ H I D ~ ~ ~ X , ~ H R E A L , ~ O X ~ ~ H I M A G I N A R Y ~ Z O X ~  

9 1 2  FORMAT I20HO IMPOSSIBLE I D  N0e14Xm3HN ~ I 4 r 4 X 1 3 H M  ~ 1 4 r 4 X 1 4 H M P  = I 4 9  

9 1 3  FORMAT (16HO M EXCEEDS 1 5 0 )  
914 FORMAT (39HO X OF UNSTFADY STATE STARTING POINT ~ E 1 4 e 8 * 6 X *  

1 ~ H R E A L I ~ O X I ~ H I M A G I N A R Y )  

1 4 X t 4 H I D  ~ 1 5 )  

1 44HX OF STEADY STATE STARTING POINT FROM TAPE =E14*8 /19HO THEY SH 
ZOULD AGREE) 

END 
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DENOM~DXl*ACOMP(8rlrI~+DX2*AC~MP(8rZrZ) 
GIVEN(33rZ)=(GIVEN(5r3)-GIVEN(5rl))/DENOM 
DMSA~(GIVEN(4rZ)-GIVEN(4rl))/DXl 
DMSB=(GIVEN(4tZ)-GIVEN(4r3))/DX2 
A V C O T 1 ~ . 5 * ( A C O M P ( 4 r l r 2 ) + A C O M P ( 4 ~ Z ~ 2 ) )  
A V C O T 2 = ~ 5 * ( A C O M P ~ 4 r l ~ l ) + A C O M P ( 4 ~ 2 ~ 1 )  1 
RETAN=Io/(AVCOTl+AVCOTZ) 
DO 23 J*lr2 
G I V E N ( J + 3 3 r 2 ~ = ( G I V E N ( J + l O r 3 ~ ~ G I V E N ( J + l O r l ~  )/DENOM 
G I V E N ~ J + 3 4 ~ 2 ~ ~ ~ G I V E N ~ J + l 6 r 3 ~ ~ G I V E N ~ J + l 6 r l ~ ~ / ~ ~ N O M  

23 CONTINUE 
DO 24 JIlrZ 
K =  J**Z+ 1 
BCOMP(ltJ)=SINF(GIVEN(~rK)) 
BCOMP(2rJ)'SINF(GIVEN(?rK)) 
B C O M P ( 3 r J ) = O M A / G I V E N ( 4 r K )  
BCOMP(4*J)~GR*BCOMP(ZrJ)*GIVEN(4rK) 
B C O M P ( 5 r J ) = G I V E N ( 4 r K 1 + ( . S + ( B C O M P ( 2 r J ) * * 2 ) / G M )  
BCOHP(6tJ)rOMA/(BCOMP(5rJ)*GIVEN(4rK~) 
S U M ~ J ~ ~ A ~ C ~ T 2 * G I V E N f J + l 2 r l ~ + A V C O l l * ~ I V E N ~ J + l Z ~ 3 ~ + G I V E N ~ J + 8 ~ 3 ~  

1-GIVEN I J+dr 1) 
24 CONTINUE 

C--- DEFINE ArBrP COEFFICIENTS--- 
S2~ACOMP(lrlr2)**2 
CZ=ACOMP(2rlr2)*+2 

C3=GR*CIVEN(33r2) 
C4(2)=DMSA/CIVEN(4rZ) 
C4(1)=DMSB/GIVEN(4,2) 
C5=2.*CZ*SZ 
COMP(lrl)=ACOMP(6r2rl) 
COMP(lrZ)=ACOMP(6rlrZ) 
COMP(Zrl)~COMP(lr2)/COMP(l~l) 
COYP(2r2)=COMP(lrl)/COMP(lr2) 
COMP(3rl)=ACOMP(2~1rZ~*COMP~lrl) 
C O M P ( 3 r 2 ) r A C O M P ( 2 r l r 2 ) * C O M P l l r 2 )  
SIGNS1 
DO 25 J'lr2 
JSIGN=lo5*SICN 
K =  J+JS I GN 

G I V E N ~ J + 2 0 r ~ ~ = C O M P ~ ~ r J ) / ~ A C O M P ~ ~ ~ l ~ ~ ~ * G I ~ E N ~ 3 ~ Z ~ ~ + ~ S I G N * C 3 * S 2 * S 2  

T=lo+o5*GM/S2 

C--- A 1  t2R--- 

l-C4(J)*COMP~lrK~/ACOMP(lrlr2))/COMP(~rJ~ 
C---Al t2T---  

C---P3 t4R--- 
GIVEN(J+Z2rZ)~-SIGN*ACOMP~lZ~KrJ)/GR 

GIVEN(J+24~Z)~(T/C2-l~'*C4~K)+T*~COMP(ZrJ~*C4~J~/C2~Z~*SIGN*S2*C3 
~ * A C O M P ( ~ * K B J ) )  

C---33 t4 I --- 
C--- B 3  r4R--- 

1 )  
C---P3r41--- 

G~VEN(J+30rZ)=-OMA/IGIVEN(4rZ)*COMP(3rJ)) 

GIVEN(J+28rZ)=GM*((C4(K)+C4(J)*COMP(ZrJ))/C5-SIGN*C3*ACOM~(8rKrJ) 

GIVEN (J+26rZ 1 *-2o*GIVElr( J+309 2 ) 
25 SIGN=-SIGN 

NIT=O 

28 NIT=NIT+l 

C---START ITERATION--- 

OLDMOD=Oo 

24 



SIGN-10 
IF (NIT-2) 29930931 
I =2 
Le 1 
I I=I*I+l 
HALFIl. 
AV( 1)sOo 
AV ( 2 1 10 
AVA(1 ) S O .  
AVA(2 ) S O *  
4VB( 1 )=O. 
AVB ( 2 1 = O  
AVC(1)mO. 
AVC(2 ) = 0 0  
AVD( 1 b-00 
AVD(2 ) = O o  
GO TO 31 
1-1 
L=2 
II=I*I+l 
HALFm.5 
DO 300 Jr192 
AV(J1=AVl(J) 
AV A ( J 1 =AV2 ( J 
AVB(Jl=AV3(J 
AVCIJ)=AV4(J 
AVD(J)=AV!b(J 
CON T I NUE 

29 

30 

300 
31 DO 32 J-192 

C--- COMPUTE 52-- 
JSIGN=le5*SIGN 
K= J+JSIGN 
A V I ~ J ~ ~ H A L ~ * ~ A V I J ~ + S I G N * G I V E N ~ K + l O ~ I I l * B C ~ M P ~ 3 ~ I ~ - G I V E N ~ 3 3 ~ I I ~  

GIVEN(J+10~2)~GIVEN(J+10~5)+DS*AVl(J) 
l*GIVEN(J+8911) 

32 S IGNo-SIGN 

DO 34 Jp192 
JSIGN=lo S+SIGN 
K =  J+JS I GN 
A V 2 ~ J l = H A L F ~ ~ A V A ~ J ~ + B C O M P ~ 6 r I l * S I G N ~ ~ G I V E N ~ K + l 2 ~ I I ~ + G I V E N ~ K + l O r  

GIVEN(J+l6r2)=GIVEN(J+l695)+DS*AVZ(J) 

DO 36 J-192 

JSIGN-l.S+SIGN 
K =  J+JSIGN 
A V 3 ~ J ~ ~ H A L F * ~ A V B ~ J ~ + ~ B ~ O M P ~ 5 ~ ~ ~ * G I V E N ~ J + l 6 r l I l - B C O M P ~ 4 r I ~  

1 * G I V E N ~ J + 1 O ~ I I ~ - C I V E N ~ J + l 2 ~ I I ~ ~ B C O M ~ ~ l ~ I ~ * G I V E N ~ J + l 4 ~ l I ~ ~ ~  
2 G I V E N ~ 3 r I I ~ + S I G N * B C O M ~ ~ 3 ~ I ~ * G I V E N ~ K + l 4 ~ I I ~ ~  

C--- COMPUTE H RATIO--- 

1 II)*BCOMP(2~I)*BCOMP(4~1))) 

34 SIGN=-SIGN 

C---CCMPUfE MW2--- 

GIVEN(J+l4r2)=GIVEN(J+l495)+DS*AV3(J) 

DO 40 J ~ l r 2  

J S I G N = ~ O ~ * S I G N  
K=J+JSICN 
A V 4 ( J ) - H A L F * ( A V C ~ J ) + A C ~ M P ~ 3 r I ~ 2 ~ * ~ G I V E N ~ 2 2 r I + l ~ * G I V E N ~ J + ~ ~ I + l ~  

1 - S I G N * G I V E N ~ 2 4 r I + l ~ * G I V ~ N ~ K + 8 ~ ~ + l ~ ~ ~ G I V E N ~ 2 6 ~ ~ + l l ~ G I V E N ~ J + l 2 ~ I + l l  
2-SICN*GIVEN(28,1+1)*GIVEN(K+l2*1+1) )/GIVEN(4,1+l)-ACOMP(5~192)* 

36 SIGN=-SIGN 

C--- COMPUTE THETA--- 

25 



3 ~ G I V E N ~ 3 ~ ~ ~ + l ~ * G I V E N ~ J + l 6 ~ I + l ~ ~ S I G N * ~ l V E N ~ 3 2 ~ I + l ~ * G I V E N ~ K + l 6 ~ ~ + l ~ ~  
4 ~ + A C O M ~ ~ ~ ~ I ~ 2 ~ * G I V ~ N ~ J + 3 3 ~ I + l ~ + A C O M P ( 9 ~ I ~ 2 ~ * G I V E N ~ J + l 4 ~ I + l ~  
5 - C I V E N ~ J + 3 5 ~ I + 1 ~ * A C O M P I 1 O I I I Z ~ + S I G N * ~ C O M P ~ l 2 ~ ~ @ 2 ~ * G ~ ~ E N ~ K + l ~ ~ ~ + l ~ ~  

1+AV4 ( J  1 +DX2 
C--- COMPUTE M2--- 

~ I V E N ~ J + ~ ~ ~ ) P G 1 V E N ( J + 8 ~ 3 ~ - A V C O T l ~ ~ G ~ V E N ( J + l 2 ~ 2 ~ ~ G I V E N ~ J + l 2 ~ 3 ~ ~  

A V ~ ( J ) I H A L F * ( A V D ( J ) + A C O M P ( ~ ~ L ~ ~ ) * ( G ~ V E N ( ~ ~ ~ L ) * G I V E N ( J + ~ ~ L ) - S I G N  
l * G ~ V E N ( 2 3 ~ L ~ * C I V E N ~ K + B r L ~ + ( G I V E N ~ 2 S ~ ~ ) * G l V E N ~ J + l 2 ~ L ~ - S I G N * G I V E N ~ 2 7  
Z t L I * G 1 V E N ~ K + 1 2 r L ) ) / G I V E N ~ 4 r L ) + A C O M P ( ~ ~ L ~ ~ ~ * ~ G I V E N ~ 2 9 ~ L ~ * G I V E N ~ J  
3 + 1 6 ~ L ~ ~ S I G N f G I V E N ~ 3 l ~ L ~ * G I V E N ~ K + l 6 ~ L ~ ) ~ + G I V E N ~ J + 3 ~ ~ L ~ * A C O M ~ ~ 7 ~ L ~ l ~  
4 ~ A C O M P ~ 9 ~ L ~ 1 ~ * G I V E N ~ J + l 4 ~ L ) ~ A C O M P ~ l O ~ L ~ ~ ~ * G I V E N ~ J + 3 5 ~ L ~ ~ S I G N  
5+ACOMP(12~L~L)*GIVEN(K+lO~L)) 

G I V E N ( J + 1 2 r 2 ) = R E T A N * ( S U M ( J ) - D X l * A V 5 ~ J ) + D X 2 ~ A V 4 ( J ) )  

FMOD=SQRTF(GIVEN(13r2)**2+GIVEN(l4~2)~*2) 
IF (ABSF(FMOD-OLDMOD)- l .E -7 )  61,61963 

40 SIGN=-SIGN 

C---HAVE CONVERGED--- 
6 1  DO 6 2  J ~ 9 r 3 7  

POINf4(J)=GIVEN(J92) 
6 2  CONTINUE 

RETURN 
6 3  IF (NIT-99) 64,64966 
64 OLDMOD=FMOD 

GO TO 28 
C--- ERROR - NO CONVERGENCE--- 
66 WRITE OUTPUT TAPE N T A P E ~ 6 7 r O L D M O D ~ F M O D ~ G I V E N ~ l 3 9 2 ) ~ G I V E N ( 1 4 9 2 )  
67 FORMAT(4dH- ITERATIONS IN COMPUTING FIELD POINT EXCEED 100 / 

137HO MODULUS OF M PREVIOUS ITERATION =E1408/16HO MODULUS OF M 
2 20X*lHrE14.8/9HO M * R SE140896X97HM * I =E14081 

CALL EXIT 
END 
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24 

25 
26 

27 

JJ= J+JSIGN 
G I V E N ~ J + 2 4 r 2 ~ ~ C 4 ~ J J ~ . ( t / C ~ - ~ o O ~ ~ S I C N * T * Z o O * ~ C O M P ~ l ~ l ~ * * 3 * C 3 /  

G I V E N ( J + ~ ~ ~ ~ ) = ~ O O * A C O M P ( ~ ~ ~ ) / C O M P ( ~ * J )  
G I ~ ' E N ~ J + 2 8 r 2 ~ ~ G M + ~ ~ S I G N * ~ C O M P ~ l r r ) + C 3 / C O M ~ ~ l ~ J ~ + C 4 ~ J J ~ ~ C ~ +  

GIVEN(J+30r2)S-05+GIVEN(J+26r2) 
S IGNs-SIGN 
CONT I NU€ 
NCZNCOEFS-1 
DO 2 6  I=lr2 
GIVEN(I+18r2)~BMTION(I) 
IF (NC) 26r26r24 
K =  I 
DO 25 J-lrNC 
K=K+2 
G I V E N ~ I + 1 8 r 2 ~ ~ C I V E N ~ I + l 8 r 2 ) + B H T I O N ~ K ~ * G I V E N ~ 2 r 2 ~ * ~ J  
CONTINUE 
CON T I NUE 
SIGN=+ 1 0 
DO 27 1 - 1 9 2  
JSIGN~lo5*SIGN 
J =  I +JS I CN 
G!VEN(I+8rZ)~COSF(GIVEN(6r2))**2* (GIVEN(I+18r2)-GIVEN(I+l6rl))/ 

1 (GIVEN(2r2)-~IVEN(Zrl~~-SIGN*COSF(GIVEN(6r2~~*ACOMP~4r2~ 
2 *GIVEN(J+18t2)-( (GIVEN(6r2)-GIVEN(6r3) )/(GIVEN(3rZ)-GIVEN(3r3) 1 )  
3 *6IVEN(I+18t2) 

1 C ~ M P ( l r J ) + T * C O M P ( Z r J ) * C 4 ( J ) / C 2  

1 COMP( 2rJ)+C4( J) /C5 1 

SI GNs-S I CN 
CON T I NUE 
N I  T=O 
OLDMOD=O 0 

c --- START ITERATION --- 
28 NIT=NIT+l 

SIGN=loO 
IF (NIT-1) 29r29r30 

HALFZl e 0  
AV( 11=000 
A V ( Z ) = O o O  
GO TO 31 

29 1x1 

30 1-2 
HALFP.5 
AV(L)=AVl(lrl) 
A V  f 2 1 =AVl( 1 r 2  1 

31 DO 33 J-lrZ 
JSIGN=lo5*SIGN 
JJE J+JS I GN 
A V ~ ~ I r J ~ ~ ~ A V ~ J ~ + S I G N ~ A C ~ M P ~ 4 r I ~ * G I V E N ~ J J + l O r I ~ - G ~ V E N ~ 3 3 ~ 1 ~ *  

G I V E N ( J + 1 O ~ Z ) ~ C I V E N ( J + l O ~ l ~ + A V l ~ I ~ J ) * D S  
GIVEN(J+33r2~~(CIVEN(J+lOr3)-GIVEN(J+lOr2~~/DENOM 
SIGN=-SIGN 

SIGN'+1 0 
IF (NIT-1) 34*34r33 

HALF=loO 
GO TO 36 

1 CIVEN(J+8rII)*HALF 

33 CONTINUE 

34 1'2 

35 I l l  
HALFS.5 
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3 6  

36 

39  

40 

41  

4 3  

44 
4 5  

A V ( l ) = A V 2 f 2 * 1 )  
A V ( 2 ) = A V 2 ( 2 9 2 )  
DO 36 J = 1 9 2  

J J = J + J S I G N  
J S I G N s  1 a 5 *S I GN 

A V 2 ~ I ~ J ~ ~ ~ A V ~ J ~ + 8 C O M P ~ 4 ~ I ~ * ~ G I V ~ N ~ 2 2 ~ I + 1 ~ * G I V E N ~ J + 8 ~ I + l ~ - S I G N *  
1 G I V E N ~ 2 4 ~ I + 1 ~ * G I V E N ~ J J + 6 ~ I + l ~ ~ - B C O M P ~ 5 ~ I ~ * ~ G I V E N ~ 2 6 ~ I + l ~ *  
2 G I V E N ~ J + 1 2 ~ ~ + 1 ~ - S ~ G N * G I V E N ~ 2 8 ~ I + l ~ * ~ I V E N ~ J J + l 2 ~ I + l ~ ~ + B C O M P ~ l l ~ l ~  
3 * G I V E N ~ J + 3 3 ~ f + l ~ + B C O M P ~ l O ~ I ~ * G I V E N ~ ~ + l 4 ~ I + l ~ ~ B C O M P ~ l 2 ~ I ~ *  
4 G I V E N ~ J + 3 5 ~ I + 1 ~ - B C O M P ~ 8 ~ I ~ * ~ G I V E N ~ 3 ~ ~ I + l ~ * G I V E N ~ J + l 6 ~ I i l ~ - S I G N ~  
5 G I V E N ~ 3 2 ~ I + 1 ~ * G I V E N ~ J J + l 6 ~ I + 1 ~ ~ + S I G ~ ~ ~ C O M ~ ~ l 3 ~ 1 ~ ~  
6 G I V E N ( J J + ~ O I I + ~ ) ) * H A L F  

1 ( G I V E N ( 9 r 3 ) - G I V E N ( 9 ~ 2 ~ + A V 2 ( 1 ~ J ) * X M l N )  
G I V E N ~ J + 1 2 ~ 2 ~ ~ G I V E N ~ J + l 2 ~ 3 ~ + l ~ O / ~ ~ 5 * ~ B C O M ~ ~ 5 ~ l ~ + B C O M P ~ 5 ~ 2 ~ ~  ) *  

SrCN=-SICN 
CONTINUE 
I F  ( N I T - 1 )  39939940 
1-1 
H A L F X l  e 0  
AVA( l ) = O e O  
A V A ( 2 ) = O a O  
GO TO 41 
I = 2  
HALF=. 5 
AV(  1 )=AV3 ( 1 9 1  1 
A V ( Z ) = A V 3 ( 1 9 2 )  
A V A ( l ) = A V 4 ( l r l )  
A V A ( Z ) = A V 4 ( 1 9 2 )  
S 1GN=+1 e 0 
DO 4 3  J - 1 9 2  
JSIGN=1.5*SIGN 
J J = J + J S f G N  
A V 3 ~ I ~ J ~ ~ ~ A V ~ J ~ - G I V E N ~ J + l 2 ~ I ~ / G I V E N ~ ~ ~ I ~ - A C O M P ~ 3 ~ I ~ * G I V E N ~ J + l 4 ~ I ~  

1 + S I G N * A C O M P ~ 4 ~ I ~ * G I V E N ~ J J + l 4 ~ ~ ~ + A C O M P ~ 6 ~ I ~ * G ~ V E N ~ J + l 6 ~ I ~ -  
2 ACOHP ( 5 9 I 1 *GIVEN ( J+ 10 9 I 1 ) *HALF 

1 G I V E N ( J J + l O I I ) ) * H A L F  
A V 4 ~ I r J ~ ~ ~ A V A ~ J ~ + S I G N * A C O M P ~ 7 r I ) + C I V E N ~ J ~ + l 2 ~ I ~ + A C O M P ~ 8 ~ I ~ *  

C I V E N ( J + 1 4 t 2 ) ~ G I V E N ( J + l 4 ~ l ) + A V 3 ( I I J ) + D S  
G I V E N ( J + l 6 t 2 ) ~ G I V E N f J + l 6 ~ l ~ + A V 4 ~ I ~ J ~ * D S  
G I V E N ~ J + 3 5 r 2 ~ ~ ~ G I V E N ~ J + l 6 ~ 3 ~ - G I V E N ~ J + l 6 ~ Z ~ ~ / D E ~ O M  
SIGN=-SIGN 
CONT I NUE 
FMOD=SQRTF(GIVEN(l3,2)**2+GIVEN(l4*2)**2) 
I F  (A8SF(FMOD-OLDMOD)- leOE-7)  46946944 
I F  ( N I T - 9 9 )  45 ,45948 
OLDMOD=FMOD 
GO TO 28 
CONVERGED --- c --- 
P O I N T ~ ( I ) = G I V E N ( I I ~ )  

RETURN 

46 DO 47 I s 9 9 3 7  

47 CONTINUE 

c --- ERROR E X I T  --- 
CALL E X I T  

4 8  WRITE OUTPUT TAPE NTAPE, 1001 O L D M O D ~ F M O D ~ G I V E N ( 1 3 ~ 2 I ~ G I V E N ( l 4 ~ 2 )  

100 FORMAT ( 4 7 H -  ITERATIONS I N  COMPUTING BODY POINT EXCEED 100 / 
1 37HO MODULUS OF M * PREVIOUS I T E R A T I O N  = E 1 4 e 8 / 1 6 H O  MODULUS OF M * 
2 2 0 X t l H ~ E 1 4 e 8 / 9 H O  M it R = € 1 4 * 8 9 6 X 9 7 H M  * I X E 1 4 a 8 )  

END 
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SUBROUTINE O U S H O K ( P OINT1rPOINT2~POINT3~R~GR~GRATtGM~OMA~G~tFSHOK) 
C---FOR UNSTEADY FLOW--- 
C--- COMPUTES SHOCK POINT M r N  GIVEN POINT MrN-1 AND POINT M-l*N-l--- 
C--- A N D  GIVEN STEADY STATE VALUES FOR ALL THESE POINT'S 

DIMENSION GIVEN(37r3).FSHOK(28) r P A P I 2 ) r R A R ( 2 ) r D M L ( 2 ) r B C O M P o r  
1 A C O M P ( 8 r Z ) r R P ( 2 ) r T H E C O N ( 2 ) r A V ( 2 ) r A V l ( 2 )  

DIMENSION POINTl(l)rPOINT2(1)rPOINT3(1) 
COMMON NTAPE 

DO 2 Ill937 
GIVEN(Irl)=POINT2(I) 
GIVEN(Ir3)=POINTl(I) 

DO 3 I=lr8 

EFfCIVEN(8,2)-FSHOK(6) 
Cl*COSF(GIVEN(8,2)) 
Sl=SI NF ( EF 1 
SZ=Sl+S  1 
S3=SINF(CIVEN(8*2) 
C2=COSF(EF) 
c 31 c2 1 s  1 
TT=GIVEN(6rZ)-FSHOK(6) 
S4rSINFITT) 
C4=COSF(Tf) 
EA=CIVEN(Brt)-GIVEN(6r2) 
CSrCOSF ( E A )  
5 5 s  SI NF ( EA 1 
C6=Cl*Cl+FSHOK(4) 
CSl=S3+C 1 
DXl=GIVEN(2r2)-GIVEN(2*3) 
DXZ=GIVEN(2r3)-GIVEN(2rl) 
DX3=CIVEN(2r2)-GIVEN(2rl) 
DR=GIVEN(3r2)-GIVEN(3r3) 
DM=(GIVEN(4r2)-GIVEN(4r3))/DR 
DT=(GIVEN(6r2)-GIVEN(6*3))/DR 
DSR=(GIVEN(5*2)-GIVEN(5r3))/DR 
D M L ( l ) = ( G I V E N ( 4 r 2 ) - G I V E N ( 4 r 3 ) 1 / ( D X l * G I ~ E N ( 4 r 2 ) ~  
DML(2)=(GIVEN(4r3)-GIVEN(4rl))/(DX2*GIVEN(4r2)) 
DENOM=DXl*SINF(GIVEN(7r3))/COSF(GIVEN(6r3)4GIVEN(7r3)) 
DSN=(GIVEN(5*2)-CIVEN(5r3))/DENOM 
GIVEN(33rZ)sDSN 
El=SINF(GIVEN(7rZ)) 
E4=COSF(GIVEN(7r2)) 
E 3 9  El +DSN+GR 
E2tEl +E 1 
E5nEl/(E4+GIVEN(3rZ)) 
E6lEl +E4 

E7=E4+E4 
E8=T/E7 
E9=El+OMA/GIVEN(4*2) 

C--- STORE POINTS IN GIVEN-*- 

2 CONTINUE 

3 GIVEN(Ir2)=POINf3(1) 

T=1.+.5+GM/E2 

E10=2o+T*E2+E3 
E 1 1 = E  
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~ c ~ ~ P ! Z ; ~ ! = C ~ S P ! ~ ! ? E ~ ! ! ~ : ~ ! A ~ ! ~ ~ ~ ~ ! ~ ~ N ! ? ~ ~ ! !  
8COMP(3tJ)~BCOMPIlrJ)/~COMP(2rJ~ 

S I GN* 1 
C---NOW COMPUTE A r B r P  

DO 8 J=1r2  
J S I G N = l o S * S  t G N  
K =  J+ JS I C N  
C I V E N ~ J + Z O r Z ) ~ B C O M P I 3 ~ J ~ * ~ E 5 - D M L ~ K ) / E 6 ) + S I G N * E l 3 / B C O M P ~ 2 ~ J ~  
GIVEN(J+ZZr2)=-SIGN+E9/6COMPI2rJ) 
G I V E N ~ J + 2 4 r 2 ~ = E 1 1 ~ D M L ~ J ~ - S I G N * E l O / B C O M P ~ 2 r J ~ + E 8 * D M L ~ K ~ * ~ C ~ ~ ~ 3 ~ J ~  
G I V E N ( J + 3 0 r 2 ) = - E l Z / B C O M P I 2 r J )  
G I V E N ( J + 2 8 * 2 ) = C M * (  (DML(J)+DML(K)+BCOMP(3rJ))/El4~SIGN*E3~6COMP~2 

GIVEN(J+26*2)=-2o*GIVEN~J+3Ov2) 

7 S I G N = - S I G N  

1 tJ)  1 

8 S I G N = - S I G N  
AMlFS=SZ*FSHOK ( 22 1 
A l = ( Z o + Z o / A M l F S ) / G P  
C ~ C ~ * ( A ~ * S ~ - ~ O * S ~ * C ~ / G P ) / D X ~  
D--Al*OMA*C 1*S5  
C C O N ~ C ~ G I V E N ~ 1 9 r l ~ + S 5 ~ ~ F S H O K ~ Z S ) / S 1 - A l + ~ C 2 * F S H O K ~ Z 3 ~ ~ S l * F S H O K ~ l 3 ~  

l))-FSHOK(23)*S4-FSHOK(13)*C4 

l)-S4*FSHOK(24)+C+CIVEN(20*1) 
H C O N ~ S 5 * ~ F S H O K ~ ~ 6 ~ / S l - & l * ( F S H O K ~ ~ 4 ~ ~ C 2 - F S H O K ~ l 4 ~ * S l ~ ~ - C 4 * ~ S H ~ K ~ l 4  

C-C-bM 
CSDS=C*C+D*D 
P A P C O N ~ 2 ~ + F S H O K ( 3 ) * S 2 / ( F S H O K ~ 3 ) * S 2 - G R A T )  
RARCON=Z.*FSHOK(Z ) / ( l o - F S H O K (  11*CZ+CZ) 
DO 10 J Z l r 2  

10 THECON(J)=-FSHOK(J+1Z)*S4+~4*FSHOK~J+2~)+Al*C5*~FSHOK~J+l2)*Sl 
l-C2*FSHOK(J+22))-FSHOK(J+24)*C5/Sl 

DO 13 J S l r 2  
K =  J+l 
C C f C O S F ( G I V E N 1 7 r K ) )  
SS=SINF ( G I V E N (  7 r K  1 ) 
ACOMP ( 1 * J 1 =CC/S S 
AcOMP(2rJ)=ACOMP(lrJ)/GIVEN(4rK) 
ACOMP(3*J )=CC*SS*GR 
A C O H P ( 4 r J ) = S S / C O S F ( G I V E N ( ? , K ) + C I V E N ( 6 , K ) )  
A C O M P ( ~ ~ J ) X ~ ~ / ( G I V E N ( ~ ~ K ) * G I V E N ( ~ ~ K )  1 
ACOMP(6rJ I ' o5+SS*SS/GM 
A C O M P ( ~ ~ J ) P A C O M P ( ~ ~ J ) * A C O M P ~ ~ ~ J )  
ACOMP ( 8  r J) =OMA*GR/GIVEN ( 4  r K )  
G I V E N ( J + 8 r Z ) = O e  

A2=(GIVEN(4r2)*SINF(GIVEN(6r2))-FSHOK~Z7))/GIVEN(3r2) 
A 4 = G R A T * G l V E N ( 4 r 2 )  

A 6 = A 5 / F S H O K (  2 

13 CONTINUE 

A S ' l o - A 4 * G I V E N I 4 r Z )  

A V C O T = 2 . / ~ A C O M P ~ 2 * l ~ + A C O M P ~ Z ~ 2 ~ ~  
C---START I T E R A  T I  ON--- 

OLDMODtOo 
N I T = O  

28 N I T = N I T + l  
C-- -FIRST D E F I N E  M2*--- 

I T  (NIT-2) 3 0 r 3 1 r 3 2  

HALF=lo 
A " ( l ) = O e  
A V ( 2 ) = 0 0  

30 I=Z 
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GO TO 32 

HALF=e5 
AV( l)=AVl(l) 
AV(Z)-AV1(2) 

DO 35 JflrZ 
JSIGNI1 e5*S IGN 
K =  J+JSIGN 
A V 1 ~ J ~ ~ H A L F * ~ A V ~ J ~ + A C O M P ~ ~ ~ I ~ * ~ G I V E N 1 Z l r ~ + l ~ * G I V E N ~ J + 8 ~ I + l ~ ~ S I G N  

~ * G I V E N ~ ~ ~ ~ I + ~ ~ * G I V E N ~ K + ~ ~ I + ~ ~ ~ + A C O M P ~ ~ I I ~ * ~ G I V € N ~ ~ ~ ~ I + ~ ~ * G I V E N ~ J + ~  
2 Z ~ I + 1 ~ ~ S I G N * C I V E N ~ 2 7 ~ I + l ~ * G I V E N ~ K + l ~ r I + l ~ ~ + A C O M P ~ 4 ~ I ~ * ~ A C O M P ~ 3 ~ ~ ~  
3 + G I V E N ~ J + 3 3 r l + ~ ~ - A C O M P ~ 5 r I ) * G I V E N ~ J + ~ 4 ~ I + l ~ - S I G N * A C O M P ~ 8 ~ 1 ~ *  
~ G I V E ~ ~ K + ~ O I I + ~ ~ ~ + A C O M P ~ ~ ~ I ~ * ~ A C O M P ~ ~ ~ I ~ * ~ G I V ~ N ~ ~ ~ ~ I + ~ ~ * G I V E N ~ J + ~ ~ ~  
5 I + 1 ~ - S I G N + G I V E N ~ 3 l r I + l ~ * G I V E N ~ K + l 6 ~ I + 1 ~ ~ - A C O M P ~ 7 ~ I ~ * G I V E N ~ J + 3 5 ~  
6 I+1))) 

l-DXl*AVl( J) 1 

31 101 

32 SIGN-le 

G I V E N ~ J + 1 2 r 2 ) ~ G I V E N ~ J + l 2 , 3 ) + A V C O T * ~ G I V E N ~ J + 8 ~ Z ~ ~ G I V E N ~ J + 8 ~ 3 ~  

3 5  SIGN=-SIGN 
C--- DEFINE R2 AND ITS DERIVATIVES--- 

G=GCON+GIVEN(13+2) 
H=HCON+GIVEN(14r2) 
GTVEN(~~~Z)P(C*G+D*H)/CSDS 
GTVEN(20,2)=(C+H-D*G)/CSDS 
SIGN=le 
DO 36 Jfl92 
RP(J)t(GIVEN(J+18r2)-GIVEN(J+1891) )/OX3 
GIVEN(J+14r2)~FSHOK(J+l4)+A2*GIVEN~J+l8~2) 

DO 37 J p 1 ~ 2  

K =  J+ J S  I GN 
RAR(J)= -RARCON*(FSHOKIJ+ le ) -C3*FSHOK(J+8)+FSHOK(J+6) -RP(J )  

~ * ~ F S H ~ K ~ ~ ~ ~ / S ~ - C S ~ ~ + G ~ V E N ~ K + ~ ~ I ~ ~ * S ~ ~ N * C ~ * ~ A / ~ S ~ * F S H ~ K ~ ~ ~ ~ ~  
P A P ( J ) = P A P C O N * ( F S H O K ( J c l B ) - F S H O K ( J + 6 ) - F S H O K ( J + 8 ) * C 3  

G I V E N ( J + l 6 * 2 ) ~ A 5 + ( P A P ~ ~ ~ - R A R ( J I ) + A 6 + ( F S H ~ K ~ J + l 6 ~ ~ ~ e * F S H O K ~ l ~  
1 * F S H O K ~ J + 1 8 ~ ~ + 2 e * G ~ A T * G I V E N ~ ~ * Z ~ * ~ G I V E N ~ J + l ~ ~ 2 ~ ~ D M * G I V E N ~ J + l ~ ~ Z ~ ~  

G I V E N ( J + ~ ~ ~ ~ ) = ( G I V E N ( J + ~ ~ I ~ ) - G I V E N ( J + ~ ~ ~ ~ ) ) / D E N O M  
G I V E N ( J + ~ O I ~ ) = F S H O K ( J + ~ O ) - G ~ V E N ( J + ~ ~ ~ ~ ) + D S R + ~ R * P A P ( J ) - R A R ~ J ) / G R )  

G I V E N ~ J + 3 3 * Z ~ ~ ~ G I V E N ~ J + l O ~ ~ ~ ~ G I V E N ~ J + l O ~ 3 ~ ~ / D E N O M  
C : V E N ( J + 8 r Z ) = ( T H E C O N I J ) + R P I J ) + C 6 + ( A 1 + C 4 - 4 e * S l * S 5 / G P ) - G I V E N ~ J + l 8  

36 CONTINUE 

JSIGN=leS*S1GN 

l + ~ C 6 + C 3 * R P ~ J ~ - S I G N * O M A + C 1 + C I V E N ~ K + l 8 ~ z ~ / S l ~ / F S H O K ~ 4 ~ ~  

1 / 5 M  

~ ~ Z ~ * C I V E ~ ~ ~ * ~ ~ * D T - A ~ * G I V E N ~ K + ~ ~ I ~ ~ * O M A * C ~ * C ~ * S I G N ~ / G I V E N ~ ~ ~ ~ ~  
17 SIGN=-SIGN 

F~OD=SQRTF(GIVEN(13r2)**2+GIVEN(l4~2)**2) 
IF (ABSF(FMOD-OLDMOD)-leE-7) 61,61963 

C--- HAVE CONVERGED--- 
61 DO 62 J-9937 

POINT3(J)=GIVEN(J*2) 
62 CONTINUE 

RETURN 
63 IF (NIT-99) 64rB4r66 
64 OLDMOD=FMOD 

GC) TO 28 
C--- ERROR - NO CONVERGENCE--- 
66 WRITE OUTPUT TAPE N T A P E I ~ ~ ~ O L D M O D I F M O D ~ G I V E N ~ ~ ~ ~ ~ ) ~ G I V E N ( ~ ~ ~ ~ )  
67 F3RMATt54H- ITERATIONS IN COMPUTING OUTER SHOCK POINT EXCEED 100 

1/37HO MODULUS OF M * PREVIOUS ITERATION * E1408/16HO MODULUS OF M 
2* ZOX,lH=E14e8/9HO M * R E1408r6X.7HM I * E14081 
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SlIRRnClT! !E CTA!? :FS; :;7 rfR,GR*Om~ *OWL) 
C---THTS SUBROUTINE COMPUTES THE COEFFICIENTS Al*A2tB3*84*P3*P4--- 
C---FOR A GIVEN POINT--- 

DIMENSION POINT(l)tBCOMP(3rZ)(DML12) 
SIGNS1 
DO 7 Jp1s2 
B C O M P ( l ~ J ) ~ C O S F ~ P O I N T I 6 ) - S I G N * P O I N T ~ 7 ~ l  
BCOMP(2*J)~COSF(POINT~6~+SIGN*POINT~7~l 
BCOMPL3*J)=BCOMP(lrJ)/BCOMP(Z*J) 

El-SINF(POINT(7)) 
E 2=El+* 2 
E?=El*POINT(33)*GR 
€4=COSFIPOINT(7)) 
E5=El/(E4*POINT(3)) 
E6=El*E4 

EB=T/ (E4*E4) 
E9=El*OMA/POINT14) 

7 SIGN=-SIGN 

T=lo+o5*GM/E2 

E!O=Zo*T*EZ*E3 
El l=E8-1 
El2=OMA/(E4*POINT(4)) 
€13=€3*El*EZ/E4 
€14=2**€2*€4*E4 
S TGN-1 
00 8 J = l r 2  
JSICN=lo5*SIGN 
K= J+JSI GN 
P O I N T ~ J + Z O ~ ~ B C O M P ~ 3 ~ J ~ * ~ E 5 - D M L ~ K ) / E 6 ~ + S I G N * E l 3 / 6 C O M ~ ~ Z * J ~  
P O I N T ( J + 2 2 ~ ~ - S I C N * E 9 / B C O M P ( 2 r J )  
P O I N T ~ J + 2 4 ~ ~ E 1 1 * D M L ~ J ~ - S I G N * E l O / ~ C O M P ~ Z ~ J ~ i E S * D M L ~ K ~ * B C O M ~ ~ 3 * J ~  
P O I N T ( J + 3 0 ) = - € 1 2 / B C O M P ( 2 ~ J )  
P O I N T ~ J + 2 8 ~ ~ C M * ~ ~ D M L ~ J ~ + D M L ( K ~ * B C O M P ( 3 , J ~ ~ / E l 4 - S I G N * E 3 / B C O M P ~ 2 ~ J ~  

P O I N t ( J + 2 6 ) = - 2 o * P O I N T ~ J + 3 0 )  
1 )  

8 S ZCN=-SXCN 
RETURN 
END 
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SURROUTINF P R E l c n  ! ~ ' ; 6 P ; ~ A ~ ~ ; ~ . E ~ : . T E W P i  
c -a- CALCULATES AND P R I N T S  PRESSURE R A T I O  AND D E N S I T Y  R A T I O  --- 
c --- FOR BODY P O I N T  --- 

COMMON NTAPE 
D I M E N S I O N  T E M P ( l ) , P R E S S R ( 2 ) r O E N S R ( Z )  
G'(l~O+o5+GM+EMI ) * ( lmO-GM+TEMP(4)**2/BP) 
E = E X P F ( - T E M P ( S ) / R I  
Pl=G*+(GAMA/GM)*E 
R H O l ~ G + * ( l e O / G M ) * E  
VH~loO/(*5+SINF(TEMP(7))*~2/~M) 
H R ~ ~ T E M P ~ 1 7 1 ~ V H * T E M P ~ 1 3 1 / T ~ M P ~ 4 1 ~ / ( 1 . O - . 5 * V H 1  
H I ~ ~ T E M P ( l 8 ) - V H + T E M P ~ l 4 ~ / T E M P ~ 4 1 ~ / ( 1 ~ 0 ~ ~ 5 * V H ~  
P R E S S R ( l ) = P l * ( H R + G A H A / G M - T E ~ ~ l l ) / R )  
PRESSR(2)=Pl*IHI+GAMA/GM~TEMP~lZ)/R) 
D E N S R ~ l I ~ R H O l * ~ H R / G M - T E H P ( 1 1 ) / R )  
DENSR(2)~RHOl*(HI/GH-TEMP(l2)/R) 
WRITE OUTPUT TAPE NTAPEI 900s  P R E S S R ( ~ I I P R E S S R ( ~ I I D E N S R ~ ~ ) I  

RETURN 
1 D F N S R ( 2 )  

900 FORMAT ( ~ ~ X I ~ ~ H P R E S S U R E  R A T I O  ~ E 1 4 0 7 ~ E 1 6 m f / 3 6 X ~ l 6 H O E N S f T V  R A T I O  = 
1 E 1 4 0 7 , E 1 6 0 7 / / )  
END 
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SUBROUTINE PRINT (NeMWANS) 
DIMENSION ANS( 1) 
COMMON NTAPE 

I F  (10 -61  l O * l l r l l  
I D= ANS ( 1 ) +e 3 

10 W R I T E  OUTPUT TAPE NTAPE, 9009 N I M I I D I A N S ( ~ ) * A N S ( ~ ~ ~ A N S ( ~ O ) ~  
1 ANS( 1 3 )  rANS( 14) 

GO T O  1 2  

1 A N S ( 1 4 )  

1 4 N S ( 1 6 )  

11 WRITE OUTPUT TAPE NTAPEI 9019 ID,ANS(t)rANS(9)rANS(lO)*ANS(13)* 

1 2  W R I T E  OUTPUT TAPE NTAPEI 9029 ANS(3)rANS(ll)*ANS(12)rANS(lS)( 

GO TO ~ 1 3 ~ 1 4 r 1 4 r 1 5 r 1 3 ~ 1 3 ~ 1 4 ) r l D  
13  W R I T E  OUTPUT TAPE NTAPEI 9 0 3 ,  ANS117)eANS(18)  

14 WRITE OUTPUT TAPE NTAPE, 9049 ANS(19)rANS(20lrANS(l7)9ANS(l8) 

15 WRITE OUTPUT TAPE NTAPEI 9059 A N S ( 8 ) r A N S ( 1 9 ) r A N S ( 2 O ) r A N S ( 1 7 ) ,  

RETURN 

RETURN 

1 A N S ( 1 8 )  
RETURN 

900 FORMAT ( l H O * I 3 * 1 6 9 1 5 , 7 X * 3 H X  =E13o7*6X,BHTHETA 2 = E 1 4 0 7 9 E 1 6 * 7 * 6 X *  

9 0 1  FORMAT ( l H 0 * 9 X * 1 5 9 7 X 9 3 H X  = E ~ ~ ~ ~ ~ ~ X I B H T H E T A  2=E14.79€1607*6X1 

9 0 2  FORMAT (22X*3HR =E1307r6X18HS 2 f E 1 4 0 7 * E 1 6 e l r 6 X 9 7 H M  * W2= 

903 FORMAT (88X 97HH2 /H1 =E14 079 E160 7 1 
904 FORMAT (44XsBHR 2 6 PE1407rE1607,6X97HH2/Hl  = E 1 4 0 7 9 E 1 6 * 7 )  
9 0 5  FORMAT ( ~ ~ X * ~ H E P S L N = E ~ ~ O ~ * O X , ~ H R  2 ~ E 1 4 e 7 , E 1 6 e 7 r b X * 7 H H Z / H l  = 

1 7HM * 2 = E 1 4 0 7 * E l 6 0 7 )  

1 7HM * 2 'E1407rE16.7) 

1 E14.7*E16.7) 

1 E1407*E16.7)  
END 



Card No. 5 

where  

Card No. 6 

where 

Card No. 7 

where 

Card No. 8 

where 

BSHAPE (1  NSF:G) = Io# ( " l se t  pcir , t ,  1 ~atj-a:gl-,t 

l i n e ,  2 f p a r a b o l a ,  3 s o g i v e )  
I 

&SHAPE (2,NSEG)= x ~ 

BSHAPE ( 3 , N S f i G ) =  y I 
BSHAPE ( 4  ,NSEG)= 8 

BSHAPE (5,NSEG)= A f l  

I 

BMTION( I ) ,  I = 1 , N C  

2314.8 
BMTION= one d imens iona l  array c o n t a i n i n g  co- 

e f f i c i e n t s  of  po lynomia l  e q u a t i o n  
d e s c r i b i n g  body mot ion;  s t o r e d  as 
a o R ,  sol, Q I R ,  a ~ ~ ,  etc. 

((START(I,N>,I=1,11),N=l,NSTPTS) 
4E13.8/4E13.8/3E13.8 

STARPT= Two d imens iona l  array c o n t a i n i n g  t h e  

uns t eady  q u a n t i t i e s  g i v e n  f o r  t h e  

s t a r t i n g  p o i n t s  a l o n g  t h e  f i r s t  l e f t  
r u n n i n g  c h a r a c t e r i s t i c  l i n e  i . e .  O Z R ,  eZz, 

S z R , S i L ,  M ~ R ,  

FSH@K( I )  1 = 4 , 5 , 6 , 9 ,  t h rough  18  
5E14.8 
FSHO K= 

NC@NT 
I 4  

NC@NT= 

o n l y  i f  N$P1# 0 

Row number a t  which c o n t i n u a t i o n  r u n  
w i l l  s t a r t  

I 
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V. DESCRIPTIONS OF INPUTS 

The inputs are read in on punched cards. Eight types of 
cards are used 
below. 

Card No. 1 

where 

Card No. 2 

where 

Card No. 3 

where 

Card No. 4 

where 

for this program. The description of each is listed 

NSEGS NSTPTS NC@EFS N@P1 
I 4  I 4  I 4  I 4  

NSEGS= T o t a l  number of segments in the body 
NSTPTS= Number of starting points given along 

the first left running characteristics 
NC$EFS= Number of coefficients in the polynomial 

equation describing body motion 

1, if this is a continuation run. 
N@P1= 0, if this is not a continuation run; 

GAMA R EM1 THETAC $MA 
5 E 1 4 . 8  
GAMA = '$ (ratio of specific heats) 

R= Gas constant 
2 ElVII= M,, free stream mach number squared 

@MA= a/a*, circular frequency divided by the 
THETAC= ' 8 c  , semi-cone angle 

modified sound velocity 

R2SR R 2 S I  

2 E 1 4 . 8  

H2SR, R 2 S I =  The real and imaginary parts of 
r2 at the starting point on the 
shock. 

(BSHAPE(I,NSEG), I=1,5), NSEG=l,  NSEGS+l 
F 2 . 0  4 E 1 3 . 7  

BS€IAPE= Two dimensional array containing body 
shape information for each segment 
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