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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 also computed by the method of characteristics.
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I. INTRODUCTION

This report describes a program code written in FORTRAN
language for computing the unsteady supersonic flow field by the
method of small perturbation. The theoretical development has
been reported in Ref. 1. The steady flow field from which the
unsteady flow 1is computed 1s furnished by another computer pro-
gram reported in Ref. 2. At the starting line, the unsteady flow
data must be supplied. These quantities can be obtained from the
solution of an oscillating cone, which is reported in Ref. 3.




II. EQUATIONS FOR UNSTEADY PERTURBATIONS

The unknown quantities to be computed at a field point
or at a body point are the followlng:

My, 6,, M, , == ond (ﬁ‘«?) .

There are five equations F1 through F5 or Bl through B5 from

which the unknowns can be calculated. At a shock point, either
primary or secondary, there 1s an additional unknown namely the
amplitude of the shock motion Yo to be determined and an additional

equation is provided. The shock point equations are S1 through
S6.

These equations listed in the following pages are written
in the form suitable for the final iterations. The first approxi-
mation can be made by replacing the quantities at m,n at the
right hand side by either quantities at m,n-1 or at m-1l,n which-
ever is appropriate. The subscript 1 refers to the steady quan-
tities which are already known from the steady flow solution.

The subscript 2 refers to the unsteady quantities.

In the shock point equations, the subscript f refers to
conditions before the shock and the subscript a refers to con-
ditions behind the shock.

The point E is an upstream point from m,n. It is an
intersection of the streamline from m,n and a characteristic
line either from m,n-1 or from m-1,n. Values at point E are
obtained by interpolations. Auxiliary quantities appeared in
these equations are listed 1n separate sheets following these
equations.

The unknowns in unsteady flow are all complex quantities.
In actual computations, the subroutines should be written in

complex operations, or the equations be separated into real and




he subroutines in the nresent oprogram are

en according to the latter procedure.




Fleld Point Equations:

_ / { * Cof/v(
2 -
(655, ), 2 T et
' M,n--‘l-

’ m-{n
+ * (Ca?‘/l—/ _
Zman\ M" /m-fn 2m-1 n 2mn-1

~ | cof A 6 Cot M/ * cospd, Sin'ph; | dSa
[ o /‘"l [ 2 'f M-r P3M2_ + Cos{6,+/ul) )’R, d}?l

o shs o ,o
Sinpi 1 M“fa oM A d(“—’:)v‘ cot M Bil‘{é)
T cos(e,u,) & M*  cos(grp) V2 dn, vl

Sin M / () 5;] (Xm _ an/)
N L, 7t
m

cos (6,+u,) M™ Ya* R -
N3

Cof/(/ ' * Cos,(/,Sl.nz/Jl /| dSa
+[C0f/", Az 62_ - MI* ef Mz ‘+ cos(a,—/.l,) xﬂ dﬂ,

, N 4, (42
M“i cosc;;/-x/l,) V3 d"/(-ﬁ )— C°7"/“I ¢ V {'ﬁ)

Sin M, N
Co.S(e,—;(, g—

Sin M / S
- * 1] (xm,n - Xm—/, n)
m-

cos (6,-u,) M* Ya* R

L
2,n

(F~-1)




_ Co‘f/l _ * o7
Orne = O~ (o) M, M,MJ +[c M0 A, 6,

mfn

*
Cosﬂ,Sm/J/ s dS; + Sin M, | Mur,

- i"f_/u:.p M4
M Ty ™y Cos (6,-H,) YR dn, cos(g-p) ¢ MS
e oty 8, B (4
COS(G‘/“) Vz d”({ Co /ul 2- 41)

SinM / W Sa

- X - _

Cos (9,- u,) MY Ta* r ]m—J-,-, ( m,n Xm ’,")
2'

(F-2)
Along the streamline:

*
¥ L 4 l * . 4 l:“) M“rz
Murymn = Mg ¢ {——}—[M‘ t 3in g, M“rz] T ar M*

[ae (ﬂz)'- = Sm,ul J}-’-(E ) 4

(F -3)

Samna _ Sag _ WS, _ 4a

R TR +{Q'M“‘R. zdn ) © Ak

! = (E; mn)

(F - 4)

4’) N / [ (W %t M SInMI S ]

t = T (M 1 x 44
(‘ﬁ, mn ‘4,.)5 ! 4, a ( 2 r R )
?z -z-l-(E;m,n}

(F-5)

where

44 = [(Xm.n’ X'E)z'/' {ﬁ'm— }E)z]—zl-




Body Point Equations:

Along the characteristic line Ay :
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Shock Point Equations:

Along the characteristic line A
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Conditions across the shock at point m,n:
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Definitions of Auxiliary Quantities:
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III. DESCRIPTION OF THE COMPUTER PROGRAM

The computer program consists of
subroutines. The function of each progra

1) Main program

The main program controls the
The logical order of this program
steady state program. The points
order as the steady case. When a
puted, the identification code is
ing to the code, it is 1dentified
point or a shock point. The appr
then called when they are needed.

2) Subroutine FIELD

This subroutine computes the
tities at a field point.

3) Subroutine BODY

This subroutine computes the

a body point.
4) Subroutine OUSHOK

This subroutine computes the
outer shock point. The unsteady
puted.

5) Subroutine STAR

This subroutine computes the
B3,B4,P3,Pu.
6) Subroutine PRESSD

This subroutine calculates an

ratio and the density ratio.

16

a main program and six
m 1s described below.

process of computation.
follows that of the

are computed in the same
point is to be com-
first tested. Accord-
as a fileld point, body
opriate subroutines are

unsteady unknown quan-

unsteady unknowns at

unsteady unknowns at a
shock slope is also com-

coefficlients Al’A2’

d prints the pressure




7) Subroutine Print

This subroutine prints the results

IV. LISTING OF THE COMPLETE PROGRAM

The complete program is listed in the following pages.

17




aXaNakaNaXaXakaNa!
|
1
|

OB ODOD

c -—— -

10

C —— -

DRe PoToHSU He MC CALLUM MIT EXTe 2430 ===
AIRLOAD DUE TO SMALL LATERAL OSCILLATIONS OF A BODY OF REVOLUTION-
IN SUPERSONIC FLIGHT =--

UNFLAVOR I UNSTEADY STATE PROGRAM —=-

ALLOWS FOR SMOOTH CORNERS AND EXPANSION CORNERS IN THE BODY —---

PROVIDES FOR CONTINUATION RUN =---

USES LOGICAL TAPE ITAPE AND NTAPE FOR INPUT AND OUTPUT ---

USES TWO USER TAPES - LOGICAL KTAPE AND LTAPE =---

FORTRAN I1 PROGRAM =---

DIMENSTON BSHAPE(8s21)sSTARPT(119100)sPOINT(375150)sTEMP1(37))
1 TEMP2(37)sSHAPE(3453) 4BMTIONI21) sHALFPT(37)sTEXP(37)
2,FSHOK (28) 4DML(2)

COMMON NTAPE

TPOLTF(Y1sY2)=FACT*(Y2-Y1)+Y1

ITAPE= &

NTAPE= 2

KTAPE= 9

LTAPE=10

WRITE OUTPUT TAPE NTAPEs 900

SHAPE(191)2626351213127

SHAPE(2+1)=306360433145

SHAPE(3+11=256060606060

SHAPE(142)1=472151212246

SHAPE(2+2)2432160606060

SHAPE(3+2)2606060606060

SHAPE(1+3)2462731652560

SHAPE(2+3)2606060606060

SHAPE(3+3)2606060606060

READ INPUT TAPE ITAPEs 901, NSEGSsNSTPTSyNCOEFSsNOP1

READ INPUT TAPE ITAPE, 902s GAMAsRsEMIsTHETACsOMA

READ INPUT TAPE ITAPEs902,R2SR,R2SI

GP=GAMA+140

GM=GAMA-1,0

GR=140/( GAMA#R)

GROMA=GR*OMA

GRAT=GM/GP

WRITE OUTPUT TAPE NTAPEs 903s NSEGSsNSTPTSsGAMAsRsEMI+THETAC»OMA

READ AND PRINT BODY SHAPE INFORMATION ---

NCORNS=NSEGS+1

READ INPUT TAPE ITAPEs 904, ((BSHAPE(ISNSEG)s1=1+5)sNSEG=1r
1 NCORNS)

WRITE OUTPUT TAPE NTAPE» 905

DO 10 NSEG=1sNSEGS

ID=BSHAPE (1 +NSEG) +45
WRITE OUTPUT TAPE NTAPEs 9069 NSEGs (SHAPE(1+ID)sI1s1+3)s(BSHAPE(T)
1 NSEG) 912245)

CONTINUE
WRITE OUTPUT TAPE NTAPEs 907s (BSHAPE(I,NCORNS)sI=2s3)

READ AND PRINT BODY MOTION INFORMATION —--

NC=2#NCOEFS

READ INPUT TAPE ITAPE»s 908, (BMTION(I)sI=1sNC)

WRITE OUTPUT TAPE NTAPEs 909s (BMTION(I),I=1sNC)

READ INPUT TAPE ITAPE»s 910s ((STARPT(IsN)sI=1+11)sN=1sNSTPTS)
WRITE OUTPUT TAPE NTAPEs 911

READ INPUT TAPE ITAPE+902»(FSHOK(I)4I=64s6)s (FSHOK(I)»1=9+18)

SMaFSHOK (4) #%2

TERM=GM#* SM

FSHOK (1) =TERM/GP

FSHOK (2)=1e~FSHOK (1)

FSHOK (3) =4 ¢ *GAMA®SM/ (GP* (GP~TERM) )

18




C ==

C =-—=-
11
12

145

15
C ~=-—
16
161

17

1700

1702
1703
1704

1705
C==-T0

FSHOK {191 =FcHOKX 113 /FSHOK t 4)
FSHOK (20)=FSHOK (14)/FSHOK(4)
FSHOK (21 )= 45% (GP~TERM)
FSHOK (22)=SM/FSHOK(21)
FSHOK (T)=(FSHOK(17)-2+#FSHOK( 1) #FSHOK(19) ) /FSHOK(2)
FSHOK (8)=(FSHOK(18)~2#FSHOK{ 1) #FSHOK (20)) /FSHOK(2)
FSHOK (23 )=FSHOK (4) #FSHOK(9)
FSHOK (24 )sFSHOK (&4 ) #FSHOK(10)
FSHOK (25 )24 ¢ #FSHOK (21 ) #FSHOK(T)/(GP%FSHOK(4))
FSHOK (26 )24 o #FSHOK (21 ) #FSHOK(8) /(GP#FSHOK(4))
FSHOK (2T )=FSHOK (4 ) #SINFI(FSHOK(6))
FSHOK (28)=COSF{FSHOK(6))
JGO=1
INITIALIZATION ===
REWIND KTAPE
REWIND LTAPE
1END=0
N=0
IH=0
IF (NOP1) 11514911
FOR CONTINUATION RUN ===
READ INPUT TAPE ITAPEs 901, NCONT
READ TAPE KTAPEs (TEMP2(I)s1218)
READ TAPE LTAPEs NsMy(POINT(IsM)yI=x1,37)
IF (N=NCONT+1) 12913913
10=POINT(1sM)+45
I1F (ID=-2) 12s14912
READ NEXT POINT FROM STLADY STATE TAPE —=-
READ TAPE KTAPEs» (TEMP2(1)sI=1+8)
GO TO (1459140} IGO0
JGO=1
DML(2)={TEMP2(4)~STARM) 7/ (STARM®(TEMP2(2)-STARM))
CALL STAR(POINT(191)9GRyGMyOMA DML )
CONTINUE .
ID=TEMP2(1)+e5
IF (1D) 48,445,115
GO TO (22926+48933916230938»38938948)41D
STARTING POINT -—=-
N=N+1
M=1
IF (ABSF(TEMP2(2)-STARPT(11sN))~-1,0E-6) 161916150
DO 17 I=1,10
TEMP2(1+8)=STARPT(1N)
CONTINUE
NCC=NCOEFS-1
DO 1703 1Is1,2
TEMP2(I+18)=BMTION(I)
IF (NCC) 1703,1703,1700
K=l
DO 1702 J=1sNCC
Ka2K+2
TEMP2(1+18)=TEMP2(1+18)+BMTION(K)#TEMP2(2) %%
CONTINUE
CONTINUE
ID=TEMP2(1)+.05
IF (1D=4) 1705417041705
TEMP2(19)=R2SR
TEMP2(20)=R2SI
CONTINUE
DEFINE DERIVATIVES FOR STARTING POINT=—=-




170
171

172

179

18

21

C ———
22

23
231
24

C —-——

25

IF (N-1) 17091709172
DO 171 J=33,37
TEMP2(J) =0,

JGO=1

DML(1)=0.

DML(2)=0,

CALL STAR(TEMP2+GRsGMsOMA DML )
STARX=TEMP2( 2}
STARS=TEMP2(5)
STARM=TEMP2(4&)

GO TO 179

DENOM=({TEMP2(2)-STARX)I*#SINF(TEMP2(T7))/COSFITEMP2IT)I+TEMP2(6))

TEMP2(33)u(TEMP2(5)1-STARS)/DENOM
TEMP2(34)=(TEMP2(11)~STARPT(3sN-1))/DENOM
TEMP2(35)={TEMP2(12)-STARPT(4sN-1))/DENOM
TEMP2(36)=(TEMP2(17)-STARPT(9+N-1))/DENOM
TEMP2{3T)=({TEMP2(18)-STARPT(10sN--1))/DENOM
DML(1)=(TEMP2(4)~STARM)/(TEMP2(4)*{TEMP2(2)-STARX))
STARX=TEMP2(2)

STARM=TEMP2{4)

STARS=TEMP2(5)

JGO=2

CONTINUE

CALL PRINT {(NsMsTEMP2)

WRITE TAPE LTAPEs NoeMs{TEMP2(1)9I=1937)

IF (N-1) 189184920

DO 19 I=1,37

POINT(Is1)=TEMP2(1)

CONTINUE

CALL PRESSD (GMsGP»GAMASRIEMI»TEMP2)

GO TO 14

UPDATE MEMORY =--

DO 21 I=14937

TEMPI(I)=TEMP2(1)

CONTINUE

MP=1

GO TO 14

FIELD POINT =—-=-

M=M+1

IF (M=150) 234923949

MP=MP+1

1D=POINT(1aMP)+e5

1F (ID=7) 244419231

1IF (ID-9) 43443448

CALL FIELD (POINT(1eMP)sTEMP1sPOINT(]1sMP~1)sTEMP2sGMsGRsOMA
GROMA)

UPDATE MEMORY —--

DO 25 I=1,37

POINT({I1sM-1)=TEMP1(1)

TEMPL(I)=TEMP2(1}

CONTINUE

CALL PRINT (NsMyTEMP2)

WRITE TAPE LTAPEs NoeMy(TEMP2(1)s1=1+37)

GO TO 14

BODY POINT ===

IF (N) 16916427

M=M+1

IF (M=150) 28,2849

MP=MP+1

CALL BODY (TEMP14POINT(1eMP=1)+sTEMP2,BMTIONsGRsGMyOMA»GROMA,
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C -

29
291

C ===

30

31

32

C ——--
33

34

35

36

37

C —==
38

39

42

armmme o o

i NCOCr3i
UPDATE MEMORY —=-
DO 29 I=1,37
POINT(IsM~-1)=TEMP1I(])
POINT(I1sM)=sTEMP2(I)
CONTINUE
CALL PRINT (NsMsTEMP2)
WRITE TAPE LTAPEs NoMs (TEMP2({I)s1I=1+37)
TH=0
CALL PRESSD (GMsGPsGAMASR4EMISTEMP2)
IF (1END) 47914947
HALFWAY POINT ==
IH=1
MP=1
DO 31 I=1+8
HALFPT(I)=TEMP2(I])
CONTINUE
FACT=(HALFPT(2)~POINT(2s1))/(POINT(2,2)-POINT(2+1))
DO 32 1=9937
HALFPT(I)=TPOLTF(POINT(I91)sPOINT(I»2))
CONTINUE
CALL PRINT (NsMsHALFPT)

WRITE TAPE LTAPEs NsMs (HALFPT(I)yI=1,37)
GO TO 14
OUTER SHOCK POINT =w-
N=N+1
M=1
IF (IH) 34934436
MP=2
DO 35 I=1,8
HALFPT(I)=POINT(1+2)
CONTINUE
DO 37 I=1+8
TEMP1(1)=TEMP2(1)
CONTINUE
CALL OUSHOK(HALFPTsPOINT(1sMP=1) 9 TEMP1sRsGRIGRAT 9sGMsOMA sGP» FSHOK )
CALL PRINT (NsMsTEMPI)
WRITE TAPE LTAPEs NsMy(TEMP1I(1)s1I=1437)
GO TO 14
EXPANSION POINTS ==«
MzM+1
IF (M=150) 39539949
DO 40 I=1,8
POINT(IsM)=TEMP2(1)
CONTINUE
WRITE TAPE LTAPEs NsMs(TEMP2(I)s1=1,37)
GO TO 14
FIRST EXPANSION POINT - COMPUTE UNSTEADY VALUES ===
TANP=TANF{POINT(6sMP=1)+POINT(7sMP~1))
TANM=TANF (POINT (6sMP)—PCINT (TsMP))
TEXP(2)={POINT(3sMP=1)~POINT({2sMP-1)#TANP~POINT(3¢sMP)+POINT(29MP)
1 #TANM) /7 ( TANM-TANP)
TEXP(3)=POINT(39MP)+TANME(TEXP(2)=POINT(2sMP))
FACT=(TEXP(2)}-POINT(2sMP=1))/{ TEMP1(2)-POINT(29MP~1))
DO 42 1I=4,37
TEXP(1)=TPOLTF(POINT(IsMP=1)sTEMP1(I))
CONTINUE
CALL BODY (TEXPsPOINT(1sMP-1)sPOINT(1sMP)sBMTIONIGRsGMsOMAIGROMA»
1 NCOEFS) _
CALL PRINT (NsMsPOINT(1eMP))
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CALL PRESSD (GMsGP1GAMASRGEMISPOINT(1sMP))

GO TO 24
C --- SUBSEQUENT EXPANSION POINTS =-=
43 DO a4 129,37

POINT(IsMP)=POINT(1sMP-1)
44 CONTINUE

GO TO 24
C --- END OF BODY —---
45  TANP=TANF (POINT(&sMP=1)+POINT(TsMP-1))

TANM=TANF (TEMP2(6)-TEMP2(7))

TEXP(2)={POINT(3sMP-1)-POINT(2sMP-1)%#TANP-TEMP2(3)+TEMP2(2)

1 #TANM)/ (TANM=-TANP)

TEXP(3)=TEMP2(3)+TANM* (TEXP(2)-TEMP2(2))

FACT=(TEXP(2)-POINT(2sMP=-1))/(TEMP1(2)-POINT(2sMP=1})

DO 46 I=4437

TEXP(I)=TPOLTF(POINT(I4MP-1)sTEMP1(I})
46  CONTINUE

CALL BODY (TEMP1,POINT(1sMP~1)s TEMP2,BMTION»GR sGMsOMA s GROMA »

1 NCOEFS)

1END=1

GO TO 291
C -=- NORMAL EXIT --=
47 END FILE LTAPE

CALL EXIT
C ~=- IMPOSSIBLE ID NUMBER ==~
48  WRITE OUTPUT TAPE NTAPEs 912s NsMyMP,ID

CALL EXIT
¢ --- M EXCEEDS 150 ---
49 WRITE OUTPUT TAPE NTAPEs 913
CALL EXIT
C --- X OF UNSTEADY STATE STARTING POINT AND X OF STEADY STATE STARTING
C --— POINT FROM TAPE DO NOT AGREE =---
50 WRITE OUTPUT TAPE NTAPEs914+STARPT{11sN)sTEMP2(2)
CALL EXIT

900 FORMAT (2940 HELEN MC CALLUM EXTe2430/1H1//40X»48BHUNSTEADY AIRL
10AD ON A LATERALLY OSCILLATING BODY/1HO»58X»10HUNFLAVOR 1)

901 FORMAT (414)

902 FORMAT (5E14.8)

903 FORMAT (18H3 INPUT NSEGS =I1336Xs8HNSTPTS =14/1H0910Xs» THGAMMA =
1 F56294X93HR =F94394XsTHM I 2 =2E14e8,4XyIHTHETA C =E144854Xy
2 10HOMEGA/A® =E14.8)

904 FORMAT (F24094E1347)

905 FORMAT (1H2»40X»16HBODY INFORMATION/20HOSEGeNOs BODY SHAPE 13X
1 1HX916Xe1HRs14X s SHTHETA»10Xs11HDELTA THETA/)

906 FORMAT (I15+5X92A69A194EL1T,.7)

907 FORMAT (1HO»9Xs11HEND OF BODYs2X92E1747)

908 FORMAT (2E14.8)

909 FORMAT (1H1//4Xs36HCOEFFICIENTS IN BODY MOTION EQUATION/1HO 10Xy
1 4HREAL s 12X+s9HIMAGINARY//(2€E1948))

910 FORMAT(4E1348/4E1348/3E13,.8)

911 FORMAT (4H1 N»5Xs1HMs3X9s2HIDs43Xs4HREAL»10Xs IHIMAGINARY 920X s
1 4HREAL » 10Xs9HIMAGINARY)

912 FORMAT (20HO IMPOSSIBLE ID NOes4Xs3HN =1494X93HM =1494X+4HMP =14,
1 4Xe4HID =15)

913 FORMAT (16HO0 M EXCEEDS 150)

914 FORMAT (39H0 X OF UNSTFEADY STATE STARTING POINT =E14e896Xs
1 44HX OF STEADY STATE STARTING POINT FROM TAPE =E14¢8/19H0 THEY SH
20ULD AGREE)
END
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SUBROUTINE FIELD{PCINTL;POINT2.00INT2.POINT4 »GMsGR s OMA s GROMA )
C---FOR UNSTEADY FLOW==-
C--~COMPUTES FIELD POINT MsN GIVEN POINTS M=1sN sM=1sN=1 sAND=~-
C---MsN~1 AND GIVEN STEADY STATE VALUES FOR ALL POINTS ——-
DIMENSION GIVEN(37+5) sACOMP (1292121 +C4(2)9COMP(3+2)3AV(2)9AVA(2))
1AVB(2)sAVC(2) sAVDI2)9AVI(2) 9sAV2(2)sAV3(2)9AVL(2) sAV5(2) sBCOMP(652)
29SUM(2)
DIMENSION POINT1(1)sPOINT2(1) sPOINT3(1)sPOINT4(1)
COMMON NTAPE
C-~=STORE KNOWN POINTS IN GIVEN--=
DO 7 1=1,37
GIVEN(Is1)=POINT1(I)
GIVEN(T93)=POINT2(I)
GIVEN(I+4)=POINT3(I)
7 CONTINUE
DO 8 I=l,s7
] GIVEN(1+2)=POINT4(I)
DO 12 K=1y2
SIGN=1.
DO 11 J=1s2
KJ=K+J-1
ACOMP (15 JsK)=SINF(GIVEN(T+KJ) )
ACOMP (25 JsK)=COSF(GIVEN{T+KJ) )
ACOMP (39 JsK)=ACOMP (29 J3K)/ACOMP(13J,K)
ACOMP (43 JsK)=ACOMP (35 JsK) /GIVEN(&sKJ)
ACOMP (55 J9K)=o5+ACOMP (19J,K)#%2/GM
ACOMP (69 J9K)=COSF(GIVEN(6+KJ)+SIGN*GIVEN(TsKJ))
ACOMP (73 J9K)=GR* (ACOMP (1 sJsK) #£2) #ACOMP (2+JsK) /ACOMP (6 1 J2K)
ACOMP (8 JsK)=ACOMP (15J3K) /ACOMP(65JsK)
ACOMP (95 JsK)=ACOMP (85 JsK) / (GIVENI3sKJ) *GIVEN(49+KJ))
ACOMP (109 JsK)=ACOMP (24J 9K ) ¥ACOMP (599K ) /ACOMP (69J9K)
ACOMP (119JsK) =ACOMP (3 9J 9K ) *ACOMP (55 JsK)
ACOMP (125J5K)2ACOMP(94J 9K ) *GIVEN( 3 sKJ) #GROMA
11 CONTINUE
SIGN=-SIGN
12 CONTINUE
C--=COMPARE XE AND XF===
TTHET=TANF(GIVEN{6+2))
AMBCB=(GIVEN(3+3)=GIVEN(3+4))/(GIVEN(2+3)~GIVEN(2+4))
AMBCA=(GIVEN(3+4)~GIVEN(3+1))/(GIVEN(2+4)~GIVEN(2s1)})
XE=(GIVEN(2+4)*AMBCB-GIVEN(3+4)+GIVEN(3+2)~GIVEN(2+2)#TTHET)/
1{AMBCB-TTHET)
XFa(GIVEN(2s2)#TTHET-GIVEN(392)+GIVEN(3+1)~GIVEN(2+1)#AMBCA)
1/ (TTHET-AMBCA)
IF (XE~XF) 16s149s1é
14  GIVEN(2s5)=XE
ME=3
GO TO 17
16  MEsl
GIVEN(295)=XF
17  GIVEN(3+5)=GIVEN(3+2)+TTHET#{GIVEN(2+5)=GIVEN(252))
FRACT=(GIVEN(2+5)~GIVEN(2+4))/(GIVEN(2sME)~GIVEN(2+4))
C-=-SET UP VARIABLES AT POINT E---
DO 20 I=4418
GIVEN(I+5)=GIVEN{I+s4)+FRACT#(GIVEN(IsME)-GIVEN(Is4))
20  CONTINUE
GIVEN(33+8)=GIVEN(33+4) +FRACT*(GIVEN(33sME)-GIVEN(33+4))
DSESQRTF((GIVEN(2+2)~GIVEN(295) ) ##24 (GIVEN(3+2)~GIVEN(355) ) #%#2)
DX1=GIVEN(2+2)=-GIVEN(2s1)
DX2=GIVEN(2+2)-GIVEN(253)

23




DENOM=DX 1#ACOMP (8919 1)+DX2#ACOMP (84+2+2)
GIVEN(3342)={GIVEN(5+3)-GIVEN(591))/DENOM
DMSA= (GIVEN(492)~GIVEN{4s1))/DX1
DMSB=(GIVEN(44+2)-GIVEN(4+3))/DX2
AVCOT1=5# (ACOMP (49192)+ACOMP (492+2))
AVCOT2=45# (ACOMP (49191 ) +ACOMP(43291))
RETAN=1+/(AVCOT1+AVCOT2)
DO 23 J=ly2
GIVEN(J+3392)=(GIVEN(J+10+3)=-GIVEN{J+10s1))/DENOM
GIVEN(J+3532)=(GIVEN(J+16+3)-GIVEN(J+16+1))/DENOM

23 CONTINUE
DO 24 J=1,2
K=J#%2+1
BCOMP (13 J)=SINFIGIVEN(69K))
BCOMP (29 J)=SINFIGIVEN(THK))
BCOMP(35J) =OMA/GIVEN (4 sK)
BCOMP (49 J)=GR¥*BCOMP (24 J) #GIVEN(44K)
BCOMP {59 3)=GIVEN(4sKI*( o5+ (BCOMP( 24+ ) #%2) /GM)
BCOMP (69 J) =OMA/{BCOMP (54 J) *GIVEN (49K ) )
SUM{J)=AVCOT2#GIVEN(J+12+11+AVCOT1I#GIVEN{J+1293)4GIVEN(J+843)

1-GIVEN(J+841)
24  CONTINUE
C-==DEFINE AsBsP COEFFICIENTS—=-
S2=ACOMP(19192) %82
C2=ACOMP (29192) ##2
T=]le+e5%*¥GM/S2
C3=GR*®GIVEN{3342)
C4(2)=DMSA/GIVEN(4+2)
C4(1)=DMSB/GIVEN{4+2)
C5=24%#C2%S2
COMP(191)=ACOMP(63291)
COMP(1921=ACOMP(6+142)
COMP(251)2COMP{1+2)/COMP(151)
COMP(252)1=COMP(1+1)/COMP( 1,2}
COMP(351)=ACOMP (29192 )%COMP(191)
COMP(352)=ACOMP (25142 )%#COMP{192)
SIGN=1,
DO 25 J=1,2
JSIGN=1+5%SIGN
K=J+JSIGN
C~~—Al92R=—-
GIVEN{J+2092)sCOMP(2sJ)/ (ACOMP (351 92)%GIVEN(392) ) +(SIGN#C3%52%52
1-C4{ J)®COMP (1+K)/ACOMP(131+2))/COMP (35J)

C-==Als21=-~
GIVEN(J+2292)=a~SIGN*ACOMP(125KsJ) /GR
Cm==P3y4Rm==

GIVEN(J+2452)=(T/C2-1e Y #CHIK)+TH{COMP (29 J)%CH(J)/C2-2+%SIGN®S2%(3
1¥ACOMP (89K J))

C===B83s4]-—m :
GIVEN(J+3052)=~OMA/(GIVEN(492) #COMP (33J))
C--~B3s4R-—~
GIVEN(J+28+2)=GM* ( (C4(K)+C4(J)%*COMP(2+J))/C5-SIGN*#C3*ACOMP(8+KsJ)
1)
Cm==P3s4] =~

GIVEN(J+2692)2=24*GIVEL(J+3042)
25 SIGN=-SIGN
{—-~~START ITERATION--~
NIT=0
OLDMOD=0.
28 NIT=NIT+1
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SIGN=1,
IF (NIT=2) 294+30s31
29 122
L=l
I11=1%#]+1
HALF=1,
AV(1)=0,
AV(2)=0,
AVA(1)=0,
AVA{2)=0,
AVB(1)=0.
AVB(2)=0,
AVC(1)=0,
AVC(2)=0,
AVD(1)=0,
AVD(2)=0,
GO TO 31
30 I=]
L=2
II=1%#1+]
HALF= o5
DO 300 J=1s2
AV(JY=AVI(D)
AVAULJ)I=AV2(Y)
AVB(J)=AV3(J)
AVCLJ)I=AV4 L Y)
AVD(J)=AVS ()
300 CONTINUE
31 DO 32 J=1s2
C--=COMPUTE S2--=
JSIGN=]1,5#SIGN
K=J+JSIGN
AVI{J)=HALF R (AV(J)+SIGN#GIVEN(K+10s 11 )%#BCOMP (31 )-GIVEN(33911)
I*GIVEN(J+8,11))
GIVEN{J+1092)=GIVEN(J+10+5)+DS%#AV1 ()
32 SIGN=-SIGN
C-=-COMPUTE H RATIO-~-
DO 34 J=1,2
JSIGN=1.5%SIGN
K=J+JSIGN
AV2(J)=HALF#(AVA(J)+BCOMP (691 ) #SIGN# (GIVEN(K+12+I1)+GIVEN(K+10»
1 T1)*BCOMP(2,1)%BCOMP(41)))
GIVEN(J+162)=GIVEN(J+16+5)+DS*AV2(J)
34 SIGN=-SIGN
DO 36 J=1s2
C-~~COMPUTE MW2-=--~
JSIGN=1.5%#SIGN
K=J+JSIGN
AV3(J)aHALF#(AVB(J)+(BCOMP (59 [ )%GIVEN(J+16911)-BCOMP(491])
1%GIVEN(J+10s1T1)-GIVEN(J+12s11)-BCOMP (191 )%GIVEN(J+14+11))/
2 GIVEN(32I1)+SIGN#BCOMP (3,1 )#GIVEN(K+14sI1))
GIVEN(J+1492)=GIVEN(J+14»5)+DS*#AV3(J)
36 SIGN=-SIGN
DO 40 J=1,2
C---COMPUTE THETA---
JSIGN=1+5%#SIGN
K=J+JSIGN
AVL(J)=HALF#{AVC(J)+ACOMP (39192 )#(GIVEN(229sI+1)%GIVEN(J+8s1+1)
1-SIGNRGIVEN(249141)#GIVEN(K+8s [+1)-(GIVEN(2691+1)%GIVEN(J+12s1+1)
2-SIGN#GIVEN( 2891 +]1 1 %GIVEN(K+12s1+1))/GIVEN(4++1)=-ACOMP (591,52 %
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3(GIVEN(30sI+1)#GIVEN(J+16+1+1)-SIGN*GIVEN(32+sI+1)#GIVEN(K+169141))
4)+ACOMP (791 92) #*GIVEN(J+33,1+1)+ACOMP (9992 ) #GIVEN(J+14s1+1)
5-GIVEN(J+35s1+1)#ACOMP(10+1+2)+SIGN#ACOMP(12+192)%GIVEN(K+10s1+1))

GIVEN(J+842)=GIVEN{J+8+3)-AVCOT1#(GIVEN(J+1292)~GIVEN(J+1293))
14AV4(J)#DX2

C--=-COMPUTE M2=-—-

AVS (J)=sHALF* (AVD(J)+ACOMP (39Ls1)*#(GIVEN(21sL)*GIVEN(J+8+L)-SIGN
1*GIVEN(23sLI*GIVEN(K+BsL) +(GIVEN(25sL)*GIVEN(J+12+L)-SIGN#*GIVEN(27
2sL)*GIVEN(K+12sL) ) /GIVEN{4» L) +ACOMP (5,1 31 ) * (GIVEN(29sL ) *GIVEN(J
34169L)~SIGN*GIVENI31sL)%GIVENIK+16sL) ) ) +GIVEN(J+34sL)#ACOMP (7oL 1)
4~ACOMP (9sL s 1) *GIVEN(J+14 L) ~ACOMP(10,Ls1)#*GIVEN(J+355L)~-SIGN
5#ACOMP (12sLs1)%#GIVEN(K+10,L))

GIVEN{J+12+2)=RETAN®(SUM(J)-DX1#AVS(J)+DX2*AV4(J))

40  SIGN=-SIGN
FMOD=SQRTF(GIVEN(1392)%%#2+GIVEN(1492)#%2)
IF (ABSF(FMOD-OLDMOD)=1E-7) 61961463
C---~HAVE CONVERGED~--~
61 DO 62 J=9437
POINT4(J)=GIVEN(J92)
62  CONTINUE
RETURN
63 IF (NIT=99) 64464166
64  OLDMOD=FMOD
GO TO 28
C-~=ERROR - NO CONVERGENCE-—-
66 WRITE OUTPUT TAPE NTAPE 67 sOLDMOD s FMODsGIVEN(1392)sGIVEN(14+2)
67 FORMAT(43H- ITERATIONS IN COMPUTING FIEWLD POINT EXCEED 100 /
137HO MODULUS OF M ® PREVIOUS ITERATION =E1448/16H0 MODULUS OF M &
2 20X91H=E1448/9H0 M # R =F144836Xs7THM * 1 =E14¢8)
CALL EXIT
END
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SUBROUTINE BODY (PUINTL1sPOINT2sPOINT39BMTIUNGReGMOMA 9 GROMA »

1 NCOEFS)
C —-=— FOR UNSTEADY FLOW =~~~
C --— COMPUTES BODY POINT MsN GIVEN POINT M=~1sN AND POINT M-1,N-1
C ~—- AND GIVEN STEADY STATE VALUES FOR ALL THREE POINTS =-=-

DIMENSION POINT1(1)sPOINT2(1)sPOINT3(1)»BMTIONI(1)
DIMENSION GIVEN(37+3)sACOMP(852)sBCOMP(13+2)»COMP(352)9C4(2)
1 AVI2)9AVA(2)9AV11292) 9sAV2(292)9AV3(2+2)AVHI242)
COMMON NTAPE
DO 20 1=1,437
GIVEN(I+1)=POINT2(1)
GIVEN(I+3)=POINTI(I)

20 CONTINUVE
DO 21 I=147
GIVEN(1+2)=POINT3(1)

21 CONTINUE
DO 22 J=1s2
ACOMP (1, J)=SINF(GIVEN(TsJ)Y)
ACOMP(29J)=(o5+ACOMP(1+J)%%#2/GM)%#GIVEN{G4sJ) #¥2
ACOMP(34J)=SINF(GIVEN(6+J))/GIVEN(3+y)
ACOMP {445 J)sOMA/GIVEN(4,4J)
ACOMP (59 J)=GR¥GIVEN(49J)#ACOMP(19J) /GIVEN(39J)
ACOMP (63 J)=ACOMP(29J) /(GIVEN( 392 J)*GIVEN(4sJ))
ACOMP (T J)=OMA/ACOMP (2,4J)
ACOMP (B9J)=GR¥GIVEN(4+J)#ACOMP(1+J) *#%2/ACOMP (21 J)
BCOMP (13 J)1=SINF(GIVEN(TaJ+11))
BCOMP (29 J)=sCOSFIGIVEN(TsJ+1))
BCOMP (39 J)=BCOMP (19 J) *#2
BCOMP (49 J)=BCOMP (2+J) /BCOMP (19 J)
BCOMP(5+J)=BCOMP (49 J) /GIVEN (49 J+1)
BCOMP (65 J)=COSF(GIVEN(6sJ+1)=-GIVEN(T,,J+1))
BCOMP(T9J)=e5+BCOMP(35J) /GM
BCOMP (8 J)=BCOMP (42 J) #BCOMP (79 J)
BCOMP({99J)=BCOMP (1)) /BCOMP (63 J)
BCOMP (109 J)=BCOMP (99 J)} /(GIVEN(3+J+1)%#GIVEN(4sJ+1))
BCOMP (11+J)=GR#BCOMP (2 9J)*BCOMP(19J)%BCOMP(9sJ)
BCOMP(12+J)=BCOMP( T+ J)*LCOMP(2+J) /BCOMP (69 J)
BCOMP (139 J) =GROMA%BCOMP (93 J)/GIVEN(4,4J+1)

22 CONTINVE
XMIN=GIVEN(2+2)-GIVEN(2+3)
DENOM=XM1N#BCOMP (992
GIVEN(33+2)=(GIVEN(54+3)-GIVEN(5+2)) /DENOM

DS=SQRTFI(GIVEN(292)-GIVEN(2+2))%%2+(GIVEN(3+2)-GIVEN(391))%#%2)

C2=BCOMP (2,1 )%%2

C3=GR#GIVEN(33,2)
C412)1=(GIVEN(4+3)-GIVEN{G»1))/(GIVEN(293)-GIVEN(291))/GIVEN(4
Co(1)=(GIVEN(492)-GIVEN(&493))/XMIN/GIVEN(4+2)
C5=22.0%#BCOMP (341 )%C2

COMP({1+1)=COSF(GIVEN{6+2)+GIVEN(T+2))

COMP(1+2)=BCOMP(641)

COMP (2+1)=COMP(1+2)/COMP(1,1)

COMP(2+2)=140/COMP{2+1)

SIGN=+140

T21e0+e5%GM/BCOMP(341)

DO 23 J=1,y2

COMP(39J)=BCOMP( 2511 %COMP(1+J)
GIVEN(J+2092)=COMP(29J)/(BCOMP (451 ) *GIVEN(392))+SIGN*BCOMP (3,
1 *¥C3/COMP(39J)=COMP(2sJ)%#C4(J)/(BCOMP(251)#BCOMP{1+1))
GIVEN(J+22¢2)=~SIGN#BCOMP(1+1) #ACOMP(4+2)/COMP(13J)
JSIGN=SIGN++5
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23

24

25

27

C - -
28

29

30

31

33

34

35

JJI= J+JSIGN
GIVEN(J+26442)=Ca(JJ)IR(T/C2-160)~-SIGN#TH2,0%BCOMP (151 )%%3%(3/
1 COMP(1sJ)+TRCOMP(24+J)%C4(J)/C2
GIVEN(J+2692)22,0%ACOMP(44,2)/COMP{34))
GIVEN(J+2852)=GM* (~SIGN#BCOMP(191)%#C3/COMP(1sJ14C4(JJ)}/C5+
1 COMP(2+J)%C4(J)/C5)
GIVEN(J+3092)5=¢S®GIVEN(J+26+2)

SIGN==-SIGN

CONTINUE

NC=NCOEFS-1

DO 26 I=192

GIVEN(I+18+2)=BMTIONI(I)

IF (NC) 26426+24

K=1

DO 25 J=1sNC

K=K+2
GIVEN(I+18+2)=GIVEN(I+1892)+BMTION(K)#GIVEN(292) %%}
CONTINUE

CONTINUE

SIGN=+1,60

DO 27 I=1,2

JSIGN=]145#SIGN

J=14+JSIGN

GIVEN(I+8+2)=COSF(GIVEN(692))%#%2% (GIVEN(I+1892)-GIVEN(I+18s1))/

1 (GIVEN(2+2)-GIVEN{(2s1))~-SIGN®#COSF{(GIVEN(6+2))*ACOMP (442)

2 ®GIVEN(J+18+2)~((GIVENI6+2)~GIVEN(643))/(GIVEN({3+2)-GIVEN(3+3)))

3 *GIVEN(I+18,2)
SIGN=-S1GN

CONTINUE

NIT=0

OLDMOD =040

START ITERATION -=-
NIT=NIT+1

SIGN=1 40

IF (NIT-1) 29929430

1=1

HALF=140

AV(1)=0,60

AV(2)=0s0

GO TO 31

=2

HALF=,5

AV(1)=AV1{1s1)
AV(2)=AV1I(1+2)

DO 33 U=1y2
JSIGN=1,5%SIGN
JJ=J+JSIGN
AVI(1oJ)=(AV(J)+SIGNRACOMP (491 ) #GIVEN(JJ+109 1)1 -GIVEN(33s])#%
1 GIVEN(J+8s 1)) ®HALF :
GIVEN(J+1092)=GIVEN(J+10s1)+AV1I(I,4J)%DS
GIVEN(J+3342)=(GIVEN(J+10,43)-GIVEN(J+10+2)) /DENOM
SIGN=-SIGN

CONTINUE

SIGN=+1e0

IF (NIT=1) 349¢34+35

I=2

HALF =140

GO TO 36

1=]1

HALF=,5
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AV(1)2AV2(291)
AV(2)=AV2(2+92)
36 DO 38 J=1»2
JSIGN=1,5%SIGN
JI=J+ISIGN
AV2(1eJ)=(AV(J)+BCOMP (4o 1) % (GIVEN(22,1+1)%#GIVEN(J+8sI+1)-SIGN*
GIVEN(249I+]1)%#GIVEN(JIJ+8s1+1))~BCOMP(SsI)*(GIVEN(26s1+1)%
GIVEN(J+12+1+1)~-SIGN*GIVEN(28sI+1)%#GIVEN(JJ+129s1+1))+BCOMP (1191}
#GIVEN(J+335141)+BCOMP (101 ) #GIVEN(J+1491+2)~BCOMP(12s1)#
GIVEN(J+35+1+1)-BCOMP(8s1)*(GIVEN(30»I+1)*GIVEN(J+1691+1)-SIGN*
GIVEN(32sI+1)#GIVEN(JJ+16+1+1))+SIGN*BCOMP(13s1)%
GIVEN(JJ+109141) ) *HALF
GIVEN{J+1292)=GIVEN(J+1293)41640/(45%(BCOMP(5+1)+BCOMP(542)) )%
1 (GIVEN(993)~GIVEN(932)1+AV2({14J)%#XM1IN)
S1GN==SIGN
38 CONTINUE
IF (NIT-1) 39539440
39 I1=1
HALF=1.0
AVA(1)=0.0
AVA(2)=20.0
GO TO 41
40 1=2
HALF =45
AV(1)=AV3(1s])
AV(2)1=AV3(1s2)
AVA(1)=AV4(1l,1)
AVA(2)=AV4(1,2)
41 SIGN=+1,0
DO 43 U=m1l,y2
JSIGN=1,5#SIGN
JI=J+JSIGN
AV3(T 9 J)=s(AVIJ)-GIVEN(J+12s1)/GIVEN(3+s1)~ACOMP (31 )#GIVEN(J+14»1)
1 +SIGN*ACOMP (4o I)*GIVEN(JJI+1491)+ACOMP (69 I ) RGIVEN(J+169])~
2 ACOMP (591 )%#GIVEN(J+10s1) ) *#HALF
AVLG (T o) = (AVALJ)+SIGN®ACOMP (7 11 %GIVEN(JJ+12s1)1+ACOMP (B8] ) *
1 GIVEN(JJ+1091) ) #HALF
GIVEN(J+1492)=GIVEN(J+1491)+AV3(1,J)%DS
GIVEN(J+1692)=GIVEN(J+16911+AVL{]3J)%DS
GIVEN(J+35+2)={GIVEN(J+16+3)~GIVEN(J+16+2)) /DENOM
SIGN==-SIGN
43 CONTINUE
FMOD=SQRTF(GIVEN(1392) #%#2+GIVEN{14s2) #%2)
IF (ABSF (FMOD-OLDMOD)—1+0E=7) 46446044
44 IF (NIT=99) 45,4548
45 OLDMOD=FMOD
GO 71O 28
C ==~ CONVERGED --~
46 DO 47 129437
POINT3(1)=GIVEN(Is2)
47 CONTINUE
RETURN
C ==~ ERROR EXIT —~=-
48 WRITE OUTPUT TAPE NTAPEs 100s OLDMODyFMODSGIVEN(1392)sGIVEN(14+2)
CALL EXIT :
100 FORMAT (4T7H-~ ITERATIONS IN COMPUTING BODY POINT EXCEED 100 /
1 37HO0 MODULUS OF M # PREVIOUS ITERATION =El4.8/16H0 MODULUS OF M *
2 20X91H=E14¢8/9HO M # R 2E144896X9THM * I =E1448)
END

PP WN -
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SUBROUTINE OUSHOK (POINT1+POINT2sPOINT3sR+GRIGRATIGMIOMASGP s FSHOK)
C-=~FOR UNSTEADY FLOW-=-
C~--COMPUTES SHOCK POINT MyN GIVEN POINT MyN—1 AND POINT M=1sN~-1---
C--- AND GIVEN STEADY STATE VALUES FOR ALL THESE POINTS
DIMENSION GIVEN(374+31sFSHOK(28)sPAP(2)sRAR(2) sDML(2)+sBCOMP(242)
1 ACOMP(892)sRP(2) s THECON{2) sAV(2)5»AV1(2)
DIMENSION POINT1(1)sPOINT2(1)sPOINT3(])
COMMON NTAPE
C—==STORE POINTS IN GIVEN=-=-—-
DO 2 I=1937
GIVEN(TIs1)=POINT2(1)
GIVEN(193)=POINT1(I])
2 CONTINUE
DO 3 I=1,8
3 GIVEN(Is2)=POINT3(1)
EF=GIVEN(8+2)~FSHOK(6)
C1=COSF(GIVEN(8s2))
S1=SINF(EF)
§2=S1#S1
S3=SINF(GIVEN(8s2))
C2=COSF(EF)
C3=C2/51
TT=GIVEN(692)~FSHOK(6)
S4=SINFITT)
C4=COSF(TT)
EA=GIVEN(8+2)-GIVEN(64+2)
C5=COSF (EA)
S5=SINF(EA)
C6=C1*#C1*#FSHOK (4)
CS1=83%#C1
DX1=GIVEN(2+2)-GIVEN(2+3)
DX2=GIVEN{(2+3)-GIVENI(2+s1)
Dx3=GIVEN(2+2)-GIVEN(2+1)
DR=GIVEN(3+2)-GIVEN(3,3)
DM=(GIVEN(4+2)~GIVEN(4»3)) /DR
DT=(GIVEN(6s2)-GIVEN(6+93)) /DR
DSR=(GIVEN(5+2)-GIVEN(5+3))/DR
DMLI1)=(GIVEN(492)~GIVEN(4+3))/(DX1%2GIVEN(4»2))
DML(2)=(GIVEN(493)~GIVEN(4+1))/(DX2#GIVEN(4+2))
DENOM=DX1%#SINF(GIVEN(793))/COSF(GIVEN{693)+GIVEN(T+3))
DSN=(GIVEN(5+2)~-GIVEN(5+3))/DENOM
GIVEN(3342)=DSN
E1=SINFIGIVEN(T7+2))
E4=COSF(GIVEN(T+2))
E3=E]1 *DSN#GR
E2=E1%E1
ES5=E1/{E4RGIVENI(32))
E6=E1%E4
Tz1le+e5%*GM/E2
ET=E4*ELH
E8=T/E7
E9=E1 *OMA/GIVENI(492)
E10=2 ¢ #THE2#ES
E11=E8-1.
E12=0MA/(E4%GIVEN(442))
E13=E3%E1*E2/E4
E14=2+#E2%E7
SIGN=1.
DO 7 J=142
BCOMP (19J)=2COSF(GIVEN(692)-SIGN®GIVEN(T+2))
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BCOMP(SOJ)‘BCOMP(loJ)/BCOMP(ZoJi
SIGN=-SIGN
SIGN=1,

C-——-NOW COMPUTE AsB»P

10

13

DO 8 J=192

JSIGN=1+5#S51GN

K=J+JSIGN
GIVEN(J+2092)=BCOMP(39J)#(E5~DML(K)/E6)+SIGN*EL13/BCOMP (29 J}
GIVEN(J+22+92)=~SIGN#ES/BCOMP(24J)

GIVEN{J+2492)=E11%DML (J)-SIGN*EL1Q/BCOMP (29 J)+EB*DML (K ) #BCOMP (34J)
GIVEN(J+30+2)=~E12/BCOMP(2+J)
GIVEN(J+28+2)=GM* { (DML (J)+DML{K)*BCOMP(3+J))/E14=~SIGN*E3/BCOMP(2

1+J))

GIVEN(J+2642)=~2,%GIVEN(J+30+2)

SIGN=~SIGN

AM1FS=S2#FSHOK(22)

Al=(2e+24/AM1FS) /GP

C=Co% (A1%S4—-4L#S1%#C5/GP) /DX3

D=—Al1#OMA®C1¥*SS
GCON=CRGIVEN(1991)4S5%#(FSHOK{25)/S1-A1#(C2#FSHOK(23)~S1#FSHOK(13)

1)) -FSHOK{23)#54~FSHOK(13)%C4

HCON=S5%# (FSHOK (26)/S1—-A1* (FSHOK(24)%C2-FSHOK(14)#51))~C4*FSHOK(14

1)-S4#FSHOK(24)+C*GIVEN{(20,1)

C=C-DM

CSDS=C*C+D*D

PAPCON=2 ¢ #FSHOK (3)#52/(FSHOK(3)#S2-GRAT)

RARCON=2+#FSHOK (2)/{1e~FSHOK(1)#C2#C2)

DO 10 J=1»s2
THECON{(J)=—FSHOK({J+12)#54+C4*F SHOK (J+22)+A1%#C5% (FSHOK (J+12) %51

1-C2#FSHOK (J+22) ) -FSHOK (J+24)%C5/51

DO 13 J=1,s2

K=J+1

CC=COSFIGIVEN(TK))

SS=SINF (GIVEN(TsK))

ACOMP(19J)=2CC/SS

ACOMP (29 J)=ACOMP(1+J) /GIVEN(49K)
ACOMP (39 J)=sCC#SS*GR

ACOMP (49 J)=SS/COSFIGIVEN(TsK)+GIVEN(6+K))
ACOMP(539J) =21/ {GIVEN(4sKIRGIVEN(3+K))
ACOMP(69J)=¢5+55%58/GM

ACOMP (T 9 J)=ACOMP(19J) ®ACOMP (4 J)

ACOMP (89 J)=OMA®GR/GIVEN(44+K)
GIVEN(J+832)=0s

CONTINUE
A2=(GIVEN(492)#SINF(GIVEN(692))=FSHOK(27))/GIVEN(3+2)
A4=GRATEGIVEN(4,42)

AS2]l,-A4%RGIVEN(L92)

AS=AS/FSHOK(2)
AVCOT'Z./(ACOMP(Z91)+ACOMP(2¢2))

C-==3TART ITERATION-=-

28

OLDMOD=0.
N1T=0
NIT=NIT+]

C~=~~FIRST DEFINE M2¥---

30

IF (NIT-2) 30431432
I=2

HALF’I.

AV{1)=0e

AV(2)=0.
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GO TO 32
31 I=1
HALF=,5
AV(1)=AV1(])
Avi2)=AV1(2)
32 SIGN=],
DO 38 JU=1,2
JSIGN=1,5%#SIGN
K=J+JSIGN
AVI(J)=HALF# (AVIJ)+ACOMP (11 ) % (GIVEN{219I+1)%GIVEN(J+8s1+1)-SIGN
1*GIVEN(23s1+1)#GIVEN(K+8yI+1))+ACOMP (2511 * (GIVEN(25+s1+1)%#GIVENIJ+]
2 291+1)-SIGNRGIVEN(27+sT+1)#GIVEN(K+1291+1))+ACOMP(4+I )% (ACOMP (341
3RGIVEN(J+339141)~ACOMP (541 ) *GIVEN(J+149I+1)-SIGN®ACOMP (8] )%
4GIVEN(K+109141))+ACOMP (69T ) #{ACOMP( 1431 )#(GIVEN(299I+1)%GIVEN(J+16
5 I+1)-SIGN#GIVEN(31s 141 )#GIVEN(K+1691+1))-ACOMP(ToI)%GIVEN(JI+35,
6 1+1)))
GIVEN(J+12+2)=GIVENIJ+1293)+AVCOTH (GIVEN(J+892)-GIVEN(J+8+3)
1-DX1#AV1(JY)
35 SIGN=-SIGN
C~~-DEFINE R2 AND ITS DERIVATIVES-=~
G=GCON+GIVEN(13,2)
H=HCON+GIVEN(144+2)
GIVEN(19+2)=(CG+D#H) /CSDS
GIVEN(20+2)=(C*H~-D*G) /7CSDS
SIGN=1l,
DO 36 J=1,2
RP(J)=(GIVEN(J+1892)-GIVEN(J+18,1))/DX3
GIVEN(J+1492)aFSHOK(J+14)+A2*GIVEN(J+18+2)
36 CONTINUE
DO 37 J=142
JSIGN=1.5%#SIGN
K=J+JSIGN
RAR(J)=-RARCON#* (FSHOK (J+18)~C3#FSHOK (J+8)+FSHOK{J+61-RP(J)
1% (FSHOK(28)/51-CS1)+GIVENIK+18s2)#SIGN*CI*OMA/ (S1#FSHOK(4)))
PAP(J)=PAPCON®{FSHOK(J%18)~FSHOK(J+&)~FSHOK(J+8)%*C3
1+(CERC3*RP(J)-SIGN*OMARCI*GIVEN(K+18,2)/S1)/FSHOK(4))
GIVEN(J+1692)1=A5%(PAP(L)-RAR(J))+AE* (FSHOK(J+16) =24 *¥FSHOK(1)
1¥FSHOK (U+18) 1424 ¥*GRAT*GIVEN (49 2)#{GIVEN{J+1292)=DMRGIVEN(J+1892))
GIVEN(J+3592)={GIVEN(J+1652)-GIVEN(J+16+3))/DENOM
GIVEN(J+1052)=FSHOK(J+10)-GIVEN(J+18+2)*DSR+(R*PAP(J)=-RAR(J)/GR)
1 /GM
GIVEN(J+33+2)=(GIVEN(J+10+2)~GIVEN(J+10+3))/DENOM
GIVEN(JU+892)=( THECONIJ)+RP(J) *Ce* (A1 *C4—4sX51%S5/GP)-GIVEN(J+18
1921 ¥GIVEN(492)%DT~AI#GIVEN(K+1842 )1 #OMA*CLI*CS®SIGN) /GIVEN(492)
27 SIGN=-=SIGN
FMOD=SQRTFIGIVEN( 13921 #%24+GIVEN(1492)%%2)
IF (ABSFIFMOD-OLDMOD)=1eE~-T7) 61961963
C—--HAVE CONVERGED--=-
61 DO 62 J=9+37
POINT3(J)=GIVEN(J92)
62 CONTINUE
RETURN
63 IF (NIT~99) 64964466
64 OLDMOD=FMOD
GO 10 28
C--—ERROR - NO CONVERGENCE---
66 WRITE OUTPUT TAPE NTAPEs679OLDMODs FMOD+GIVEN(1392)9GIVEN(14+2)
67 FORMAT(54H- ITERATIONS IN COMPUTING OUTER SHOCK POINT EXCEED 100
1/37HO MODULUS OF M # PREVIOUS ITERATION = E14¢8/16H0 MODULUS OF M
2% 20X9s1H=E14e8/9HO M ® R = E1l4e896Xs7THM ® | = E14.8)
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SUARAUTINE STARIPCINT sGRsGMIOMA DMLY
C--=THIS SUBROUTINE COMPUTES THE COEFFICIENTS AlsA2+B3sB4sP3sP4—~=
C--=-FOR A GIVEN POINT~~~

DIMENSION POINT(1)+BCOMP(352)sDMLI2)
SIGN=1,
DO 7 J=142
BCOMP ({19J)=COSF{POINT(6)-SIGN*POINT(7))
BCOMP (29J)2COSF(POINT(6)+SIGN#POINT (7))
BCOMP (39J)=BCOMP(1+J)/BCOMP (25 J)

7 SIGN=-SIGN
E1sSINF(POINT(T))
E2=E1#%2
E3=sE1#POINT(33) %GR
E4sCOSFIPOINT(T))
ES=E1/(E4#POINT(3))
E63EL1*E4
T=le+eB5%*GM/E2
E8=2T/ (E4*E4)
E9=E] #*OMA/POINT (4)
E10=2 o #THE2RE]
Ell1=€£8-1.,
E12=0MA/(E4®POINT(4))
E13=E3%#E1#E2/E4
E14=2 o #E2#EL*EL
SIGN=1,
DO 8 J=1ly2
JSIGN=145#SIGN
K=J+JSIGN
POINT(J+20)=BCOMP (39 J) % (ES=DML(K)/E6)+SIGN®EL13/BCOMP(2+J)
POINT (J+22)1=-SIGN*ES/BCOMP(2sJ)
POINT(J+24)2E11%DML(J)~SIGN#EL1Q0/BCOMP (249J) +EB*DML (K)#BCOMP(39J)
POINT(J+30)1=~E12/BCOMP(2+))
POINT(J+28)=GM¥ { (DML (J)+DML(K ) *BCOMP(34J))/E14~-SIGN*#E3/BCOMP(24J)

1)

POINT(J+26)=2~2.#POINT(J+30)

8 SIGN=-SIGN
RETURN
END
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C === CALCULATES AND PR!NTS PRESSURE RATIO AND DENSITY RATIO ===
C -=- FOR BODY POINT -=-
COMMON NTAPE
DIMENSION TEMP(1)sPRESSR(2)sDENSR(2)
G2(1e0+eSHGMUEMI )% (140-GM*TEMP (4) %22 /GP)
E=EXPF(~-TEMP(5)/R)
Pl=G## (GAMA/GM) *E
RHO1=G##(1,0/GM) *E
VHELe O/ («5+SINF(TEMP( 7)) #%2/GM]
HR= (TEMP(1T7)~VHRTEMP(13)/TEMP(4))/(1,0=e5%VH)
HI=(TEMP(18)~VH*TEMP(14)/TEMP(4))/(1,0-«5%VH)
PRESSR(1)=P1* (HR#GAMA/GM~TEMP{11)/R)
PRZISSR(2)3P1#(HI*GAMA/GM-TEMP{12) /R)
DENSR(1)=RHO1%* (HR/GM-TEMP (11)/R)
DENSR(2)=RHO1®(HI/GM-=TEMP (12} /R}
WRITE OUTPUT TAPE NTAPEs 900+ PRESSR(1)+PRESSR(2)+DENSR(1)
1 DENSR(2)
RETURN
900 FORMAT (36X»16HPRESSURE RATIO =E1&e73E1647/36Xs16HDENSITY RATIO =
1 El4eT9EL6,T7//)
END
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10

11

12

13
la

15

900
901
902
903

904
905

SUBROUTINE PRINT (NsMsANS)

DIMENSION ANS(1)

COMMON NTAPE

ID=ANS(1)+,%

I (1D-6) 10s11911

WRITE OUTPUT TAPE NTAPEs» 900s NoMsIDsANS(2)9ANS{9)sANS(10)
1 ANS(13)9sANS{14)

6O TO 12

WRITE OUTPUT TAPE NTAPEs 901s IDsANS(2)»ANS(9)+sANS(10)sANS(13)>
1 ANS(14)

WRITE OUTPUT TAPE NTAPEs 902+ ANS(3),ANS(11)9sANS{12)9sANS(15)
1 ANS(16)

GO TO (13+14914515513,513414),41D

WRITE OUTPUT TAPE NTAPEs 9039 ANS(17)sANS(18)

RETURN

WRITE OUTPUT TAPE NTAPEs 9049 ANS(19)sANS(20)sANS(17)9sANS(18)

RETURN

WRITE QUTPUT TAPE NTAPE» 905s ANS(8),ANS(19)sANS(20)92ANS(17)
1 ANS(18)

RETURN

FORMAT (1HOs12,1651597X93HX =E13,7+6XsBHTHETA 2mEL1&eT9sE16e7 96X
1 THM #® 2 =El4479E1647)

FORMAT (1HO99X91597X93HX =E1347e6XeBHTHETA 2=El4e7sE164796Xy
1 7THM # 2 E144T79EL16,47)

FORMAT (22X s3HR =E134746X,8HS 2 Z2E14eT9E16eT96X9THM # W2=
1 514079E16o7)

FORMAT (88Xs7THH2/H1 =zEl4e75E16+7)

FORMAT (44Xs8HR 2 B =El4e7sE16eT96Xy7THH2/HL 2E140T9E1667)

FORMAT (19Xs6HEPSLN=E1347sE6Xs8HR 2 =£14eT9E16eT96XsTHH2/H]1 =
1 E1479E1667)
END

36




+
A4

BSHAPE (1 ,NSEG)= ID# (0z1
line, 2=parabola, 3zogive

BSHAPE (2,NSEG)=

BSHAPE (3,NSEG)=

BSHAPE (4,NSEG)

BSHAPE (5,NSEG)= A®

Card No. 5 BMTIGN(I), I = 1,NC
2E14.8
where BMTI¢N= one dimensional array containing co-

efficients of polynomial equation
describing body motion; stored as

aok' 0.01-’ a)ﬂ.' O,II etC.

Card No. 6 ((START(I,N),I=1,11) ,N=1,NSTPTS)
4E13.8/4E13.8/3E13.8
where STARPT= Two dimensional array containing the

unsteady quantities given for the
starting points along the first left

running characteristic line i.e. 923,65,)

ho “O
» - » * LE —%
Sar,Sz2z, Mag, Mar, Mwan, Mw'zr,(h,’)g, {h,°)1 , X

Card No. 7 FSHOK(I) I=4,5,6,9, through 18
5E14.8
where FSH¢K=  I=4-6, MY S,z 6 B,
. _ * *
1=9-18 , €.5¢, 0251, Sase, Sasz, Mage, Mags,

Mu2tr , M:tzfr , (h:/hf)n, (h.’/hf)z

Card No. 8 NC¢NT only if N¢PL# O
I4
where NC¢pNT= Row number at which continuation run
will start
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V. DESCRIPTIONS OF INPUTS

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

cards are used for this program. The description of each 1s listed

below,
Card No. 1 NSEGS NSTPTS NCoEFS N¢P1
I4 I4 T4 I4
where NSEGS= Total number of segments in the body
NSTPTS= Number of starting points given along
the first left running characteristics
NC¢EFS= Number of coefficlents in the polynomial
equation describing body motion
N¢Pl= 0, if this is not a continuation run;
1, if this is a continuation run.
Card No. 2 GAMA R EMI THETAC $MA
S5E14.8
where GAMA = 7 (ratio of specific heats)
R= Gas constant
EMI= M:,, free stream mach number squared
THETAC= 6., semi-cone angle
¢MA= W /q¥*  circular frequency divided by the
modified sound velocity
Card No. 3 R2SR R2SI
2E14.8
where R2SR, R2SI= The real and imaginary parts of
r, at the starting point on the
shock.
Card No. 4 (BSHAPE(I,NSEG), I=1,5), NSEG=1, NSEGS+l
F 2.0 4E13.7
where BSHAPE= Two dimensional array containing body

shape information for each segment
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