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Design Calculation of Diffusers for Rocket Engine
Altitude Simulation

By Hiroshi MIYAJIMA, Noboru ABE, and Katsuto KISARA

This paper describes two methods directly applicable to zero-secondary-flow
ejector design from the calculation methods employed by the authors during the
experimental studies on ejectors for rocket engine altitude simulation. One method
is that of predicting the starting pressure ratio of a second throat diffuser, de-
veloped by German et al. This method is computerized and a parametric study was
conducted. The other concerns a better method of predicting the capsule pressure
ratio based on the angular reattachment criteria of ONERA group. New angular
reattachment criteria for large area ratio nozzles are correlated using available
experimental data. Calculated results are shown to be in satisfactory agreement

with the NAL data.

Program lists are given in the appendix.
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4. Fa/7LYX}

I L I T T Ry Yy Y Y Y Y Py L T T e 2y ]
Cass SECOND THROAT DIFFUSER STARTING PROBLEM (STD) .on
Ce ONE DIMENSYONAL TREATMENY EXCEP FREE JFT CALCULATION .
COPEasssnnios P as i lsasetntssctos sl aontatsbaniasasisnsstonssessanrsansess
Ceese  SEE GERMANSR,C,,BAUER,R,C,AND PANESCIWJ,H,

c JOURMAL OF SPACECRAFT, VOL 3, N0O,2s P,P, 193:200 (1966) svsccesre

(2]
.
-
.

INPUT PARAMETERS

GAMHAZSPECIFIC HEAT RATIO

AR s AREA RATIO OF PRIMARY NOZZLE, ANE/As

THNE ® NOZ22LE EXIT HALF ANGLE,GIVE A POSITIVE YALUE IN DEGRFE

AD s DIFFUSE INLET AREA/NDZZLE THROAY ARFA

AST = SECOND THROAT AREA/NDZZLE THROAT AREA

THESTs SECOND YHROAT RAMP ANGLE, GIVE A POSITIVE VALUE I% DEGREE

XST 3 DIFUSER LENGH UP TO SECOND THROAT/DIFF, INLET OIAMETER
FOR THE CASE DF COMSTANT DIAMETER, XST IS THE OIFHUSER
LENGHT/ INLET DIAMETER

ELDSTz SECOND THROAT LENGTH/SECOND THROAT DIAMETER

CF ® FRICTION COEFFICIENT

AEX ®DIFFUSER EXIT AREA/NOZ7LE THROAT AREA

'Y CONTROL PARAMETERS

IDY 3 FOR 1DTs0, SECOND THROAT DIFFUSER AND
FOR IDTsg, CONSTAN DIAMETER NIFFUSER,
IDT32, SHORT SECOND THROAT,
IDT35, PROBLENM TO OETERMINE LIMITING CONTRAUTION
IM2 3 DETAILED OQUTPUT OF FREE JEY CALCULATION FO¥ Tw221
IN3 3 FOR JwW3s1, DETAILER OUTPUT OF FOCE TFRHS

Bt K e e e K s K e K2 N K R K1 K2 M N3 X Ks Ks Xs Ne ]

ase FUNCTION STATEMENT
1 PRAF(A,B)8(1,40,%2(Be1,)oAva2)0ei{B/(He1,))
2 FM{A,B,CIECRA((2,/(Heg, 1) 0(1,+0,58(Hel,)00002))0n((N,59(He1.))/
1 (Be1,))
3 FDtALBaCI2C(2,/{8+1,) 00 (0,50(8+1,)/(H=1,))0(0,50tpel,)eA]
1 $(1,00,5%(Bet,100002)00((J,rH)/(R"1,)/7,)
. SPRAF (A,B)z(2,0B/(Be1,)1)0As02e(B=1,)/(He1,)
5 EMRTF (A,B)TASSORT(Be(1,+0,50(Bel,)vAve2))
[ GHRTTF(UIxSQRT(Ba(2,/(A%1,))met(He1,)/1BA1,)))
7 TAN(C) =SINIC)/COSID)
8 EMACHF (AsBIZSQRTI (12,8 (A®82) )}/ (HB+1,))/(1,~((H=1,}/tHel, }}sA0e/))
9 EMASTF(A4B)SSORT{( 5% (Re1,)0h002)/(]1,+,5%(Re,)nAun?))
c
Ceve
c
10 DIMENSION PI(4)
[
Cans READ INPUT PARAMETERS
[+
11 2 READ(S5,299) CASE
12 299 FORNAT(ASB)
13 1F {CASE ,EQ,8HEND 1GO 10 800
14 READ(5,300) GAMMA,AR,THNE ,IDY,IwW2,143
15 300 FORMAT(3FL0,5,3110)
16 READ(S5,320) AD,AST,THESY »XST,ELDST.CFAEX,AITA
17 320 FORMAT(BF10,.5)
18 WRITE(64,298) CASE
19 298 FORMAT(1H1,///5X,'ascensse SECOND THROAT DIFFUSER PERFORMANCEeass?
1 /710X 4A8)
2n WRITE(6,500) GANMA,AR;THNE jAD,AST THEST,,XST,ELDST,CF
21 500 ‘ORHAT(iﬂ e 7/76XOHCAMMAREL2,5,4XTHANE/A02E12,5,5X6HTHENESEL2,5,/
6XO6HAD/ASEL2 S, 4XTHAST/A®2EL2,5,
2516HTNESf1512 SsSX6HXST/D3EL2,5,/
SX8M(L/D)ISTzEL2, 5.5xsncF-512 LYYS R
c
Cee NORMAL SHOCK THEORY
[
22 BHE4,
23 IF(AR,GE.80,) AM36,5
24 5 DBMEFM{BM,GANMAAR)/FD{BM,GAMMA,AR)
25 IF(ABS(PBX},LE,0,0001) GO TO 6
26 BHzBMeNRN
2?7 G0 10 %
2R 6 EM1PzBM
29 HBM26,.5
3N 7 DBMIFHIUM,GAMMA,AD)/FDIBH,GAMMA,AD)
31 IF (ABS{DBM},LE,0,0001) GO YO 8
32 HMezENaDON
33 60 10 7
34 8 tEMXDOBH
35 PTINSPRAF{EMLP,GANMA)
36 PYIDZPRAF (EMDQ,GAMMA)
37 PBNESPRAF (ERDO,GAMNA)
38 PIRST=PIN/PBD
39 WRITE(6,520) EM1P,PTN,EXN0,PTD,PTBST
40 520 FORHAT(LH ,5X,'esns NORMAL SROCK THEORY sasty
1 SX4HMNE3EL12,5,5XTHPT/PNESEL12,5/
2 HX4HMDOTEL2,5,SXTHPT/PC =E12,5,5X9H(PT/PB)SsEL2,5//)
41 IF({IDT,EQ.1} GO TO 40
[ ¥4 IF(IDT ,EQ,5) GO TO 12
Ce NPERATING LIMIT
43 bMz6,%
44 9 DENIFM{BM,GAMMA +AST)/FD(BM,GAMKRA,L,AST)
45 IF(ABS{DB™).LF,0,0001) GO TO 10
46 PEE LRSI
47 G0 10 9
48 10 EMSO=HM
4 PISEPRAF (ENSO,GAMMA}
50 PBSTSPRAF (ENSO.GAMMA)
s1 PTROP2PTS/PBS
Cs CONTRACTION LINIT
52 12 PYYX=(0.5D(Glﬂﬂl01.)OEﬁDOOOz)lOIGANHA/tGAHMA-1.I)/PHAF(tHDOAGANHA)
1 /SPRAF LEMDO,GAHNA) R (1,/7{GANRA=1,))
53 ASTDL2Y,7AD/PTYX
54 ASTD2AST/AD
55 WRITE{4,540) ASTD,PTBOP,ASTDL
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56 540 FORMAT(L1H 45X, *OPERATING LIMITY,5X7HAST/ADSEL2,5,5XL0N(PT/PRIOPS
i €12,5/6X» 'NONAL SHOCK CONTRACTION LINIY (AST/AD)YL =9
. 2 E12,577)
[
Casce LONG SECOND THROAT HEORY { GERMAN ET AL )
[
Ce TRRUST FORCE AT NOZZLE EXIY
c
57 40 BETASTHNE/S57,295779%
58 ARSPE2,7(1,4COS(BETA) ) eAR
59 bMs6, 5
80 42 DOMSFM(BM,GANMA, ARSP ) /FD (BM,GAMNA ,ARSP)
61 IF(ABS(DBM) LE,D,0001) GO TO 44
62 UMD eDAM
63 GO 10 42
64 44 En1PsBM
65 PiP31,/PRAF (EMEIP,GANNA)
66 FNEXSARGPLPa (1, 6GAMMASEMIPEa2) /GMRTTF (GAMMA)
67 IF(IW3,NE.1) GO TO 60
68 WRITE(6,5601 EMLP,FNEX
69 560 FORMAT(IN ,5X,tes THRUST FORCE TERM est/
1 OX4HNSPIE12,5,74X5HFNEXSEL2,S //)
c
Ce CELL PRESSURE ARFA TERM
c
T0 60 HET =eBETA
TL HWs=SQRTIAD/AR)
72 P1S%1,/PTD
73 ENSIPSENMASTF (EMLP ,GAMMA)
74 CALL CPJSBRIGAMMA,BETY,RW,ENSLP,PL1S,PL,1W2)
75 XIRSPI(1)
76 XIDsXIRWSQRT (AR/ADY/2,
77 IF((XST~XID).BT,0,) GO 10 62
78 WRITE(6,585)
79 565 FORMAT(LH ,5X,*senssssalET BOUNDARY INPINGES ON THE SECOND THROAT
1 RAMP sasenityy)
80 G0 10 2
[} 62 EMABEMACHFIPI(3),GANNA)
82 THETI=PL(4)
83 FCPaP1Se(ADCAR) /GHRTTF (GANMA)
84 THEI12PL(4) 057 2957798
a5 IF(IN3,NE.1) GO TO 8O
86 WRITE(6,570) EM2A,P1S,X1ID,THEIL,FCP
(34 370 FORMAT({H ,3X,v7ee CELL PRESSURE AREA TERN eerv/

1 ONAHN2A2EL2,5,5X5HPLS 8E12,5,5X6HXI/DDEL2,5,5X6HTHETINEL2,5,
2 IX4NFCPSEL2,5//)

.1 IF(IDY,E0,11GO Y0 180
C
Ce DUCY FRICTION TERM
[
89 80 THTW=Q,
90 UELTSTHTWeTHETY
9% CALL OBSG(GAMMA,DELT,PDDO,EMDOLEMD,IWNS,2)
92 IF(EMD,LE,1,) GO TO 2
93 PDY sPDDO/PRAF (ENDO,GAMNA)
o4 'DF-.:,QGAHNAOCFOPDVDGMDOO?'AD'(XST-XID)/BHRYTFIﬂAnaA)
1 4 IFCIW3,NE, 1) GO YO 100
96 WRITE(6,560) EMD,PDY,.FDF
1 24 380 FORMAT(1K ,5X,ves DUCT FRICTION TERNM oty
1 6xeunacanEa2.5.5X6RPD/PT-512.5.50x4HFaF-Exz.5//:
c
Ces RAMP PRESSURE AND RAMP FRICTION TERM
c
o8 100 ASTDRAST/AD
¢ IF(ID?,GE,.5) GO YO 220
100 XNDDaSQRT(AR /AD)/(2,8TAN(RETA})
10t THSTETHEST/57,295) 79%
102 TNEYN:AYAN!SORY(AS‘DOX.)/(?.020427'('“DD°X57)0tt-014?1dbé-
1 SORT(ASTNe1,1) /TAN(THST)))
103 DELT STHETHeTHST
104 CaLL OBSG(GANNA-DELToPRDOnEHDO.EnR.Ius.?:
108 IF(EMR,LE,1,) GO 10 2
106 PRYSPRDO/PRAF (EMDO ,GAMMA)
107 FRP =oPRT&IADSAST)/GNRTTF (CANNA)
108 FRF I-O.SOGAKHAOCFOPRYOENRO'ZCIAD-IST)/GNNT?FtOARHA)IYANlYHSY)
10¢ IF(IW3,NE, 1) GO TO 120
110 DELTASDELTe57,2957795
111 NRITE(8,500) EMR,PRT, DELTAFRP,FRF
112 590 FORMAT(IH ,5X,'ee RAMP PRESSURE AND FRICTION TERM sety
1 6!6HHNAHP:E12.5.5!6HPR/PT-Ex?.S.SleTHETI:El?.5.27X¢nFﬁPtbl?.b/
2  97XAMFRF2E12,%//)
c
Cee TOTAL FORCE UP TO SECOND THROAT INLEY SIGMA F 2-1
14
113 120 SFORCESFNEX+FCPeFOF +FRPFRF
114 WRITE(6,600) SFORCE
115 600 FORMAT(1M ,%X,*FORCE TERM DEVIDED BY MASS®SQRT(NsTys* £12.5//)
[
Cae CALCULATION OF N2 AND M3
c
116 140 CaALL SUBM2{GAMMA ,SFORCE ,EM2)
117 IF (E¥2,60,0,160 YO 2
118 IF(IDY,EQ,2) GO TO 3190
11¢ CaLL SUSNB!GAHN‘.CF:ELDST.SFOGC&;E”?.EHGI
120 IF(EN3,EQ,N,160 10 2
124 PBTSY-(2./(GAHNA01.)1-040.5-(GAnNsz.)/(GAnnAoi.1;/(ASI-ENPIF
1 CEMI,CANMAY YOSORT (GAMNA )
122 PTAST o1,/PBTST
123 PICs1,/P1S
124 PInsg,/P1P
125 PYDs3,/PDY
Cee WITH SUBSONIC DIFFUSER
126 !FlAlYA.EO.D.IaITAt0.75
127 . ITasAlTA®300,
128 PYGX'P?BSY/(!.'U.’O(Glnﬂlol.|¢A1T‘.EN30C2)'O(GANNAI(BANHA»i.))
129 WRITE(6,610) EMLIPIEM2ALEN2,EXNILPTN.PLS +PTBSTLITA,PTEX
130 610 FORMAT(IIN , /6X,%esse LONG SECOND THROAT TYMEORY essaty

1 SXGHMNESPSEL2,5,5X6NNIE SE12,5,SX6NNSTINSEL2,5,5XEHNOYT 3E12.5
2 IAKGHPT/PN'EXQ.5:5!0HPC/PTIE12.5.5¥6NPYIP9'E!2.51
3 /6X,°SUB, DIFF, WITH!,13,1% EFFICIENCY* ,5X6MPT/PBSEL2,.5//)
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134 c 90 10 2
Ces CONSTANT AREA DIFFUSER
c
132 160 SFORCEsSFNEXeFCP
133 WRITE($,600)SFORCE
134 ELDSTaxSYexID
13% G0 YO 140
c
Cee SHORY SECOND THROAT THEQRY
c
136 190 EN2CEEM200,50/SART(1,6,34320(GANMARY ) SENRen2)
137 IFtEN2C,67,1,) GO YO 192 '
138 PSPR8{ (5,000,350 (GAMMARY , )BEN2082) /(1 ,¢,34320(GCAMNAC]L, )RENZOaZ))
1 ®8(GAMMA/ (GAMMA®1 )]
139 GO 10 194
140 192 PSP2s (415602 (GAMNACL, JOEN2002 )00 {GANNA/{GANNA=L ) )/ (1,+,34320e
1 {GAMMARL YREM2902)/({{GAMMASL, )} ® 3136~ {GAMMARY,)#02/ (GANNA
2 68,1 )8EN260260, 50 (GAMNA»L ) /{GAMNAGY ) )u8( 1,/ (GANNA-,})
1414 194 P78 (2,/7(GARMALL, )1 @0(C,S0{CAMMALY, )}/ (GANMARL ) )/ tASTRENRTF
1 (EM2.GAMMA) } @SORT (GANMA)
142 PSTaPSP2epP2T
143 FSPaPSTO(AEXAST) /GMRTTF (GANMA)
144 IF(IN3.NE, 1) GO YO 196
143 WRITE(6,820) PST.FSP
146 620 FORMAT{LN ,5X,'0eSEPARATION PRESSURE AREA TERM ewiy
SXSHPS/PTREL2 3, 73X4NFSP2EL12,5//)
147 196 SFORCESSFORCEFSP
148 WRITE(6,600) SFORCE
149 CALL SUBM2(GAMMA,SFORCE.EM3)
150 I1F{EN3,EQ,D.) GO 1O 2
151 PIISTR(2,71CANMACL, ) )ou (0,5 (GANMACYL, )/ (CGAMMARL ) )/ (AEX®EMRTF
i {EMI,QAMMA) Y #SORT(GAMNAY
152 PT35Tas,/P3TSY
153 PYSn,/PST
154 WRITE(G,630) EMIP EM2A,EN2,ENI,PTN, P1S,PTS,PT3ST
183 630 FORMAT(IH ,6X,'waes SHORT SECOND THROAT THEORY esset/

Y SXOHNNESP2EL2,5,5X6HMIB  2E12,5,5X6HMSTINSEL2,5,5X6HN0UT 8E12,5
2 /ONGHPT/PNBEL2,5,5X6HPC/PTEL2,5,5X6HPT/PS3EL12,5,5X6HPT/P3tEL2,5

3 /N
156 60 Y0 2
c
Cave SECOND THROAT CONTRACTION LIMIT
c
157 220 CONTINUE
153 104 ASTDOASTDL
15% DASs0,05
180 1093 ASTDaASTDaDAS
1614 DELTY=35,/57,2987795
162 CALL OBSS{GAMMA,DELY,PRDO,EMDO,ENR,IW3,2)
163 IF(EMR,LE,1,) GO TO 2
164 PRYSPRDO/PRAF (EMDO,GANMA)
165 ASTeASTDeAD
166 FRPRePRTO(ADSAST ) /GMRTTF (GAMMA YL
167 FNEXSADOP1So (g, sGANMARENDOS®2) /GMRTTF (GAMMA)
148 SFORCEsFNEX+FRP
169 SFLINS(1,¢0AMMA) /SCRT(GANNAS (1,00, ,50(@ANMACL, 1))
170 1F(1DY,EQ,8) GO TO 250
171 IF (SFORCESFLIN,GT,0,) G0 TO 222
172 221 ASTDeASTDeDAS
173 DAS®0,5#DAS
174 GO YO 10%
175 222 CALL SUBM2{GAMMA,SFORCE,EN2)
176 IF(EM2,EQ,0,) GO YO 2
177 CALL SUBMI(GAMMA,CF,ELDSY,SFORCE,EM2.,END)
178 IFLEN3,NE,D,) GO YO 10%
179 1F(DAS,LE,0,0001) GO YO 224
180 60 T0 221
c
184 224 WRITE{6,632) ASTD
}:: 632 ;g:ﬂ:!liu 26X2'LONG THROAY CONTRACTION LINIT (AST/ADIL 3Y,E12,%/)
=
184 G0 T0 104
18% 250 SFaSFORCE
186 IF(ABS(SFeSFLIM)LE.0,0004) GO TO 260
187 IFISFaSFLINLLT, D) GO TO 222
1238 60 T0 103
18¢ 240 WRITE(6,834) ASTD
190 634 FORMATIAH ,6X, 'SHORY THROAY CONTRACTION LIMIT {ASY/ADILS ¢,E12,5/)
191 Go 10 2
c
192 800 STOP
193 END
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Cesonesa SECOND THROAT INLET MACH NUMBER SUBROUTINE essscsessscosssssse
SUBROUTINE SUBN2(GQ,SF,EN2)

Cos
AFaSFee2
AFLINS2,8(Qe1,)/C
IFCAF (LT AFLINY GO YO 60
ASCAFe2,)/(GeAFe(Gel,1/2,}
B88,/(00(GeAFO(Ges,) /2,))
EN2R(AeSORT(AGn204,08))/2,
EN28SQRT(END)
RETURN

Cos

60 WRITE(6,50)
S0 FORMAT(IH ,3X,teconssns SUBM2 ERROR, NO SOLUTION , CMECK SFORCE *,
1 IVALUE*//)
EN2e0,
RETURN
END

Cesesene SECOND THROAT EXIT MACH NUMBER SUBROUTINE eee »

SUBROUTINE SUBM3I(G,CF,ELD,SF ,ENZ2,ENS)
EXTERNAL FEN3
COMMONYCOEFM3/ A1,81.C1,D1,E1
ALeG
B18CF
Ci1sELD
Di=EM2
E1sSF
CALL NONCSO(FEN3,EM3,0,2,0,001,0,1,E5%,1,Ee8,1)
IF(1.€0,4) GO YO 10
IFt1,E0,5) GO TO 20
RETURN

10 WRITE(6,110)

110 FORMAT(LH ,3X,tesosscna SUBM3 CONVERSION ERROR essssty/)
EM3s0,
RETURN

20 WRITE(6,120)

120 FORMAT(1H ,3X,'ecevccse SYUBM3 ERROR, NO SUBSONIC SOLUTION set//)
EM3n0,
RETURN
END

Cesssnnas FUNCTION FOR THE SOLN, OF N3 seosnnsnene -
FUNCTION FEM3(X)
COMMON/COEFM3/ A1,81,C4001,E8

c GsaAl
¢ CFzBY

¢ £LD3CL

c EM21Dy

c SFORCESEL

FENSSSORT(2,9A1/(A1°1,))02,081eC1/(XeD1)9(SART(2,/(AleL,eX002)
1 aSORT(2,7(AL=1,)eD1802))a{1,6AL0X002)/(XOSORT(ALO{1,¢0,5¢
2 (At=1,)eXe02]))eEY

RETURN

END
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Cosessses OBLIGUE SHOUK SUBROUTINE . e .
SUBROUTINE OBBE(Q,DEL P24 ,604 ,EN2,T40J)
Oe IN IS OUTPUT-CONTROL PARANETER, lWsy OUTPUT OF 0BS

Qe J IDENTIFIRS THE PROBLEN, IF Jni ENM1,EN2 ARE CALCULATED FOR GIVEN
.1 DELTA AND P24 AND IF Jx2,PR1 AND EM2 ARE CALCULATED FOR GIVEN
(-3 DELTA AND ENng
Oose THE SOLUTION IS FOR SUPERSONIC RDOY
EXTERNAL FUN
TANCA)RSINIAY /COS (A}
COMMON/COEF / A,0,C
DELY oDEL®S7,20577¢0
Ir(J.EQ,1) GO YO 6D
Oe FOR QIVEN EMQ
ALsGeENngeny
BLsTAN{DEL)
Cin(Gey,)/(Gey,)
A28 ((Clel, V0B an2eAiuBion?)
A 3({(Cle1,)0BlaALoB ®({Clel,))}/AR
8 s((Ciei,)0B1as2eA10810020C1}/A2
C a((Cle1,)#B1)1/A2
Cee SOLUTION BY NEMTONSRAPHNSON METHOD FOR YTHE ROOT OF TAN[SIGMA)
c BYU IS THE UPPER BOUNDARY OF PROBABLE ROOY
Bys 2,7
G8e 0,8
CALL NONCBOtFUNIXGS+0,0,8U,1,Ee8,4,E+5,1}
1F(1,E0,4) GO Y0 10
IF(1.,E9,3) GO YO 20
$1G SATAN(X}
RO21®X/TAN(SIQ »DEL)
P24 =(Ci{eR021e4,)/(C1sRQ21})
EN2 2(4{,/P2324,)/7((3,oR024)%(SINISIG #DEL))@a2)}
Em2 sSORY(EN2)
IF(EN2,L7,4,) GO YO 30
80 IFUIN,NE, L) GO YO S
SIGN 351Ge%7,295779
WRITE(S8,100) DELY ,SISN ,P21,R02%,EML,EM2
100 FORNATIAH ,3X,'08L1QUE SHOCK SUBRt/
1 EXOHDELTAREL2,5,5X0NSIGRAREL2,5,5X8HP2/P13E12,5,3XBHR02/R01E
2 E12,5/76XO6HMACHLIPEL2,5.5X8NNACH2EL2,5//)
S RETURN
10 WRITE(6,110) DELT ,€EKg
41D FORMAT(IN ,3X,tecscssnre OBS ERRORews CONVERSION FAILURE',SX6HDELTA
18E12,5,9X6HNACHLI0EL2,53//)
EN220,
RETURN
20 WRITE(6,120) DELY ,EM1,GS,8V
120 FORMAT(QH ,3X,'eenensse OBS ERROR, NO SOLUTION IN THE SPECIFIED
1 REGION' s 3X6HDEL TASEL2,5,5X6HNACHLI®EL2, 5/
1 OX3HCSEL2,5,5XSHBUBEL2,5//)
En2s0,
RETURN
30 WREITE(6,130) DELY ,EML
130 FORNAT{LN ,3X,tevnenase OBS ERROR ,NO SUPERSONIC SOLN ee',
1 SXOHDELTASEL2,5,5X0HMACNLSEL2,57/)

EM2a0,

RETURN
[
Cee SOLUTION FOR GIVEN P21 AND DELTA
c

60 RO21=(P210{8+1,)/(Ge1,)41,)/((Ge1,1/(Gel,)eP21)
BOaTAN{DEL)
DETe(RD21+1,)00204,8R0210BB002-
IF{DET,LY,0,} GO YO 40
Xju((RO21e1,)eSQRT(DET)}/(2,088)
SIGBATAN(X1)
EN18(P23+1,)}/(G2SIN(SIGIon20(l, e8,/R021))
EMLBSQRYLENY)
EM25(4,/P2191,1/7({1,°R021)#(SIN{S1GeDEL)}en2)
EM28SQRT(EMQ)
G0 Y0 80

40 WRITE(6,140)0E(T.P21

140 FORMAT(LH ,3X,'ssoneesa OBS ERROR,NO SOLUTION!',SXSHDELTA®ELZ,S,
15X6HP2/P13EL12,5//)
ENgsC,
RETURN
END

Cesssse FUNCTION FOR THE SOLN OF OBLIQUE SHOCK ee e .
FUNCTION FUN(X)
COMMON /COEF /A,8,C
FUNsXesJeAsXon2+BaXeC
RETURN
END

25
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72
73
T4
75
76
1?
78
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L1
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84
85
86
87
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Ceonoes CONSTANY PRESSURE JET BOUNDARY SUBROUTINE sssssssessecscsacscnss

Cee
Gee
CONY
Cee
c

Cuee

42

39

Cess
199

10

14

~

[ X ]

22

24

44
11
12

Coss

28

46
28

»

Cone
Ce

80

81

500

502
504

a3

SUBROUTINE CPRJSBR(QAMNAP ,DETA RULENSLP,PLS,PI,1H)
PI(2)18 FOR THE LENGTK OF JBY
IW IS OUTPUT CONTROL PARANETER, IF Iueg, JEY DOUNDARY WILL BE
PRINTED OUT,
INF IS FLOW FIELD OUTPUT CONTROL PARAMETER, IF IWFmg, JET FLOW
FIELD WILL BE PRINTED OuY,
ENASTE (A,B)030RT({ 3a(Beg,104002)/(1,9,50(B01,)04082))
ENACHF (A DIBSORT({(2,0(A002))1/(B808,))/1d,9t(Bes )/10el,))0A0e2))
PRYJOF(A:D)8(S, »((Beg,)/ (Dol ))0h002)00(B/(Dey,))
AllYOI(A.')l(:l!.l(ﬂ'l.)!Dtx.oo.ﬁoli-t.)‘Ab02)’0'tt0.5-(0¢1.1)I
1 (Bele)))/A
DIMENSION PMB(200,4,30)sP0(4),P1(4),P2(4),P3(4),PL(4)
lurey
L1 1% ]
EMSPRENACHF (EMSLP ,GANNAP}
STARTING CONDITION FOR CONICAL NOZZLE
CALL STAYCSIEMSIP ,BETA,PHB,N)
CALL PMSBRLIGAMMAP EMLP ,PLS,BETA,K,N,PNB)
KiaNeK
PPNEST 2957 795ePHB (K ,401)
EMSJBEPNB{KL,3,1)
EMJBSEMACHF (ENSJE ,CAMNAP)
IF{IN NE,1) GO T0 199
WRITE(6,42) PHUB(XL,5,1)sPNB(KL1+2,3),PNB(KL,3,3),PPN,PLS,ENJE
FORMATILN 5K, 'PRANDTLOMEYER/6Xs 1X0%1,F8,5,5X.'R0%",F8,5,5X,
1 INSTARB Y ,F O, 5, 5N, *THETAS Y ,F9,5,504NP152EL2,5,
2 SXSHMACHSEL2,%//)
WRITE(6,%9)
FORMAT(LH ,*CONSTANY PRESSURE JEY FROM A CONICAL NOZILE',//
1 AH s10X,2MHXNB 41X 02HRI ;11X s 2HNI ,8X,SHTHETS/)
CALCULATION UP TO THE AXIS POINT
CONTINUE
SsQ
NMgiaNey
DO 5 Ts2,NM4
JisNegel
J2sKiegele2
00 & JsJi,Jd2
DO 7 Le1,4
PL(LIBPHB(J L1}
P2(LIaPHB{Jel, p101)
CALL FPS(GAMNAP,PL,P2,P3)
IF(P3(4),GE,500,) GO TO 800
DO 8 Lsi,s
PHB(JedsL s T2SP3(L)
CONTINUE
DO 9 Lai,e
POLLISPNB({J2¢1,L 5101}
PLILIOPHB{JZeL,L: )
CALL BPSLIGANNAP,PD,P1,P3)
IF(P3(1),QE.%00,) GO TO 800
DSaSORT((P3(1)eP0{1))802¢(P3(2)eP0(2))002)
SsSeDS
IF(ABS{RWeP3(2)),1,E,0,001) 60 Y0 22
IF(RWaPI(2)) 24,264,206
Prt1)sP3(L)
PI(3)ePIL(I)
PIt4)sP3tA)
Ple2)ss
RETURN

IF(P3(4),6E,0,) GO TO 790
IF(IW,NE,1) GO TO 31
PPISEMACHF (P3(3) +CAMNAP)
PP4a57,2957795aP3(4)
WRITE(S,44) PI(1),P3(2).PP3,PP4
FORMAT(5F13,8)
00 12 Lu1,4
PHB({J2e2.L,1)8P3(L)
60 Y0 S
ITERATION FOR R3sRW BEFORE AXIS POINT IS REACWED
IF(IN,NE, L} GO TO 28
WRITE(6,48)
FORMAT{IN »5X,'JTERATION FOR R3sRW BEFORE AXIS POINT IS REACHED?)
PHB(J1,2,1)3PHB(J1¢1,2,1e1}e(PRBIJL1,2,T)ePNB(J101,2,T08))e
1 (RW«PO(2))/(P3(21eP0L2))
RaPMB(J1s241)
RNSABS(1,/SIN(BETAY)
THETSASIN(R/RN)
PHB(J1,4,T)8TNET
PHB{J1,1,])8RNe(COS(THET)eCOS{BETAY)
PMB(JL,3,1VYSENSYP
SaS«DS
GO Y0 14
CONTINUE
CALCULATION AFTER AXIS POINT 1S REACHED
FIRST AXIS POINT
JJ28J2e2
1N
DO 80 L31.,4
PL(LIBPME(1,L,1)
P2(LIBPMEB(2,L,1=1)
CALL APSZ(GAMMAP P1,P2,P3)
IF(P3(1),GE.500,! GO YO 800
DO 834 (93,4
PMB(2,Lo1)2P3(L)

A2e0,

1F(A2,NE,0,) GO TO 502
"s3

GO TO S04

M2

00 85 JxM,JJ2

00 83 Lsg,4
PLILISPHB(Jel,L])
PILISPHB(JsL,Ted)

CALL FPS(GAMNAP,P1,P2,P3)
IF(P3(1),GE,500,}! GO TO 800
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124
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191
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85

88

92

g4

a7
1]

Ceos
96

43

98 PHA(L,L,1)8PRBL2,Lal 1)+ (PHBIL L +I)PHH(24L,1-1))e
(RN=PD(2))2(P3(2)-PO(2))

1

Cese

118

104

105

106
120

108
109

130

142

144

131
132

200
3000

Cene
146

sn

148

150
1

152

154

Cees
790

DO 84 L3i,4
PHH(J,L,11aP3 L)
CONTINUE

JeJgd2

DO 86 L=1.4
PLLLISPRB(J,L 1)
POLL Y ePHB(J,L ,1~1)

CALL BPSL(GAMMAP,PD,P1,P3)
IF(P3{1).,GE.500,) GO TO BOD

DS3SORT({PI(1)-PN(1))1en24(P3{2)-P0(2))ve2)

SzSeN§

IFtAUS{RE=-P3I{2)).LE.0,001) GO TO 92

IF(RWPIL2)) 94,94,94
Pl{1)sP3(1)
Pl{4)sP3i4)
PI{3)3P3(3)

Pl1t2)seS

KETURN

1F(P3(4).GE 1,1 GO TO 79
IFITW,HE, 1) GO TO 87

PPREEMACHF {P3(3),GAMMAP)

PP4857 ,2957705aP314)

WRITE(6,44) P3(1),P3(2)1,PPY,PP4

DO 88 isy,4
PHA{J#Y,L,1)3P31L)
GO 1o 118

ITERAYTION FOR R3sRW AT THF FIRST AXIS POINT

IF(Iw,4E.1) GO TO 98
WRITH{6,48)

FORMAT(1H ,5X,*ITERATION FOR R3sRW AT THE FIRST AXI> PA[ 114,

Lz?

KsPHR{{,L,1)
HNAHS(1,/SIN(RETA)}
THETIASIN(R/RN)
PNB{1,4,I)sTHET

PHA(1,1,}RN#{COS(TNET)-COSIBFTA) )

SsS5-08
A231.
60 10 500
AFTER FIRST AXIS POINT

Isley
DO 104 L=1,4
P2{L1sPHB{2,L,11)

CALL APS1{GAMMAP,P2,P3)
IF(P3(1).6GE,500,) GO TO ¥00
DO 105 L=1,4
PHAL1,L,1)zP3(L)
P1(LIBPILL)
PRILISPNB(3,{,Tv1}

CALL APS2({GAMMAP,P1,P2,P3)
IF(P3(1).,GE,500,) GO YO 800
D0 106 L=21,4
PHR(2,L,1)2P3(L)

D0 109 Ja3,JJ2

00 107 La1,4
PLlLIsPHBlJ=1,1,1)
P2(L)1sPHUtI+1sLp1wt)

CALL FPS(GAMMAP,P1,P2,P3)
IF(P3({1).GE,50D0,) GO YO RQO
DO 108 Lx1,4
PUBIJ,L,I1)sP3{L)

CONT I

DO 130 Lxy,4
PLILIZPHBLII2,L,1)
PO(L)2PNBLUJ2¢1,L,1%1)

CALL NPSI(GAMNAP,PO,PL,PY)
IF(P3(1),Gk,.500,) GO 1O 800

USESORT((PI(1)nPO(L11)8024(PI(2}FP0(2Z|)082)

S3S+)§

IF{AHS (RVaP312)),LE.0,001) GO TO 142

IF(RN~P3(2)] 144,144,146

PItidePst1y
PIi4)2P3(4)
PI(313P3L3)
PIitegyss
KRETURN

IF(P3(4),6F.0,) GO Tn 790
IF(Iw,NEL1) GD TO 13)
PPITEMACHF (PI(3),GANMAP)
PP4257,29577954P3(4)

WRITE(6,44) P3(1)1,P3(21,PP3,PP4

UQ 132 L=1,4
PRi{gJ2e8,L,1)2P3(L)
IF(I(GEL.30) GC YO %00
GO TO 118
wR1TE(6,3000)

FORMAT(1HD,5X s *OVER DIMENSION OF RIGHT RUNNING WAVE IV )

RETURN

ITERATINN FOR RS®RW AFTER FIRST AXIS PQINT

IF(IW,NE. 1) GO TO 148
WHITE(6250)

PORMAT(LIH ,5X,"ITERATION FOR R3aRW AFTER FIRST AXIS POINTY)

VO 150 L=21,4

PHRIL,L,T)3PMB(2,LsI~10¢1 PHBLL,L, 1)
(RH=POL2)}2(P3L2)2P0(2))

V0 1%2 Lsy,4e
PLtL)ISPHB{1,L,1)
P2(LISPNB(3,L,T-1)

CALL FPS(GAMMAP,P1,P2,P3)
U0 154 Lsy,4
PHRI2,L s 118P3(L)

GO T0 120
FAILURE PRINT nut
PPISEMACHF (P3{3) ,GAMNAP)
PP4257,2957795P3(4)

~PHE2,L.I-1))e

27
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WRITF(6,3010) PI(11,P3(2}1,PP3,PP4

FORMAT(LIH ,5X,'JeT BOUNDARY wOULL NOTY REACH T0 THE SHROUNY/

1 14 ,5F 13,5 )
Iwss0
RETUPN

OUTPUT OF NET POINT VALUES
IFtIwF ,ti€,1) GO TO0 850
WRITH(6,3020)
FORMATIIHLSSX,*NET POINT VALUES*//
1 SX3H  1,2X8H  Jy9XSHX-CONOXSHTHETA,YXSHAST AK,
2 IXSHMACH s FXSHP/PRP/)
o0 #1n N132.1
IF (Nl .6 N} GO TO 83D
JizNel-n]

J2zKieN]-y
GN Y0 &40
830 vizl
J224J2¢%
840 D0 m20 J2Jl1,J?2
PPIsHFMACHF (PHB(J»3,NI1,GANMAY)
PP43H7 ,29577956PHB{Js4,NT)
PPSIPRTIOF (PHE(Jed, NI ) ,GAMAF)
WRITH(A,3030) HIJsPRBIJI14NT),PHE(JL2:H1),PP4,PHBLU, 3., N1) . PFS.PPS
JU3D FORMATIIN ,4X,T75,2%,73.012Y,7F12,6))
820 CONTINU
810 WRITE(A,S5040)
3040 FOPRAT(1IHOY
850 Iwz2:
WETURN
END
Cense STACTING CONUITION FOR CONICAL NUZIZLE esssscasescescsarnsessssSTC1001Q
SURROUTINE STATCL(FMSIP,HETA,,PMY ,N) STC10020
BIMENSION PHH{10M,4,30) STC10030
latsy STC10040
ANzFLOAT(N=-1) STC100%0
PMR(N,1,1020.0 STC10060
Pup (N, 2,102, SYC10070
Pur(t,3,1)13ENHS1P STC10080
Pupi(b, 4,126k TA STC100%0
el /A STC10300
RNEAHAS(Y./STL(RETAY) STC10110
U0 1 I=2.6 SYC10120
Janelel STC10140
PMA(U2,1)2PHBLJU*1,2,]<1)eNR STC10140
REPYIL( 1,2,1) sTC104is0
PRE(S 4,1 )SASIN(¥/Riv ) STC10160
THETzPH it Jo 401 STC10170
PRA(J 21,11 =RMO(CUS(THET ) =COS(BETA)) STC10180
PMic(J,3,T)12EMS1P S$TC10190
IFcI~g,te,0) GO TO & sTCi0200
wRITHF(AL10) Jals PHBIJLL ] sPMBIJS2,]) aPRE(J32112PRR(JS4,T} STC10210
10 FOPAATLAR L2X,*STATCE Y ,9X3H J18,5%30 1318,5%X3H XsE12.5, STC1n220
SXSH R2E12,5,5X6NNSTARSEL12,5,5XO0HTHRETAZEL2,5) $1C10230
1 CONT [HUr . STC10240
RPE T STC10250
Eup STC10260

Cemse PRANDTL »MEYER SUBROUTINE FOR CONICAL NQ22Lt eeesesssvecsssecssncaPnsSiiOl10

51
52

53

SURROUTINE PMSARL (GAMMAP ;EMLIP,P1S,BETAK,N,PHB)

PNS10020
PHS10030

OMEGAF (A,BISSORT((Be1,)/(Bel 1)PATAN(SORT ((A®®2+1,)/((R*1,}1/(H=-1,)PNS10040
1°A002)) ) eATAN(SQRT (((Bel,)/(Bet, ) )0((A002ag,)/((Bel,}1/(b=1,)+Aee2)PNS10050

2 PHS10060
EMASTF(A.B)SSORT((0,50(801,15(A®®2))/(1,+0,50(B=1,)0(Ae2))) PM510070
EMPRSFIA,BISSORTI((BeL, L/ (R=1,))% (2. ~Ass({Ho1,)/H))) PHS10080
DIMENSION PHMB(100,4,30) PHM$10090

PHS101010
YSOMEGAF (EMASTF (EMLP ;GAMMAP ) ;GANRAP) PHS106L10
ANGLESS7,2057790(YeOMEGAF (EMPRSF (P1S,GANMAP) sGAMNAP)) PHS10120
KSAUS{ANGLE) PHS10130
KaKey PuS11;140
CaFLOAT(K) PrS30150
DELTASANGLE/(Ce57,295779) PHS10160
PHB(N,1,1)90.0 PMS10170
PHA(N,2,1)0e1, Pus5101xC
PHB(N,3,1)SENASTF (ENIP ,GANNAP) Pus101vYd
PHB(N,4,1)2BETA PrS102V0
NPizNed Pas1021C
NPKENeK PHS1U240
UC 53 IaNP3NPK PHSI02350
PHBR(  $,1,318PHBt  1-1,1,1) PUS10240
PHB(  T,2,1)1=PMB( 1-1,2,1) PHNL0250
PHB( 1,4,1)18PMBC¢ le1,4,1)+DELTA PrSINIZAG
Yia¥e(PHBL I,4,1)1«PHB(N.4,11) PH10273
Y2sPHBl J-1,3,1)+0,02 PHS102b60
Y3SOMEGAF (Y2,GANMAP) PNS1A2YG
IF(ABS{Y12Y3)e1,50E-6) 53,53,%52 PuS108i:0
Y2uY20((Y1aY3)/(YSOMEGAF (PHR( 101,3,1)sGAMMAP}) o (Y2 FMS10810

4 <PHB( 1-1,3,1)) PMS10320
GO 70 51 PHSINSSU
PHMBL  1,3,1)3Y2 PMSLGI4C
RETURN PUSL1UEST
END PHS18a0
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g HOUNDARY POINT SUBROUTINE FOR CONSTY P1S/POP esnsvncscvnsneseaBPSL100i0
SUBROUTINE BPSL(GAMMAP,P0,PL,P3) BPS10020
ENACHF(A:B)ISORT(((2.0(A002))/(B'1‘I!/(1.01(B-l.)/lB'l.))O(A0l2)!)BPSlOOGD
ALPHAF(CISATAN(SORT {1,/ (Coa2e,1,))} BPS10040
DIMENSION POL4),P114),P314) 8PS100%50

KNOWN POINT PN AND UNKNOWN POINT P3 ON JET ROUNDARY 8P510060
Iwisy BPS10070
X0sP0O(Y) BPS10080
RO=PO(2) 8PS10090
ENS0zPO(3) B8PS10100
THEYOBPO(4) vPS10410
R1zP1(2) 8P510120
X1eP1(1) 8P510130
EMSI=PLL3) 8PS10140
THET12P1(4) 8P510150
R13zRY 8PS10160
THET13sTHETY 8PS10170
THETO32THETO BPS30180
NNzl BPS10190

31 EMS133(EPS1eEMSOI/2, . BPS10200
Y{zALPHAF {EMACHF {ENS13,GAMMAP 1} 8PS10210
¥Y3zTHET13-Y1 8PS10220
YS2EXRSL{I#(SIN(YL1)1/COS(Yi)) 8PS10230
Y78((SIN!!NET:S)/COS(THEY!S)lO(S!N(YI)/GOS(Vll1)/(Rtscl(SIN(THET!SBPS!D?‘O

11/COSETHET13) Y e (SIN(YL)/COSIYINI ) BPS10250
X3z (R{eRO+X0®(SIN{THETO3) /COSCTHETO3) )=X10(SINCY3)/COS(Y3) )}/ (SIN{BPS10260
1THETOS)/COSITHETO3) «SIN{Y3)/COS{Y3)) 8PS10270
RIER1+ (X3 XL IO (SINIYIIZCNSLYI)) B8PS10280
P3(1)8X3 8PS102%0
P3¢2)2RJ 8510300
P3(3)=ENRSO 8PS10310
EMS3ZEMSO 8PS10320

THET32THET14Y 70 (R3-R1)» (FNS3ENS1) /Y5 8PS10330
IFCAHS( { THFT3eTHET1)/2,»THFT131»1,50k=6) 36,36,35 BPS1034D

35 R13z(R1+R3)/2, 8PS10350
THET13= ( THETI¢THET1}/2, BPS30360
THFTOSS ({THETO+THETI) /2, BPS10370
IF(1wi,NE,0) GO TO 10 BPS10380
WRITE(H,500) XO0,RO,EMSO,THETO,X1oR1,EMSLITHETL, BPS10390

1 X3»RILEMSI,THETI BPS10400
00 FORMAT{{H ,5X,'CHECK OF THE OUTPUT OF BPSi/ BPS310410
1 Sx4H X0sE12,5, 3X4H ROBE12,5, 3X4HMSOsE12,5,3X4HTHOsEL12,5 BPS10420
2 ’/ SX4H X13E12,5, 3X4R RISE12,5, IX4HNS13E12,5,3X4HTHL2EL12,3 BPS10430
3 / Sx4H X33E12,5, 3X4H RISEL2,5, IX4HNMSIsE12,5,0X4HTHISEL12,5 )BPS10440

10 IF(NN,GE,.15) GO TO 37 B8PS10450
NNaNNet BPS10460
G0 10 31 8PS10470

36 PI(41sTHETS 8PS10480
RETURN 8PS10490

37 WRITE(6,510) X0,X1 BPS10500

610 FORMAT{BX, *BPS1 CONVERSION ERORR 1/,5X4N XOs€12,5,3X4H X13E12,5) ©PS10510
P3(138500,
RETURN 8PS10540
END 8PS10550
FIELD POINT SURROUTINE FPS00010
SUBROUTINE FPS (GAMMAP,P1,P2,P3) FPSQ0020
EMACHF {A»BIESORT(((2,0(A®R2) )1/ (He1,1)/ (1, ((Er1,)/(B41,))0tA®a2)))FPSO003D
ALPHAF{C)SATAN{ISGRT (1 ,/(Cee2s1,))) FPSD0040
DIMENSION P1(4),P2(4),P3(4) FPSON050
IWysy FPSOOVEO
XisP1¢1) FPSODOT0
X28P2(1) FPSDODBO
RisP1(2) FPSUOUSO
R2sP2{2) FPSQ0100
ENS12P1{3) FPS00110
EMS28P2{ 3) FPS00120
THET13P1(4) FPSOD130
THET23P2(4) FPSQ0140
R138RY FPSYD156
EMS133EMSY FP500100
THET13:THETY FPS00170
H233R2 FPS00180
EMS232FNMS2 FPSD0190
THET23:zTHET2 FPS002N0
NNZ3 FPS00210
1 YYsALPHAF (FMACHF (ENS13,GANNAP)) FP5Q02¢0
Y2sALPHAF (EMACHF (ENS23,GANNAP)) FPSONZSO
Y3sTHET13eY3 FPSQD240
Y4z THET23+Y2 FP500250
YSEENS136(SIN(YL)/COS{Y1}) FPSONZeD
Y6TEMNS23e(SIN{Y2)/C0S{Y2)) FPSQ0Z70
Y?:((S!N(YHEIiB)/COS(Tﬂefisl)0151N(11|ICOSf71)))/(Nxs-((SIN(THFYldFPSDDQEO
1)1 /COSI{TUETI3) )= (SINIY1I/COSLYLIIN)) FP5QLZ2Y0
Ye-tISIH(YHEIZS)/COS(Tusvzsy)O(slan?)/coscvz)))/(ﬂ?éo((SINlan12drFsooaoo
1)}/COS{THET23) 1 (SINIY2)/C0S1Y2)))) ~ FPS00310
X3s{R2-R1=X20 {SIN(Y4)/COS{Y4))oX1@(SINIYS)/COSLY3) )/ (SIM(YS)/COSIFPSODS20
1Y3)1=SIN(Y4)/COSLYA)) FPSONS3C
RIER1+(X3eX1)@(SINLY3)/COSLYI)) FP500340
THETS2(TRET4®YS4THET28Y6+EMS1-ENS2eYToY58(RI~R1) -YBeYSR(KI-R2))/(YFPS00850
15+Y4) FPSUDSEC
EMSIEENS1eYSe (THET1«THET3¢Y7#(R3IFR1)) FPSON370
3 IF (ABS ((EMS3eENS1)/2,~FMS13)-1,25E-5) 4,4,5 FPSUD3EO
4 IF (ABS ((THET3eTHET1)/2,=THET13)=1,50E-0) 6,6,5 FPSQ03%0
5 ENS13a(EMS14ENS3)/2, FPSDN4DO
ENS232 (ENS2+EMSIN /2, FPSD0410
R132{R14R3)/2, FPSD0420
R23:{R2eR3)1/2, FPSON4S0
THET13s(THET1eTHET3) /2, FP500440
THFT23=(THET2+THET3) /2, FPS00e%0
IF(INg,ME,0) GO TO 10 FPSQNacO
WRITE(6,500) X1,R1,EMS1,THET1,X2,R?,EMS2,THETR, FPS00420
1 X3,R3,EMSI»THETI FRPSULABD
00 FORMAT(4H ,10X,'CHFCK OF THE OQUTPUT OF FPSY/ FPS00490
1 Sx4H X18F12,5, 3X4H R1:E12,5, 3X4HRS1z E12.5, 3X4nTH1zF12.5 FPSU0SUL

2 7 SX4H X28E12,5, 3X4H R2:E12,5, SX4HMS2z €12.%, IX4HTH22£12,5 FPS00510
3 7/ SX4H X33F12,5s 3X4H R3ITE12.5, 3X4HMSIz E12.%. 3X4HTH33F12.5)FP500520
10 IF(NN,GE.15) GO TO 37 FPSO0580
NNzNNe3 FPSG0540
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60 10 1

P3t118X3

P3L2)3R3

PI(3ISENST

P3(4)STHETY

RETURN

WRITEL6,510) X1,%2 .
FORMAT(8X,*FPS CONVERSION ERORR ¢/

1 SX4H X1z£12,5,3X4H X22£12,%5)

Ces

11

1

13
14

50
1
2

10

15

37

510
1

P3t1)8500,
RETURN
END

AXIS POINT SUBROUTINE(4)
SUBROUTINE APSE (GAMMAP,;P2,P3)

FPSQ0550
FPS00560
FPSQ0570
FPS00580
FPS00%90
FPSQ0600
FPS00610
FPS00620
FPSO0630

FPSQ00650
FPS00660

APS10010
APS10020

EMACHF (A,B)BSART(((2.9(A%021) /(81,11 /(1,o((he1,)/(Hel,))e(A®®2)))APS1003C

ALPHAF (CYSATANISORT (1,/(Cee2<1,))}
CIMENSION P2(4),P3(4)
UNKNOWN POINT P3 ON THE AX1S
INisy
X2sP2(1)
R2sP2(2)
EMS22P2(3)
THET2aP2(4)
®320,0
THET320,0
R233R2/2,
ENS233EMS2
THET238THET2/2,
NNsi
Y23 ALPHAF (EMACHF (EMS23 ,GANMAP ) )
Y42 THET23eY2
Y6AENS230(SIN(Y2)/COS(Y21)

APS10040
APS100%0
APS100060
APS10070
APS10080
APS310090
APS10100
APS10110
APS1012C
AP310140
APS10140
APS1015G
APS10190
APS10170
APSi0180C
APS10190
APS10200

YB!‘(S!N(TﬂETZS)/COS(THET?&)i'(SlN(Y?)/COSlV?)!)/(ﬂZSC((SIN(YuFT?JAPSiO?lU

V/COS(THET23) ) «SIN(Y2)/COSLY2)))
X32X2«R20(COS(Y4)/SIN(Y4))
EMSITENS2 Y8 (THET20YBONR2)
IF (ABS((EMS2¢FEMSI)1/2,«EMS2311,25E=5) 15,15,14
ENS23a(EMS2+ENS3N/2,
IFtIwy,NE,O) GO YO 10
NRITE(S,50) X2,R2,EMS2,THET2,X3,RILENSS,THETS
FORMAT (1N ,10X,*'CHECK OF APS1*/
OXAH X283E12,543X4N R23EL7,5, IN4HMS2EE12,5,3N4H4TH22E12,5
/5X4H X3BE12,5,3IX4H RI8F12,5, IX4MASIzL12,5,5X4HTHIZEL12,5)
IF(NN,GE.15) GO TO &7
NNSNNeg
GO TO 11
P3t1)8xX3
P3(2)8R3
PI13)BENST
P3(4ISTHETS
RETURN
WRITE(A,510) X2
FORMAT(8X,'APS1L CONVERSION ERORR */
Sx4H X2:E12,5)
PI(1r85a0, ’
RETURN
END

APSL022C
APS10230
APS1U24C
APS1025C
APS10260
APSL027C
APS102K5
APS10290
APS1G30D
APS10810
APS10370
APS1783D
APS10340
APS1035)
APS10365
APSINI82Q
APSIUSKG
APS10390
APS104LC
AP>1041C
APS10470

APS10440
APS10450
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34
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37
3R
39
49
44

42

43
44
45
44
47
48
49
S0
51
52

53
54
55

Ry oy by REEERBAT « 7 2 — VORREN

AXIS PNINT SUBROUTINE(2)
SURROUTINE APS2 (GAMMAP,PL,P2,P3)

31

AP520010
APS20020

EMACHF [A,B)SSORT(((2,0(A®82))/(Be1,))/(1,=t(Bel,1/(B801,))a(Ane2)))APS20030

ALPHAF{C)ISATANISORT(1,/(Ce0201,1})
UIMENSTION P1{4),P214),P3(4)

Cee KNOwN POINY P1 ON THE AXIS

Iwi=z1
X12P1(1)
X2sP2{1)
KisP11(2)
rR2eP2(2)
ENS12P1(3)
ENS22P2(3)
THET12P1(4)
THET2:P2(4)
Ri{33RY
EMS33sFrSY
THETA13sTHETY
K233R2
eMS233FHS?
THFT23sTHET2
HNZ1
21 YL=ALPHAF (FMACHF (ENS13,GamMAP))
Y2z ALPHAF (EMACHF (ENS23,GARMHAP) )
Y3z THET13-Y1
Y4=THET23eY2
YSENSI3e (SIN(YLI/7COS(VYL))
Y6zENS23e(SIN(Y2)/C0S(Y2))

APS20040
AP520050
APS20060
APS20070
APS20080
APS20090
APS20100
APS20110
APS20120
APS20130
APS20140
APS20150
APS20360
APS20170
APS20180
APS20190
APS20200
APS20210
APS20220
APS20230
APSZ2024"
APS20250
APS20260
APS20270
APS20280

Y8z {{SI' {THET2X)/COSITHET23))I®(SINIY2)/COS(Y2) 1}/ IR2ISL(SINITHFT23APS20290

1I/COS{TuETIP3) ) ASINIY2H/C0S{Y2) 1))

APS20300

XJ2(N2H) =Y 2R(SIN{YH)/COS(Y4) ) eX1(SINIYI)/COSIYI)I)/(SINIYI)I/COS{APS20310

1Y3)=STH(Y4)/7C0S(Y4)) APS20320
R3sR1e{XI=X1I@tSINIYI) /CASLYS)) APS20330
THET32 (THET29YA+ENSL-ENS2=YBaYbe (RI=N2))/(2,4Y5¢Y8) APS20340
EHS3ITENS Y592 @THE TS APS5203%0

23 IF {ABS({EMSIeFES1)/2,-E4513)01,25E=5) 24,24,25 APS20360
24 IF {ABS({THET3«THETL)/2,-THET13)-1,50E~61 26,26,25 APS20370
25 EXSL1S3(EMNSI+ENSII/D, APS20380
ENS233(EMS2+ENSS) /2, APS20390
Hi32(R1eH3Y/2, APS20400
H233tR2ex3)/2, APS20410
THE TI3=(THET I« THETRY /2, APS20420
TRETZ23s(THET2+THETI) /2, APS20430
IF(Iw1,%E,0) GO 10 10 APS2044D
WRITELA,500) X1,R1,EMSE,THETY,X2,R2,FHS2,THET2, APS20450

1 X3sH3,ENSI, THFTS APS20460
500 FORNAT(LM ,10X,?*CHECK OF THE QUTPUT OF APS21/ APS20470
1 SX4H X12F1?2.5, 3X4H R1sE12,5, AX4MHSY1E E12,5, IX4HTH13E12,5 APS20480

2 /  SX4H X23F12.5, 3X4n R23E£12,5, IXAHMS2E: £12,5, IX4AATH23E12,% APS20490
3 /  SX4H X33F12,5, IX4H RPIzE12.5, IX4NMS3s E12,5, SXANTH3SEL12,%)APS20500

10 IF(NW_GE,15%) GO TO 37
HNzNNet
0 10 2%

26 P3i1)=X3
P3(2)eRy3
PILI)IBEMS]
P3(4)BTHETYS
RETURN

37 WRITE(6,510) X1.X2

510 FORMAT(8X, 'APS? CONVERSION ERORR !/
1 SXx4H X3sE12,5,3X4H X2:£12,5)
P3(1)8500,
RETURN
END

APS20510
APS20520
APS20530
APS20540
APS20550
APS20560
APS20570
APS20580
APS20590
APS20600
APS20610
APS20620
APS20630
APS20640
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c.-.-.-oov.on--...connlonc.Qtlt...utcu'l‘il.0.0.06.’.thotnboiuontncsolo

Ce ZERC SECONDARY FLOW EJECTOR, AUX, PROBLEMe2, (2FE2) -
Ce BASF PRESSURE USING ANGULAR REATTACHMENTY CRITERIA - :
CeR0ueteasannaitasrsssssrtatssncssa ESRSTARUBGSSRBRBASSLELBBREBAGG SRR ABNES
Cee INPUY PARAMETERS

(o G 2 SPECIFIC HEAT RATIO

c ARC & NOJZLF AREA RATIQ

[ AD s DIFFUSER INLET AREA/NOZZLE THROAT AREA

c RET = NOZZEL EXIT HALF ANGLE, POSITIVE VALUE IN DEGREE

c Iwi 3 IWizyi LSISUB DETAILED QUTPUY

c N 3 NUBER OF SUBDIVISION OF INITIAL ISOMACH SURFACE

C 10T 3 PROBLEM IDENTIFICATION

[ IDT20, CONSTANT AREA SHROUD

4 10T=1, NONCONSTANT AREA SHROUD, USE SHROUD PROFILE SUBR.
c 1w 3 QUTPUT CONTROL,» IWst DETAILED OQUTPUY

¢

Cee FUNCTION STATEMENT

EMASTF (A,B)SSORT((,56(B+1,)184802)/(1,¢,55(Be1,)0A002})

ENACHF (AsB)SSQRT(((2,9(A%02))/(B*1,))/(1,w((Bel,}/(Bel,))eAne2)]

PRTICF(A,812(1,et(Reay,1/(Bal,))0hne2)ae(8/(8a1,)}

FM(AsB,CIZCOA({2,/(Be1,))0(1,00,50(beg,10A002))00((0,5¢(Bel,))/

1 (Beg,1)

FO(A,B,C)3C~(2,/(Bel, ))en(D,50(Be1,3/(Be1,1)0(0,50(Beg,)e0n}

b #(1,+0.,50(Beg,)0h002)00((3,0B)/(Bel,1/2,)

EMPRSF (AsBISSORTI((Be1,)/(Reg ) )0 (1 ,0h08((Brg,}/B)))

EWMFLA,B8)21,/SNRT(1,4(2,/((Bel,)%A®e2)))

EQUIVALENCE (G,GAMNAP)

DIMENSION PJ(S5)
88 READ(5,90) CASE,N,IDT,IW,Gs8ET,ARO,AD,PLSEX,TIWY
90 FORMAT(AB,314,4F10,6,E12,5,14}

IF (CASF EQ,BHEND } SYOP

Ces NOZZLE EXIT CONDITION

BETAZeBET/57,2957795
ARE(2,/(1,+COS(BETA))IaARD
BMz4,
95 DBMEFM{BM,GAMMAP JAR) /FN(BM GAMMAP AR}
IF (ABS(DBM) . LE,0.0001) GO TO 96
HMIBM=DEN
GO TO 95
96 EM1IPEBM
FMSIPSEMASTF (EMLF sGAMMAP)
P1PzPRYIOF(ENSYP:GANNAP)
Ruz«SORT(AN/ARG)
WRITE(6,52) CASEsN,GBET,ARO)AD,RHIENLIP,PLP,PLSEX
52 FORMAT({H1,///8X,%enalft-AU~=2, BASF PRESSURE USING ANGULAR REATTAC
{HMENTO s ,DXAB,5X2HNET4//
2 OXOHGAMMARE R ,5,5X ,SHEETASF S, 5,SX THANE 7A02F 8 ,J,5X6HAD/AesF 9,3,
3 SX3HRWSFB,5/6X3HH12F8 ,5,5X8HP1P/POPREL2,5,5X40H(PC/PO)EX
4 €12,5//)

Cos FIRST TRIAL VALUE OF P4S

ANSAD
BOMEENLP
97 DBMIFK(BM,GAMNAP ;AW ) Z/FD(BMGAMMAP ;ANW)
IF(ABS(DBM) ,LE,0,0001) GO TO 98
BHsBNeDBM
GO 10 97
98 HHLPEBM
IF(BMLP,LT,1,) GO 7O 99
GO T0 100
9% BMab,5
GO 10 97
100 BMSLIPEEMASTF (OMLP ,GAMMAP)
PISEPRTIIOF (BMSIP,GANNAPY
WRITE(6,53) BMIP,BMS1P,P1S
53 FORMAT(1H ,5!5H3I1Pl512,5.516HBHS:P:E12.5,5!4N?1Sl£12.5//I
149 CONTINUE

c
Ces JET BOUNDARY
c
BM2AZBMLP
KKa]
IW2e 1wy
151 CALL LSISUB(G,RETA,RW,ENSIP,P1S,PUsN,IND)
EM2ASBM2A
IF(IW2,E0,20) GO YO 600
1FLINZ,EQ,10) GO T0 152
Cee IW2320 MEANS MOC FALURE,AND IwWgis20 MEANS JET BOUNDARY «0ULD NOY
c REACH DIFFUSER SHROUD,

GO YO 154
182 P1Ss0,5eP1S
153 WRITE(6,%4) PIS
84 FORMAT(LN ,5X,'NEW TRIAL VALUE OF P1S3',£12,5//)
Iv2slug
BMS2ASEMPRSF (P15,46)
BM2ASEMACHF (RMS24,G)
GO T0 154
154 XJePJ(1)
THET38PJ(41057,2957795
EMJ BPU(3)
SsPJLS)
XJDDee0,5#XJ/RW
IF(IW,NELL3G0 TO 155
WRITE(S8,56) XJ,XJDD,THET3I,S,E6M0 JEN2A
56 FORMATILN ,5X,*JET IMPINGEMENT POINT'/6X3HXJUZE12,5,5XSHXJDDZF12,5,
1SXONTHETIREL2,5+TX2HSEEL2, 5 SXKAHMPISELD 5, 5X4HM2AZE12,5//)
c
Cee REATTACHMENT CRITERIA
c

155 THET48ABS(THETS)
WieEWMF (ENLIP,G)
AQen268,74830
ALu559,27743
A222270,46285
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24, b 1:>’$};/]§gggtﬁgitgﬁfﬁff 4 7 ;.—-1?Q)§Q§f§+j! 33

70 CasADeWiee2aTHET4

74 HSORTsAj*82e4 8A20C

72 1F(BSQRT,GE,0,)G0 TO 223

73 WRITE(6,224)

74 224 FORMAT(1HO,'REATTACHMENT CRITERIA,MINUS VALUE IN SQARE ROOT?!)
75 P1531,50P4S

76 GO TO 153

7?7 223 M28({=A1+SQRT(BSQRT)I)I/(2,9A2)

78 HM2A32,/(Gel,)0W2082/(1,0)2002)

79 UN2A2SORT (BM2A)

an IF(ABS(BM2A=EN2A) ,LE,D,0001) GO YO 200

81 DEGNIEM2A»BM24A

82 AVsd,

83 IFCKK,GE ,15)AYVsS,

84 HMZ2AREM2A«DEBH/AY

85 IF(AR,LE ,2,)BM2ASENZA«DEHN/AY

86 330 HMSZ2AREMASTF (BM2A,GAMMAP)

a7 P1S2PRTIOF (BNS2A,GANMAP)

88 IF(KK,GE,40) GO YO 170

89 KKyEKKey

90 IF(IW,NE,1) GO TO 160

91 WRITE(6,60) P1S »BM2A,KK1

92 60 FORMATILH ,L3X,'NEW ESTIMATE OF P158',E12,5,5X4HN2A2E12,5,

1 SXIHKKEI3//)
93 160 KKzKKej
94 GO TC 151
4

95 170 WRITE{8,865) KK

96 65 FORMAT{{MH ,'senss BASE PR, SOLN, WOULD NOT CONVERGE., KK=',13//)
97 GO T0 88

94 200 WRITE(A,58)XJ,XJODTHETI.S,ENJ,EM2A

99 WRITE{6,62) P1S,BM2A,KK
100 62 FORMAT{IH ,////6X, 40020200000 0u0acutanitonnasisnasniassssnanosannty

1 6X,'BASE PRESSURE USING ANGULAR REATTACHMENTY/
2 6XBHP1S/POPSE12,5,5X4HN2AZEL12,5,15X3HKKR]1IS/

3 66X, 'PNGRENPINNNRNNIRSBENNRRNDENIIRDRNNISRGRRENORY//)
i01 GO TO0 88
102 600 HRITE(6,564)
103 64 FORMAT(LIH ,3X,'LSISUB FATLURE!)
104 GO TO 83
105 END

Cemesew | IMITING STREAMLINE IMPINGEMENY SUBROUTINE wseesssssencesarcscore

1 SUBROUTINE LSISUB(G,BETALRWIENSIP,PL1S,PJ,N,1IW)
Ce INPUT G,BETASRW,EMSIP,PIS,N,IW
c outPUT PV
c
Ces FUNCTION STATEMENT
2 EMASTF{A,BIBSORT((,5%(Bet,)oAne2)/(1,+,5%(Rel,)eAue2))
3 EMACHF tA,BISSQRT({(2,0(A®82))/(Be1,))/(1,»({Hxl,)/{be1,))ma0n2))
4 PRYIOF{A,BIZ{1,»((Be1,)/(Bey,))pA0n2)as8(H/(B~1,))
S DIMENSION PHNB{100,4,30)+P0L4),P1(4).P2(4),P3(4),PJI(S)
c
Cess STARTING CONDITION FOR CONICAL NOZZLE
c
6 EMIPIEMACHF {EMSLP,G)
7 41 CALL STATCAL(EMSLIP,BETA,PMB,N}
e CALL PMSBRY{(G,EMIP,PLS,PETA,K,N,PHMB)
) KiaN+K
10 PPM257,2957793ePMBIK1,4,1)
11 EMSJUBaPHB(KY,3,1)
12 EMIBEEMACHKF (EMSJUB,G)
13 EMZASENJB
14 C2A%1 ,/S0RT(1,92,/({Ge1,)REN2AmR2})
1% "CALL DVS(C2A,FAYIJLEITAJLELITAN, 0}
16 SIGI®12,2,760EM2A
1? EMSJ3FATJSENSJA
18 EMISEMACHF (EMSJ,G)
19 IF(IW,NE,1) GO TO 199 X
20 WRITE{6,42) PMA(KL1,1,1)PHR{XL,2,1),PHB(K1,3,1),PPH,P1S,EMUB
21 42 FORMAT(LH +5X, "PRANDTLeNEYFR'/6X3HX02F8,5,5XIHRO2FE ;5,5XIHNS=FA,5,
1 SXOHTHETARFB,4,5X4HP1SsE12,5,5X5HMACHEFE, 577}
22 MRITE{6,59)
23 59 FORMAT(iH ,5X,'INVICID BOUNDARY AND JET HOUNDARY STREAMNLINF',//
1 OX2HX 3,11 X2HRI 1 IX2HMI ,BXSHTETI,SX 11 X2HX U, 11X 2HKI/ /)
24 199 CONTINUE
25 1TER=Q
26 S=0,
27 10 NM1s Ne}
28 DO 5 Ix2,NN3
29 JisN¢is]
30 J2eKiatsle?
31 14 DO & JsJ1,J2
32 DO 7 Lsi,s
33 PLIL)aPHBLJ,L,T)
34 7 P2{L)sPHB(Jet, )l »1e1)}
35 CALL FPS(G,P1,P2,PY)
36 IF(P3(1).,GE,%00,) GO Y0 800
37 00 8 Leg,4
38 8 PMB({J+1,L,1)eP3(L)
39 6 CONTINUE
40 DO 9 L=1,4
41 PO(L)SPHB({J2+1,L,1=1)
42 9 PLILIEPRB{I2+1,L,1)
43 CALL BPS1(G,P0,P1,P3)
44 IF(P3(1),GE.500,) GO YO 800
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45 DSESGRT((P3(1}aPO(1))0082¢(P3(212P0(2))002)
46 S3S+0§
[
Ces JET BOUNDARY STREMLINE CALCULATION
c
47 XJ2P3(1)+Se(EITANCEITAU}SSIN(P3(4))/S16]
as RJSP3(2)»So(EITAMREITAJ)ISCOSIPI(4})/SIG]
c
49 IF(ABS(RW=-RJ),LE.0,001} GO TO 22
50 IF (RWaRJ) 24,24,26
c
51 22 PJLLIsXy
52 PJ(218RY
53 PJI(SY2EHY
54 PJiS)ss
55 PJL4)ISP3L4)
56 AJDDz=, 50X /RN
57 IF(IW,NE.1) RETURN
5% WRITE(6,601) XJDD,XJsRJSEMI,PILS)
59 601 FORMAT(LH ,/6X.100e JBS INPINGEMENT POINT sse?,5XSHXJDDSEL2,5/
1 OXsSHXJISEL2 .5, SAINRISEL2,5,5XIHNIIEL2,5,5X3KTHEEL12,5/)
60 RETURN
61 24 IF(P3(4),GE.0,) GO TO 7?90
62 IF(IW,NE.1) GO TO 11
3 PP425T,2957795«P3(4)
64 WRITE(6,44) P3U11),PI(2),EM2A,PPAXJIIRILENY,EITAYFALY
65 44 FORMAT(LIN ,4F13,06,5X:5F13,6)
66 11 D0 12 Lsi,4
67 12 PHA(JI2+2,L,1)18P3IL)
68 GO 10 S
c
Ces ITFRATION FOR RJaRW BEFORE AXIS POINT IS REACHED
[
69 26 IF(IW,NE,1) GO TO 28
70 WRITE(6,46)
71 46 FORMAT(LH ,5X,*ITERATION FOR RJsRW BEFORE AXIS POINT IS REACHED')
72 28 Rutisky
73 29 SCeS-DSeDSe(RUL=-PO(2)1/(P3(2)P0(2))
74 RUCESRU+SCOLEITAMEITAJ)@COSIPI(4))/SICT
75 IF CABS(RWC-RW1),LE,0.001 GO TO 30
76 Kug 2RWC
7?7 G0 TO 29
78 30 PHB(JL,2,1)3PHI(J10152,]1n )0 (PHB(J1,2,]) PMBLJ1+1,2,1e1})e
1 (RUC=PDO(2)}/(P3(2)1=P0(2))
79 REPNB(JL,2,1)
80 ANZABS(1,/SIN(RETA))
81 THETSASIN(R/RN)
&2 PHB(J1 24, T)8THET
83 PHB(JL,1+115RNe(COS{THETY)-COS{BETAY)
84 PHB(JL1,3,1)3ENSLP
8s SsS-DS
as IF(ITER,GE,30) GO TO 31
[} ITERaITER 2
a8 GO TO 14
a9 31 1w=20
90 RETURN
91 5 CONTINUE
[
Cese AFTER AX1S POINT IS REACHED
[
Cs FIRST AXIS POINT
c
92 JJ23J2e2
93 1N
94 DO 80 Lui,4
5 PLILISPMB{1,L,1)
96 80 P2ILISPHB{2,L,1-1)
97 CALL APS2(G,P1,P2,P3)
98 IF(P3¢11,6€,500,} GO YO 800
99 V0 81 L=g,s
100 81 PHA(2,L,1)8P3(L)
[
101 A2s0,
102 500 IFtA2,NE,0,) GO TO 502
103 CTT)
104 G0 Y0 SQe
10% 502 m32 -
106 504 DO 85 JsM,002
107 DO 83 Lsi,4
108 PLL)aPHB(Jel,L,])
109 83 P2(LISPHB(JsloI"1)
110 CALL FPS(G,P1.,P2,PY)
111 IF(P3(1},C6,500,) GO YO 800
112 DO 84 Lsi,4
113 84 PMBLJ,L,I)0P3(L)
114 85 CONTINUE
115 Jeyg2
116 DO 86 Lug,4
117 PLILISPHB(JSL,T}
118 86 POILISPNB(J L, Te1)
119 CALL BPS1(G.P0O,PL,P3)
120 IF(P3(1),6€,500,) 60 YO 800
121 DSaSGRT((P3(1)ePO(1))1002¢(P3(2)eP012))0e2)
122 SsSeDS
c
Ces J8s
c
123 XJeP3(1)+Sa(EITANCEITAJ)I®SINIPI(4)3/516]
124 RISPI(2)»Se(EITANSEITAUIOCOS(PI(4))/S16]
c
12% IF(ABS{RU=RJI.LE.0,001) GO TO 92
126 IF(RWeP3(2)) 94,94,96
127 92 PJiiiexy
128 PJt2)eRy
129 PIISISENY
130 PJ(418P3(4)
131 PJ(5})sS
132 RETURN
c
133 94 IF(P3(4),6E,0,) GO TO 790
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138
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IF(IN,NE,1) GO TO 87

PP4R57,2087795eP3(4)

HRITE(6,84) P3(L1,P3(2),EN2A.,PP4IXIIRILENILEITAIFALY
87 DO 88 Lsi,4¢
88 PHB{Je1,L.1)2P3(L)

Go T0 118

c
Cees ITERATION FOR RJsRW AT RRW FROM THE FIRST AXIS POINT

96 IF{IN,NE,1) GO TO 95
WRITE(S,48)
48 FORMAT(4H ,3X,*ITERATION FOR RJ3RW AT RRW FROM FAP')
95 RuysRN
97 SCaSeDSe({RULePO(2))/(P312)+P0t2)) ~14)
RUCBRNeSCH{EITAMSEITAUI®COS(P3(4))/SIGE
IF(ABS(RWC»RW1),LE,0.001) GO YO 98
RWisRWC
60 TO 97
98 PHB(1,2,1)5PNB(2,2,1°11¢(PHB(142,1)PHR(2,2,1=1))»
1 - {RWCePO{2))/(P3{2)rPO(2))
RaPuB{1,2,1)
RN3ABS(4,/SIN(RETA))
THETSASIN(R/RN)
PHB(1,4,1)=THEY
PHMB(3,1,1)sRN®(COS(THET ) «COSIBETA))
S2SeDS
IF(ITER,GE,30) GO TO 99
ITEROITERS 1
A2s),
S0 10 %00
29 lw=20
RETURN

Ceon NO FURTHER MOC CALCULATION 1S PROVIDED AT THE MOMENY
118 NRITE(6,602)

602 FORMAT(IN ,3X,'FURTHER MOC CALCULATION 1S REQUIRED, ADD PROGRAMI')

IWs20
RETURN
c N
Cees FAILURE PRINT OUTY
c
790 PP3IaEMACHF (P3(3),G)
PPex57,2957708aP3(4)
WRITE{6,3010) P3(1),P312),PP3,PP4
3040 FORMATILM oSX,'JEY BOUNDARY WOULD NOT REACH TO THE SHROUD'/
1 1H ,5F13,5)
Iungo
RETURM
Ces HOC UNTI PROCESS BREAK DOWN
800 WRITE(s,3020)
3020 FORMAT(1H ,3X,?#eNMOC UNIY PROCESS BREAK OOUN')
INe20
RETURN
END

Cesssese DIVIDING STREAMLINE SUBROUTINE eecesscscenassssscessesscceces

SUBROUTINE DVSIC2A,FATJ,ETITALEITAN,IV)
FAT(A)SD,58(1,¢2,#SPEQD5(1,4142135604))

RITA®4,0
CALL EINT1(C2A,RITALRIL)
CALL EINT2(C2A.RITA,RI2)
EITASD,2
RI12=RI1<RI2
10 CALL EINTI(C2AE]ITALEIL)
FITAJSRI12=EIL
BITASEITASFITAJU/FINTI(EITA)
IF(ABS(BITA-EITA) ,LE,D,0001) GO YO 20
EITASBITA
GO 10 10
20 EITA=BITA
FATIJSFATLEITA)
EITAMGRITAR(1,=C2A%82 0R]2
IF(IN,NE,1) GO TO 30
MRITEL6,55) C2A,FATJEITA,EITAN
S5 FORMAY(IN ,5X,°DIVIDING STREAMLINE'/
1 X2 'C2A3 Y ,FB,5,5X 'FALJE'FB,5,5XRHITAJLES 5,
2 SXSHITAMSFS,57/)
30 RETURN
END

35

This document is provided by JAXA.



36

OO D NN SN

-

OO0 @O AN

-

NN

OV s

Coson

Ceasnn

MZEFEHENRRFTENI 135

SuB, EINTH

SUBROUTINE EINTL(C2ALEITALEIL)
COMMON W
EXTERNAL FINTY

W3C2A

ANS{EITA®4,0)210+1

NN3IFIX(AN)

NINNe4

CALL THTENL(=4,0,EITAN,SFINTL)
El1sS

RETURN

END

sSuB, FINT2
SUBROUTINE EINT2(C2A,EITALEI2)
COMMON W
EXTERNAL FINT2
WEC2A
AN3(EITA+4,0)210+1
NNz ]FIX(AN)
NEKNeog4
CALL INTEQL(~4,0,EITA,N,S,FINT2}
E12sS
RETURN
END

FUNCTION FINT1(X)
FAT(A)=0,5%(1,+2,#SPEQOS(1,4142135604))
COMMON W
FINTLSFAI(X)/ (1,2 (WeFAT(X))0s2)

RETURN

END

FUNCTION FINT2(X)
FAT(A)®0,5¢(1,+2,0SPEQ05(1,41421356eA))
COMMON W

FINT23 FAT(X)®82/(1,=(WOFAT(X))na2)
RETURN

END
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