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SUMMARY

An improved two-dimensional/viscous characteristics analysis program is
presented in this report. The program is built upon the foundation of a
FORTRAN program in NASA CR-112223 entitled "Analysis of Supersonic Combustion
Flow Fields With Embedded Subsonic Regions." The major improvements are

“described and a listing of the new program is provided. The subroutines and

their functions are given as well as the input required for the program.

Additionally, several applications of the new program to real problems are
qualitatively described. Similarly, three runs obtained in the investigation
of a real problem are presented to provide insight for the input and output of
the program.

This new program has greatly extended the viscous characteristics analysis
of NASA CR-112223 and has transformed it into a useful combustor design tool.
None of the problems described in this paper could be solved with the program
capability of NASA CR-112223.

INTRODUCTION

Current investigations of the hydrogen-fueled supersonic combustion ramjet
(scramjet) engine have delineated several technological problem areas. Refer-
ences 1 to U4 provide evaluations of the scramjet concept. One area, the analy-
sis of the injection, turbulent mixing, and combustion of hydrogen, has been
addressed by references 5 and 6.

The analysis and computer program of references 5 and 6, respectively, are
specifically designed to analyze the parallel injection of an underexpanded
hydrogen Jjet in supersonic flow. However, the viscous characteristics theory
of these references has general applicability to two-dimensional and axisymmet-
ric flows. Unfortunately, the program of reference 6 is limited in its ability
to handle all the possible flow situations which may exist in these type flows.

The present work was undertaken to extend the applicability of the com-
puter program of reference 6. Specifically, it was intended to make the pro-

“.gram a practical design tool for two-dimensional and axisymmetric supersonic

combustors.

SYMBOLS

Temperatures and pressures are given in SI units. Calculations were made
in the U.S. Customary Units, and the computer program was written with U.S.
Customary Units.
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K empirical constant

M free-stream Mach number

P static pressure

rj jet radius or reference length

T static temperature

u velocity

X axial distance divided by rj

y radial distance divided by rj

z mixing-~zone width 1n viscosity model

O, pef stoichiometric mass fraction of hydrogen (0.02915)

Oy, total sum of mass fractions of atomic and diatomic hydrogen
0 flow angle
M absolute viscosity

Subscript:

¢ center line

PROGRAM

The coriginal program was designed to analyze the flow field resulting from
underexpanded injection of hydrogen into a supersonic flow. The program was
for a single supersonic hydrogen Jjet exhausting parallel to the main flow.

The basic governing equations the program solves are the "viscous-inviscid"
equations with finite-rate chemistry terms included. In addition, the Rankine-
Hugoniot and Prandtl-Meyer relations are used to compute shock and expansion ~
conditions. Since the eguations and numerical application are presented in
references 7 to 9, they will not be repeated here. The chemistry package,
unchanged from reference 6, has a T-species 8-mechanism hydrogen-air reaction
scheme.

In addition to streamlining the analysis for computational efficiency, the
following major modifications have been made to the program of reference 6:

(1) The original Ferri-Kleinstein (i = u(x)) viscosity model (refs. 10
and 11) was replaced by the Eggers z~difference (M = u(x,y)) model (ref. 12).
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The importance of allowing U to vary radially has been discussed along with
the model in reference 12. 1In equation form the viscosity is given as

M = KzZu¢Pioeal

The empirical constant K is 0.01 and 2z is the radial distance between the
points where the local velocities uq and up are given by the equations

uq = ug + 0.95(u¢ - uy)

and

up = uy + 0.50(u¢ - uy)

where uy; 1is the stream velocity external to the jet.

Additionally, the laminar viscosity is computed if the velocities of the
stream and jet do not differ by more than 15 percent, and the viscosity for
each distinct cross-stream region is computed independently.

(2) The original method for computing the Prandtl-Meyer expansion fan at
the injector lip has been replaced.

Originally, the program computed the expansion in steps, and then assigned
the varied properties (T, P, ©, u, and U) to different radial locations at
the zero axial location. This approach produced a distorted profile since the
origin of the expansion fan was spread over a small area of the injector exit.
The present method computes the expansion in one operation, steps downstream to
the 0.03 axial locations, and then computes the physical axial and radial
locations and the corresponding properties for the first and last Mach lines
in the expansion fan. (The value 0.03 was chosen to give good resolution with-
out slowing the computations.) This procedure limits the origin of the fan to
the edge of the injector lip, while computing the actual properties of the fan.

(3) The code for computing ideal conical jet flow has been included. This
capability allows detailed computation inside the hydrogen potential core where
the flow-field details are determined by the conical hydrogen injector.

(4) The ability to compute negative-running shock waves has been added.
Even though the program had part of the code necessary for computing such
shocks, it could not be applied because of numerical difficulty. The numeri-
cal difficulties resulting from the vanishing radial distance between the data
point on the shock and the adjacent point as the program marches downstream were
removed by an averaging process which allows the removal of the adjacent point.

(5) The code necessary for computing reflection of shock waves at the wall
and center line has been included. This reflection technique does not account
for shock—boundary-layer interaction.

(6) The number of shock waves that the program can handle simultaneously
has been increased from 4 to 20. Up to 10 each of positive-running or negative-
running shocks are allowed.



(7) The instructions for the interaction of shock waves of opposite fami-
lies have been added.

(8) The instructions for the coalescing of two shock waves of the same
family have been included.

(9) The capability of inputting the wall or center-body geometry in six or
less sections has been added. The sections are prescribed in equational form
and the last section can have up to a parabolic shape. All other sections are
constrained to a shape of linear form. Successive parabolic-shaped sections
can be run by restarting the calculations at the end of the preceding section.

(10) Since the geometry changes allowed under change (9) can produce
shocks and expansions, the code to compute and insert -shock waves and discrete
expansion waves at geometric breaks has been added. The program checks the
direction of the new section and determines whether a shock or an expansion
is needed.

The many improvements to NASA CR-112223 (program of ref. 6) have been made
concurrent with reducing the memory requirement from 151 000g to 117 700g.

While these modifications are not all that are possible or desirable, they
have greatly extended the usefulness of the program. The improved version of
the program is listed in appendix A. Similarly, the various program subroutines
and functions are given in appendix B. The input required by the program is
described in appendix C.

RESULTS OF CALCULATIONS

The improved program has been applied to several problems pertinent to the
Langley-developed scramjet engine. In particular, the flow field of a single
underexpanded hydrogen Jjet, the internal flow of a gas sampling probe, the
fuel-injector strut shape, and the combustor shape have been examined. For the
first problem, the results have been published in reference 13. With only the
first four major modifications mentioned in the previous section, the program
was able to predict very near-field pitot data accurately.

The other three problems involve ongoing research and have not been pub-
lished. Preliminary results indicate that gas samples taken with probes of
different designs (see refs. 14 and 15 for two typical designs) may be inaccu-
rate due to reaction internal to the probe. It appeared that the probes
quenched the sample as designed; however, the recompression which occurs in
the probe may have restarted the reaction. Thus the composition reaching the
sample bottle, or mass spectrometer, may have been different from that entering
the probe.

The fuel-injector strut-shape investigation by the author, showed that the
shape of the strut downstream of the injection point was very important. Auto-
ignition and combustion efficiency are greatly influenced by the trailing shape
of the strut. Calculations by the author indicate that the present Langley-



developed scramjet (see ref. 16) would gain in performance by parabolizing the
strut trailing shape.

Changing from a qualitative problem discussion, the problem is stated and
actual calculations are now presented. The two-dimensional divergent combustor
is of nondimensional length 38, based on a strut gap of 7.62 mm (the average
strut for the Langley-developed subscale scramjet). The combustor, which has
120 of divergence, is illustrated in figure 1. The flow entering the combustor
is uniform and parallel and has a Mach number of 1.9, a static temperature of
2140 K, a static pressure of 58.414 kPa, and the following composition:

Species Mass fraction
H 6.864 x 10-6
0 3.529 x 10-4
Ho0 1.694 x 10-1
Hp 9.177 x 10-3
05 6.758 x 10-2
OH 3.343 x 10-3
N 7.501 x 10-1

(This composition represents a partially reacted stoichiometric mixture.)

Operation of the combustor shows that the combustion is not complete; that
is, unreacted hydrogen is reaching the exit of the combustor. The problem then
is to modify the 12° combustor to improve the combustion. However, the exit
height of the combustor and the exit flow-angle distribution should be changed
as little as possible by the modifications.

The most obvious modification to the combustor is the placement of filler
plates. This approach is very versatile with an almost unlimited number of
variations. Three such variations are given in figures 2 to 4. 1In the first
variation (fig. 2), the filler plate results in a combustor whose wall diverges
120 for the first 5 units of length, 4° for the next 5 units, and returns to
120 for the remainder of the combustor length. The switch from 12° to 4°© pro-
duces a shock wave with a turning angle of 8°. The second variation (fig. 3)
is similar to the first except the divergence is 129, 6°, and 129, which
results in a shock-wave turning angle of 6°. The third variation (fig. 4) does
not generate a shock wave to increase the combustion, but relies instead on a
4-unit length of constant-area combustion before the 120 of divergence.

The three geometric variations were evaluated by using the program to cal-
culate the flow field of each. The computer input and output for each of the
three cases is presented in appendix D. The unreacted hydrogen exit profile
for each case is presented in figure 5. In this figure, the sum of the atomic
and molecular hydrogen mass fractions nondimensionalized by the stoichiometric
mass fraction (0.02915) is plotted against nondimensional exit height. The
computed values for the unmodified combustor are also inclIuded in the figure.
Figure 5 suggests that all three variations improve the combustion. However,
the U-rj constant-area combustion would be the modification of choice. These



limited applications are intended to serve as an indication of the usefulness
of the program.

CONCLUDING REMARKS

The improved viscous characteristics program presented in this paper is
a major extension of a FORTRAN program in NASA CR-112223 entitled "Analysis
of Supersonic Combustion Flow Fields With Embedded Subsonic Regions.™ NASA
CR-112223 has been converted into a useful combustor design tool and simulta-
neously extends the program applicability. These improvements have been imple-
mented concurrently with a decrease in the memory requirement of the program.
The program has been successfully applied to several diverse hydrogen combustion

problens.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

August 28, 1978



APPENDIX A

LISTING OF IMPROVED VISCOUS CHARACTERISTICS ANALYSIS PROGRAM

The entire modified program is contained in this appendix.

RVJEMVC

c

PROGRAM EMVC(INPUT»OUTPUT» TAPE7s TAPES=INPUT, TAPE6=QUTPUT)

MAIN PROGRAM FOR CHARACTERISTICS WITH SHEAR
COMMON/AB/EPPSEPQYEPT

COMMON/ZAC/IBOD,PIN

COMMON/AL/GARSGEW

COMMON/AXZJSUBLy JSUBU

COMMON/BA/ALP(7555)s EMINFsWINF

COMMON/BC/IGCHEM

COMMON/BD/XMASS (55)

COMMON/CG/AUPsBUP» CUPSDTSPRI(55)>DUP,EUPsJCONV, THPRI(55)s YPRI(55)
COMMON/CK/WTMOLE(?7)

COMMON/CJ/Z/CP(7555)CPL(T7)»CPX(55)

COMMON/RC/R(55)

COMMON/TW/TIN

COMMON/DB/BETB(20),1S5(20),I0Ds IJENK» JENKI

COMMON/DE /MM

COMMON/DP/YN(55)

COMMON/ED/CPIN, RO

COMMON/EF/EM(55)sGAM(55)sP(55)s TH(55)» Y(55)
COMMONZEG/EINsPRs» XLE

COMMON/EP/GAMINFsHL1(7)»RINF

COMMON/FE/DeEL

COMMON/GE/RADROOSUIN,VISINF

COMMON/GF/DELY» IFSsKOUNTO» MMM

COMMON/GK/DELX

COMMON/HJ/KOUNTs LLoNPT

COMMON/HL/ALPHA,BETA

COMMON/HM/ALPN(73555) sCPN(7555)sCPXN(55)sEMN(55),GAMN(S55)sHN(7555),
ILsPNIUS55),QAN(55) s RHON(S55)sRN(55)s THN(55)s TN(55)s WN(55)s XMUN(55)
COMMON/HP/BETAN(20)s IEMBED

COMMON/OP/ALPB(7)» PHI(55)

COMMUN/PD/MW{55)sX(55)

COMMON/PO/ALPHN(7)»IFUELs PRES
COMMON/PQ/JCHEMsNSPy T(55)s PTZERD» IDIVERGs» TH1s XE» YE» RCRs PTODJ» TOJ
1,EM1, XMUls Q1

COMMON/QA/H(7555)5Q(55)»RHO(55 ), XMU(55)
COMMON/QS/RHUP(2)»WDOT(7555),WDOTC(7)s WP (2) 5 XMUP(2)
COMMON/RO/APOsAPLl,yAP2

COMMON/RS/GPMSsPSs» THSs THSLs THSU

COMMON/ST/I13,IREGIsK »KFIRSTsKKKQ»PSTAR
COMMON/TS/DVIS(55)»DVISN(55)sDVISP(2)s VIS{55)s VISN(55),VISP(2)
COMMON/WAVE/XBOD(5)» XWALL(5),AABOD(5),888B0D(5),CCBOD(5),EEROD(5),
ZFFBOD(5)»GGBOD(5) s LWALLSLBODSIIIsJJJ

COMMON/UV/II11sI1ERRs IPRESS»IPRESU»ISUB
COMMON/VT/DACH(7555)sDTCH(55)
COMMON/VW/ICONT, IENDs KTs» THBPNs XBPN

COMMON/WV/NPTSyREs XBP» XJ

COMMON/X0/X00



OO0

112
400

8220

APPENDIX A

COMMON/YX/ABODS, BPRESS»CPRESS
COMMON/YZ/BPRESUSCHEMFCsCPRESU»EMSUB,RTH, XSTEP
COMMON/ZY/7ABOD»BBOD,CBODSEBOD»FBOD,GBODs IAVES IPUNCH» JBOD s KKKKK
DIMENSION XS(7),PITOT(55),VIA(55)

DATA II11/0/

ok 3 o e o ook ok ok ok ok ok ok ok ok ok ok ko kokokok ok BEGIN INPUTTING PARAMETERS
WRITE(65,400)

FORMAT(I5s5X»9E1345)

FORMAT(1HL1)

J=0 TwO DIMENSIONAL

J=1 AXISYMMETRIC

SPECIES 1 IS H
SPECIES 2 IS O
SPECIES 3 15 H20
SPECIES & IS H2
SPECLIES 5 IS 02
SPECIES 6 IS OH
SPECIES 7 IS N2

WIMOLE(1)=1,008
WTMOLE(2)=16.
WTMOLE(3)=18.,016
WTMOLE(4)=2,016
WTMOLE(5)=32.,0
WTMOLE(6)=17,008
WTMOLE(7)=28,014%
FAS=WTMOLE(4) /16,
J22=0

X00=0.

106=0

DEL=0.

XBOD(1l)= 10000«
XWALL{1)=10000.
DO 8220 1I=1,20
BETAN(I) =0,
BETB(I)=0.
IS(1)=0

CONTINUE

IFS=0

NSP=7

RO=1,987
ROO=RO*3,087%32,2/2,205%1000.
EPP=1,E-10

EPQ=1.E-10
EPT=1.E-10
IOCHEM=1
MM=6
EXXX=214E=06
113=0

KFIRST=-1



APPENDIX A

KKKQ=10000
JCONV=0Q
INPTSH=0

363 CONTINUE
CALL INDATA

C o ak o ok s ko ok ok ok ok ke ok o o sk o ok ook dk ok ok sk ke ok ok ok ok ok ok ok MAKE INITIAL SHEAR

Ivv=1]l
IDD=IDD+1
bg 7 1Iv=1,I100D
IDUM=NPTS
IF(IS(IV).EQ.0) GO TO 6
IFU{IV/2)*%2.EQ.IV) GO 71O 1
IDUM=IS(IV)-1
60 7O 2

1 IOUM=IS(IV)

2 VISD= XVIS(XBP,IVV,IDUM)
VISD=VISD*RE

DO 3I=IVV,IDUM

3 VIS (I)= VISD*RHO(I)

IVV=IDUM+1

60 TO 7

IF(IV.EQ.1IDD) GO TO 2

CONTINUE

IDD=I0DD~1

VISD=VIS (1)

CFF.OO

CALL SHEAR1(CFF,VISD)

6789 CONTINUE
CALL EMBED
DO 99999 JSJ=1,NPTS

99999 IFC(ABS(TH(JSJ))elTeleE-8) TH(JSJ)=04.0
IFUIDIVERGeNES1) GO TO 1313
JENK=1IS5(4)
DO 1300 I=1,JENK
RI=SQARTIY (I *Y(I)+(XE+X(I))*%*2)
THOL)=ATAN(Y(I)7(XE+X(I)))
ZJ=RJ/RCR
Gl=GAM(I)-1,
G2=GAM(I)+1,

5 EJ=1e+GLl/2.%EM(I)*EM(])
ZJ1l=((2./G2%EJ)**(G2/(2.%G1)))/EM(I)
2J2=SQRT(ZJ1)

IF(XJeNEele) ZJ2=ZJ1
IF(ABS(2J2-2J)«LE««001) GO TO 12
IF(ZJ2-2J) 14512513

14 EM(I)=EM(I)+,01
GO0 TO 5

13 EM(L)=EM(I)-,0011
G0 T0 5

~ O
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12 T(I)=TOJ/EJ
P(I)=PTOJ*EJ**(-GAM(I)/G1)
T(I)=T(I)/TIN
Q(I)=EM{I)/EMINF/SQRT{GAR/GAM(I)I/R(I)/T(I))
P(I)=P(])/PRES *PIN
RHO(I)=GEW*W(I)*P(I)/T(I)
CPX(I)=0,
W(I)=0.
CALL THERMO(T(I)sH1,CP1)
DO 55 J=1sNSP
HiJr»I)=H1(J)
CP(J,I)=CP1(J)
W(I)=W(I)+ALP(J»I)/WTMOLE(J)
CPXCL)=CPX{I)+ALP(J,I)*CP(J»1I)
55 CONTINUE
Wll)=1le/W(1)
R(IN=RO/W(I)
GAM(I)=CPX(I)/(CPX(I}=-R(I)/CPIN)
1307 VIS(I)=0.
1300 CONTINUE
1313 CONTINUE
DO 1200 I=1,NPTS
1200 VIA(I)=VIS(I)*VISINF
DO 7188 K=1,NPTS
DO 7199 J=1,NSP
7199 XS(J)=W(K)*ALP(JsK)/WTMOLE(J)
FUAIR=1,008%(XS(1)+2¢*XS5(4)+2,*XS(3)+XS(6))/(16.*%(XS(2)+XS(3)
1424 %XS{5)+XS(6))+28,014*XS(7))
PHI(K)=FUAIR/.029161
7188 CONTINUE
IF(KOUNTL EQ.KKKKK) 60 TO 407
IF(II114EQ.1) GO TO 407
IF(KOUNT.EQ.KOUNTO) GO TO 407
IFCC(KOUNT/LL)*LL) .NELKOUNT)GO TO 179
407 WRITE(65»408)K0OUNT
408 FORMAT(7HIKQUNT=I15)
WRITE(6s5206) X(1)
5206 FORMAT(/5H X = E13.,5)
DO 8485 123=1,1DD
IF(BETB(I23).EQe0.) GO TO 8485
IF(I23.LT.3)
IWRITE(658484) 123,BETB(I23)
8484 FORMAT(/5Xs20HEMBEDDED SHOCK TYPE »11510Xs7HBETA = ,E11.3)
IF(I234GEe3)
IWRITE(652331) [23,BETB(123)
2331 FORMAT(/14Xy11HSHOCK TYPE »I1s10Xs7HBETA = »,E11.3)
8485 CONTINUE
WRITE(657222){VIA(I)»I=s1sNPTS)
7222 FORMAT(S5X24HVISCOSITY(LB*SEC/FT*%2)=(7E13.5))
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WRITE(655207)
5207 FORMAT(/3X»3HPTe»11X» 1HY»12Xs1HQ» 12Xs 1HTy 12X» 1HP» 11X»2HTH» 11X,
12HEM11X3HRHO1O0X3HGAMIXSHPITOT)
DO 70 I=1,NPTS
P(I)=P(1)/PIN
TM=EM(I)*COS(TH(I))

70 PITOT(I)=P(I)#PRES*((GAM(I)+1e)*5+TH**2) %% (GAM(I)/(GAMITI)=14))%(2
Ad*GAM(I) /7(GAM(I) ¢14) *TH*¥2-( (GAM(L) =1} /(GAMIL)+14)))**(1,/(1.~GAN
B(I)))

PTO=1./PTZERD
DO 7070 I=1,NPTS
7070 PITOT(I)=PTO*PITOT(I)

WRITE(65112)(TIsY(I)}»Q(I)s»T(I)sP(L)»TH(L)»EM(I)»RHO(I)»GAM(IDIPITOT
1(I)sI=1>,NPTS)
DO 71 I=1sNPTS

71 P(I)=P(I)*PIN
WRITE(6,160)

160 FORMATI(//7773Xs3HPTe»8X» 6HALP (1) 7Xs 6HALP(2)»7X>
26HALP(3)s7Xs 6HALP(4) s 7Xs6HALP(5) 57Xy 6HALP(6) s 7Xs6HALP(T7) 59X 3HPHI
2511X,5 1HW)

WRITE(65112)(Is (ALP(JsI1)sJ=ls7)sPHI(LI)sW(I)sI=1sNPTS)
179 CONTINUE
IF{KOUNT.GE.KKKKK)GO TO 1572
IF(II11.EQ.1) GO TO 1572
ALPHA=1,0
BETA=0.0
CALL STEP
IF(II11.EQ.1) GO TO 407
IF(KOUNTeNESKFIRSTs0ORsI13eNEs1) GO TO 300
CALL PUNCH
00 301 I=JSuBL»JSUBU
Y PRI(I)=Y (I)
THPRI(I)=TH(I)

301 CONTINUE

300 CONTINUE
CALL CHEM(FAS)

8282 CONTINUE

ICONT=0
LEND=0
K=1
La2

887 IF(LeGE+JSUBL,ANDeLesLE.JSUBU) GO TO 900

888 K=L
KT=L-1
IF(LJENK<EQe1l) GO TO 67676
IF(L.EQ.NPTS)GOTO 612
IF(LeEQeJSUBUS+AND« ICONT.EQe1) GO TO 1622
DO 776 JSHOCK=1,1IDD
JJSHOCK= (JSHOCK/2)*2

11
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11

22
776

ggess

8232
8230

772

2194

2196

2195

771

8234
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IF{ JJSHOCK.EQ.JSHOCK) GO TO 11
IF( KoeNES(IS(JSHOCK)=1)) GO TO 776
MMM=JSHOCK

K= IS{JSHOCK)

KT= K

60 TO 8232

IF ( KeNE«IS{JSHOCK)) 60 T0 22
MMM=J SHOCK

60 TO 8232

IF{ KeEQ.(IS(JSHOCK)+1)) 60 TO 88888
CONTINUE

G0 TO 8234

K=K+1

L=K

KT=L~-1

IF(L.EQ.NPTS)GO TA 612

GO0 TO 8234

L=K

IFS=1

IPOI=1

ALSVsALPHA

BESV=BETA

KTSAV=KT

CALL CPOINT

THDE=THN(K)

ALPHA=,5

BETA=.5

KT=KTSAV

CALL CPOINT

IPOI=IPOI+1

IF(IPOI.LTA20)60 TO 2195
WRITE(6»9191)

WRITE(652196)

FORMAT({44H ERROR IN CPOINT ITERATION FOR SHOCK IN CHARL
STQP

ERTHD=ABS(THDE-THNI(K))
THDE=THN(K)

KT=KTSAV

IF(ERTHDGTLEXXX)G0O TO 2194
ALPHA=ALSYV

BETA=BESV

I[FS=2

CALL HSHOCK(MMM)

IFS=0

KzK+1

L=L+1

60 TO 887

CONTINUE

IPOI=1
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ALSV=ALPHA
BESV=BETA
CALL CPOINT
KT=L-1
THDE=THN(K)}
ALPHA= 5
BETA=,5

2601 CALL CPOINT
KT=L=-1
IPOI=1IPOI+1
IF(IPOI.LT.20)G0 TO 2602
WRITE(6,9191)

9191 FORMAT(1H1)
WRITE(652197) K

2197 FORMAT(53H ERROR IN STANDARD CPOINT ITERATIGON IN CHAR AT POINT I2)
sTOP

2602 ERTHD=ABS(THDE-THN(K) )
THDE=THN(K)
IF(ERTHDGTLEXXX) GO TO 2601
ALPHA=ALSYV
BETA=BESYV
kkErkrrrbkrkkkkkhk bk  INCREMENT COUNTERS DO NEXT C POINT

300 CONTINUE
K=K+1
IF(L+EQ.NPTS) GO TQ 7676
Lal+l
IF(ICONT.EQ.1) GO TO 888
60 TO 887
NOZZLE WALL CALCULATION

612 CONTINUE
1P0I=1
ALSV=ALPHA
BESV=BETA
CALL LPOINT(NPTSs1l.)
K=NPTS
THDE=THN(K)
IF( IPRESUEQ.0) THDE=PN(K)
ALPHA=,5
BETA=,.5

2607 CALL LPOINT(NPTSs1l.)
K=sNPTS
IPOI=1POI+1
IF(IPOI.LT.20)G0O TO 2608
WRITE(65,9191)
WRITE(652198)

2198 FORMAT(51H ERROR IN NOZZLE WALL CALCULATION ITERATION IN CHAR)

STQP
2608 ERTHO=ABS(THDE-THN(K))
IFC IPRESUEQ«O) ERTHD=ABS(le=THDE/PN(K))

13
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67676

7676

2609

2199

2610

1818

1800

APPENDIX A

THDE=THN(K)

IF( IPRESUCEQe0) THDE=PNI(K)
IF(ERTHD.GTLEXXX) GO TO 2607

ALPHA=ALSV

BETA=BESV

COMPLETE FIRST POINT
IF (JENKISEQel) GO TO 1818

IJENK=0

CONTINUE

IF(JSUBL.EQ.1) GO TO 1800

CALL LPOINT(1504.)

K=l

IPOI=1

ALSV=ALPHA

BESV=BETA

THDE=THN(K)

IF{IPRESS.EQ.O ) THDE=PN(K)
ALPHA=,5

BETA’.S

CALL LPOINT(150.)

K=l

IPOI=IPOI+1

IF(IPOL.LT.20)60 TO 2610

WRITE(659191)

WRITE(652199)

FORMAT(39H ERROR IN FIRST POINT ITERATION IN CHAR)
STOP

ERTHD=ABS(THOE=THN(K))

IF(IPRESS.EQ.O ) ERTHD=ABS(1le=THDE/PNI(K))
THDE=THN (K)

IF(IPRESS.EQ.O ) THDE=PN({K)
IF(ERTHD<GTLEXXX) GO TO 2609

ALPHASALSY

BETA=BESV

JENKI=Q

SUBSONIC PRESSURE ITERATION

CONTINUE

IF(ISUBLEQ.0) GO TO 1622

IF(ICONT.EQel) GO TO 1622
IF(I13.NEe1«OR‘KOUNTNELKFIRST) GG TO 1777
CALL DPDTH(THS»JSUBU)

CALL OPDTH(THSUs JSUBU+1)

CALL OPDTH(THSL»JSUBU-1)

CALL THSSS(THSS)

AUP=Y(JSUBU)

BUP=TAN(TH(JSUBUY))
IF(IREGI+NE«O+AND,JSUBU.EQ.J22) GO TO 8375
CUP=THS/COS{TH{JSUBU) ) *#3

DUP= (THSS+34*TAN(TH(JSUBU) )*THS*THS) /COS(TH(JSUBU) ) %*4




8375

8376

381
1777

1622

360

359

354

355

357

358

APPENDIX A

EUP=—-4,095

GO TO 8376

CONTINUE

CUP=0Q,

DUP=-1,

EUP=0,

CONTINUE

DO 381 I=JSUBL»s»JSUBU
CALL OPDTH(DTSPRI(I)
CONTINUE

CALL SSONIC(IDG)
IF(IDG.EQ.0) GO TO 1
IIl11=1

IPUNCH=1

GO TO 407

CONTINUE
IF(ISUB.EQ.O0) GO TO

» 1)

622

359

IF(JCONV.EQ.1) GO TO 360

IF(KOUNTeNE«KKKQ=1)
IFCINPTSHeEQeO) NPTS
INPTSH=1

REWIND 7

GO TO 363

NPTS=NPTSH

INPTSH=0

DO 357 1=1,NPTS
II=NPTS~1+1
IF(EMN(II) «GT.EMSUB)
IF(LISUB.EQ.1) GO TO
Isug=1

WRITE(65354)
FORMAT(37H1
EMST=EMSUB
EMSUB=1.15

AP1=0,

IREGI=0Q

GO TO 359

K=sIl+1

GO TD 361
H=NPTS

GO0 TO 357
355

SUBSONIC REGION ENCOUNTERED)

IF(IREGI.EQ.1) K=JSUBU

60 TO 3958
CONTINUE
IREGI=2
60 TO 361
CONTINUE

IFCJCONV.EQeO) GO TO 1417

JCONV=Q

D0 1418 I=1,NPTS
II=NPTS=-1+1
IF(EMN(ILI) «GTLEMST)

GO TO 1418

15



16

1418

1417

356

361

701
702

773

76
77

APPENDIX A

60 TA 1417
CONTINUE
IREGI =2
113=0
EMSUB=EMST
X00=XBPN
ABOD=YN(1)
ABODS=YN(1)
BBOD=TAN(THN(1))
c800=0.
GO0 TO 361
CONTINUE
APO=PN(1)
AP2= (PN(K)=PN(1)=APL1*{YN(K)=YN(L1) )} /Z(YN(K)=YNCL))**2
DO 356 I=1,K
PN(I)=APO+APL*(YN(I)~=YNC(L1))+AP2*(YN(I)=YN(1))**2
RHON(I)=GEW*WN(I)*PN(I)/TN(I)
IF(I.EQ.1) GO TO 356
XJl=1e¢XJ
I1=1-1
YEUN= (YN(L)**XJ1=-YN(IL1)**XJ1)/XJ1l
TERM=(RHON(I)*QN(I)*COS(THN(I))+RHON(IL)I*QN(I1)*COS(THN(IL1)))/2,.
XMASS(I)=XMASS(I1)+TERM*YFUN
CONTINUE
DS=24*%DELX/(COS(TH(K)})+COS(THN(K)))
PS=(PN(K)=P(K)) /DS
GPMS=(GAMNIK) *PN(K)*EMN(K) *42=GAM(K) *P (K)*EM(K) **2) /DS
DS=2+*DELX/{COSCTHN(L))+COS(TH(1)))
CONTINUE
COMPUTE SHEAR
Ivv=1
IDD=10D+1
00 77 Iv=1,100
IDUM=NPTS
IF(IS(IV).EQ.Q) GO TO 76
IF((IV/2)%2.EQ.IV) GO TO 701
IDUM=IS(IV)~-1
60 TO 702
IDUM=IS(IV)
VISE= XVIS(XBP,IVV,IDUM)
VISE=VISE*RE
DO7731IsIVV,10UM
VISN(I)= VISE*RHO(I)
IVV=]IDUM+1
60 70 77
IF(IV.EQ.IDD) GO TO 702
CONTINUE
I10D=sI0D~-1
VISE=VISN(1)



8396

1431

1572

4

APPENDIX A

CFF=0,

CALL SHEAR2(CFF,VISE)

hkkkkk bk kokkhokkkkkkk ko kokk kg kokkkk RESET ALPHA AND BETA
IF(IAVE.EQ.0) GO TO 8396

IF(BETA«GT.0.0)6G0 TO 8396

ALPHA=0,.,5

BETA=0.5

GO TO 8282

CONTINUE

Rk kR Rk Rk kR kR ok kR kR Rk kR kex STEP TAKEN  QUTPUT
J22=J4S5UBU

CALL RSET

00 1431 I=1,10D

BETB(I)=BETAN(I)

KOUNT=sKOUNT+1

CALL WAVES

GO TO 6789

IF(IPUNCHeEQ.O) STOP

CALL PUNCH

STOP

END

SUBROUTINE WAVES

COMMON/AC/1IBO0ODsPIN

COMMON/RC/R(55)
COMMON/ZY/AB0D»BBOD,CBUODS»EBOD» FBODS»GBUOD» LAVE» IPUNCH,» JBOD » KKKKK
COMMON/WAVE/XBOD(5)s XWALL(S5)»AABOD(5),BBBOD(5),CCBOD(5), EEBOD(5)»
ZFFBOD(5),GGBOD(5), LWALL»LBOD

COMMON/PD/W(55)sX(55)

COMMON/AL/GARSGEW

COMMON/BA/ALP(7555)s EMINFs WINF
COMMON/CJ/CP(7555)sCPL(7)sCPX(55)

COMMON/CK/WTMOLE(7)
COMMON/DB/BETB(20)sIS(20)»IDD» IJENKs JENKI
COMMON/ED/CPINsRO
COMMON/EF/EM(55)»GAM(55)sP(55)» TH(55)s Y(55)
COMMON/EP/GAMINF,HL{7)sRINF
COMMON/PQ/JCHEMINSP» T(55)»PTZERO» IDIVERGS TH1»XES»YE,RCRyPTOJ» TOJ
1sEM1y XMU15Ql

COMMON/QA/H(7555)5Q(55)sRHO(55)» XMU(55)
COMMUN/WV/NPTS» REs» XBPs XJ
COMMON/TS/DVIS(55)sDVISN(55),DVISP(2),VIS(55)

REAL NUBEGINs NUFINAL

IFC X(1) o«NE. XB80D(LBOD)) GO0 TO 2
IF(B8BBOD(LBOD).LT.BBOD) GO TO 3

DELTA= ATAN(BBBOD(LBOD))-ATAN(BBOD)

IF((IDD/2)#*2.NE.IDD) GO TO 4

10D= IDD +1

G0 TO 5

IDD= IDD +2

17



3

18

5

12

333

333

66

APPENDIX A

IS(IDoD)= 1

EMSQ = EM( 1)*%2

BB=—(EMSQ+2.) /EMSQ=GAM( 1)*SIN(DELTA) *%2
CC=(2.%EMSQ+1.)/(EMSQ**2)+ ((GAM( 1)+1e)*%2/4.+(GAM!( 1)-1

Zo)/EMSQ)*SIN(DELTA)**2

DD=-COS(DELTA)*%2/ (EMSQ**2)
EX3(4.5%BB*CC~BB*%3=13,5%DD) /SQRT((BB**2=3%CC) **3)
EE=ACOS(EX)

NN=4

FF=COS((EE+NN*4.%ATAN(14))/3,)
GG=SQRT(=BB/3¢+(2.%SQART(BB**2=-3,%CC)/3.)*FF)

EPS=ASINIGG)

SE s(SIN(EPS)) **2

GM =,5*%(GAM( 1)-1.)

SED = (SIN(EPS=DELTA))*%*2

EM2= SQRT((1ls.+GM*EMSQ*SE)/(SED*(GAM( 1)*EMSQ*SE~GM)))

TOP =2.*%GAM( 1) *#EMSQ*SE-(GAM( 1)-1.)

PP2= TaP /(GAM( 1)+1.)%pP( 1)

TT2= (TOP*((GAM( 1)=14)*EMSQ*SE+2.) /( (GAM( 1)41e)*%2%EMS

10*SE) )*T(1)

BETB(IDD) = EPS + ATAN(BBOD)

DO 333 K3=1,NPTS

K3K= NPTS +1 =K3

J3= K3K +2

CALL SWITCH(J3,K3K)

CONTINUE

NPTS = NPTS +2

00O 3333 I=1,10DD

IFCIS(I)eGT&0) IS(I) = IS(I) + 2

CONTINUE
EMU1)=EM(2)=EM2
XMU(1 )=XMU(2 )=ZMU(EM2)

P{1l)=P{2)=PP2
T{1)=T(2)=TT2
TH{1)=TH(2)=ATAN{ BBBOD(LBOD) )

w(l)=0,.

CPX(1)=0.

CALL THERMO(T( 1),H1,CP1)

DO 66 J=1,NSP

H {Jy 1)=H1(4)

H (Jds 2) =H (Js 1)

CP (Js 2)=CP (J» 1)=CP1(J)

W(l)=wl{l) + ALP(Js1)/WTMOLECJ)
CPX(1)sCPX(1) + ALP(J»1)%*CP(J,r1)
CPX(2)=CPX(1)

CONTINUE

W(2)=W(l)=1s/W(1)

R(2)=R(1)=RO/W(1)
GAM(2)=GAM{1)=CPX(1)/(CPX(1)-R(1)/CPIN)



1313

1977

1776
3

7713

14

15

lé6
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RHO(2)=RHO(L)=GEW*W(1)*P(1)/T(1)

Q(2)=Q(1)=EM(1) /EMINF/SQRT(GAR/GAM(1)/R(1)/T(1))
ABOD= AABOD(LBOD)

BBOD= 8BBOD(LBOD)

CB0OD= CCBOD(LBOD)

LBOD= LBOD + 1

Y(2)=Y(3)=ABOD+ 3.E-2% TAN(BETB(IDD))

Y(1)= ABOD + 3.E=2%BB0OD

WRITE(6,1313) BETB(IDD)s» X(1)»DELTA

FORMAT(1Hs 10H *%kxkkkkk#,//% A SHOCK WAVE BETB=*,E10.3,*%HAS BEEN 1
INSERTED AT X=%,E10e3,*WITH A TURNING ANGLE=*,E10.3)
IF(XWALL(LWALL)+EQ.XxBOD(LBOD-1)) GO TO 9

DO 1977 II=1sNPTS

X(II)=X{II)+3.E=-2

XBP=X(1)

IDDD =100 -1

00 1776 JR=1,10DD

L=1

IF((JR/2)*2.NEWJR) L=-1

IF(IS(JR)EQ.D) GO TO 1776
YOISCGJRI+L)=Y(IS(JR)I=Y(IS(JR))I+3.,E=2*TAN(BETB(JR))
CONTINUE

GO TO 2

DNU =ATAN(BBOD)-ATAN(BBBOD(LBOD))

WRITE(65,7713) DNUsX(1)

FORMAT(1H» 10H *%kkkkkkk,// *A DISCRET EXPANSION OF DNU=#%*,E1043,5%HA
ZS BEEN INSERTED AT*,E10.3)
SQEM=SQRT(EM(1)*EM{(1l)-1.)
G=SQRT((GAM(1)+1e)/(GAM(1)=14))
GN=SQRT({(GAM(1)=1.)7(GAM(1)+14))
NUBEGIN=G*ATAN(GN*SQEM)=ATANISQEM)

UMU= ASIN(1l./EM(1))

NUFINAL=NUBEGIN +DONU

EMF=EM(1) + .001

SQEMF= SQRT(EMF*EMF~-1l.)

FINAL= G*ATAN(GN*SQEMF)-=ATAN(SQEMF)
IF(ABS(NUFINAL-FINAL) +.LE+«0001) GO TO 16
IF(FINAL-NUFINAL) 14516515

EMF= EMF +.001

60 10 7

EMF= EMF - .0001333
60 10 7

UMUF=ASIN(1./EMF)

FAN= DNU +UMU =UMUF

FIRST= UMU + ATAN(BBOD)

FLINE= FIRST ~FAN

GR=2./(GAM(1)-1.)
PF=2P(1)*((EM(1)*%x2+GR)/(EMF**2+GR) I **(GAM(1)/(GAM(1)=1.))
RHOF=RHO(1)*(PF/P{ 1)) **(1./GAM(1))
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71313

19799
77777

1978

1979

1778
11

1779
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QQ=-(2.%GAM(1)/(GAM(1)=1.))*(PF/RHOF=-P(1)/RHO(1))
QF= SQRT(Q(1)**2 +QQ)

TF = T(1L)*{(PF/P(1))**((GAM(1)-1s)/GAM(1))
IF(LBODJLE.1) GO YO 77777
IFC(Y(2)=Y(1))eGEa(Y(4)=Y(3))%,2) GO TO 77777
DO 71313 LR=2,NPTS

KR3=1+LR

CALL SWITCH(LR,KR3)

NPTS=NPTS-1

DO 19799 1=1,1D0D

IF(IS(I)e6GT40) ISCI) = IS(I) =1

CONTINUE

DO 1978 K3=1sNPTS

K3K= NPTS +1 =-K3

J3s K3K +2

CALL SWITCH(J3,K3K)

CONTINUE

NPTS = NPTS + 2

DO 1979 I=1,10D

IF(IS(I)eGT0) IS(I) = IS(I) + 2

CONTINUE

EM(1)=EM(2)=EMF

XMU(1)=XMU(2)=sUMUF

P(1)=P(2)=PF
TH(1)=TH(2)=ATAN(BBBOD(LBOD))
T(1)=T(2)=TF

RHO(1)=RHO(2)=RHOF

Q(1)=Q(2)=QF

ABOD= AABOD(LBOD)

BBOD= B8BBOD(LBOD)

CB80D= CCBOD(LBOD)

LBOD= LBOD + 1

Y{3)=ABOD + 3.E-2*TAN(FIRST)

Y(2)=ABOD + 3+E-2*TAN(FLINE)

Y(1)=ABOD + 3.E-2%8B0OD
IF(XWALL(LWALL).EQ.XBOD(LBOD=1)) 60 TO 11
00 1778 II=1,NPTS

X(IT)sX(I1)+3.E-2

XBP=X(1)

00 1779 JR=1,100D

L=1

IF((JR/2)*2.NEsJR) L=~-1

IF(IS(JR).EQ.Q) GO TO 1779
YCIS(IRI#LI=YUIS(JR) I=Y(IS(JIR))I+3,E~2*%TAN(BETB(JR))
CONTINUE :
IFIX(1)eNE+XWALL(LWALL)) GO TO 901
IF(FFBOD(LWALL)GT.FBOD) GO TO 33

DELTA= ABS(ATAN(FBOD)-ATAN(FFBOD(LWALL)))
IF((IDD/2)*2.,EQ.IDD) GO TO 44



44
555

1112

90000

6666
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I0D= IDD +1

60 TO 555

I100= IDD +2

IS(IDD)= NPTS

EMSQ = EM( NPTS ) *%2

BB==(EMSQ+2.) FEMSQ-GAM( NPTS)I*SIN(DELTA) **2
CC=(2+%EMSQ+1e)/ (EMSQ*%2)+( (GAM( NPTS)+la)*%2/4,+(GAM( NPTS)-1
Ze)/EMSQI*SIN(DELTA) *%2

DO=-COS(DELTA)*%2/(EMSQ*%2)

EX=(445%BB*CC~BB**3-13,5%DD) /SQRT((BB*%2=3%CC) **3)
EE=ACOS(EX)

NN=4

FFaCOS((EE+NN*G,*ATAN(1ls))/3,)
GG=SART(=BB/34+(2.*SART(BB**2=3,%CC)/3.)*%FF)

EPS=ASIN(GG)

SE =(SIN(EPS)) *%2

GM = 5% (GAM( NPTS)=1.)

SED = (SIN(EPS-DELTA))*%*2

EM2= SQRT((1.+GM*EMSQ*SE)/(SED*(GAM( NPTS)I*EMSQ*SE-GM)))
TOP =2.%GAM( NPTS)*EMSQ*SE-(GAM( NPTS)=1.)

PP2= TOP /(GAM( NPTS)+1.)%*P( NPTS)

TT2= (TOP*((GAM( NPTS)=1.)*¥EMSQ*SE+24) /1 (GAMI( NPTS)+1le)*%2%EMS
1Q*SE) )*T(NPTS)

BETB(IDD)= —-(EPS=ATAN(FBQOD))

EM{L+NPTS)aEM(24NPTS) =EM2

XMUCL+NPTS)=XMU(2+NPTS)=ZMU(EM2)

PC1+NPTS)=P(2+NPTS)=PP2

TCL+NPTS)aT(2+NPTS)=TT2
THOL+NPTS)=TH(2+NPTS)sATAN(FFBOD(LWALL))

DO 90000 J=1,NSP

ALP(Js 1+NPTS)=ALP(JsNPTS)

ALP(Js 2+NPTS)=ALP(JsyNPTS)

W{1l+NPTS)=0,

CPX(1+NPTS)=0.

CAatL THERMOCT( NPTS+ 1)sH1,CP1l)

DO 6666 J=1,NSP

H- (Js NPTS+1)=H1(J)

H (JoNPTS+2) =H (JsNPTS+ 1)

CP (JsNPTS+ 2)=CP (JsyNPTS+1)=CP1(J)

WIL+NPTS)=W(1+NPTS)+ ALP(Js1+NPTS)/WTMOLE(J)
CPX(L1+NPTS)=CPX({L1+NPTS) + ALP(JsL1+NPTS)I*CP(Js1+NPTS)
CPX(2+NPTS)=CPX(1+NPTS)

CONTINUE

VIS(1+NPTS)=aVIS(2+¢NPTS)=VIS(NPTS)

WOLENPTS) =W(24NPTS)=14/W(L1+NPTS)
R(2+NPTS)=R(L+NPTS)=RO/W(1+NPTS)
GAM(1+NPTS)=GAM(2+NPTS)=CPX(14NPTS)I/(CPX(1+NPTS)=R{1+NPTS)/CPIN)
RHOCZ2+NPTS)=RHO(L+NPTS) =GEW*W(L1+NPTS)*P(1+NPTS)/T(L+NPTS)
QE2+NPTS)=Q(L1+NPTS)=EM(1+NPTS)/EMINF/SQRT(GAR/GAM(1+NPTS)/RI1+NPT
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1780

33

77

1114
1115

1116
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ZS)/T(L+NPTS))

EBOD=EEBOD (LWALL)

FBOD=FFBOD(LWALL)

6BOD=GGBOD(LWALL)

LWwALL=LWALL+ 1

YCL+#NPTS)=sY(NPTS)=EBOD +3,E=2% TAN(BETB(IDD))
Y{2+NPTS)=EBOD +3.,E-2*%FBOD

NPTS = NPTS +2

WRITE(65,1313) BETB(IDD)»X(1),DELTA

DD 1987 II=1,NPTS

X{IT)=X(1)+43.E=2

XBP=X(1)

IDDD=1DD-1

D0 1780 JR=1,10D0DD

L=1

IF((JR/2)*2,NE.JR) L=2~-]

IF(IS(JR)EQ.0Q) GO TO 1780
YCIS(JRI+L)=Y(IS(JR))I=Y(IS({JR))+3.E~2*¥TAN(BETB(JR))
CONTINUE

GO TO 901

DNU= ATAN(FFBOD(LWALL))-ATAN(FBOD)
WRITE(6,7713) DNU, X(1)
SQEMaSQRTIEMINPTS)*EM(NPTS)-1.)
G=SQRT((GAMINPTS)+1s)/(GAMINPTS)~14))
GN=SQRT((GAMINPTS)=14)/(GAMINPTS)+1,.1))
NUBEGIN=G*ATAN(GN*SQEM)-ATAN(SQEM)

UMU= ASIN(1./EMINPTS))

NUFINAL=NUBEGIN +DNU

EMF=EM(NPTS) + ,L001

IF(EMINPTS)elTa2e) EMF=EMINPTS)+1./EMINPTS)
SQEMF= SQRT(EMF*EMF~-1,.)

FINAL> G*ATAN(GN*SQEMF)=ATAN(SQEMF)
IF(ABS(NUFINAL-FINAL)LE««0001) GO TO 1116
IF(FINAL-NUFINAL) 11145,111651115

EMF= EMF +4.001

60 TO 77

EMF= EMF - .0001333
60 10 77

UMUF=ASIN(1le/EMF)

FAN= DNU +UMU -UMUF
FIRST= =UMU + ATAN(FB0D)
FLINE= FIRST +FAN
GR=22./(GAM(NPTS)=1.)

PFsP{NPTS)*((EM(NPTS)**2+GR) /(EMF**2+GR) ) **(GAM(NPTS)/

Z(GAMINPTS)-1,))
RHOF=RHO(NPTS)* (PF/P (NPTS) )**(1./GAM(NPTS) )

QQ==( 2. *GAM(NPTS) /(GAMINPTS)=1e) ) *{PF/RHOF-P(NPTS)}/RHOINPTS))

QF=s SQRT(Q(NPTS)*%*2 +QQ)
TF= T(NPTS)*(PF/PI(NPTS))**((GAMINPTS)=14)/GAM(NPTS))



90001

66669

91313

99999

1777
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EMU2+NPTS)=EM{1+NPTS) =EMF
XMU{L1+NPTS)sXMU(2+NPTS)=UMUF
P(2+NPTS)=P(1+NPTS)=PF

TH(2+NPTS)sTH(1+NPTS) =ATAN(FFBOD(LWALL))
T(2+NPTS)sT(1+NPTS)sTF
RHO(2+NPTS)=RHO(1+NPTS)=RHOF
Q(2+NPTS)=Q(1+NPTS)=QF

DO 90001 J=1,NSP

ALP(Js 1+4NPTS)=ALP(JsNPTS)
ALP(Js2¢NPTS)=ALP(JsNPTS)

W(L+NPTS) =0,

CPX(1+NPTS)=0. .

CALL THERMO(T( NPTS+ 1)sH1sCP1)

DO 66669 J=1,NSP

H (Js NPTS+1)=H1(J)

H {(JosNPTS+2) sH (JsNPTS+ 1)

CP (JsNPTS+ 2)=CP (JsNPTS+1)=CP1(J)
WOL+NPTS)sW(1+NPTS)+ ALP(J,14NPTS)/WTMOLE(J)
CPX{L+NPTS)=CPX(1+NPTS) + ALP(J»1+NPTS)*CP(Js1+NPTS)
CPX(2+NPTS)sCPX{1+NPTS)

CONTINUE

W(LENPTS)=W(2+NPTS)=14/W(1+NPTS)
R(2+NPTS)=R{1+NPTS)=RO/W(1+NPTS)
GAM{14NPTS)=GAM(2+NPTS)=2CPX{L+NPTS)/(CPX{L+NPTS)~R(L+NPTS)/CPIN)
NPTS = NPTS + 2

EBOD=EEBOD (LWALL)

FBOD=FFBOD(LWALL)

GBOD=GGBOD(LWALL)

LWALL= LWALL +1

Y{ NPTS)=EBOD + 3.E-2% FB0D
Y{NPTS-1)=£B0OD + 3 ,E-2%TAN(FLINE)
Y(NPTS=-2)=EBOD + 3.E-2*TAN(FIRST)
IF(Y(NPTS~2)+6T.Y{NPTS=3)) GO TO 99999
NNN=NPTS-3

IFCY(NPTS=2)sLToY(NPTS=4)) NNN=NPTS=¢
DO 91313 LJ=NNN»NPTS

KR3=1+LJ

IFCINPTS=NNN) ¢EQ.4) KR3=2+LJ
CALL SWITCH(LJsKR3)

NPTS=NPTS-1

IFCINPTS=NNN)eEQe3) NPTS=NPTS~1
CONTINUE

DO 1777 1I=1sNPTS
X(II)sX(1)+3.E-2

XBP=X(1)

00 1781 JR=1,1DD

L=1

IF((JR/2)*2.NE«JR) L=-1
IF(IS(JR).EQ.0) GO TO 1781

23
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YCISCJRI+L)I=Y(ISUJR) ) =Y(IS(JR)I+3,E-2*TAN(BETB(JR))
CONTINUE

RETURN

END

SUBROUTINE CROSS(KsKKsKZ)

COMMON/AL/GARS GEW
COMMON/BA/ZALP(T7555)>EMINFs WINF
COMMON/CK/WTMOLE(7)
COMMON/CJ/CP(7555)sCP1(7)sCPX(55)
COMMON/DB/BETB(20)15(20)» IDDs IJENKs» JENKI
COMMON/DP/YN(55)

COMMON/ED/CPINsRO
COMMON/EF/EM(55),GAM(55)sP(55) s TH(55),» Y(55)
COMMON/EP/GAMINFsH1(7)sRINF

COMMON/GK/DELX
COMMON/HM/ALPN(T7s55)sCPN(7555)sCPXN(55), EMN(55)sGAMN(55) s HN(T7555),

ZLSsPN(55)9QAN(55) yRHON(55)9sRN(55), THN(55) s TN(55)»WN(55) XMUN(55)
COMMON/HP/BETAN(20), TEMBED
COMMON/PQ/JCHEMs NSPs T(55)s PTZEROs IDIVERGs TH1» XE» YE»RCR»PT0OJ,» TOJ

1,EM1, XMULlsQ1
COMMON/QA/H(7555)5Q(55)sRHO(55)s XMU(55)
COMMON/WV/NPTSsRES XBPy XJ
IF((KZ/2)*%2.EQ.KZ) GO T0 3
DO 1 JR=2,1ID0Ds2
IF((IS(JR)-K)«NEWL1) GO TO 1
YUP=Y(K)+DELX*TAN(BETB(KZ))
YDOWN=Y(IS(JR))I+DELX*TAN(BETB(JR))
IF(YDOWN.GT«YUP) GO TO 1
De(Y(IS(JR))I=Y(K))/(TAN(BETB(KZ))-TAN(BETB{(JR)))
YCROSS=Y(K)+TAN(BETB(KZ))*D
DUP=ABS{TH(K)=TH(K=1))
DDOWN=ABS(TH(IS(JR)+1)=TH(IS(JR)))

DELTA=DUP

EMSQ=EM(IS(JR)+1)*%2

BBw=(EMSQ+2.) /JEMSQ=-GAM(IS(JRI+1)*SIN(DELTA) *%2
CCo(2*EMSQ+1,4)/(EMSQ**2 )+ ((GAM(IS(JR)+1)+1e)*%2/4,+(GAM(IS(JR)+])

Z=14)/EMSQ)*SIN(DELTA) *%2
DD=<~COS(DELTA)**2/(EMSQ*%*2)

EX3(445%BB*CC~BB**3-13,5%DD) /SQRT((BB**2=3%CC)*%*3)
EE=ACOS(EX)

NN=4

FFeCOS((EE+NN*4.*%ATAN(L14))/3,)
GG=SQRT(-BB/3.+(2+*SQART(BB**2=3.,%CC)/34)*FF)
EPS=ASIN(GG)

SE s (SIN(EPS)) *%2

GM= 5% (GAM(IS(JRI+1)-1,)

SED=(SINC(EPS=DUP)) *%2

EM2=sSQRT((1++GM*EMSQ*SE) /(SED*(GAMIIS(JR)+1)I*EMSQ*SE=GM)))
TOP=2 #GAM(IS(JR)I+1)*EMSQ*SE-(GAM{IS(JR)+1)-1,)
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90
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PP2=TOP/(GAMCIS(JR)+1)+1.,)*P(ISC(JR)I+1)

TT2=s(TOP* ( (GAM{IS(JR) +1)+1 4 ) *EMSQ*SE+2e) /((GAMIIS(JRI+1)+1e)%%2%
ZEMSQ*SE) }*T(IS(JR)+1)

BUP=EPS=TH(IS(JR)+1)

DELTA=DDOWN

EMSQsEM(K=1)%*%2

BB=~(EMSQ+2.)/EMSQ-GAM( K= 1)*SIN(DELTA)**2
CC=(2,*%EMSQ+14)/(EMSQ**2) +((GAM( K= 1)+1e)#%%2/4.+(GAM( K- 1)-1
Ze)/EMSQ)*SIN(DELTA)*%2

DD=—=COS(DELTA)*%2/ (EMSQ**2)
EX=(4.5%¥BB*CC—BB**3-13.5*%DD) /SQART((BB**2=3%(CC )*#*3)
EE=ACOS(EX)

NN=4

FF=COS{(EE+NN*4,*ATAN(1.))/3,)
GG=SQRT(-BB/3.+(2.*SQRT(BB*%2-3,%CC) /3, )*FF)
EPS=ASIN(GG)

SE =(SIN(EPS)) *%¥2

GM= 5% (GAM(K~1)~1,)

SED= (SIN(EPS~=DDOWN)) *%2
EM3sSQRT((1.+GM*EMSQ*SE)/(SED*(GAM(K-1)*EMSQ*SE-GM)))
TOP=2 ¢ *GAM(K~1) *EMSQ*SE-(GAM(K-=1)}~1,)
PP3=TOP/(GAM(K=1)41l,) **P(K=1)

TT3=(TOP*( (GAM(K=1)=1e)*EMSQ*SE+24 )/ ({GAM(K=1)+1.)**2%EMSQ*SE))
Z#T(K=-1)

BDOOWN==EPS+TH(K=-1)

AUP=TH(IS(JR)+1)+DUP

ADOWN=TH(K-1)-DDOWN

DIF=AUP=-ADOWN
IF(ABS(DIF)oLE.l.E—G.AND.ABS(PPZ—PP3).LE-loE-3) GD TO 90
IF(DIF.LT.0¢) GO TO 91

DUP=DUP*,9973

DDOWN=DDOWN#1,0027

60 TO 30

ODUP=DUP*1,.,01

DDOWN=DDOWN%*,99

60 7O 30

IS(KZ)=IS(JR) +1

IS(JR)=K~1

BETAN(KZ)=BUP

BETAN(JR)=BDOWN

K=IS(KZ)
YN(IS(KZ))*sYN(IS(KZ)~=1)=YCROSS+TAN(BUP)*(DELX~-D)
YNCISCJR))=YN(ISCJR)+1)=YCROSS+TAN(BDOWNI*(DELX~D)
EMN({IS{(KZ)=1)=EM2

XMUN(IS(KZ)=1)=ZMU(EM2)

PN(IS(KZ)-1)=PP2

TN(IS(KZ)=-1)=TT2

THN(IS(KZ)-1)=AUP

WN(IS(KZ)~-1)=0.

25
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CPXN(ISt{KZ)=1)=0,

CALL THERMO(TN(IS(KZ)=1),H1l,CP1)

00 66 J=1sNSP

HN(Js IS(KZ)=1)=H1(J)

CPNUJ»IS(KZ)~1)=CP1(J)
WNIIS(KZ)=1)=WN(IS(KZ)=1)+ALP(JsIS(KZ)~1)/WTMOLEC(J)
CPXN(IS(KZ)=1)=CPXN(IS(KZ)=1)+ALP(Js IS(KZ)I=1)*CPN(J,IS(KZ)=1)
CONTINUE

WN(IS(KZ)=1)=1s/WN(IS(KZ)=1)

RN(IS(KZ)=1)=RO/WN(IS(KZ)-1)
GAMNUIS(KZ)=1)=CPXN(IS(KZ)I=1)/HCPXNC(IS(KZ)=1)=RN(IS({KZ)=1)/CPIN)
RHON(IS(KZ)=1)sGEW*WN(IS(KZ)=1)*PN(IS(KZ)=1)/TN(IS(KZ)=1)
QN(IS(KZ)~=1)=EMNC(IS(KZ)=1)/EMINF/SQRT(GAR/GAMN(IS(KZ)=1) /RNCIS(KZ)

I=11/TNCIS(KZI=1))

EMN(IS(JR)+1)=EM3

XMUN(IS(JR)+1)=ZMU(EM3)

PN(IS(JR)+1)=PP3

TNCIS(JR)I+1)=TT3

THN(IS(JR)+1)=ADOWN

WN(IS(JR)+1)=0,

CPXN(IS(JR)+1)=0,

CALL THERMO(TN(IS(JR)+1),H15sCP1)

DO 666 J=1,NSP

HN(IS(JR)+1)=HL1(J)

CPN(J,IS(JRI+1)=CP1(J)
WN(IS(JRI+1)=WN(IS(JRI+1)I+ALP(J,IS(JRI+1)/WTMOLE(J)
CPXNCIS(JR)+1)=CPXN(IS(JRI+LI+ALP(J> IS(JRI+1)I*CPN(Jy IS(JR)+1)
CONTINUE

WNCOIS(JR)I+1) =1 /WN(IS(JR)+1)

RN{IS(JR)I+1)=RO/WN(IS(JRI+1)
GAMN(IS(JR)+1)=CPN(IS(JRI+1)/(CPXNIIS(JR)I+1I)=-RN(IS(JR)I+1}/CPIN)
RHONCIS(JRI+1)=GEW*WN(ISC(JURI+1L)I*PN(IS(JRI+1)I/TNLIS(JRI+1)
QNCIS(JRI+1)=EMNCIS(JRI+1)/EMINF/SQRT(GAR/GAMNCIS(JR)I+1}/RN(IS(JR)

Z+1)/TN(IS(JR)I+1))

60 TO 1313

CONTINUE

60 TO 1313

L=1

IF((KZ/2)%2.EQeKZ) L==-1

DO 2 J=1,100D

IF({IS(J )=K)eNE,2) GO TO 2
YUPPER=Y(IS(J ))+DELX*¥TAN(BETB(J))
YLOWERsY(K)+DELX*TAN{(BETB(KZ))
IF(YUPPER.GT.YLOWER) 60 TO 2

D= (Y(IS(J))=YAK))I/(TAN(BETB(KZ))=TAN(BETB(J)))
YCROSS=Y(K)+TAN(BETB(KZ))*D
DUsABS(THIIS(J)+L)=TH(IS(J)))
DUL=ABS(TH(IS(KZ)+L)-TH{IS(KZ)))
DELTA=DU+DL
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EMSQ=EM(IS(KZ)+1-L)*%2
BBa~(EMSQ+2.)/EMSQ-GAM(IS(KZ)+1-L)*SIN(DELTA)*%2
CCa(2.#EMSQ+1e ) /(EMSQ**2) + ((GAM(IS(KZ)+1=-L)+1e)*%2/4,+(GAM(IS(KZ)+

Z1=L)=1¢)/EMSQ)*SIN(DELTA)*%*2

DD=—~COS(DELTA)**2/(EMSQ*%*2)
EX®(445%¥BB*¥CC-BB**3-13,5%DD)/SQRT((BB**2-3%C( )*%*3)
EE=ACGS(EX)

NN= 4

FF=COS((EE+NN*4,*ATAN(1s))/3.)
GG=SQRT(=BB/ 3+ (2 *SQRT(BB*%2=3,%CC) /3.)*FF)

EPS=ASIN(GG)

SE =(SIN(EPS)) *%2

GM=2 5% (GAMIIS(KZ)+1~-L)=1.)

SED=(SIN(EPS-=DELTA)) *%2

EM2sSQRT((1.+GM*EMSQ*SE) /(SED*(GAM(IS(KZ)+1-L)*EMSQ*SE~GM)))
TOP=2 ¢ #*GAM{IS(KZ)+1-L )*EMSQ*SE-(GAM(IS(KZ)+1=L)~1,)
PP2=TOP/(GAM(IS(KZ)+1=L)+14)*P(IS{(KZ)+1~-L)
TT2=(TOP*((GAM({IS(KZ)+1=L)~1.)*EMSQ*¥SE+2+)/((GAMIIS(KZ)+1~L)+]1l.)%*

Z2*EMSQ*SE) ) *T(IS(KZ)+1-L) .

BBETB»—(EPS=TH(IS(KZ)+1=-L))*L

EMN(IS(KZ)+1l)=EM2

XMUNCIS(KZ)+1)=ZMU(EM2)

PN(IS(KZ)+1l)=PP2

TN(IS(KZ)+1)=TT2

THNCIS(KZ) +1)=AUP

WN(IS(KZ)+1)=0,.

CPXN(IS(KZ)+1)=0.

CALL THERMO(TNU(IS(KZ)+1l)sHl»CP1l)

DO 44 JJ=1sNSP

HN(JJ» IS(KZ)+1)=H1(JJ)

CPN(UJJ,IS(KZ)I+1)=CP1(JJ)
WANCIS(KZ)+1)=WN{ISU(KZ)+1)+ALP(JJsIS(KZ)+1)/WTMOLELJJ)
CPXNCIS(KZ)+1)aCPXN(IS(KZ)+1)+ALP(JIsIS(KZ)I+1)*CPN(JJsIS(KZ)+1)
CONTINUE

WN(IS(KZ)+1)=1./WN(IS(KZ)+1)

RN(IS(KZ)+1)=RO/WN(IS(KZ)+1)

GAMN(IS(KZ)+1)=CPXN(IS(KZ)+1)/ (CPXNCIS(KZ)+1)=RN(IS(KZ)+1)/CPIN)
RHON(IS(KZ)+1)sGEW*WN(IS(KZ)+1)*PN(IS(KZ)+1)/TN(IS(KZ)+1)
QNUIS(KZ)+1)=EMN(IS(KZ)+1)/EMINF/SQRT(GAR/GAMNCIS(KZ)+1) /RN(IS(KZ)

Z+1)/TN(IS(KZ)I+1))

YNCIS(KZ)+#1)=YNC(IS(KZ)+1-L)=YCROSS+TAN(BBETB)*(DELX~D)
IF(L.NEs1) GO TO 7

JR=IS(KZ)+2

DO 71313 LR=JRsNPTS

KR3=2+LR

CALL SWITCH(LRsKR3)

IS(J)=0

BETAN(J)=0.

BETAN(KZ)=BBETB

27
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NPTS=NPTS=-2
KK=1

DO 333 [=1,I00
IF(IS(I)eGTeISIKZ)IIS(I)=IS(I)=2

CONTINUE

60 TO 2

JRsIS(KZ)-1

DO 91313 LR=JRsNPTS

KR3=22+LR

CALL SWITCH(LR,KR3)

IS(J)=IS(KZ)

IS(KZ)=0

BETAN(KZ)=0.

BETAN(J)=BBETSB

NPTS=NPTS~-2

KK=1

DO 3333 [=1,10D

IF(IS(I)«GToIS(J)) IS(I)=IS(I)=2

CONTINUE -

CONTINUE

RETURN

END

SUBROUTINE EMBED

COMMONZAC/IB0ODsPIN

COMMON/AL/GARs GEW

COMMONZAX/JSUBLsJSUBU
COMMON/BA/ALP(7955) EMINF, WINF
COMMON/8D/XMASS(55)
COMMON/CJ/CP(7555)sCP1{(7)sCPX(55)
COMMON/CK/WTMOLE(T7)
COMMON/DB/BETB(20),1S5S(20),1IDDs IJENKs JENKI
COMMON/ED/CPIN, RO
COMMON/EF/EM(55)sGAM(55)sP(55),TH(55)5Y(55)
COMMON/EP/GAMINFsH1(7)sRINF

COMMON/GK /DELX

COMMON/HL/ALPHA» BETA
COMMON/HM/ALPN(7955)sCPN(7555)yCPXNC55)»EMN(55)sGAMN(55)sHN(T7555),
IL,PN(S55),QAN(55) »RHON(55)sRN{55),THN(S55)s TN(55)sWN{(55)s XMUN(55)
COMMON/HP/BETAN(20)s IEMBED
COMMON/PD/W(55)sX{(55)
COMMON/PQ/JCHEMsNSP» T(55)
COMMON/QA/H(7555)5Q(55)9sRHD(55)» XMU(55)
COMMON/RC/R({55)
COMMON/TS/DVIS(55),DVISN(55),DVISP(2)s VIS(55)s VISN(55), VISP(2)
COMMON/TU/BQ(55)sDALP(7555)»0BQ(55)sDCPX(55)sDDALP(7555)sDTAU(S55),
1TAU(55)

COMMON/WV/NPTSsREs XBPs XJ

DATA EPPRES/1.E-04/

IEMBED=0



APPENDIX A

ALPHA=1,
BETA=0,
ALPH=1,
BET=0.
DELX'lo
DO 500 M=1,2
IF(IS(M).NE.O) GO TO 500
IMaNPTS=-2
DO 1 1I=2,1IM
IF(I1.GE«JSUBL«ANDCIsLToJSUBU) 60 TO 1
12=a]1
I1=12-1
I3s]2+1
141242
T10=Y(Il)~Y(12)
Tll=Y(I2)=-Y(I3)
T12=Y(I3)=-Y(14)
IF(T10eLlTaleE=04¢0ReT11l4LTeleE=04e0RaT124LTelsE=04) GO TO 1
DZ=Y(I+1) -Y(I)
IF((M/2)%2.EQ.M) GO TO 200
XP2=XM1(ALPH »BET »TH(I+1)sXMU(I+1)50e504)
XP1l=XM1(ALPH »BET »TH(I Yo XMUCL ) 0e204)
60 10 201

200 CONTINUE
XP2aXM2(ALPH »BET »TH(I+1)sXMU(I+1)904504)

‘ XP1l=XM2(ALPH »BET »TH(L )sXMUCLI )»0e5004)

201 DZLAM=XPl-XP2
IF(DZLAMeLT.1.E-10) GO TO 1
DI=DZ/DZLAM
IF(DI) 151,7

7 IF(DIGT410.*DELX) GO0 TO 1

P1S=P(I1)%P(I1)
P2S=P(I2)*P(I2)
P3S=P(I3)*P(13)
P&4S=sP(I14)*P(]14)
Tl1=P(I1l)=-P(12)
T2=P(I2)=-P(13)
T3=P(I13)-P(14)
T4=sP1S-P2S
T5=P25-P3S
T6=P3S=-P4S
T7=P1S*P(I1)~-P2S*P(I2)
T8=sP2S*P(12)=P3S*P(I3)
T9=P3S*P(13)-P4S*P(I4)
CALL SOLVE(TY T2 5T3 ,T4 »TS sT6 sT7 T8 519 »E )
CALL SOLVE(T105T11,T12,T4 »T5 ,T6 »T7 ,T8 »7T9 ,0B)
CALL SOLVE(T1 T2 »T3 5T10sT11»T12sT7 578 »T9 »DC)
CALL SOLVE(T1 T2 573 »T4 575 »,76 »T10,T115T12,00D)
B=DB/E
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C=DC/E
D=DD/E
AxY(I1)+P(I11)*(~-B+P(I1)*(-C-D*P(]I1)))
TRE=le/3,
CD=1./27.
YST=sA=C*B*TRE/D+2, *%C**3*%CD/D**2
IF(YSTelEeY({I)aORsYSTHGELY(I+1)) GO TO 1
YSTP=B~C*C*TRE/D
IF(YSTP.GELEPPRES) GO TO 1
IStM) =1+1
IF((M/72)%2,EQeM) IS(M)I=]
XP5=XP1
XP6=XP2
G0 170 501
1 CONTINUE
GO0 Ta 500
501 ISM=sIS(M)
BETB(M)s(ATANIXPS5) +ATAN(XP6)) /2.
WRITE(65506)M
506 FORMAT(1H1s20Xs 19HEMBEDDED SHOCK TYPE I2//713Xs2HIS »5Xs 4HBETA )
WRITE(65508) IS(M),BETB(M)
508 FORMAT(10X»I5sEll.3)

L=1

IF((M/2)*%2.EQeM) L=-1

ISMM=ISM=-L

ISP=ISM+L

RAT= ((Y(ISMI+Y(ISMM) ) 72e=Y(ISP))/(Y(ISM)-~Y(ISP))

X (ISM)=X (ISP)+RAT*(X (ISM)-X (ISP))
Y (ISM)=Y (ISP)+RAT*(Y (ISM)=-Y (ise))
Q (ISM)=Q (ISP)+RAT*(Q (ISM)=Q (ISP))
p (ISM)=P (ISP)+RAT* (P (ISM)-P (ISP))
T (ISM)=T (ISP)+RAT*(T (ISM)-T (IsP))

DVISCISM)=DVIS(ISP)+RAT*(DVIS(ISM)=DVIS(ISP))
VIS(ISM)=VIS(ISP)+RAT*(VIS(ISM)-VIS{ISP))

TH (ISM)=TH (ISP)+RAT*(TH (ISM)-TH (I5P))

BQ (ISM)=BQ (ISP)+RAT*(BQ (ISM)-BQ (ISP))

TAU (ISM)=TAU (ISP)+RAT*(TAU (ISM)-TAU (ISP))

bDBaQ (ISM)=DBQ (ISP)+RAT*(DBQ (ISM)-DBQ (1se))

DCPX (ISM)=DCPX (ISP)+RAT*(DCPX (ISM)-DCPX (ISP))

DTAU (ISM)=DTAU (ISP)+RAT*(DTAU (ISM)-DTAU (ISP))

XMASS (ISM)=XMASS (ISP)+RAT*(XMASS (ISM)-XMASS (ISP))
CPX(ISM)=0.

W(ISM)=0.

CALL THERMO(T(ISM)»H1,CPLl)

DO 100 KI=1,sNSP

JsK1

ALP  (KI,ISM)=ALP (KI»ISP)+RAT*(ALP (KIsISM)-ALP (KI,»ISP))
DALP (KIsISM)=DALP (KI,ISP)+RAT*(DALP (KI,ISM)=-DALP (KI,»ISP))
DOALP(KI» ISM)sODALP(KI, ISP)+RAT*(DDALP(KI» ISM)=DDALP(KI»ISP))
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H(J> ISM)=H1(J)

CP(JsISM)=CP1(J)
WOISM)=W(ISM)+ALP(Js ISM)/WTMOLE(J)
CPXCISM)aCPX(ISMI+ALP (Js ISM)*CP(JsISHM)
H N(KI,ISM)=H (KI,ISM)
ALPN(KI,ISM)=ALP(KI» ISM)

CONTINUE

W(ISM)=1le/W(ISM)

REISM)=RO/W(ISN)
GAM(ISM)=CPX(ISM)/(CPX(ISMI-R(LISM)/CPIN)
RHO(ISM) =P (ISM)*W(ISM)*GEW/T(ISM)
RI=1./R{ISM)
EM(ISM)=Q(ISM)*EMINF*SQRT(GAR/GAM(ISM)*RI/T(ISM))
XMUCISM)=ZMUCEM(ISM))

Q N(ISM)=Q (ISM)

R N{ISM)=R (ISM)

T N{ISM)=T (ISM)

P N(ISM)=P (ISM)

L N(ISM)=w (ISM)
VISN(ISM)=VIS(ISM)
OVISN(ISM)=DVIS(ISM)

TH NOISM)=TH (ISM)

RHO N(ISM)=RHO(ISM)

GAM N(ISM)=GAM(ISM)
IF(JSUBL«GTWIS(M)) JSUBL=JSUBL+1
IF{JSUBUGTIS(M)) JSUBU=JSUBU+L
DO 101 KK=154

IF(IS(KK) «GTeIS(M)) IS(KK)=IS(KK)+1
CONTINUE

IEMBED=1

CALL HSHOCK({M)

IEMBED=0

X(ISMM)=X(ISM)

Y(ISMM)=sY(ISM)

XMASSC(ISMM) =XMASS(ISM)

W (ISMM)=W N(ISMM)

P (ISMM)=P N(ISMM)

Q (ISMM)=Q N(ISMM)

T (ISMM)=T N(ISMM)

R (ISMM)=R N(ISMM)

TH (ISMM)=TH N(ISMM)

EM (ISMM)=EM N(ISMM)
RHO(ISMM)=RHON(ISMM)
VIS(ISMM)=VISN(ISMM)
DVIS(ISMM)=0OVISN(ISMM)
CPXCISMM)=CPXN(ISMM)
GAM(ISMM)=GAMN(ISMM)
XMUCISMM) = XMUN(ISMM)

D0 1313 KI=1,NSP
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H (KIsISMM)=H N(KI,ISMM)

CP (KIsISMM)=CP N(KIs ISMM)

ALP(KIs» ISMM)=ALPN(KI» ISMM)

CONTINUE

1800=0.

RE=0.

XBP=0,

CALL SHEAR1(0.50.)

CONTINUE

RETURN

END

SUBROUTINE SOLVE(A11,A12,A13,A215A225A235A319A325,A33,DET)
DET=Al1%(A22#%A33-A32%A23)-A12%(A21%A33-A31%A23)+A13%(A21%A32=-A22%A
131)

RETURN

ENO

SUBROUTINE HSHOCK(K)

COMMON/AL/GARSGEW

COMMON/BA/ALP(7555)s EMINF» WINF

COMMON/BB/S1A»S2Ay S3AT
COMMON/BO/GAMB,PB,» QB RHOB,» THB» WBs XMUB,» Y8
COMMON/CA/WDOTN(7555)5 XN(55)

COMMON/CJ/CP(7555)sCPL(7)sCPX(55)

COMMON/CK/WTMOLE(7?7)

COMMON/DB/BETB(20)»IS(20),IDDs» IJENKs JENKI
COMMON/ZY/ABOD»BBOD,»CBOD,EBOD,FBOD»GBODS IAVE, IPUNCH, JBOD» KKKKK
COMMON/WV/NPTS»REs XBP» XJ

COMMON/DP/YN(55)

COMMON/ED/CPINs RO

COMMON/EF/EM(55)sGAMI55)sP(55),TH(55)5sY(55)
COMMON/EG/EINs PR, XLE

COMMON/EP/GAMINFSH1(7)sRINF

COMMON/FE/DEL

COMMON/GF/DELY» IFS»KOUNTOs MMM

COMMON/GK/DELX

COMMON/HL/ALPHA,BETA

COMMON/HM/ALPN(7555)sCPN(7555)sCPXN(55)s EMN(55)»GAMN(55)sHN(7555),
ILSs PN(55)s AN (55 )9 RHON(55)sRN(55)s THN(55)s TN(55)sWN(55)s XMUNI(55)
COMMON/HP/BETAN(20), IEMBED

COMMON/PQ/JCHEMsNSPy T(55)
COMMON/QA/H(7555)5Q(55)»RHO(55) s XMU(55)
COMMON/QS/RHOP(2) s WDOT(75s55)»WDOTC (7)o WP(2)s XMUP(2)
COMMDN/SQ/BQN(55)s DALPN(7,55),DBAN(55)sDCPXN(55), DDALPN(7555),
IDTAUN(55)s TAUN(55)

COMMON/ST/I135IREGIsKSsKFIRSTyKKKQyPSTAR
COMMON/TU/BQ(55)sDALP(7555),0BQ(55),DCPX(55)»DDALP(7555),DTAU(55),
1TAU(55)
COMMON/TV/ALPP(752)sBET,BQP(2),DACHP(7,2)»DALPP(7,2),DBQP(2),
1DCPXP(2)s ODALPP(752)s DTAUP(2)sDTCHP(2)sGAMP(2),PP(2),sQP(2),
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2TAUP(2)s THP(2),TP(2)sYP(2)
COMMON/VW/ICONTs IENDs KT» THBPNs XBPN

DIMENSION DUMM(7)

REAL NBETB

I=IS(K)

IT1=1

BET=BETB(K)

ITil=1

XXX=1,

ICCC=0

L=1

IF((K/2)*%2eNEeK) L==1

KSAVE=KS

KZ=K

KK=0

KJ=0

CALL CROSS(KS,»KK»KZ)
IF(KSAVE«NEeKS s ORsKKeNEoO) GO TO 1402
IF(L.LT.0) GO TO 2

TOE= Y{(1 Y=Y (IS (K))

KJ=IS(K)~1

DXX= ,02*%TOE/(TAN(BETB(K))-BBAD)

DELTA =ABS(TH(IS(K)+L)=-ATAN(BBOD) )

G0 TO 3

TOE= Y(NPTS)=Y(IS(K))

KJsNPTS-I5(K)

DXX= o2*TOE/(TAN(BETB(K))=FBOD)

DELTA =ABS(TH(IS(K)+L)~-ATAN(FBOD) )
IF(DXXeGTeDELXeOReKJ&GTs1) GO TO 1

EMSQ = EMUIS(K)+L)*%*2

BB==(EMSQ+24) /EMSQ=GAM(IS(K)+L)*SIN(DELTA) *%2
CC=(2%EMSQ+14 )/ (EMSQ**2)+ ((GAM(IS(K)I+L)+1)**2/4.+(GAM(IS(K)I+L)-1
Zo)/EMSQI*SIN(DELTA) %%2
DD==COS(DELTA)*%2/(EMSQ**2)
EX=(4.5%¥BB*CC~BB**3=13,5%DD) /SQRT((BB**2=3%CC)**3)
EE=ACOS(EX)

NN=4

FFsCOS((EE+NN*4%ATAN(1.))/3,)
GG=SQART(-BB/3.+(2.*SQRT(BB**2-3,%CC)/3.)*FF)
EPS=ASIN(GG)

SE =(SIN(EPS)) *%2

GM = 5% {GAM(IS(K)+L)~-1.)

SED = (SINCEPS=DELTA))**2

EM2= SQRT((1.+GM*EMSQ*SE)/(SED*(GAM(IS(K)+L)*EMSQ*SE=-GM))})
TOP =2,*%GAM(IS(K)+L)*EMSQ*SE-(GAM(IS(K)I+L)=-1,)
PP2= TOP /(GAM(IS(K)+L)+1l4)*P(IS(K)+L)

TT2= (TOP*{(GAMUIS(K)+L)=14)*EMSQ*SE4+2,) /( (GAM(IS(K)+L)+1,)%%2%EMS
10*SE) I*T(ISIK)I+L)

NBETB=L* (EPS+L*TH(IS(K)+L))
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IF(C(CIDD+1) /2) %2 NEo (IDD+1) ) o ANDo(LoLT.0))GO TO 114
IDD =IDD+1
IS(IDD)= IS(K)+L
BETB(IDD)= NBETB
BETAN(IDD)=NBETB
60 TO 115
114 IDD= 1IDD+2
ISCIDD ) =IS(K)+L
BETB(IDD)= NBETB
BETAN(IDD)=NBETSB
115 v2= Y(IS(K) )} + DXX*TAN(BETB(K))
YNCIS(K))=YNCIS(K)+L)=Y2+(DELX=DXX)*TAN(NBETB)
IF(LeLTs0) GO TO 22
YN(IS(K)~L)=Y(IS(K)-L) +DELX*BBOD
JENKI=1
G0 TO 33
22 YN(IS(K)=L)=Y(IS(K)=-L) +DELX*FBOD
IJENK =1
33 EMN(IS(K)=L)=EMNIIS(K))=EM2
XMUNCIS(K)=L)=XMUNCIS(K))=ZMUCEM2)
PNEIS(K))=PN(IS(K)=L)=PP2
TNCIS(K))=TNC(IS(K)=L)=TT2
IF{L.LT.0) GO TO 44
THNCIS(K))=THN(IS(K)-L)=ATAN(BBOD)
60 TC 333
44 THN(IS(K))=THN(IS(K)=-L)=ATAN(FBOD)
333 WN(IS{(K)=L)=O0.
CPXNCIS(K)=L)=0.
CALL THERMO(TN(IS(K)=L)»H1,CP1)
DO 66 J=1,NSP
AN(J» IS(K)=L)=H1(J)
HN(Js IS(K)) =HN(J,IS(K)-L)
CPN(J,IS(K)=L)=CPN(J» IS(K))=CP1(J)
WNCIS(K)=L)=WN(IS(K)=L) +ALP(J,IS(K)=L)/WTMOLE(J)
CPXNCIS(K)=L)=CPXNC(IS{K)~L) +ALP(JsIS(KI=LI*CPN{JSIS(K)-L)
CPXNCIS(K))=CPXN(IS(K)I=L)
66 CONTINUE
WNIIS(K)=L)=WN(IS(K))=1le /WN(IS(K)-L)
RNCISCK)) =RNCIS(K)=L) =RO/WNIIS{K)=L)
GAMN(IS(K)=L)=CPXN(IS(K)~L)/{(CPXNIIS(K)=L)=RN{IS(K)=L}/CPIN)
GAMN(IS(K))=GAMN(IS(K)}=-L)
RHONCIS(K) ) =RHON(IS(K)=L)=GEW*WN(IS(K)=L)*PNCIS(K)=L)/TN(IS(K)}=-L)
QAN(IS(K)) =QNC(IS(K)=L)=EMN(IS(K)=L)/EMINF/SQRT(GAR/GAMNIIS(K)=L)/
ZRN(IS(K)=L)/TIN(IS(K)=L))
WRITE(65,2002) Ks»1IDD
2002 FORMAT(1Hs 10H ***kkkk*x*,//% SHOCK WAVE BETB(*,I3,%)%,%HAS REFLECTE
ZD FROM THE WALL AND HAS BECOME BETB(*y13,%)*)
BETB(K)=0,
BETAN(K)=0.0
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IS(K)=0 :
IF(LeGTe0) LS=LS+1

60 TO 1402

CONTINUE

MsIS(K) +L
IF(BETACNE«Os) GO TO 8210
TAUN(M)I=TAU(M)
BAN(M)=BQ(M)
DCPXN(M)=DCPX (M)
DTAUN(M)=DTAU(M)
DBAN(M)=DBQ(M)
CPXN(M)=CPX(M)

DO 8211 J=1,NSP
DALPN(J>M)aDALP(Js M)
DDALPN{JsM)=DDALP(Js M)
ALPN(JsM)=ALPN(Js1)
WOOTC(J)=0,
WOOTN(JsM)=O.
WN(M)=WN(I)

CONTINUE

CONTINUE
IF(BETA«GT«0+s)BET=BETAN(K)
IT=1

CA=1,

" VT=QN(I) *COS(BET=THN(I))

1400

8200

Ul=QNI(I) *CA*SIN(BET=THN(I))
Ul=ABS(Ul)

XMS=RHON(I) #*yl

GN=GAMNI(I)

GPl=(GN+1l.)

GMi=GN-1.

RNI=1./RN(I)

XM1l=Ul*s2%EMINF**2% (GAR/GAMN(I)I*RNI/TN(I))
OXM=1e/XM1
IF(ITeEQel)U2=ULl*(GM1*XM1+2,)/GP1*0XM
RHZ2P=XMS /U2

P2H=XMS*(U1l-UZ)+PN(I)

V2= VT**%2

VisV2+Ul**2

V2=V2+U2%%2

H6=0.

DO 1400 J=1,NSP

H6=HN(Js I)*ALPN(Js 1) +HE
H2=H6+(V1-V2) /2 .*EIN

IIT1=1

T1=TN(I)

IFCITT10EQel) T22T14*(2 ¢*GN*XM1-GML)*(GM1*XM1+2,)/(2.%GPL)*0XM

CALL THERMO(T2,H1l,CP1)
H2P=0.
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DO 8201 J=1sNSP
H2P=H2P+ALPN(Js M) *¥H1( J)
ERR1=(H2-H2P) /H6
IF(ABS(ERR1)+LT.1.E-08) GO TO 8202
IIT1=11T1+1

IF(IIT1.6T.15) GO TO 8203
IF(IIT1.6T.2) GO TO 8204
ERR2=ERR1

T22=T2

T2=T2%1.01

GO TO 8200

WRITE(659191)

FORMAT(1H1)

WRITE(6,8205)

FORMAT(* ERROR IN TEMPERATURE LOOP IN HSHOCK®*)
stop

DUM=TR2~-ERR2*(T2-T22) /(ERRL-ERR2)
ERR2=ERR1

T22=T2

T2=DUM

GO TO 8200

CONTINUE

RH2=P2H*WN (M) *GEW/T2

ER= (RH2=-RH2P} /RHO (I)
IF(ABS(ER)«LTe1.E~8)60 TO 7
IT=1IT+]

IF(IT.GT«25) GO TO 100
IF(IT.GT.2)60 TO 6

ER2=ER

u22=y2

Uz2=uz2+*.99

G0 70 5

WRITE(659191)

WRITE(65,200)

FORMAT(* ERROR IN HUGONIOT LOOP IN HSHOCK®*)
STOP
DUM=U22-ER2*(U2-U22) / (ER-ER2)
ER2=ER

uz22=u2

U2=DUM

60 T0 5

CONTINUE

CB=COS(BET)

SB=SIN(BET)
IF((K/2)%2.EQeK)U2==U2
QN2P==U2%CA

UVsVT#*CB-QN2P*SB
WVsVT#SB8+QN2P*CB
PHEZ2=ATAN(WV/UV)
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Q2sSQART(UV*UV+WV*W V)

IF(IEMBED.EQ.1) GO TO 3535

YN(M) =Y(M) +.5%(TAN(BETB(K) J+TAN(BET) )*DELX
DEL=1.

CALL LPOINT(Msl.)

DEL=0,

S1A=0.

S2A=0,

S3AT =0,

GAMB=GAMP(1)

PB=PP (1)

QB=QP(1)

RHOB=RHOP(1)

THB=THP (1)

WBsWP(1l)

XMUB=XMUP(1)

YB=YP (1)

Al=F1(M)

A23F2(MsS1A»S2A5S3AT)

IF(JCHEM.EQ.1) GO TO 7254

A3=Q,

GO TO 7257

TP1=(TP(1)+T2)/2,.
DTCHP(1)=sDTCHP(1)/2.

DO 1552 J=1,NSP

DUMM(J)=sDACHP(Js1) /2.
A33F3(TPLsDTCHP(1)sTP(1)s T2, THP(1)sPHEZ2>DUMMs WP(1)s WN(M))
CONTINUE

0PT=-1.

IF((K/2)%2,EQ.K) OPT=1,
A4=sF4(BETA»—=COPTs XMUP(1)s THP (1) XMUN(M)s» THN(M))
A2=(A2+4A3)*A4
PSH=PP(Ll)+(0OPT*(PHE2-THP{1))—-A2*DELX)} /Al
ER3= (PSH=P2H) /P (M)
IF(ABS(ER3)+LTelsE=3)G0 TO 19
IT1=1IT1+1

IF(IT1.6T«25)G0 TO 103

IT11=IT11l+1

IF(IT1.EQ.2) GO TO 1430
IF{ER1*ER3.,LT.0.) GO TO 14
IF(ABS(ERL1-ER3)«LTe5.E=06) GO TO 1492
IF(ABS(ER1)+GT+ABS(ER3)) GO TO 1430
IF(ICCC.EQ.1) GO TO 103

XXX=z=14

ICCC=1

IT11=1IT11l-1

ER1sER3

BET1l=BET

BET=BET+.01*%(IT11-1)*BET*XXX
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GO TO 15
1492 BET2=(BET-BET1 )*20.
ER1=ER3
BET1=BET
BET=BET+BET2
60 TO 15
103 WRITE(659191)
WRITE(65220)
220 FORMAT(* ERROR IN SHOCK ANGLE IN HSHOCK=*)

stTop

14 DUM=BET1-ER1*(BET~BET1)/(ER3-ER1)
ER1=ER3
BET1=BET
BET=DUM

15 YN(M) =Y(M)} +,5%(TAN(BETB(K) )+TAN(BET))*DELX
15=15(K)
YN(IS) =YN(M)
KS=IS(K)
LS=KS
KTaKS
IF ((K/2)*%2.EQeK)} KT= KT-1
CALL CPOINT
G0 TO 4

19 BETAN(K) =BET
YN(M) =o5*%(TAN(BETB(K) )+TAN(BETAN(K) ))I*DELX+Y(M)
I521S(K)
YN(IS) =YN(M)

3535 CONTINUE
PN(M) =P2H
QN(M) =Q2
THN(M) =PHE2
RHON(M) =RH2
TN(M)=T2
RN(M)=RO/WN(M)

CPXN(M)=0,.

D0 1401 J=1,NSP
HN(Js M) =H1({J)
CPN(JsM)=CPL1(J)

1401 CPXN(M)=CPXN(MI+ALPN(J,MI*CPN(J, M)
GAMN(M)=CPXN(M)/(CPXN(M)=RN(M)/CPIN)
ORM=1e+/RN(M)
EMN(M)=QN(M)*EMINF*SQRT(GAR/GAMN(M)*0RM/TN(M))
IF(EMN(M).LT+140001) GO TO 1402
XMUN(M)=ZMUCEMN(M))

1402 CONTINUE ’

RETURN

END

SUBROUTINE SWITCH({JsK)
COMMON/BA/ALP(7555)» EMINFs WINF
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COMMON/BD/XMASS(55)

COMMON/CS/CP(7255)sCPLIT)sCPX(55)
COMMON/EF/EM(55)5sGAM{55)sP(55) s TH(55)sY(55)

COMMON/PD/W(55)5 X(55)

COMMON/PQ/ JCHEMsNSP, T (55)

COMMON/QA/H(7555)5Q(55),RHO(55),XMU(55)

COMMON/RC/R(55)
COMMON/TS/DVIS{55)»DVISN(55)sDVISP(2)sVIS(55)sVISN(55),VISP(2)
COMMON/TU/BQ(55)sDALP(7555),D8Q(55)sDCPX(55)sDDALP(7555)sDTAU(55)>
1TAU(55)

X (J)=X (K)
Y (J)=Y (K)
Q (J)=Q {K)
P (J)=p (x)
T (J)=T (K)
W (J)=w (K)
R (J)=R (K)

EM (J)=EM (K)
TH (J)=TH (K)
BQ (J)=BQ (K)
TAU (J)=TAU (K)
DBQ (J)=DBQ (K)
DVIS(J)=DVIS(K)
VIS(J)=VIS(K)
GAM  (J)=GAM (K)
RHO (J)=RHO (K)
XMU  (J)sXMU (K)
CPX (J)=CPX (K)
DCPX (J)=DCPX (K)
DTAU (J)=DTAU (K)
XMASS (J) =XMASS(K)
DO 108 JJ=1,NSP
H (JJdsJ)=H (JJsrK)
cp (JJdsrJ)=CP (JJsrK)
ALP  (JJsJ)=ALP (JJsK)
DALP (JJsJ)sDALP (JJsK)
DOALP(JJs»J)=DDALP(JJsK)

108 CONTINUE
RETURN
END
SUBROUTINE PM(Ms0PT)
COMMON/AL/GARSGEW
COMMON/BA/ZALP(7555)s EMINFs» WINF
COMMON/CJ/CP(7955)sCP1(7)5CPX(55)
COMMON/CK/WTMOLE(7)
COMMON/ED/CPINs KO
COMMON/EF/EM(55)sGAM(55)sP(55)s TH(55)sY(55)
COMMON/EG/EINsSPRyXLE
COMMON/EP/GAMINF»HL1(7)s RINF
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COMMON/PD/W(55),X(55)
COMMON/PQ/JCHEM,NSP» T(55)sPTZERO»IDIVERG, TH1» XE», YE» RCR»PTOJ» TOJ
1sEM1s XMU1ly Q1
COMMON/WV/NPTSsRE» XBP» XJ
COMMON/QA/H(7555)5Q(55)sRHO(55) » XMU(55)
COMMON/RC/R(559)
DP=ALOG(P(T7)/P(2))
H6=20,
DO 2 J=1,NSP
2 HosH6+H(Js M) *ALP(JsM)
DO 11 I=1,NPTS
11 X(I)=3.E=2
XBP=X(1)
RHO1=RHO(2)*EXP(DP/GAM(2))
G=22.*¥GAM(2)/7{(GAM(2)~-1)
VSQUARE=QQ=~G*(P(7)/RHO1-P(2)/RHO(2))
Ql=SQRT(Q(5)**2+VSQUARE)
H2sH6=-QQ/2 « *EIN
IIT1=1
Tl=T(2)
IF(IIT1.EQel) T2=T1*,99
8200 CALL THERMO(T2sH1lsCP1)
H2P=0,
00 4 J=1,NSP
4 H2P=sH2P+ALP(Js5)*H1(J)
ERR1=(H2=-H2P) /H6
IF(ABS(ERR1)+LTs1.E-08) 60O TO 8202
IIT1=1IT1+1
IF{IIT1.6T«15) GO TO 8203
IF(IIT1.6T&2) GO TO 8204
ERR2=ERR1
T22=T2
T2=2T2*%499
GO T0 8200
8203 WRITE(65,9191)
9191 FORMAT(1H1)
WRITE(6»8205)
8205 FORMAT(* ERROR IN TEMPERATURE LOOP IN PM*)
STOP
8204 DUMsT22-ERR2*(T2-T22) /(ERR1-ERR2)
ERRZ2=ERR1
T22=72
T2=DUM
GO TO 8200
8202 CONTINUE
N=5
T(N)=T2
W{N)=0.
CPX(N)=0,

4o
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DO 5 J=1,NSP
CP(JsNI=CPLJ)
HE{JsN)=H1(J)
CPX(N)=CPX(N)+ALP(Js NI*CP1(J)
5 WIN)=W(N)+ALP (JsN) /WTMOLE(J)
WIN)=L1o/W(N)
R(N)=RO/W(N)
GAM(N)I=CPX(N)/(CPXIN)=R(N)/CPIN)
ORN=1e/R(N)
EML=Q1*EMINF*SQRT(GAR/GAM(N) #ORN/T(N))
XMUL=ZMU(EML)
THL=TH(N)=OPT*(DP/GAM(2) ) *(COS(XMUL)*SIN(XMUL)
3+COS(XMUIN)) *SINC(XMU(NI)) /2,
RETURN
END
SUBROUTINE CHEM(FAS)
COMMON/BA/ALP(7555), EMINF,WINF
COMMON/CA/WDOTN(7555) 5 XN(55)
COMMON/DB/BETB(20),IS(20),I1DDs [JENKs JENKL
COMMON/DP/YN(55)
COMMON/EF/EM(55)5GAM (55)5P (55)5 TH(55)5Y(55)
COMMON/HI/DALCH(7)5 DTCHEM
COMMON/OP /ALPB(7) 5 PHI(55)
COMMON/PD/W(55) s X(55)
COMMON/PQ/JCHEMs NSPs T(55)
COMMON/QA/H(7555)5Q(55)sRHO (55 )5 XMU(55)
COMMON/QS/RHOP(2) s WDOT(7,55) s WDOTC(7)sWP(2) s XMUP(2)
COMMON/VT/DACH(7555) 5 DTCH(55)
COMMON/WV/NPTSs REs XBP» XJ
COMMON/YZ /BPRESUs CHEMFCs CPRESUs EMSUBsRTHs XSTEP
IF(JCHEM.EQ.0) GO TO 8351
hkkkkkkkkk CHEMISTRY PACKAGE khkkkkkkkEk
DO 8355 L=1sNPTS
DO 89 M=1,1DD
IF(IS(M).EQ,0) GO TO 89
ITEST=IS(M)-1
IF((M/2)*%2,EQ.M) ITEST=IS(M)
IF(L.EQ.ITEST.ORCL.EQ.ITEST+1) 6O TO 8398
89 CONTINUE
FAT=ABS(PHI(L))
IF((FAToLT+001)oORW(FAT.GT.1004,)) GO TO 8398
KeL
DX=SQRT(CXN(L)=X(K))*#24 (YN(L)=Y(K))*%2) *RTH
DO 8350 J=1,NSP
8350 ALPB(J)=ALP(JsK)
CALL HOCUS(T(K)»P(K)sQ(K)sRHO(K)sALPBsDXsL)
DO 8301 J=1,NSP
8301 DACH(JsL)=DALCH(J)
OTCH(L)=DTCHEM
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8399
8355

8351

8302
6100
4000
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60 TO 8355
DTCH(L)=0.

DO 8399 J=1,NSP

WDOT(JsL)=0.

WOOTN(JsL)=20.

DACH(J,L)=0.

CONTINUE

GO TO 4000

DO 6100 L=1sNPTS

DTCH(L)=0.

DD 8302 J=1,NSP

wo0T(JsL)=0.

WOOTN(Js L) =0,

DACH(JsL)=0,

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SHEAR(I,ASHEAR)
COMMON/CJ/CP{(7555)sCP1(7)5CPX(55)
COMMON/CK/WTMOLE(7)
COMMON/EF/EM(55)sGAM(55)5P(55)s TH(55)5Y(55)
COMMON/GK/DELX

COMMON/PD/W(55)sX(55)
COMMON/PQ/JCHEMs NSP, T(55)
COMMON/QA/H(7555)5Q(55)sRHO(55)s XMU(55)
COMMON/SS/AL1,AL2,BQ1,BQ25C1»C2,CH1yCH2»0815DB25,DD150D2s0T150T2,DV
AlsDV2sPX1sPX2sTALl» TA2,THLs TH2sV1s»V2,Y1l,Y2
COMMON/ST/I13,IREGIsK »KFIRST,KKKQs»PSTAR
COMMON/TS/DVIS(55)sDVISN(55)»DVISP(2)s VIS(55), VISN(55)s VISP(2)
COMMON/TU/BQ(55)sDALP(7555),0BQ(55),0CPX(55)»0DALP(7+55),DTAU(55),
1TAU(55)

COMMON/VT/DACH(7555)sDTCH(55)
COMMON/WV/NPTSsREs XBP s XJ

DIMENSION S3D(7)

Ksl

V1=V2=VIS(K)

DV1=DV2sDVIS(K)

TAl=TAZ2=TAU(K)

DT1=DT2=DTAU(K)

YlsY2=2Y(K)

TH1= TH2=TH(K)

S10=S1(XJsRE)

CH2D=0,

00 10 J=1,NSP

CH2D=CH2D+DALP(JsK)*CP(JsK)

BQ1=BQ2=BQ(K)

Cl=C2=CPX(K)

0Bl1=DB2=DBQ(K)
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PX1=PpX2=DCPX(K)

CH1=CH2=CH2D

S20=52(XJsRE)

S3DT=0.

D0 20 J=1,NSP

AL1=AL2=DALP(JsK)
OD1=DD2=DDALP(JsK)
S3D(J)=S3(XJsRE)
S3DT=S3DT+S3D(J)/WTMOLE(J)
PK=1,/P(K)

SH1=S1D/GAM(K) *PK/EM(K) *%2
QK=1,/Q(K)
SH2==(GAM(K)=1,)*#S2D/GAM(K)} *PK*QK
SH3=2=W(K)*S3DT/RHO(K) *QK
IF(XJeEQeO) SH4=0.

IF(XJsEQ.0) GO TO 40
IF(K.NE.IOUR.Y(K).GT.l.E_b) 63 TO 30
SH4=aTH(2)/Y(2)

G0 TO 40

SH4=SIN{(TH(K))/Y(K)

CONTINUE

0D=1.,/DELX

SHS5=2~DTCH(K)} /T(K)*0D*COS(TH(K))
DuM=a0O.

DO 50 J=1,NSP
DUM=DUM+DACH(Js K) /WTMOLE(J)
SHO=2—=W{K)*DUM/DELX*COS(TH(K))
SH=SH1+SH2+3SH3+SH4+SH5+SH6
ASHEAR®=GAM(K)*¥P(K)*EM(K) **2%SH
RETURN

END

SUBROUTINE PRESS(XsPs THs THN)
COMMON/AC/1IBODsPIN
COMMON/WX/APRESSs APRESU
COMMON/YX/ABODS»BPRESS»CPRESS
PsAPRESS+X*(BPRESS+CPRESS*X)
P=P*PIN

THN=TH

RETURN

END

FUNCTION XVIS(AsIVV, I0UM)
COMMON/DB/BETB(20)5s1S(20)5 1015 IJENKy JENKI
COMMON/EF/EM(55)sGAM(55)sP(55), TH(55)» Y(55)
COMMON/QA/H(T7555)5Q(55),RHO(55) s XMU(55)
COMMON/WV/NPTSsREs XBPs XJ
COMMON/GE/P3(3)s VISINF
COMMON/PQ/P33(2)5T(55)
COMMON/TW/TIN

IDD=1IVV

43
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2004
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Ul=Q(IDUM)+,95%(Q(IDD)-=-Q(IDUM))

U2=Q(IDUM)+,5%(Q(LiDD)-Q(IDUM))
IF(ABS(Q(IDD)=-Q(IDUM))/Q(IDD)eGTesld) GO TO 13
TO=TIN*T(IDD)*1,.8

XXVIS=1le/(VISINF*RE*RHO(IDD))
XVIS=2627E=~8*(SQRT(TO**3)/(T0+198.,6))*XXVIS

RETURN

DO 10 I=IDD,IDUM

IF(UleLT«Q(I))GO TO 10
Yis{(Q(I-1)=UL)/(Q{(I-1)=Q(I))*ABS(Y(I-1)=Y(I))+Y(I~-1)

60 T0 8

CONTINUE

DO 91=IDD» IDUM

IF(U2.LT.Q(I))GO TO 9
Y2=s(Q(I=1)=U2)/7(Q(I=-1)=Q(L))*ABS(Y(I=-1)=Y(I))+Y(I=-1)

60 10 7

CONTINUE

I=2Y2~-Y1

XVIS=ABS(.010%Z*Q(IDD))

RETURN

END

SUBROUTINE COWL

COMMON/BA/ZALP(7555)» EMINFs WINF
COMMON/CJ/CP(7255)sCPL(7)sCPX(55)
COMMON/DB/BETB(20)»1S5(20)» IDD» IJENKs JENKI

COMMON/DE/MM

COMMON/EF/EM(55)sGAM(55)sP(55) s TH(55)5Y(55)
COMMON/HJ/KOUNTsLZsNPT

COMMON/HL/ALPHASBETA

COMMON/HM/ALPN(T7555)s CPN(7955)sCPXN(55)sEMN(55)>GAMN(S55)sHN(T7+55),
ILS»PN(55)sQN(55)sRHON(55) sRN(55) s THN(55) s TN(55) s WN(55), XMUN(55)
COMMON/HP/BETAN(20) s IEMBED

COMMON/PD/W(55),X(55)
COMMON/PQ/JCHEMINSP» T(55)sPTZERQ» IDIVERG» TH1» XEs YESRCR,PTOJ» TOJ
1,EM1, XMU1»Q1l

COMMUN/QA/H(7955)9Q(55) s RHO(55) s XMU(55)

COMMON/RC/R(55)
COMMON/TU/BQ(55)»DALP(7555)50BQ(55)sDCPX(55)sDDALP(7555)sDTAU(55]),
1TAU(55)

COMMON/WV/NPTSs»REs XBP» XJ

ALPHA=1,

BETA=O,

NPTSSS=NPT

NPT=NPT-3

IF(P(NPT+MM)=-P(NPT)) 200152002,2003

WRITE(65»9191)

FORMAT(1H1)

WRITE(6,2004)

FORMAT(1H1,67H ERROR IN INPUT DATA = NO PRESSURE DIFFERENCE ACROSS

e A
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o e .

2003

2001

2005

300

301

2006

1 SPLITTER PLATE/23H SET INPUT = INTACT =

sToP

OPT=1l,.

K=4
IS(K)=aNPTSSS~-1
L=IS(K)

M=l +MM

GO T4 2005
OPT=~1,

K=3
IS(K)=NPT+MM
M=NPT

L=M+MM
IFAN=MM=2
KOPT=0PT%1,.5

APPENDIX A

N13=NPTSSS-2%KOPT

IF((K/2)%2,EQeK) N13=NPTSSS

DO 300 N12=N13,NPTS
K5aNPTS+N13~-N12

J5=K5+1

CALL SWITCH(J55K5)

CONTINUE
NPTS=NPTS+]

DO 301 I11=1,IDD
IF(I11.EQeK) GO TO 301

IF(IS(I11)eGT4N13)

CONTINUE
LL=L+KOPT
TAU(LL)=O0,
PN(L)=P(L)
THN(L)=TH(L)

Q N(L)=Q (L)
T N(L)=T (L)
R N(L)=R (L)
RHON(L)=RHO(L)
GAMNLL)=GAM(L)
BQ(LL)=0,
DCPX(LL) =0,
DTAU(CLL)=0.
DBQ(LL)=0.
CPX(LL)=0.
WN(L)=W(L)

D3 2006 J=1,NSP

HN{Js L)=H(Js L)
DALP(JsLL)=0.
DDALP(JsLL)=0.

ALPN(JsL)=ALP(JsL)

ITT=]

BETB(K)=(TH(L)-OPT*XMU(L))*1.,01

IS(I11)=IS(I11)+1

0}

45
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BET=BETB(K)
2007 IEMBED=1
CALL HSHOCKI(K)
IEMBED=0
KK=LL+KOPT
P {(LL)=P N(LL)
Q@ (LLY=Q N(LL)
T (LL)Y=T N(LL)
W (LL)sW N((LL)
R (LL)=R N(LL)
TH (LL)Y=TH N(LL)
EM (LL)=EM N(LL)
XMUCLL) =XMUN(LL)
GAM{LL)=GAMN(LL)
RHO(LL)=RHONC(LL)
CPX(LL)=CPXN(LL)
P (KK)=P N(LL)
Q (KK)=Q N(LL)
T (KK)=T N(LL)}
W (KK)=w N(LL)
R (KK)=R N(LL)
TH (KK)=TH N(LL)
EM (KK)=EM N(LL)
XMU{KK)=XMUN(LL)
GAM (KK )=GAMN(LL)
RHO(KK)=RHON(LL)
CPX(KK)=CPXN{LL)
DO 2008 J=1,NSP
H (JolLL)=H N(JoLL)
CP (JsLL)=CP NUJyLL)
ALP(JsLL)=ALPN(J,LL)
H (JsKK)=H N(JyLL)
CP (JrKK)=CP N(JsLL)
2008 ALP(JsKK)=ALPN(J,yLL)
X{LL)Yyax(L)
X{KK)Y=X(L)
THS=sTH(KK)
CALL PM(MyOPT)
THPM=TH1
ERR=THS=THPM
IF(ABS(ERR)«LTs1leE-04) GO TO 15
ITT=sITT+1
IF(ITT.GT«15) GO TO 102
IF(ITT.GT«2) GO TO 14
ER1=ERR
BET1=BET
BET=1,01%BET
BETB(K)=BET
G0 TO 2007



102
203

14

15

16

APPENDIX A

WRITE(65203)

FORMAT(* ERROR IN BETA SHOCK IN COWL¥)
sSToep

DUM1=BET1-ER1*(BET-BET1) /(ERR=-ER1)
ER1=ERR

BET1=BET

BET=DUM1

BETB(K)=BET

60 70O 2007

CONTINUE

EM(5)=EM1

ANG=THI(5)

TH(5)=TH1

Q(5)=Ql1

XMU(5)=XMU1

P(5)=P(7)
Y(5)=1le=X{5)*TAN(XMU(S)=TH(5))
Y(4)mle=X{4)*TANIXMU(2)=ANG)
TH(4)=ATAN{Y(4) /7 (XE+X(4)))

NPT=sNPTSSS

RETURN

END

SUBROUTINE OPOINTU(K»L)
COMMON/AL/GAR» GEW
COMMON/BA/ALP(T7555) EMINFs WINF
COMMON/CJ/CP(75,55),CPLLT7)sCPX(55)
COMMON/CK/WTMOLE(T?)

COMMON/DP/YN(55)
COMMON/EF/EM(55)5sGAM(55)5P(55) s TH(55)5Y(55)
COMMON/EP/GAMINF,HL{7),RINF
COMMON/GK/DELX

COMMON/PD/W(55) 5 X{55)
COMMON/PQ/JCHEMs NSPs» T(55)
COMMON/QA/H(7555)5Q(55)»RHO(55), XMU(55)
COMMON/TS/DVIS(55)sDVISN(55)sDVISP(2)sVIS(55),VISN(55),VISP(2)
COMMON/TU/BQ(55)sDALP(75,55),DBQ(55)»0CPX(55)»D0ALP(7,55),DTAU(55),

1TAU(55)

COMMON/TV/ALPP(752)sBETsBQP(2)sDACHP(752)sDALPP(752)>DBQP(2),

1DCPXP(2)sDDALPP(752)sDTAUP(2)sDTCHP(2)»GAMP(2)sPP(2)5QP(2),
2TAUP(2), THP(2)sTP(2)5YP(2)

COMMON/VT/DACH(7555)5DTCH(55)

IT=1

YD=(YP(1)+YP(2))/2.
RAT={YD=YP(1))/7(YP{2)=YP(1))
ALAMD=TAN(THP (L) )+RAT*(TAN(THP(2))~TAN{THP(1)))
YATsYN(L)-ALAMD*DELX
ERR=ABS((YAT=YD)/(YP(2)~-YP(1)}))
IF(ERR.LTe1.E~05) GO TO 18

YO=YAT

u7



9191
202
18

48
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IT=1T+1

IF(IT.LE.10) GO TO 16

WRITE(659191)

FORMAT(1H1)

WRITE(65202)

FORMAT(* ERROR IN D POINT ITERATION*)

STOP

Y(K)=YD

P (K)=p P(1)+RAT*(P P(2)-P P(1))

Q (K)=Q P(1)+RAT*(Q P(2)-Q P(1))

T (K)}=T P(1)+RATH(T P(2)-T7 P(1})

TH (K)=TH P(L)+RAT*(TH P(2)=TH P(1))
DVIS(K)=DVISP(1)+RAT*(DVISP(2)~-DVISP(1))
VIS(K)=VISP(1)+RAT*(VISP{2)-VISP(1})

BQ (K)=BQ P(1)+RAT*(BQ P(2)=-BQ P(1))
TAU (K)=TAU P(1)+RAT*(TAU P(2)=TAU P(1))
DBQ (K)=DBQ P(L)+RAT*(DBQ P(2)-DBQ P(1))
DCPX(K)=DCPXP(1)+RAT*(DCPXP(2)-DCPXP (1))}
DTAU(K)=DTAUP(L)+RAT*(DTAUP(2)-DTAUP(1))
DTCH(K)=DTCHP (1) +RAT*(DTCHP(2)-DTCHP (1))
CPX(K)=0.

W{K)=0,

CALL THERMO(T(K)}sH1lsCP1)

00 1 J=1,NSP

H (JryKisH 1(J)

CPLJsK)=CPL(J)

ALP  (JsK)=ALP PlJs1)+RATH*(ALP PlJs2)=ALP PlJ»1))
DALP (JsK)sDALP P(Js 1)+RAT*(DALP P(Js2)=DALP P(Js 1))
DACH(JsK)=DACHP(J5 1) +RAT*(DACHP(J»2)-DACHP(J51))
DDALP(JsK)=DDALPP(Js 1 )+RAT*(DDALPP(J»2)-DDALPP(J»1))
CPX(K)sCPX(K)+ALP(JsKI*CP(JsK)
WIK)=W(K)+ALP(JyK) /WTMOLE(J)

WiK)=1ls/W(K)

RHO(K)=P (K)*W(K)*GEW/T(K)

RETURN

END

SUBROUTINE STEP

COMMON/AC/1B0DsPIN

COMMON/AX/JSUBLs JSUBU
COMMON/CAZWDOTN(7555)5XN(55)
COMMON/DB/BETB(20)s1S5S(20)5IDD» IJENK» JENKI
COMMON/DP/YN{S5)
COMMON/EF/EMI55)sGAM(55)5sP(55),TH{(55),Y(55)
COMMON/EG/EINs» PR, XLE
COMMON/GE/RAD, RGOs UIN, VISINF

COMMON/GK/DELX

COMMON/HJ /KOUNTs LLsNPT
COMMON/HM/ALPN(7555) s CPN(T7»55)sCPXNI55)sEMN(55),GAMN{55)sHN(T7555),

ILS»PN{55)5,QN(55) sRHON(55),RN(55), THN(55) s TN(55) s WN(55), XMUN(55)

i



910

800

802
801

10

APPENDIX A

COMMON/OR/THBP» YBPs YBPN
COMMON/PQ/JCHEMsNSP» T(55)»PTZEROs IDIVERGs TH1» XEs YE» RCR»PTOJ» TOJ
1,EM1s XMULs Q1

COMMON/PD/W(55)5X(55)
COMMON/WAVE/XBOD(5), XWALL(5),AAB0D(5),B8B0D0(5),CCBOD(5)»EEBOD(5)»
ZFFBOD(5),GGBOD(5)s LWALL»LBOD
COMMON/QA/H(7555)5Q(55)sRHO(55)» XMU(55)
COMMON/ST/I13sIREGIs»KSsKFIRSTyKKKQsPSTAR
COMMON/TS/DVIS(55)sDVISN(S55)sDVISP(2)sVIS(55)sVISN(55)sVISP(2)
COMMON/UV/1111s IERRs IPRESS» IPRESU»ISUB
COMMON/VW/ICONTs IEND» KT» THBPN» XBPN
COMMON/WV/NPTSsREs» XBP»s XJ
COMMON/WX/APRESS» APRESU
COMMON/YZ/BPRESUsCHEMFCsCPRESU,EMSUB,RTH,XSTEP
DIMENSION DELLX(55)s XW{(2)»YW(2)s THW(2)
DIMENSION DELV(55)

DATA 11370/

DATA IREGI/O/

ISPP=Q

ISPA=0Q

NSAVE=2

XU(I)'OO

XW(2)=10000.

YW(1)=10000.

YW(2)=10000.

THW(1)=0.

THW(2)=0,

I1suB=0

JSUBL=NPTS+1

JSUBU=NPTS+1

DO 910 I=1,NPTS

IF(EM(I)«GT.EMSUB) GO TO 910

JSUBL=1

ISUB=1

GO TO 800

CONTINUE

60 TO 801

CONTINUE

DO B02 I=1,NPTS

II=NPTS-1I+1

IF(EM(II).GT.EMSUB) GO TO 802

JSUBU=II+1

60 TO 801

CONTINUE

CONTINUE

IF(ISUB.EQ.0) GO TO 10

I13=1

KFIRST=KOUNT

CONT INUE

kg
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776

498
499

501

175

49
50

502

504

APPENDIX A

JDUM=JSUBU~1

NP2sNPTS-1

DO 499 K=1l,y,NP2

DEY=sY(K+1)=-Y(K)

IF(DEY.LTe1lsE~08) GO TO 498
IF(KeGE«JSUBLSAND KsLE«JDUM) GO TO 498
EM1=XM1(1les0es TH{K)s XMU(K) 200504
EM22XM2(1les0es» TH(K+1)s XMU(K+1)5 04204
DELLX(K)={Y(K+1)=-Y(K))/(EM1-EM2)

00 776 J=1,I10D

Jd= (J/72)%2
IF(KeEQeIS(J)eANDeJJeNESJ) DELLX(K)=DELLX(K=-1)
IF(KeEQeIS(J)eANDoJJeEQeJ) DELLX(K=1)=DELLX(K=2)
CONTINUE

GO TO 499

DELLX(K)=1,E+0Q6

CONTINUE

DELXM=DELLX(1)

DO 501 K=2,NP2
IF(DELLX(K) o LTDELXM)DELXM=DELLX(K)
CONTINUE

DCHAR=DELXM

DO 502 K=1,NPTS
IF({XLEEQeDeeORaVISIK)sEQes04)GO TO 49
RXLE=14/XLE

DELVIK) =2, 50%PR*¥RE/VIS(K)*RXLE

60 70 50

DELV(K)=1l,E10

DELV1=1.E10

IF{KeNEel) DELY=2Y(K)=Y(K=1)
IF(KeNENPTS) DELYY=Y(K+1)=-Y(K)
IF(Ke.EQ.l) DELY=DELYY

IF{KeEQsNPTS) DELYY=DELY
IF(DELYYSLTJDELY) DELY=DELYY
IF(DELY.LTW1.E-08) GO TO 502
DELV1=DELV(K)*RHO{(K)*Q(K)*DELY**2*¥COS{TH(K))
DELLX(K)=DELV1

DELXM=DELLX(1)

D0 504 K=2,NPTS
IF(DELLX{K)oLT<DELXM)DELXM=DELLX(K)
DSHEAR=DEL XM

DELX=1e/(1le/DCHAR+1. /DSHEAR)
DELX=sDELX/XSTEP

IF(ISPA.EQ.1) GO TO 4

ISPA=1

CALL SPACE(ISPP)

IF(II11.EQ.1) RETURN

IF(ISPP.EQ.1) 60 TO 10

CONTINUE



505
4275

4545

5209
741
5204

5210

5211

6211

APPENDIX A

IF(X(L)+DELX+GTeXWALL(LWALL)) DELX=sXWALL(LWALL)=-X(1)
IF(X(1)+DELXGT«XBOD(LBAD)) DELX=XBOD(LBOD)I-X(1)
IF(JCHEM«EQ.Q) GO TO 4275

DO 505 Is1sNPTS

DTEST=Q(I)*UIN*4.,E=-7/RTH

DTESTsCHEMFC*DTEST

IF(DELXeGT.DTEST) DELX=DTEST

CONTINUE

IF(I13eNEel«ORKOUNT.NE.KFIRST) GO TO 4545
KKKQ=KDUNT+20

CONTINUE

IF(EM(JSUBU)eLTele05) KKKQ=KOUNT+1
XWT=XBP+DELX

RA=1./RAD

IF(XWT«LT4XW(1l)) GO TO 741
IF(XWT.LEXW(NSAVE)) GO TO 5209

THBPN=O.

XBPN=XW(NSAVE)

YBPN=YW(NSAVE}

II11=1

60 TO 5210

CALL TBL(XWT» THBPNsXWsTHWsNSAVE)

GO0 TO 5204

THBPN=THBP+DELX/COS(THBP)*RA
DELX=DELX/COS(THBP)*{COS(THBP)+COS(THBPN)) /2.
XBPN=XWT
YBPN=YBP+(SIN(THBP)+SIN(THBPN) ) *,5%DELX/COS(THBP)
CUNTINUE

00 5211 I=1,NPTS

XN(I)=XBPN

YN(I)=Y(I)+TAN(TH(I))*DELX

THN(I)=TH(I)

IF(IBOD.EQs1) CALL BODY(XN(1)»YN(1)sTHN(1),0)

IF(IPRESS.EQe1l) CALL PRESS(XN(1l)sPN(1)sTH(1)s THN(1)})
IFCIPRESUEQ«1) PN(NPTS)=PIN*(APRESU+XN(NPTS)*(BPRESU+CPRESU*

IXNINPTS)))

IF(IPRESUCEQel) RETURN
IFCY(NPTS).EQeYBP) GO TO 6211
CALL BODY(XWT>»YN(NPTS ), THN(NPTS)»1)
XN(NPTS)=XWT

RETURN

XN(NPTS)=XBPN

YN(NPTS)=YBPN

THN{NPTS)=THBPN

RETURN

END

SUBROUTINE SSONIC(IDG)
COMMON/AC/1IBODsPIN
COMMON/AX/JSUBL»JSUBU

51



52

1777
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COMMON/BD/XMASS(55)

COMMON/CG/AUPsBUP» CUPsDTSPRI(55),DUP»EUP» JCONV, THPRI(55)» YPRI(55)
COMMON/DP/YNI(55)

COMMON/EF/EM(55)5GAM(55)sP(55),TH(55),Y(55)

COMMON/GK/DELX

COMMON/HJ/KOUNT,LLsNPT

COMMON/HL/ALPHA,BETA

COMMON/HM/ALPN(7555)s CPN(7555)sCPXN(55)s EMN(55),GAMN(55)sHN(7555),

ILsPN(55)sQN{55) s RHON(55) sRN(55)s THN(55) 5 TN(55), WN(55), XMUN(55)

COMMON/R(O/APOs,APLls AP2

COMMON/ST/I13,IREGIsK sKFIRST»KKKQs PSTAR
COMMON/UV/II11,IERR, IPRESS» IPRESUsISUB
COMMON/VW/ICONTs» IENDs KTs» THBPN» XBPN
COMMON/WV/NPTSsREs XBP» XJ

DIMENSION EZ(2),ERET(2)5ERTHL(2)

DATA LKIP/1/sLME/1/5LICQ/0/sLICK/O/sL1JUMP/O/
ODATA DTHQ/0./
IF(I13NEeleORKOUNTNESKFIRST) GO TO 1777
XKF=X8P

CALL DPDTH(THSBOT, JSUBL)

ATHB=Y(JSUBL)

BTHBsTAN(TH(JSUBL))
IF(IREGICEQeO)CTHB=THSBOT/COS(TH(JISUBL) )*%3
IF(IREGIeNE«O)CTHB=(CTHB+DTHB*XDEL)
DTHB=DTHQ

XMKF=aXMASS(JSUBU)

CONTINUE

K=JSUusu

DQ=XBPN=-XKF

0S=1le/6.

0Q=1./24.
YN(K)=AUP+BUP*DQ+CUP*DQ*%2%* . 54+DUP*DQ**3*%0S+EUP*DQ**4%JQ
THN(K)=ATAN(BUP+CUP*DQ+DUP*DQ**2% ,5+EUP*DQ**3%0S)
0S=2+*DELX/(COS(TH(K))+COS(THN(K)))
THGH=THN (K)

YGH=YN(K)

I180D1=1I80D

I800=1

IPRES1=IPRESS

IPRESS=0

IPRE Ul=IPRESU

IPRESU=0

ALSVsALPHA

BESV=BETA

CALL LPOINT(JSUBU»OQ.)

K=JSUBU

THN(K)=THGH

YN(K)=YGH

ALPHA=,5

g




1790

6533

6532
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BETA= .5

CALL LPOINT(JSUBU,0.)

ALPHA=ALSYV

BETA=BESV

K=JSusy

THN(K)=THGH

YN(K)=2YGH

I80D=180D1

IPRESS=IPRES1

IPRESU=IPREUL
DS=2+*DELX/{COS(TH(K))+COS(THN(K)))
PSA=(PN(K)~-P(K))/DS
THSA=(CUP+DUP*DQ+EUP*DQ**2% ,5) *COS(THN(K) ) **3
PNA==GAMN(K) *PN(K) *EMN(K) **2%THSA
PYUsCOS{THN(K) )*PNA+SIN(THN(K) )*PSA
K=JSUBL

DQA=XBPN=XKF
YN(K)=ATHB+BTHB*DQ+C THB*DQ*%2% ,5+DTHB*DQ*%*3%0S
THN(K)=ATAN(BTHB+CTHB*DQ+DTHB*DQ**2%,5)
THSB= (CTHB+DTHB*DQ)*COS(THN(K) ) *%*3
DS=22*DELX/(COS(TH(K) )+COS(THN(K)))
PYB=AP1l

ITEl=1

IET=0

AP2=(PYU=PYB)*,5/( YN(JSUBU)I=YN(K))
APO=PN(JSUBU)=e5%(PYB+PYU)*(YN(JSUBU)=YN(K))
AP1l=PYB

PN(K)=APO

ICONT=1

IEND=O

KP =K

L=sK

KT=K

PSTAR=PN(K)

YGH=YN(K)

THGH=THN(K)

CALL CPOINT

YN(K)=YGH

THN(K)=THGH
PNB==~GAMN(K)*PN(K)*EMN(K)**2%THSB
PYB2=COS(THN{K) ) *PNB

ET=sPYB=-PYB2

IF(ABS(ET)W«LTWe1l.,E~06) GO TO 1789
IET=IET+1

IF(IET.LT420) GD TO 6532
WRITE(656533)

FORMAT(* ET LOOP IN SSONIC=*)

sTopP

CONTINUE
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ERET(ITEL)=ET

IF(ITE1.GT«1) GO TO 358

ITEL=2

PYB1=PYB

PYB=PYB2

60 TO 1790
PYBD=PYBLl-ERET(1)*(PYB~PYB1l)}/(ERET(2)-ERET(1))
PYB1=PYB

ERET(1)=ERET(2)

PYB=sPYBD

60 TO 1790

CONTINUE

ICONT=1

IEND=0

JSUBLL1=JSUBL+1

JSUBUl=J3SUBU~1

00 1734 KK=JSUBL1,JSUBUL

K=JSUBU-KK+1

THN(K)=TH(K)

YN{K)=TAN(TH(K))*DELX+Y(K)

PN(K)=APQ+APL*( YN(K)-YN(JSUBL))+AP2 *(YN(K)=YNUJSUBL))**2
KIPs=l

ME=1

KP=K

L=K

KT=K

PSTAR=PN(K)

0S32*%DELX/{COSC(TH(K) }+COS(THN(K}))
YN(K)SY(K)+o5*(TAN(TH(K) )+ TANCTHN(K) ) ) *DELX
YGH=YN(K)

THGH=THN(K)

CALL CPOINT

YN(K)=YGH

THN(K)=sTHGH

YN(K)2Y(K) + 5% (TAN(TH(K) )+ TAN{THN(K) ) ) *DELX
KPaK+1

TERM= (RHON(K)*QN(K)*COS{THN(K) ) +RHON(KP)*QN(KP)*COS(THN(KP))) /2.
XMDUM=XMASS(KP)+TERM* (YN(K) ¥ * (1 +XJ)=YN(KP)I*%k(1,4XJ))/(1e+XJ)
Qld=1l.+XJ
YN(K)=(YN(KP)**Q1J+QLlJ*(XMASS{K)=XMASS({KP))/TERM)**(1./Q1J)
CONTINUE

IF(KOUNT.NE.KKKQ=1) RETURN
XMDIFF=XMKF=XMASS(JSUBU)

JK=JSUBL+1

00 347 I=JK,JSUBU

XMASS(I)=XMASS{I)+XMDIFF

JSUl=Jsusu-1

WRITE(651418)

1418 FORMAT(10X»*CORRECTED INTERMEDIATE STREAMLINES*/2Xs*STREAMLINE NO.
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6036

APPENDIX A

L¥s 7Xs %Xk 12X *YkpL1Xs*TH*)

DO 386 KK=1,JS5U1l

K=JSUBU=-KK

KIP=l

ME=1

DTERM=0.

DYDX=TAN(THPRI(K))
D2YDX2=sDTSPRI(K)/COS(THPRI(K) ) **3%,5
IF(KeEQe1)D2YDX2= CTHB*.5

XDEL=XBPN=XKF
YSTAR=YPRI(K)+DYDX*XDEL+D2YDX2*XDEL**2+DTERM*XDEL**3#0S
THSTAR=ATAN(DYDX+2 ¢*D2YDX2*XDEL+DTERM*XDEL**2%4,5)
KP=K+1

TERM=(RHON(KP)*QN(KP ) *COSCTHN(KP ) ) +RHON(K)I*QN{(K)*COS(THSTAR) ) 72,

X1d=le+XJ

XMDUM=XMASS(KP)+TERM* (YSTAR**X1J~YN(KP)**X1J) /X1J
EZ(ME)=XMDUM=XMASS (K)

IF(ABS(EZ(ME))eLToeleE-06 ) 6O TO 6034
KIP=KIP+1

G0 TO (6041,6042)s ME

ME=2

DTERM1=DTERM

DTERM==o01 /XDEL**2

GO TO 6030

DTERMD=DTERM1-EZ(1)* (DTERM-DTERM1) /(EZ(2)~-EZ(1))
DTERM1=DTERM

OTERM=DTERMD

EZ(1)=EZ(2)

IF(KIP.LE.20) GO TO 6030

WRITE(6,6081)

FORMAT(* TOO MANY ITERATIONS FOR ONE POINT IN SSONIC*)
sToe

IF(K.EQs1) GO TO 6036

YN{K)=YSTAR

THN(K)}=THSTAR

XDEL1=XDEL/4.

00 1417 I=1,4

XDE=XDEL1*FLOAT(I)

XPRNT=XKF+XDE
YPRNT=YPRI(K)+DYDX*XDE+D2YDX2*XDE**2+DTERM*XDE**3%05
THPRNT=ATAN(DYDX+2 4 *%D2YDX2*XDE+DTERM*XDE*%*2%,5)
WRITE(651419) KsXPRNT,YPRNT, THPRNT
FORMAT(5Xs1555X»3E13.5)

CONTINUE

G0 TO 386

ERTH=THSTAR=THN(JSUBL)

JCONV=0

I113=2

ERTHL(LME)=ERTH
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2503

2506

2509

2508

2507

2505

2501

2504
386
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IF(LIJUMP.EQ.1) 60 TO 2501
IF(ABS(ERTHL(LME))+LT.,001) 60 TO 2501

LKIP=LKIP+1

GO TO (25025,2503)s LME

LME=2Z

DTHB2=DTHB

DTHQ=DTHB-.05

60 TO 2504

IF(LICQ.EQel) 60 TO 2505

IFCERTHL(L)*ERTHL(2)4LT+04) GO TO 2505

IF(LICK.EQ.1) GO TO 2506

LICK=1

RTHL==45

IF(ABS(ERTHL(2))+GTsABS(ERTHL(1))) RTHL=-RTHL
IF(ABS(ERTHL(2))+GTsABS(ERTHLI1))+ANDJLKIP+GEs4) GO TO 2507
DTHB1=DTHB2

DTHB22DTHB

DTHQ=DTHB+RTHL

ERTHX=ERTHL(1)

ERTHL(1)=ERTHL(2)

IF(LKIP.LE.10) GO TO 2504

WRITE(652508)

FORMAT(#* TOO MANY ITERATIONS IN LOWER WALL LOOP IN SSONICH)
STOP

PMB=ERTHL (1) #DTHB**2—ERTHL(2)*DTHB2**2+ERTHL (2)*D THB 1#%2~ERTHX*
10THB**2+ERTHX*DTHB2##2-ERTHL (1) #DTHB 1#%2

PMC=ERTHL (2)*DTHB2-ERTHL (1 )*DTHB+ERTHX*DTHB=ERTHL (2) *DTHB1
1+ERTHLC1)*DTHBL1-ERTHX*DTHB2

DTHQ==PMB/ (24*PMC)

LIJUMP=1

60 TO 2504

LICQ=1
DTHD=DTHB2=ERTHL(1)*(DTHB-DTHB2)/(ERTHL(2)=ERTHL(1))
DTHB1=DTHB2

DTHB2=DTHB

DTHQ=DTHD

GO TO 2509

JCONV=1

11320

LKIP=1

LME=1

LICQ=0

LICK=0

LIJUMP=0

IREGI=1

DTHQ=0,

IF(JCONV.EQ.0)DTHB=DTHQ

CONTINUE

RETURN
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END

SUBROUTINE BODY(X1lsY»TH»ID)

COMMON/AC/1IBODs PIN

COMMON/X0/X00
COMMON/ZY/AB0Ds»BBOD»CBODs»EBOD, FBOD»GBOD» IAVE, IPUNCH, JBOD» KKKKK
COMMON/WAVE/XBOD(5)s XWALL(5)5,AABOD(5)»BBB80D(5)sCCBOD(5)s EEBOD(5),
ZFFB0OD(5),G6GBOD(5)s LWALL,LBOD

XB=XBOD(LBOD-1)

IF((LBOD~1)+EQe0) XB=0,0

X=X1-XB

IF(ID.EQ.1) GO TO 4

IF(IBOD.EQ.O) GO TO 1

X=X1-X8-X00

Y=ABOO+X*(BBOD+X*CBOD)

TH=ATAN(BBOD+2.*%CBOD*X)

GO TO 2

Y=Q,

TH=0,.

G0 TO 2

XB=XWALL(LWALL-1)

IF({LWALL-1),EQ.0) XB=0,0

X=X1=-XB

Y=EBOD + X*(FBOD + X*GBOD)

THsATAN(FBOD+2.*%GBOD*X)

RETURN

END

SUBROUTINE OPDTH(DTDS,I)

COMMON/AX/JSUBL» JSUBU

COMMON/EF/EM{(55)»GAM(55)»P(55)» TH(55)sY(55)
COMMON/RO/Z/APOQO, APy, AP2

CALL SHEAR(I»ASHEAR)

ASH=ASHEAR

PYRAPL+2 *AP2*(Y(I)=-Y(JSUBL))

D2=Y(I+1)-Y(I)

D1=Y{I)=Y(I-1)

SUM=D1+D2

RAT1=D1/D02

RAT2=D2/D1

IF(1eGTeJSUBU) PY=(P(I+1)*RAT1I~-P(I)*(RAT1=-RAT2)~P(I=1)%RAT2)/SUM
THY= (TH(I+1)*RAT1I-TH(I)*{(RAT1-RAT2)-TH(I-1)*RAT2)/5SUM
DPDS = (ASH*COS(TH(I)) *%2=GAM(I)*P(I)*EM(I)**2%xCOS(TH(I))*THY
1=-SIN(TH(I))*PY) /(EM(T)**¥2*COS(TH(I)) **2-1,)
DPDN=PY/COS(TH(I))=-TAN(TH(I))*DPDS

GS=1./GAM(I)

SM=1e./EM(I)%%2

DTDS==DPDN*GS/P(I)*SM

RETURN

END

SUBROUTINE CPOINT

57



APPENDIX A

COMMON/AL/GAR»GEW

COMMON/BA/ALP(75s55)s EMINFs WINF

COMMON/BO/GAMBsPB»QB» RHOB,» THB» WB» XMUB, Y8

COMMON/CA/WDOTN(7555)9sXN(55)

COMMON/CJ/CP(T7555)sCPL(7),CPX(55)

COMMON/CK/WTMOLE(T?)

COMMON/DB/BETB(20)s1S(20)» IDD» TJENK» JENKI

COMMON/DP/YNI(55)

COMMON/ED/CPIN, RO

COMMON/EF/EM(55)9sGAM(55)sP (55)s TH(55),Y(55)

COMMON/EG/EINsPRs XLE

COMMON/EP /GAMINF,H1(7)s RINF

COMMON/GF/DELYs IFSsKOUNTOs MMM

COMMON/GK /DELX

COMMON/HL/ALPHASBETA

COMMON/HM/ALPN{7955)sCPN(7555) yCPXNIS55)sEMN(55)sGAMN(55)sHN(T7555),
ILsPN(55),QN(55) sRHON(55) s RN(55) s THN(55)s TN(55), WN(55)s XMUN(55)

COMMON/HN/ZCHC (2)sCPB(7)sCPXP{2)sDALDIF(7)sDALPB(7)s0DDALPB(7)sDELS>
AEMP(2)sHB(T7)sHC(T7)sRP(2)»S3A(T7)sS3B(7)5»S3D(7)>WDOTB(7)sXP(2)

COMMON/PD/W(55)sX(55)

COMMON/PQ/JCHEMSNSP, T(55)

COMMON/QA/H(7555)5Q(55)sRHO(55), XMU(55)

COMMON/QS/RHOP(2)sWDOT(7»55)sWDOTC(7)s WP (2)s XMUP(2)

COMMON/SQ/BQAN{55), DALPN(7555)sDBAN(55)sDCPXN(55)s DDALPN(7555)»
IDTAUN(55), TAUN(SS)

COMMON/SS/AL15AL2,BQ15BQ25,C15C25CH1»CH2,0DB1,0825001,00250T1,D072,0V
AlsDV2sPX1sPX2sTALs TA2s TH1s TH2sV1s V25 Y1s Y2

COMMON/ST/I13sIREGI,K »KFIRST,KKKQsPSTAR

COMMON/TS/DVIS(55)sDVISN(55)sDVISP(2)sVIS(55)5VISN(55),VISP(2)

COMMON/TU/BQ(55)»DALP(7555),DBQ(55)sDCPX(55)sDDALP(7555)sDTAU(55),
1TAU(S9)

COMMON/TV/ALPP(752)sBETsBQAP(2)yDACHP(752)s DALPP(752),DBQAP(2)»
1DCPXP(2)s DDALPP(722)s DTAUP(2)sDTCHP(2)s GAMP(2) PP (2)5QP(2))
2TAUP(2)s THP(2)s TP(2)s YP(2)

COMMON/VT/DACH(7555),DTCH(55)

COMMON/VW/ICONTS, IENDs KT THBPN, XBPN

COMMON/WV/NPTS,y REs XBP» XJ

DIMENSION ALPSS{7)sDALPSS(7)sDDALPS(7)sHSS(T7)»CPSS(7)

DIMENSION DUMCHP(7)s DACHSS(7)

IF(IEND.EQ.1l) GO TO 601

EM3=XM3(ALPHASBETAs TH(K) s THN(L))

XN(L)=XBPN

IF(IFSeEQeleANDeL+EQeIS(MMM)) EM3=TAN(BETB(MMM))

IF(IFSeEQe2 e ANDebLeEQeIS(MMM)) EM32,5%(TAN(BETB(MMM))+TAN(BET))

YN(L)=Y(K)+DELX*ENM3

IF(ICONT.EQel) GO TO 601

KP=1

EM2P=XMLUALPHASBETAy THIKT+1)s XMUIKT+1) o THN(L)» XMUNC(L))

EM2LsXML(ALPHAy BETA» TH(KT) s XMUCKT)s THN(L)» XMUN(L))
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4150

2000

201

9191

2001

202
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EM2K=0.5%(EM2L+EM2P)

XP{(KP)=XxBP

YP(KP)=YN(L)=DELX*EMZK

IF(KP<EQel+ANDIS(MMM).EQ. K.AND.((MMM/Z)*Z EQ«MMM))
AYP(KP)=Y(KT)+2.E=4

KIpP2=0

IF(YP(KP) e LToY(KT+1) +1eE=05.ANDsYP(KP)oGTeY(KT)=14E=-05) GO TO 201
FORMAT(31556E13.5)

WRITE(659191)

WRITE(654150) KP sLoKTsALPHAs YP{KP)s YN(L) s THN(L) » XMUNCL)» PNIL)
WRITEC(65111) Y(KT)sY(K)sDELXsEM2Ks XBPN» TH(K)» XMU(KT) » XMU(KT+1),
1DELSs THBPNsDELYs Y(KT+1)

WRITE(65,2000)

FORMAT(97H Y LOCATION OF CHARACTERISTIC ON ORIGIONAL DATA LINE IS
10UTSIDE OF BOUNDING STREAMLINES IN CPOINT )

CALL PUNCH

sStop

RATB=(YP(KP)=Y(KT) )/ (Y{(KT+1)=Y(KT))

EM2=EM2L+RATB*(EMZ2P-EM2L)

YBT=YP(KP)

YP(KP)=YN(L)=DELX*EM2
IFCCABS(YP(KP)=YBT)/ABS(Y(KT+1)=Y(KT)))eLT.0, Ol)GO TO 202
KIP2=aKIP2+1

IF(KIP2.LE.20) GO TO 201

WRITE(659191)

FORMAT(1HL)

WRITE(652001)

FORMAT{(56H UNABLE TO LOCATE Y LOCATION OF CHARACTERISTIC IN CPOINT
1

sTop

RATB=(YP({KP) =Y(KT))/(Y(KT+1)=Y(KT))

QP (KP)=Q(KT)+RATB* (Q(KT+1)=Q(KT))
PP(KP)=P(KT)+RATB*(P(KT+1)-P(KT))

TP(KP) sT(KT)+RATB*(T(KT+1)=~T(KT))

THP (KP)sTH(KT)+RATB* ( TH(KT+1)=TH(KT))
VISP(KP)=VIS(KT)+RATB*(VIS(KT+1)=VIS(KT))
DVISP(KP)=DVIS(KT)+RATB*{DVIS{KT+1)=~DVIS(KT))
TAUP(KP)aTAUCKT)+RATB*(TAU(KT+1)=TAU(KT))

BOP(KP)=BQ(KT)+RATB* (BQ(KT+1)=-BQ(KT))
DCPXP(KP)=DCPX(KT)+RATB*(DCPX(KT+1J=DCPX(KT))
DTAUP(KP)=DTAU(KT) +RATB* (DTAU(KT+1)=DTAU(KT))
DBQP(KP)=DBQ(KT)+RATB*(DBQ(KT+1)-DBQ(KT))

DTCHP(KP)=DTCH(KT) +RATB*(DTCH(KT+1)=DTCH(KT))

CPXP(KP)=0.0

WP(KP)=0,0

CHC{(KP)=0,

CALL THERMO(TP(KP)s»HB»CPB)

DO 4020 J=1s NSP

ALPP{JsKP)=ALP(Js» KT)+RATB*(ALP(Js KT+1l)=ALP(Js KT))
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1555
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DALPP(JsKP)=DALP(Js KT)+RATB*(DALP(Jsy KT+1)=DALP(J» KT))
DDALPP(JSsKP)=DDALP(Js KTI+RATB*(ODALP(Js KT+1)-DDALP(Js KT))
CHC(KP)=CHC(KP)+DALPP(JsKP)*CPB(J)
CPXP(KP)=CPXP(KP)+ALPP(J,KP)*CPB(J)

WPIKP)=sWP{KP)+ ALPP(JsKP)/WTMOLE(J)
DACHP(JsKP)=DACH(J»KT)+RATB*(DACH(JsKT+1)=DACH(J>KT))
IF(KP.NE«2)G0 TO 4020
WDOTB(J)=sWDOT(JsKTI+RATB*(WDOT(JsKT+1)=WDOT(J5KT))
CONTINUE

WP{KP)=1e/WP(KP)

RP(KP)=RO/WP (KP)
GAMP(KP)=CPXP(KP)/7(CPXP(KP)=RP(KP)/CPIN)
RK=1«/RP(KP)

RHOP (KP)=PP (KP)*WP (KP)*GEW/TP(KP)

EMP(KP)=QP (KP)*EMINF*SQRT(GAR/GAMP (KP ) *RK/TP(KP))
XMUP (KP)=ZMU(EMP(KP))

IF(KP,EQ.2) GO TO 601

KP=2

IF(IFS.EQ.0) KT=L

EM2P=XM2 (ALPHA» BETA, TH(KT+1) s XMU(KT+1)s THN(L)» XMUN(L))
EM2L=XM2 (ALPHA»BETA, THIKT) s XMU(KT) » THN(L)» XMUN(L))
60 TO 351

GET ALL THE PROPERTIES AT THE C POINT

CONTINUE

IF(IFS.EQ.0) GO TO 8600

Y SS=Y {(K)

P SS=P {(K)

Q $S$=Q (K)

T SS=T (K)

TH SS=TH (K)

BQ SsS=Ba (K)

w SS=W (K)

TAU SS=TAU (K)

RHO SS=RHO (K)

CPX 3$S=CPX (K)

DBQ SsS=0BQ (K)

DTAUSS=DTAU(K)

DCPXSS=DCPX(K)

DTCHSS=DTCH(K)

D0 1555 J=1,sNSP

CPSSUJ)I=CP(JsK)

HSS(J)=H{J,sK)

ALPSS(J)=ALP(JsK)

DALPSS(J)=DALP(J,K)

DACHSS(J)=DACH(J,K)

DDALPS(J)=DDALP(J,K)

CALL DPOINT(K,L)

KT=K

CONTINUE
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4035
4036

301
302
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CH2D=0.0

DO 4030 J=1, NSP
CH2D=CH2D+DALP(JsK)*CP(J,»K)
CONTINUE
IF(BETACNE.0.0)GO TO 4036
TAUN(L)=TAU(K)
BON(L)=BQ(K)
VISN(L)=VIS(K)
ODVISN(L)=DVIS(K)
DCPXN(L)=DCPX(K)
DTAUN(L)=DTAU(K)
DBON(L)=DBQ(K)
THN(L)=TH(K)
CPXN(L)=CPX(K)
TN(L)=T(K)}+DTCH(K)
WN(L)=W(K)

CH2C=CH2D

DO 4035 J=1, NSP
DALPN(JsL)=DALP(JsK)
ODALPN(JsL)=DDALP(JsK)
HC(J)=H(J5K)
WDOTC(J)=WDOTN(JsL)
CONTINUE

CONTINUE

IF(BETA«EQ.0.0) GO TO 302
CH2C=0.

DO 301 J=1,NSP
HC(J)=HN(JsK)
WOOTC(J)=wDUTN(JsL)

CH2C=CH2C+DALPN(Js L) *CPN(JsL)

CONTINUE
V1sVISP(1)
VZ=VISN(L)
OV1=DVISP(1)
DVv2=DVISN(L)
TA1=TAUP(1)
TA2=TAUN(L)
DT1=DTAUP (1)
OT2=DTAUNI(L)
8Q1=8QP(1)
BQ2=BAN(L)
Yl=YP (1)
Y2=YN(L)
TH1=THP(1)
TH2=THN(L)
Cl=CPXP(1)
C2sCPXN(L)
0B81=DBQP(1)
0B2=DBAN(L)}
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PX1=DCPXP(1)
PX2sDCPXN(L)
CH1=CHC(1)

CH2=CH2C
IF(ICONT.EQ.1) GO TO 4309
S1A=S1(XJsRE) ’
S2A=52(XJs RE)
V1aVIS(K)

DV1sDVIS(K)
TAl=TAU(K)
DT1=DTAU(K)

BQl=8Q(K)

Yl=Y(K)

TH1=TH(K)

Cl=CPX(K)

DB1=DBQ(K)
PX1=DCPX(K)

CH1aCH2D
S1D=S1(XJsRE)
$20=S2{XJsRE)
IF(ICONT.EQe1l) GO TO 6427
IF(L.EQ.NPTS) GO TO 6427
Vi=VISP(2)
DV1sDVISP(2)
TA1sTAUP(2)
DT1=DTAUP(2)
BQ1=BQP(2)

Yl=YP (2)

TH1=THP(2)

Cl=sCPXP(2)
OBl=DBQP(2)
PX1sDCPXP(2)
CH1=CHC(2)
S1B=S1(XJsRE)
S2B=S52(XJs RE)
CONTINUE

S3AT=0Q0,0

S3BT=0,0

S30T=0.0

DO 4040 J=1, NSP
AL2=DALPN(JsL)
DD2=DDALPN(JsL)
IF(ICONT.EQs1) GO TO 4311
Vi=VISP(1)
DV1=DVISP(1)
AL1=DALPP(Js1)
DD1=DDALPP(Js1)
BQ1=B8QP(1)

TH1=THP(1)

ey
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4311

4040

7252
1712

7255
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Y1=YP(1)

S3A(J)=sS3(XJsRE)
S3AT=S3AT+S3A(J)/WTMOLE(J)
AL1=DALP(JsKT)
DD1=DDALP(J»KT)

V1aVIS(K)

DV1=aDVIS(K)

BQ1=BQ(KT)

TH1=TH(KT)

Yl=Y(KT)

S3D(J)=S3(XJsRE)
S3DT=S30T+S3D(J)/WTMOLE(J)
IF(ICONT.EQ.1)G0 TO 4040
IF(LLEQ.NPTS)GO TO 4040
Vi=VISP(2)

DV1=DVISP(2)
AL1=DALPP(Js2)
OD1=DDALPP(Js2)
BQl=8QP(2)

TH1=THP(2)

Yl=YP(2)

53B(J)=S3(XJsRE)
S3BT=S3BT+S3B(J)/WTMOLE(J)
CONTINUE

IF(ICONT.EQs1) GO TO 6429
GAMB=GAMP (1)

PB=PP(1)

QB=QP(1)

RHOB=RHOP(1)

THB=THP (1)

WB=WP (1)

XMUB=XMUP(1)

YB=sYP(1)

Al=F1(L)
A2=2F2(LsS1A»S2AsS3AT)
IF(JCHEM.EQs1) GO TO 7252
A3=20,

60 TQ 7255

DO 1712 J=1sNSP

DUMCHP(J)=(DACHP(J»1)+DACH(J»K)) /2,
OTCHP(1)=(DTCHP(1)+DTCH(K)) /2,
TP1=(T(L)+TP(1)+DTCH(L)) /2,

A3aF3(TP1sDTCHP(1)sTP(1)s TN(L)s THP (L) THNC(L) »DUMCHPsWP(1)sWNI(L))

A4=F4(BETAs 1es XMUP (L) THP (1) XMUNCL) s THN(L))

A2s(A2+A3 ) *A4
IF(L.EQ«NPTS) GO TO 6429
GAMB=GAMP(2)

PB=PP(2)

QB=QP(2)

63



64

7253
1713

7256

6429

630

631

APPENDIX A

RHOB=RHOP(2)

THB=THP(2)

WB=WP(2)

XMUB=XMUP(2)

YB=YP(2)

Bl=F1(L)

B2=F2(LsS18B»S2B»S38BT)

IF(JCHEMW.EQ.1) GO TO 7253

83=0,

60 TO 7256

DO 1713 J=1,sNSP

DUMCHP(J)=(DACHP(J»2) +DACH(Js»K)) /2,
DTCHP(2)=(DTCHP(2)+DTCH(K)) /2,
TP2=(T(L)+TP(2)+DTCH(L)) /2.
B3=F3(TP2,0TCHP(2)»TP(2)s TN(L)sTHP(2)s THN(L) s DUMCHP,WP(2)sWN(L))
B4sF4(BETA»=1es XMUP(2)s THP(2)s XMUN(L)» THN(L))
B2=(B2+B3)*B84%

CONTINUE

IF(IEND.EQ.0) GO TO 630

THN(L)=THBPN

PNIL)=PP(Ll)+(THP(1)~THN(NPTS)=A2* (XNI(NPTS)=XP(1))) /Al
GO0 TO 631

IF(ICONT.EQ.0)
IPN(L) =(AL*PP(1)+BL*PP(2)+THP(1)=THP(2)~
2(A2+B2)*XN(L)+A2*XP(1)4B2*¥XP(2))/(A1+481)
IF(ICONT.EQ.1)

IPN{L)=PSTAR

IF(ICONT.EQ.Q)
ITHN(L)sTHP (L) =AL*(PN(L)=PP(1))—A2%(XN(L)=XP(1))
CONTINUE

DELS=2.% (XN(L)=X(K))/(COS(TH(K))+CAS(THNI(L))})
TERM2=RHO(K) *Q(K)

IF(BETAeGT+0e)TERM2=( TERM2+RHON(L) *QN(L) ) *,5
OT=1./TERMZ2

QAN(L)=(S1D*DELS=PN(L)+P(K))*0T+Q(K)
IF(BETAWEQeO«QICPXN(L)=CPX(K)
DTCHEM=DTCH(L)+(PN(L)=P(K))I*(QN(L)+Q(K))/{CPX(K)+CPXN(L))*EIN*QT
DTOIFF=S20*%DELS*EIN*2,/7(CPX(KI+CPXN(L))I*0T
TN(L)=sT(K)+DTCHEM+DTDIFF

CPXN(L)=0.0

WN(L)=0.,0

CALL THERMO(TN(L)»H1sCP1)

DD 4050 J=1, NSP

DALDIF(J)=S3D(J)*DELS*OT

ALPN(Js L)=ALP(JsK) +DALDIF(J)+DACH(J» L)
HNCJs L) =H1(J)

CPN(J,L)=CPL(J)

WN(L)=WN(L)+ALPN(Js» LI/WTMOLE(J)
CPXN(L)Y=CPXN(L)+ALPN(Js L)I*CPN(J, L)
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CONTINUE

WN(L)=1ls/WN(L)

RNCL )=RO/WN(L)
GAMNIL)=CPXN(L)Z(CPXNC(L)=RN(L)/CPIN)
ORN=1./RN(L)

RHON(L) =PN(L)*WN(L)*GEW/TN (L)

EMNCL)=QN(L)*EMINF*SQRT(GAR/GAMN(L) *ORN/TNI(L})

IF(EMN(L)eLT«1.0001) GO TO 900
XMUN(L)=ZMU(EMNI(L))

CONTINUE

IF(IFS.EQ.0) GO TO 1361
Y (K)ysY SS

P (K)=p SS

Q (K)=Q $S

T (K)=T SS

W (K)=sW SS

TH (K)=TH SS

BQ (K)=BQ SS

TAU (K)=TAU SS

bDBQ (K)=DBQ SS

cex (K)sCPX SS

RHO (K)=RHO SS

OCPX(K)=DCPXSS

DTAU(K)=DTAUSS

DTCH{K)=DTCHSS

00 1556 J=1sNSP
ALP(JsK)=ALPSS(J)
DALP(JsK)=DALPSS(J)
DACH(J,K)=DACHSS(J)
DDALPLJsK)=DDALPS(J)
CP(JsK)=CPSS(J)

H{J»K)aHSS(J)

CONTINUE

FORMAT(10X»9E13.5)

RETURN

END

SUBROUTINE SPACE(ISPP)
COMMON/AC/1IBODsPIN
COMMON/AL/GAR, GEW
COMMON/AX/JSUBL,JSUBU
COMMON/BA/ALP(7555)» EMINFs» WINF
COMMON/BD/XMASS(55)
COMMON/CA/WDOTN(7555) 5 XN(55)
COMMON/CJ/CP(7555)sCP1LT)»CPX{55)
COMMON/CK/WTMOLE(7)
COMMON/DB/BETB(20)515(20),IDDs IJENKsy JENKI
COMMON/DP/YN(55)
COMMON/ED/CPIN,RO
COMMON/EF/EM(55)sGAM(55)sP(55)5 TH(55),Y(55)

65
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COMMON/EP/GAMINFsHL1(7),RINF

COMMON/GK/DELX

COMMON/HM/ALPN(T7555)sCPN(7555)sCPXNIS55)» EMN{55)»GAMN(55)sHN(T7555),
ILsPN(S55)sQN(55)s RHON(55)sRN(55)s THN(55)5 TN(55)5>WN(55)5 XMUN(55)
COMMON/PD/W(55)s X(55)

COMMON/PQ/JCHEMINSP,T(55)
COMMON/QA/H(7555)5Q(55)»RHO(55), XMU(55)

COMMON/RC/R(55)

COMMON/RO/APO» AP 1y AP2

COMMON/SQ/BQN(55)s DALPN(7555)sDBAN(S55)»DCPXN(55)sDDALPN(7555),
1DTAUN(55), TAUN(55)

COMMON/ST/I135 IREGI»KSsKFIRSTs KKKQs PSTAR
COMMON/TS/DVIS(55),DVISN(55),DVISP(2)sVIS(55), VISN(55),VISP(2)
COMMON/TU/BQ(55)sDALP(7555)50DBQ(55)sDCPX(55)sDDALP(7555),DTAU(S5),
1TAU(55)

COMMON/UV/II11,1ERR, IPRESS, IPRESU,ISUB
COMMON/WV/NPTSsRE» XBP» XJ

COMMON/WX/APRESSs APRESU

COMMON/XY/APRS» APUS,»DELTAY,EBODS, IBODS» INTACT,» IPRS,IPUS,ITYP,
1JBODS s MMAX,RHEAT» XK2» XK4» YBOT,YTP

COMMON/YX/ABODS »BPRESS»CPRESS
COMMON/ZY/ABUD»BBOD» CBOD» EBOD» FBOD»GBODs IAVEs IPUNCH, JBOD» KKKKK
DIMENSION ISN(4),XMASSN(55)

XJ2=1e=XJ

Xdl=lo.eXJ

DY=DELTAY

00O 1 I=1,10D

IF(IS(I).EQ.0) GO TO 1

N=<1

IF((1/2)%2.EQsI) N=1

ISI=IS(I)

DYSsABSUY(ISI+N)=-Y(ISI+2%N))

IF(DYS«LTe24%DY) GO TO 2

Ch**kkex%k ADD PT ON OOWNSTREAM SIDE OF SHOCK k*xk*x*

66
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ISM=135(I)-1

IFC(I/72)%2.EQ41) ISM=IS(I)+2

00 3 KK=ISMsNPTS

KaNPTS+ISM=KK

J=K+1

CALL SWITCH(JsK)

CONTINUE

NPTSsNPTS+1

Isep=]

IF(JSUBLGT.IS(I)) JSUBL=JSUBL+1
IF(JSUBUGT.IS(I)) JSUBU=JSUBU+1
00 4 J=1,1IDD

IF(IS(J) eGTLIS(IN) IS(JI=IS(J)+1
CONTINUE ]
IF((I/2)%2NEWI) IS(I)=IS(I)+1
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LsISM-1

M=ISM+l

K=ISM

RAT=,5

P (K)=P (LY+RAT*(P (M)=-P (L))
TH (K)=TH (L)+¥RAT*(TH (M)=TH (L))
X (K)=X (L)+RAT*(X (M)=X (Ln
Y (K)=Y (L)+RAT*(Y (M)=-Y (L))
Q (K)=Q (L)+RAT*(Q (M)=-Q (L))
T (K)=T (L)+RAT*(T (M)-T (L))

VIS(K)sVIS(L)+RAT*(VIS(M)=-VIS(L))
DVIS(K)=DVIS(L)+RAT*(DVIS(M)=-DVIS(L))
B8Q (K)=BQ (L)+RAT*(BQ (M)-BQ (L))
TAU (K)=TAU (L)+RAT*(TAU (M)=-TAU (L))
DBaQ (K)=DBQ (L)+RAT*(DBQ (M)-DBQ (L))
DCPX (K)=DCPX (L)+RAT*{DCPX (M)-DCPX (L))
DTAU (K)=DTAU (L)+RAT*(DTAU (M)=DTAU (L))
XMASS(K)=XMASS(L)+RAT*(XMASS(M)=-XMASS(L))
CPX(K)=0,
W(K)=0,
CALL THERMO(T(K)»H1,CP1l)
D0 5 Js=1,NSP
ALP (JoK)=ALP (JoL)+RAT* (ALP (JoM)=ALP (JsL))
DALP {(JyK)=DALP (JsL)+RAT*(DALP (JsM)=DALP (JsL))
DOALP(JsK)=DDALP(Js L) +RAT*(DDALP(JsM)-DDALP(J»L))
H{JsK)=H1(J)
CP(JsK)=CPL1(J)
WIK)=W(K)+ALP(JsK) /WTMOLE(J)
CPX(K)=CPX(K)+ALP(JsK)*CP(J5K)
5 CONTINUE
W(K)=1l,/W(K)
R(K)=RO/W(K)
GAM(K)=CPX(K)/(CPX(K)=R(K)/CPIN)
OR=14/R(K)
RHO(K)=P(K)*W(K)*GEW/T(K)
EM(K)=Q(K)*EMINF*SQRT(GAR/GAM(K)*OR/T(K))
XMU(K)=ZMUCEM(K))
2 CONTINUE
IF((1/2)%2,EQ.I) GO TO 6
J=IS(I)
K=J+1
60 10 7
6 J=1S(1)
K=j=-1
7 IFIN®(Y(J)=Y(K))eGTee5*%DY) GO TO 1
ISIMN=IS(I)=N
IF(ISIMNCEQ«NPTS ORISIMN.EQ,1)GO TO 1
Ce*xkkkkkkkx SUBTRACT PT FROM FREE STREAM SIDE OF SHUCK **x*»
775 L=K+1
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DO 8 K=LsNPTS

JaK=1

CALL SWITCH(J,»K)

CONTINUE

NPTS=NPTS-1

ISPP=1

IF(JSUBL.GT.IS(I)) JSUBL=JSUBL-1
IF(JSUBUGTSIS(I)) JSUBU=JSUBU~-1
DO 9 J=1,1DD

IF(IS(J)eGTLIS(I)) ISCII=IS(Jd)-1
CONTINUE

IF((1/72)%2,EQ.1) IS(I)=IS(I)~-1
CONTINUE

IF(ITYP.NES1) GO TO 850
IF(NPTS.LT.MMAX) 60 T0O 2121
IIl1l=1

IPUNCH=1

WRITE(65,9191)

FORMAT(1H1)

WRITE(6,851)

EXCEEDED,

P

1UNCH FILE OBTAINED/97H RESUBMIT RUN WITH REDUCED NUMBER OF FLOW FI

1ELD PTSe. OR INCREASE INPUT FOR MAXIMUM NUMBER OF PTS.)

RETURN

CONTINUE

IF(Y(1)sEQeYBOTORITYPsEQe4) GO TO 2100
IPRESS=1

APRESS=P(1)/PIN
IFCY(NPTS)eEQeYTP«ORITYPeEQ.3) G0 TO 2101
IPRESU=]

APRESU=P(NPTS)/PIN

CONTINUE

IF(NPTS.LT.MMAX) 6O TO 1000

I1SC=0

00 700 I=1,100

IF(IS(I)eNELO) ISC=1ISC+1
IF(ITYPeNEe2eOReISCeNE«OsOR.ISUBeNE«Os)G0O TO 701
YQ=YTP
IF(Y(NPTS)eLE«YTP=2.*%DELTAY)YQ=Y(NPTS)+DELTAY
IK=1

IX=1

NP=NPTS

IFCINPTS/2)*%2,NE.NPTS) GO TO 702

JENPTS+1

KsNPTS

CALL SWITCH({J»K)

Y(J)=YQ

NPTSaNPTS+1

YEUNs (Y(J)*(XJ2+Y(J)*XJI)=Y(K)*(XJ2+Y(K)*XJ))/XJ1
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703

701

706
707

708

709

710

711
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RQAV=RHO(K)+#Q(K}*COS{TH(K))
XMASS(J)=XMASS(K)I+RQAV*YFUN
TH(NPTS)=0.
APRESU=2P(NPTS)/PIN

GO TO (7025903),1IX

J=1

DO 703 K=3,NPs2

J=J+1l

CALL SWITCH(JsK)

CONTINUE

DELTAYsDELTAY*2,
IF(IK.EQ.2) GO TO 704
NPTS=NPTS/2+1

60 TO 1000

IFCITYPeNE3sOReIS(3)eEQeO¢UReISUBeNE«OsORISCaNES])

IK=2

NP=IS(3)-1
IF((NP/2)#%2,NEJNP) GO TO 702
I1Q=1
IF(Y(1l)eGE+YBOT+2.,*DELTAY+1,E-03) GO TO 706
YT=YBOT

60 TO 707

YT=Y(1)=-DELTAY

DO 708 KK=1,NPTS

KsNPTS+1-KK

JeK+1

CALL SWITCH(J»sK)

CONTINUE

NPTS=NPTS+1

D0 709 I=1,]I0D
IFCIS(I)eNECO) ISCI)=IS(I)+1
IF(ISUB.EQ.0) GO TO 710
JSUBL=JSUBL+1

JSUBU=JSUBU+1

Y(1)=YT
YFUN=(Y(2)*(XJ2+Y(2)*¥XJ)=Y(1)*(XJ2+Y(1)*XJ))/XJ1
RQAV=RHO(2)*Q(2)*CAS(TH(2))
XMASS(1)=XMASS(2)-RQAV*YFUN
TH(1) =0,

APRESS=P(1)/PIN

60 TO (711,907)s1Q

NP=aNP+1

60 TO 702

ISN(3)=NP/2+2
ID=IS(3)-ISN(3)

ISS=IS(3)

IS(3)=ISN(3)

DO 705 K=ISSsNPTS

J=K=ID

GO 70 303
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CALL SWITCH(J»K)

705 CONTINUE
NPTS=NPTS-ID
60 70 1000

303 ICT=ISC
ITOP=NPTS
IF(IS(3)eNE.O) ITOP=15(3)~-1
1807T=1
IF(IS(4)eNEeO) IBOT=1IS5(4)+1
OTY=Y(ITOP)-Y(IBOT)
DELTAY=DTY/FLOAT((MMAX~(NPTS-ITOP)-15(4))/2~ICT)
I8=180T7
ISN(1)=IS(1)
ISN(2)=15(2)
ISN(3)=I5(3)
ISN(4)=15(4)
JSUBLN=JSUBL
JSUBUN=JSUBU
iBB=18
IREG=1
IF(IS(2)EQ.0) GO TO 501
IT=1S(2)
60 TO 502

501 IREG=2
IF(ISUB.EQ.OQ) GO TO 504
IF(JSUBLW.EQs1) GO TO 503
IT=JSUBL
GO TO 502

503 CONTINUE
I8sJSUBU
IeB=18

504 IREG=4
IF(IS(1).EQ.0) GO TO 505
IT=15(1)-1
60 TO 502

505 IREG=5
IF(IS(3).EQ.0) GO TO 506
IT=IS(3)-1
GO TO 502

506 IT=NPTS

502 MP=(Y(IT)=Y(IB))/DELTAY
L=1IB
JZ=1
DEL=(Y(IT)=Y(IB))/FLOAT(MP)

5932 CONTINUE

J=188
K=1B
X N(J)=X (K)
Y N(J)=Y (K)
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Q N(J)=Q (K)
P N(J)=pP (K)
T N(J)=T (K)
L] N(J)=W (K)
R N{J)=R (K)

EM N(J)=EM (K)

TH N(J)=TH {(K)

BG N{Ji=BQ (Ki
OVISN(J)=DVIS(K)
VISN(J)=VIS(K)

TAU NGJ)=TAU (K)

0BG N(J)=0BQ (K)

GAM N(J)=sGAM (K)

RHO N{J)=RHO (K)

XMU N(J)=XMU (K)

CPX N(J)=CPX (K)
DCPXN(J)=DCPX (K)
OTAUN(J)=DTAU (K)
XMASSN(J)=XMASS(K)

D03108 JJ=1,NSP

H N(JJsJd)=H (JJ»K)

CP N(JJsJ)=CP (JJsK)

ALP N(JJrJ)=ALP (JJsK)
DALPN(JJsJ)=DALP (JJsK)
DDALPN(JJ»J)=DDALP(JJ,»K)
CONTINUE

60 TO (2201,2904),J2

DO 600 KK=1,MP

IsKK+18B~-1

YN(I+1)=YN(1)+DEL
IFCYNCI+1)eGEY (L) eANDeYN(I+1)oLTeY(L+1)) GO TO 601
L=L+1

60 TO 602
RAT=(YN(I+1L)=Y(L)})/{Y(L+1)=Y(L))
IF(IT.EQ.JSUBU) GO TO 1200
PN(I+1)=P(L)I+RAT*(P(L+1)=-P (L))}
THNC(I+1)=TH(L)+RAT*(TH(L+1)=TH(L))
60 T0 1201

CONTINUE

YYsYN(I+1)
PN(I+1)=APO+YY*(AP1+YY*AP2)
THN(I+1)=0.

CONTINUE

M=L+1

KsI+l

X N(K)=X (LI+RAT*(X {(M)-X (L))
Y N(K)=Y (LI+RAT*(Y (M)=Y (L))
Q Ni{K)=Q (LI+RAT*(Q {(M)=-Q (L))
T N(K)=T (L)+RAT*(T (M)-T (L))

71
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BQ N(K)=BQ (L)+RAT*(BQ (M)-BQ (L))
VISN(K)=VIS(L)+RAT*{VIS{M)-VIS(L))
DVISN{(K)=DVIS(L)+RAT*(DVIS(M)-DVIS(L))

TAU N(K)sTAU (L)+RAT*(TAU (M)=TAU (L))

DBQ N(K)=DBQ (L)+RAT*(DBQ (M)=-DBQ (L))
DCPXN(K)=DCPX (L)+RAT*(DCPX (M)—=DCPX (L))
DTAUN(K)=DTAU (L)+RAT*(DTAU (M)=-DTAU (L))
XMASSN{(K)=XMASS(L)+RAT*( XMASS(M)-XMASS(L))
CPXN(K)=0,

WN(K) =0,

CALL THERMOD(TN(K)s»H1,CP1l)

DOS55 J=1,NSP

ALP N(JsK)=ALP (JsL)+RAT*(ALP (JryM)=ALP (J»L))
DALPN(J»K)=DALP (JsL)+RAT*(DALP (Js»M)-DALP (JsL))}
DDALPN(JsK)sDDALP(Jy L)+RAT*(DDALP(J»M)=DDALP{JSL))
HN(J,K)=H1(J)

CPN(JsK)=sCP1(J)

WN(K)=sWN(K)+ALPN(JsK) /WTMOLE(J)
CPXN(K)=CPXN(K)I+ALPN(JsK)*CPN(JsK)

CONTINUE

WN(K)=1s /WN(K)

RN(K)=RO/WN(K)
GAMNIK)=CPXN(K)/(CPXN(K)=RN(K)/CPIN)

RK=1as/RN(K)

RHON(K)=PN(K)*WN(K)*GEW/TN(K)
EMN(K)=QN(K)*EMINF*SQRT(GAR/GAMN(K)*RK/TN(K))
IF(EMN(K)eGTols)
IXMUN(K)=ZMU(EMN(K))

600 CONTINUE

2200

603

604

605

606

60 TO (22005,603560456055606)s IREG
ISN(2)=1+1

IB=1S5(2)+1

IBB=ISN(2)+1

60 TO 501

JSUBLN=I+1

I8=JSUBU
JSUBUN=JSUBLN+JSUBU-JSUBL
IBB=JSUBUN

CONTINUE

60 TO 504

ISN(1)=I+2

IB=1S(1)

IBB=ISN(1)

60 TO 505

IFCIS(3)eNE«O) ISN(3)=]+2
IF(IS(3)+EQeD) NPTS=I+1
NP=NPTS

IF(IS(3).EQ.0) GO TD 2203
ID=IS(3)-ISN(3)
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ISS=15(3)
DO 2304 K=ISS»NPTS
J=K-1ID
CALL SWITCH(JsK)
2304 CONTINUE
NPTS=NPTS-ID
NP=ISN(3)~-1
IF(ISUB+EQ.O0) GO TO 2903
JZ=2
JZIO0=JSUBL-1
JZI=JSUBLN-1
2904 JZI=J71+1
JZ10=JZ10+1
IF(JZI.EQsJSUBUN) GO TO 2903
IBB=JZI
I18=JZ1I0
GO0 TO 5932
2903 CONTINUE
2203 DD 2204 I=1B80T,sNP

J=1

K=l

X (J)=XN (K)
Y (J)=YN (K}
Q (J)=QN (K)
P (Jy=p N(K)
T (J)=T N(K)
W (J)=wW N(K)
R (J)=R N(K)

EM (J)=EM N(K)

TH (J)=TH N(K)

DVIS(J)=DVISNI(K)

VIS(J)=VISN(K)

8Q (J)=BQ N(K)

TAU (J)=TAU N(K)

DBQ (J)=DBQ N(K)

GAM  (J)=GAM N(K)

RHO (J)=RHO N{(K)

XMU  (J)=XMU N(K)

CPX  (J)=CPX N(K)

DCPX (J)=DCPXN(K)

OTAU (J)=DTAUN(K)

XMASS (J)=XMASSN(K)

004108 JJ=1,NSP

H (JJsJ)=H N(JJs»K)

ce (JJrpd)=CP  N(JJsK)

ALP  (JJsJ)=ALP N(JJsK)

DALP (JJsJ)=DALPN(JJ5K)

ODALP(JJ»J)=0DALPN(JJI,»K)
4108 CONTINUE
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CONTINUE

DO 607 I=1s4

ISCI)=ISN(I)

JSUBL=JSUBLN

JSUBU=JSUBUN

CONTINUE

IF(ITYP.,EQe.3) GO TO 903
IF(YI(NPTS)«EQ.YTP) GO TO 903
YQ=YTP

IFCY(NPTS) e LE«YTP-1.*%DELTAY)YQ=Y(NPTS)+DELTAY

Ix=2

L=NPTS-1

M=L-1

IFCABS(P(M)=-P(L))/P(L)~,001) 900,900,800
IF(ABS(Q(M)-Q(L))/Q(L)-.001) 901,901,800
IFCABS(T(M)=-T(L))/T(L)=.001) 90259025800
IF(ABSCALP{(5sM)=ALP(55L) )~ 001%ALP(55L))
IF(Y(1),EQ.YBOUT) GO TO 907

IF(ITYP,EQe4) GO TO 907

L=2 '

M=3

1Qs=2

IF(Y(1) . GE.YBOT+DELTAY+1.,E=-03) GO TO 910
YT=YBOT

G0 T0 912

YT=Y(1)=-DELTAY
IF(ABS(P(M)=-P{L))/PIL)-4001) 90459045707
IF(ABS(Q(M)=-Q(L))/Q(L)=,001) 9055905,707
IFCABS(T(M)-T(L))/T(L)=4001) 906,906,707
IF(ABS(ALP(4sM)=ALP(4,L))=e001*ALP{4, L))
CONTINUE

IF(ITYP.EQe4) GO TO 2102
IF(Y(1).NE.YBOT) 60 TO 2102

180D=1BODS

ABOD=ABODS

IPRESS=IPRS

APRESS=APRS

IF(ITYPL,EQ.3) GO 7O 2103
IF(Y(NPTS).NE.YTP) GO TO 2103

JBOD=JBODS

EBOD=EBODS

IPRESU=TIPUS

APRESU=APUS

CONTINUE

IF(Y(1l) EQeYBOT.AND.ITYP.,EQ.3) ITYP=]
IF(Y(1)eEQeYBOT.ANDeITYPEQe2) ITYP=4
IF(Y(NPTS)eEQ.YTP4ANDITYPLEQ.s4) ITYP=1
IF(Y(NPTS)eEQeYTPeANDITYP.EQs2) [TYP=3
CONTINUE

903,903,800

907,907,707
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IF(ISUB.EQ.1l) RETURN

JSUBL=NPTS+1

JSUBU=NPTS+1

RETURN

END

SUBROUTINE RSET

COMMON/AL/GARs GEW

COMMON/BA/ALP(7555)s EMINF, WINF

COMMON/BD/XMASS(55)

COMMON/CJ/CP(T7555)sCPLLT7)sCPX(55)

COMMON/DP/YN(55)

COMMON/ED/CPINSRO

COMMON/EF/EM(55)5GAM(55)sP (55) s TH(55)5Y(55)

COMMON/EP /GAMINFsH1(7)sRINF
COMMON/HM/ALPN(7555) 5 CPN(7555)»CPXN(55)5 EMN(55)sGAMN{55)sHN(7»55),
ILsPN{55)s QN(55)s RHON{(55)sRN(55) THN(55), TN(55)sWN(55)s XMUN(55)
COMMON/OR/THBP» YBP» YBPN

COMMON/PD/W(55),X(55)

COMMON/PQ/JCHEMsNSP,T(55)
COMMON/QA/H(7555)5Q(55)sRHO(55)s XMU(55)

COMMON/RC/R(55)

COMMUN/SQ/BAN(55)s DALPNI(7555)5DBAN(55)»DCPXN(55)» DDALPN(7s55)>
IDTAUN(55) s TAUN(55)

COMMON/TS/DVIS(55) sDVISN(55)sDVISP(2)sVIS(55)s VISN(55),VISP(2)
COMMON/TU/BQU55)sDALP(7555),D8Q(55)sDCPX(55)sDDALP(7555)sDTAU(55),
1TAU(55)

COMMON/VW/ICONTs IENDs KTs THBPN» XBPN

COMMON/WV/NPTS,RE, XBPs» XJ

00 5110 I=1,NPTS

TH(I)=THN(I)

X{I)=XBPN

YCI)=YN(I)

Q(I)=QN(I)

P(I)=PN(I)

T(I)=TN(I)

RHO(I)=RHON(I)

EM(I)=EMN(I)

XMUCL)=XMUN(I)

VIS(I1)=VISN(I)

DVIS(I)=DVISNI(I)

TAUCI)=TAUNC(I)

BQ(I)=BAN(I)

DCPX(I)=DCPXNC(I)

DTAUCI)=DTAUNC(I)

DBQ(I)=DBAN(I}

D04090J=1, NSP

ALP(J, I)=ALPN(J, I)

DALP(J» I)=DALPN(Js I)

ODALP(J» I)=DDALPN(J, I)
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4090
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10

8410
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CP(Js I)=CPN(J» I)

H(Js I)=HN(J» I)

CONTINUE

W(I)=WNI(I)

REI)=RN(I)

GAM(I)=GAMN(I)

CPX(I)sCPXN(I)

CONTINUE

XJl=le+XJ

IF(Y(1)eEQeOs) XMASS(1)=0.

DO 10 I=2sNPTS

YFUN=(Y(I)*(Llae=XJ+Y(L)*XJ)= Y(I=-1)%{1l.=XJ+Y(I=1)%XJ))}/XJ1
RQAV= (RHO(I)*Q(I)*COS(TH(I))+ RHO(I-1)*Q(I-1)*COS(TH(I-1)))/2,.
XMASS(I)=XMASS(I-1)+RQAV*YFUN

CONTINUE .

DO 8409 I=1sNPTS

CPX(I)=0.

CALL THERMO(T(I)sH1,CP1l)

DO 8410 LI4=1,NSP

CP{I4,sI)=CP1(14)

H(I14»1)=H1{I4)
CPX(I)aCPX(I)+ALP(I4,I)*CP1(I4)
RHO(I)=GEW*W(L)*P(I)/T(I)
GAM(I)=CPX(I)/(CPX(I)=R(I)/CPIN)

RI=1./R(I)
EM(I)=Q(I)*EMINF*SQRT(GAR/GAM(I)I*RI/T(I))
IF(EM(I)eLTe140001) GO TO 8409
XMU(L)=ZMU(EM(1))

CONTINUE

XBP=XBPN

YBP=Y(NPTS)

THBP=TH(NPTS)

IF(YBPNeEQ.YN(NPTS)) RETURN

YBP=YBPN

THBP=THBPN

RETURN

END

SUBROUTINE SHEARL(CFF,VISD)
COMMON/AC/180D,PIN

COMMON/BA/ALP(75s55)s EMINF,WINF
COMMON/CJ/CP{7555),CPL(7)5CPX(55)
COMMON/EF/EM(55)5GAM(55)sP(55)5 TH(55)5Y(55)
COMMON/PQ/JCHEMs NSP» T(55) .
COMMON/QA/H(7555)5Q(55)sRHO(55)s XMU(55)
COMMON/SQ/BQN(55) s DALPN(7555),DBAN(55)»DCPXN{(55)s DDALPN(7555),
1DTAUN(55), TAUN(55)
COMMON/TS/DVIS(55)sDVISN(55),DVISP(2), VIS(55)s VISN(55)s VISP(2)

COMMON/TU/BQ(55),0ALP(7555),0BQ(55),DCPX(55)s DDALP(7555)sDTAU(55]),

1TAU(55)
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COMMON/WV/NPTS,REs XBP s XJ

DIMENSION LOCS(8)

KKI=0

D0 100 K=1,8

LOCS(K)=0

LAST=NPTS

LAST1=NPTS+1

LAST2=NPTS~-1

Y (LAST1)=2.%Y (LAST)=Y (LAST2)

Q (LAST1)=Q (LAST2)

T (LASTL)=T (LAST2)

VIS(LAST1)=VIS(LAST2)

CPX (LAST1)=CPX (LAST2)

P(LAST1)=P(LAST2)

TH(LASTL)=TH(LAST2)

TAU (LAST)=0.

BQ (LAST)=0.

DCPX (LAST)=0.

D0 6290 J=1,NSP

DALP (J>LAST)=0.

ALP (J>LASTL)=ALP (JsLAST2)

00 6292 K=2,LAST

DELYZ2=Y (K+1)-Y (K)

DELY1lsY (K)=Y (K=1)
IF(DELY2eLlTaleE-06.0RDELY1.LTs1lsE~06) GO TO 1301
SUM=DELY1+DELY2

RATIO1=DELY1/DELY2

RATIOZ2=DELY2/DELY1

SU=1./SUM

RMR=RATIO1-RATIO2
TAU(K)=(Q(K+1)*RATIO1-Q(K)*RMR=Q(K=1)*RATID2)*5U
OD=1./DELY2

DTAU(K) =2, % (Q(K+1)*DELY1*SU=-Q(K)+Q(K-1)*DELY2#*5U) /DELY1*0D
BA(K)s(T(K+1)*RATIOL-T(K)*RMR=T(K=1)*RATI(02)*SU

DBQ(K)=2 o * (T(K+1)*DELY1*SU~-T(K)+T(K=1)*DELY2*SU)/DELY1*0D
DCPX(K)=(CPX(K+1)*RATIO1-CPX(K)*RMR-CPX(K=1)*RATIJ2)*SU
DVIS(K)=(VIS(K+1)*RATIOD1-VIS(K)*(RATIO1-RATIO2)~VIS(K=1)*RATIO2)/S
1UM

DO 6291 J=1,NSP
DALP(JsK)=(ALP(JsK+1)*RATIOL~ALP(JsK)I*RMR=ALP(JsK=1)*RATIDN2)*SU
DDALP(JsK) =2 ¢ *(ALP(Js K+1 ) *DELY1*SU=-ALP(JsK)+ALP(JsK=1)*DELY2%SU)
1/DELY1*00D

CONTINUE

60 TO 6292

KKI=KKI+1

LOCS (KKI)=K

CONTINUE

DVIS(1)=0.

TAU (1)=0,0

7
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DY=Y(2)=Y(1)
IF(IBOD.EQs1)TAU(L)=CFF*RE*RHO(1)*Q(1)**2%*,5/VISD

BQ (1)=0.0

DCPX (1)=0. .

DTAU (1)3(Q (2)~Q (1))*2./(Y (2)=Y (1))*%2

IF(IBODEQel) DTAU(L) =4,*(Q(2)=Q(1))/DY*%2=-2,%(TAULL)+TAU(2))/DY+
10TAU(2)

DBQ (L)=(T (2)=T (1))*¥2./7(Y (2)=Y (1))*%2

IF(IBOD.EQel) DBQU1)=44*(T(2)=T(1))/DY*%2-2,%BQ{(2)/DY+DBQ(2)
D06293J=1s NSP

DALP? (Js 1)=0.0

DDALP (J» 1)22.%(ALP (Js 2)=ALP (J» 1))Z7(Y (2)~
1Y (1) )*#2

IF(IBOD«EQ.1) DDALP(Js1l) =4 ,%(ALP{Js2)=ALP(Js1))/DY*¥2=2,%DALP(Js»2

1)/0Y+DDALP(Js2)

6293 CONTINUE

00 101 M=1,8

IF(LOCS(M).EQ.0) GO TD 102

K=LOCS (M)

L=1

IF((M/2)%2 NEeM) L=-1

YNK=Y (K)=Y (K+L)

BQ (K)=2.%(T (K)=T (K+L)})/YNK=BQ (K+L)

TAU (K)=2.%(Q (K)-Q (K+L))/YNK-TAU (K+L)

DCPX (K)=24%(CPX (K)=CPX (K+L))/YNK=DCPX (K+L)
DTAU (K)s2+%(TAU (K)=TAU (K+L})/YNK=DTAU (K+L)
0BQ (K)=2,.,*%(BQ (K)=-BQ (K+L))/YNK=DBQ (K+L)

DO 103 J=1,sNSP

DALP (JsK)=2.%(ALP (JsK)=ALP (JsK+L))/YNK=DALP (JsK+L)

103 DDALP (JsK)32.*%(DALP (JsK)=DALP (JyK+L))/YNK=-DOALP (JsK+L)

101 CONTINUE
102 CONTINUE

DO 7000 I=1,LAST
TAUN(I)=TAU(I)
BAN(I)=BQ(1I)
DCPXN(I)=DCPX(I)
DTAUN(I)=DTAUC(I)
DBAN(I)=DBQ(I)

00 7001 J=1,NSP
DALPN{J» 1)=DALP(J, 1)

7001 DDALPN(J,I1)=DDALP(J,I)
7000 CONTIWUE

78

NPTS=LAST

RETURN

END

SUBROUTINE SHEAR2(CFF,VISD)

COMMON/AC/IBODs PIN

COMMON/DP/YN(55)
COMMON/HM/ALPN(7955) s CPN(7555),CPXN(55)EMN(55)5GAMN(55)s HN(7555),
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3001
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ILSy PN(55)5QAN(55)sRHON(55)sRN(55), THN(55)s TN(55),WN(55)5 XMUN(55)
COMMON/PQ/JCHEM,NSP, T(55)
CDMMDN/SQ/BQN(55):DALPN(7;55)’DBQN(55)1DCPXN(55)’DDALPN(7955)’

1DTAUN(55) s TAUN(55)
COHMUN/TS/DVIS(55)’DVISN(55),DVISP(2),VIS(55):VISN(55),VISP(2)
CUMMON/WV/NPTSsRE» XBPs XJ
DIMENSION LOCS(8)

KKI=0

DO 100 K=1,8

LOCS(K)=0

LAST=NPTS

LAST1=NPTS+1

LAST2=NPTS~1

YNCLAST1) =2, *YN(LAST)-YN(LAST2)

QN(LAST1)=QN(LAST2)

TN(LASTL)=TN(LAST2)

VISN(LAST1)sVISN(LAST2)

CPXN(LAST1)=CPXN(LAST2)

PNCLASTL)=PN(LAST2)

THN(LAST1)=THN(LAST2)

TAUN(LAST)=0.

BAN(LAST)=0.

DCPXN{LAST)=0.

D0 3001 J=1,NSP

DALPN(JsLAST)=0.

ALPN(Js LAST1)=ALPN(J,LAST2)

DO 6002 K=2,LAST

DELY2=YN(K+1)=YN(K)

DELY1=YN(K)-YN(K-1)

IF(DELY2eLTeleE-0640ORDELY1eLTelsE=06) GO TO 1301
SUM=DELY1+DELYZ2

RATIO1=DELY1/DELY2

RATIOZ2=DELY2/DELY1

SU=1e/S5UM

0D=1./DELY2

RMR=RATIO1-RATIDZ

TAUN(K) = (QON(K+1)*RATIO1-QN(K)*RMR~QN(K=-1)*RATI02)*SU

DTAUN(K) =2 4 *(QN{K+1)*DELY1*SU=QN(K)+QN(K=1)*DELY2*3U)/DELY1*0D
BAN(K)=(TN(K+1)*RATIOLI-TN(K)*RMR-TN(K-1)*RATIO2)*SU

DBAN(K) =2 * (TN(K+1 )*DELYL#SU-TN(K)+TN(K-1)*DELY2%5U) /DELY1#*0D
DCPXN(K)=(CPXN(K+1)*RATIOL-CPXN(K)*RMR-CPXNIK-1)1*RATIO2)*SU
OVISN(K)=(VISN(K+1)*RATIO1~-VISN(K)*(RATIO1-RATIO2)~VISN{K=1)*RATIO
12)/5uM

DO 4081 J=1sNSP
DALPN(JsK)=(ALPN(JsK+1)*RATIOL=ALPN(JsK)*RMR=ALPN(Js»K=1)*RATID2)
1%5y

DDALPN(JsK)=2e% (ALPN(JsK+1)*DELYL1#*SU=ALPN(JsK)+ALPN(JsK=1)*DELY?2
1#35U)/DELY1#*0D

CONTINUE
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60 TO 6002

KKI=KKI+1

LOCS(KKI)=K

CONTINUE

TAUN(1)=0.0

DY=YN{(2)-YN(1)
IF(IBODEQel)TAUN(L1)=CFF*RE*RHON(L1)*QN(1)*%2%,5/VISD
BAN(11)=0.0

DVISN(1)=0.0

DCPXN(1)=0.

DTAUNCL)=(QON(2)=QN(1) ) %2,/ (YNL2)=YN(1))*%2
IF(IBODEQel) DTAUN(L)I=4%(QN(2)=QN(1))/DY**2=2,%(TAUN(1)+TAUN(2)
1)/DY+DTAUN(2)
DBON(1)=(TN(2)=TN{(1))*2./(YN(2)=YN(1))**2
IF(IBODSEQel) DBAN(L) =4,*(TN(2)-TN(1))/DY**2=2,*%BQN(2)/DY+DBQON(2)
DO4082J=1, NSP

DALPN(Js 1)=0.0

DOALPN(Js 1)=2.%(ALPN(Js 2)-ALPN(J, 1))/7(Y¥YN(2)~-
1YN(1))*%2

IFUIBODEQel) DDALPN(Js 1) =4 *(ALPN{(Js2)=ALPN(J»r»1))/DY*%2-2,%DALPN
1(J>2)/DY+DDALPN{J,2)

CONTINUE

00 101 M=1,8

IF(LOCS(M).EQ.0) GO TO 102

K=LOCS(M)

L=1

IF((M/72) %2 NEM) L==1

YNKsYN(K)=YN(K+L)

BAN(K) 22 ¢ # ( TN(K)=TN(K+L))/YNK=BQ NI(K+L)

TAUN(K) =24 % (QN(K)=QN{K+L) )} /YNK=TAUN(K+L)

DCPXN(K)=2 ¢ ¥ (CPXN({K)=CPXN(K+L))/YNK~DCPXN(K+L)
DTAUN(K) =2 ¢ * (TAUN(K)-TAUN(K+L))/YNK-=DTAUN(K+L)

DBAN(K) =2 *(BAN(K)=BQAN(K+L )} ) /YNK=-DBAN(K+L)

DO 103 J=1,NSP
DALPN(J,K)=2%(ALPN(JsK)I=ALPN(JsK+L))/YNK=DALPN(JsK+L)
DDALPNLJsK) =2 ¥ (DALPN(JsK)=DALPN(J,K+L})/YNK=DODALPN(JsK+L)
CONTINUE

CONTINUE

NPTS=LAST

RETURN

END

SUBROUTINE LPOINT(I,OPTP)

COMMON/AB/EPPSEPQYEPT

COMMON/AC/1B80DsPIN

COMMON/AL /GARs»GEW

COMMON/BA/ALP(7555) s EMINF» WINF

COMMON/BB/S1B,528B,S3BT
COMMON/BO/GAMB, PBs QB» RHUB» THB, WBy XMUB» YB
COMMON/CA/WDOTN(7555) 5 XN(55)
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8501
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COMMON/CJ/CP(7555)sCPL(7)sCPX(55)

COMMON/CK/WTMOLE(7)

COMMON/DP/YN(55)

COMMON/ED/CPIN,RO

COMMON/ZEF/EM(55)sGAM(55)sP{55)sTH(55),Y(55)

COMMON/EG/EINs PRs XLE

COMMON/EP/GAMINFH1(T7)sRINF

COMMON/FE/DEL

COMMON/GF/DELY, IFS»KOUNTO» MMM

COMMON/GK/DELX

COMMON/HL/ALPHALBETA
COMMON/HM/ALPN(7555) s CPN(7555)sCPXN(59)s EMN(55)sGAMNI(55)9sHN(T7555),
ILS»PN(55)5QAN(55)sRHON(55) »RN(55), THN(55)» TN(55)sWN(55) s XMUN(55)
COMMON/HN/CHC(2),CPB(7)5CPXP(2)sDALDIF(7),DALPB(7),DDALPB(7)»DELS,
AEMP(2),HB(T7)sHC(T7)sRP(2)»S3A(7)5S53B(7)sS3D(7)sWDOTB(7)sXP(2)
COMMON/OP/ALPB(7),PHI(55)

COMMON/PD/W(55)s X{55)

COMMON/PQ/JCHEMsNSP, T(55)

COMMON/QA/H(7555)5,Q(55)»RHO(55)sXMU(55)

COMMON/QS /RHOP(2)> WDOT(7555),WDOTC(T7)> WP(2)s XMUP(2)
COMMON/SQ/BQN(55) s DALPN(7555),0BQAN(55)sDCPXN(55), DDALPN(7555),
1DTAUN(55)s TAUN(55)
COMMON/SS/AL15AL2,BQ15BQ2sC15C2yCH1sCH2,0B150B2,0D15002,DT1,DT2,0V
AlsDV2sPX1sPX25TALl, TA25THL, TH2,V1,V25 Y1, Y2
COMMON/TS/DVIS(55)sDVISN(55)sDVISP(2)sVIS(55)s VISN(55),VISP(2)
COMMON/TU/BQ(55)sDALP(7555)5D8BQ(55)» DCPX(55)s DDALP(7555)sDTAU(55),
1TAU(55)
COMMON/TV/ALPP(752)sBETsBQP(2),DACHP(752)5DALPP(7,2)5DBQAP(2),
10CPXP(2),DDALPP(7,2)sDTAUP(2)5sDTCHP(2)sGAMP(2)5PP(2)5QP(2),
2TAUP(2)s THP(2)sTP(2)sYP(2)
COMMON/UV/II1l1ls IERRs IPRESSs»IPRESUs ISUB
COMMON/VT/DACH(7,55)sDTCH(55)

COMMON/WV/NPTS,REs XBP s XJ

DIMENSION DACHB(7)

KPRESS=0

t=1

KsI+1

IF(OPTP4EQ.O.) GO TO 2000

K=l-1

IF(IFS.NE«2) GO TO 8500

IFC(MMM/2) %2 ,NE.MMM) GO TO 8500

K=1+1

EM1IR=XM2(ALPHAs BETA, TH(I s XMUCIL }os THNCTI ) s XMUNC(I
EM1L=XM2(ALPHA,BETA, TH(K ) s XMU(K J» THNCI ) XMUNKI
60 TO 8501

CONTINUE
EMIR=XM1(ALPHA,BETA, THUI)» XMUCI), THN(I) s XMUN(I))
EMIL=XM1(ALPHAS BETAs THIK)» XMU(K)s THN(I)s XMUN(I))
CONTINUE

-
-
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2000 CONTINUE
YB={Y(K)+Y(I)) /2,
KIP4=0

8372 CONTINUE
RATG=(YB=Y{(I))/7(Y(K)-Y(]L))
THB=TH{I)+RATG*{TH(K)=TH(I))
XMUB=XMU(I)+RATG*( XMU(K)=XMU(L))
EM2=XM2(ALPHA,BETA, THBs XMUB, THN(I)» XMUN(I))
IF{OPTPeNEeOe) EMZ2EMIL+RATG*(EMIR~-EMLIL)
YBT=YB
XB=XBP
YB=YN(I)-EM2*DELX
TESTY=(YB=YBT)/(Y(K)=Y(I))
IF(ABS(TESTY).LT.,0.01) GO TOD 8371
KIP4=KIP4+1
IF(KIP4,LE.20) GO TO 8372
WRITE(659191)

9191 FORMAT(1H1)
WRITE(652020)

2020 FORMAT(56H UNABLE TO LOCATE Y LOCATION OF CHARACTERISTIC IN LPOINT
1)
STOP

8371 RATG=(YB=Y(I))/(Y(K)=Y(I))

51 THBasTH(I)+RATG*(TH(K)=TH(IL))
QB=Q(I)+RATG*{Q(K)=Q(I))
PB=P(I)+RATG*(P(K)=P(I))
TTsT(I)+RATG*(T(K)=T(I))
TAUB=TAU(I)+RATG*(TAU(K)-TAU(]L))
BQB=BQ(I)+RATG*(BQ(K)-BQ(I))
VISB=VIS(I)+RATG*(VIS(K)=-VIS(I))
DVISB=DVIS(I)+RATG*(DVIS(K)~DVIS(I))
DCPXB=DCPX(I)+RATG*(DCPX(K)~=DCPX(I))
OTAUB=sDTAU(I)+RATG*{DTAU(K)~-DTAU(I))
DBQB=DBQ(I)+RATG*(DBQ(K)-DBQ{(I))
DTCHP(L)=DTCH(I)+RATG*(DTCH(K)=DTCH(I))
DTCHB=(DTCHP(1)+DTCH(I))*,5
CPXB=0,0
WB8=0,0
CH2D=0.

CH2B8=0.0

CALL THERMO(TTsHBsCPB)

D04060J=1s NSP

ALPB(J)=ALP(Js I)+RATG*(ALP(JsK)=ALP(J» I))
DALPB(J)=DALP(J,T)+RATG*(DALP(JsK)=DALP(J»I))
DOALPB(J)=DDALP(Js 1) +RATG*(DDALP(JsK)-DDALP(JsI)})
CH2D=CH2D+DALP(Js 1) *CP(J» I)
CH2B=CH2B+DALPB(J)*CPB(J)
CPXB=CPXB+ALPB(J)*CPB(J)

WB=WB+ALPB(J) /WTMOLE( J}
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WOOTB(J)=WDOT(Jy 1) +RATG*(WDOT (JsK)=WDAT(I»1))
DACHH=DACH(J»I)+RATG*(DACH(J»K)=DACH(J»I))
DACHB(J)=(DACHH+DACH(Js L)) *e5

DACHP (J»1)=DACHH

CONTINUE

WB=l,/WB

RB=RO/WB

GAMB=CPXB/ (CPXB=RB/CPIN)

OR=1./RB

RHOB=PB*WB*GEW/TT
EMB=QB*EMINF*SQRT(GAR/GAMB*0OR/TT)
XMUB=ZMU(EMB)

IF(DEL.EQsO.) GO TO 8392

Y P(l)=Y B
X P(1)=X )
Q P(1)=Q. B
P P(1l)=P B
T P(1)=TT
W P(l)=w

R P(1)=R
TH P(1)=TH
EM P(1)=EM
BQ P(1l)=BQ
VISP(1)=VISB
DVISP(1)sDVISB
RHO P(1)=RHO
XMU P(1)=XMU
CPX P{l)=CPX
GAM P(1)=GANM
TAU P(1)=TAU
0BQ pP(l)=DBaQ
DTAUP(1)=DTAUB
DCPXP(1)=DCPXB

DO 3939 J=1,NSP

ALP  P(Js1)=ALP B(J)
DALP P(J,1)=DALP B(J)
DDALPP(J,1)=DDALPB(J)
CONTINUE
IF(BETA«NE«0,0)G0OT04070
TAUN(I)=TAU(CL) '
BAN(I)=B8Q(I)
DCPXN{I)=DCPX(I)
DTAUN(I)=DTAU(I)
VISN(I)=VIS(I)
DVISN(I)=DVIS(I)
TNC(I)=T(I)+DTCH(I)
WN(I)=w(I)
DBAN(I)=DBQ(I)
CPXN(I)=CPX(I)

woeooomw
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CH2C=CH2D
D0O4071J=1s NSP
DALPN(J, L)=DALP(J,I)
DDALPN(Js L)=DDALP(J51I)
HC(J)=aH({Js» 1)
WOOTC(J)=WDOTN(J,I)
CONTINUE

CONTINUE
IF(BETALEQ.0.0) GO TO 4072
CH2C=040

DO 4073 J=1,NSP
HC(J)=HN(J, 1)
WOOTC{J)=WDOTN(JsI)
CH2C=sCH2C+DALPN(J» I)*CPN(J»1I)
CONTINUE

Vi=VIS8

V2=VISN(I)
DV1=DVISB
DV2=DVISN(I)
TAl=TAUB
TA2=TAUN(I)
DT1=DTAUB
DT2=DTAUN(I)
BQl=B8Q8

8Q2=BAN(I)

Y1=Y8

Y2=YN(I)

TH1=THB

TH2=THN(I)
S1B=S1{(XJs»RE)
Cl1=CPXB

C2=CPXN(I)

DB1=DBQB
DB2=DBAN(I)
PX1=DCPXB
PX2sDCPXN(I)
CH1=CH28

CH2=CH2C
IF(DEL+EQeOe)1s2
S2B8=S5S2{(XJsRE)
V1aVIS(I)
DV1=DVIS(I)
TAl=TAU(I)
DT1=DTAULI)
BQ1=BQ(1I)

Yl=Y(I)

TH1=TH(I)
S10=S1(XJ»RE)

GO0 TO 56
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$S2B=S2(XJsRE)
IF(DEL.EQ¢Os) 354
Vi=VIS(I)

DV1=DVIS(I)

Cl=CPX(I)

BQ1=BQ(I)

DB1=D8BQ(I)

TA1=TAU(I)

TH1=TH(I)

Yi=Y(]I)

PX1=DCPX(I)

CH1=CH2D
S2D=S2(XJ»RE)

$38T=0.

$S3DT=0.0

DO4075J=1s NSP
AL1=DALPB(J)
AL2=DALPN(JsL)
DD1=DDALPB(J)
DD2=DDALPN(JsL)
V1=VISB

DV1=DVISB

BQl=8Q8

TH1=THB

Y1=YB
$3B(J)=S3(XJ,RE)
IF(DEL+EQe0O4)5,8
Vi=VIS(I)

DV1=DVIS(I)
AL1=DALP(J,I)
DD1=DDALP(J,I)
BQ1l=BQ(I)

TH1=TH(I)

Yl=Y(]I)
S3D(J)=S3(XJsRE)
S3DT=S3DT+S3D(J)/WTMOLE(J)
S3BT=S3BT+S3B(J)/WTMOLE(J)
CONTINUE
IF(DEL«NEL.Oes) RETURN
Bl=F1(I)

I15=0

YAX=YB*YN(I)
IF(YAXeLTeleE=06eANDoXJeNEOW)
XX=XJ
IF(115.EQe1160561
XJ=0o,
B2=sF2(1sS1Bs»S5285S3BT)
XJd=XX

IF(JCHEM.EQ.,1) 60 TO 7254

I15=1
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B3=0,
60 TO 7257
7254 TP1l={(T(L)+DTCH(I)+TT) /2.
B3=F3(TPlsDTCHBs TTo»TN(I)s THBs THN(I )> DACHBs WBs WN(I))
7257 OPTT=1,
IF(OPTPeNE«Oe) OPTT=~-1,
Ba=F4 (BETA»—OPTT,XMUB» THB, XMUN(I)s THN(I))
B2=(B2+B83)*B4
IF(OPTPeNE«OeeANDe IPRES UsEQe0) GO TO 7444
IF(OPTPeNE«Oe e ANDLIPRES UsEQ.l) GO TO 7482
IF(IBOD.EQ.1) GO TO 7444
IF(IPRESS.EQ.1) GO TO 7482
AX=]1,
IF(I15.EQ.,0) GO TO 100
AX=XJRSIN(XMUB)/SIN(THB-XMUB)
IF(BETALGT 0+ 0)AX=(AX+XJ*SIN(XMUNLI))
1/SIN(THN(I)=XMUN(I))) *.5
AX=1.-AX
100 CONTINUE
PN(I)=PB—(THB*AX+B2* (XN(I)-XB))}/B1
GO TO 7445
7482 CONTINUE
KPRESS=KPRESS+1
IF(KPRESS.LTs6) GO TO 3232
IERR=7482
WRITE(653131) IERRsILs THNC(I)»PN(I)s» YN(I)s» THBs»PB,YB
3131 FORMAT(2I5,6E13.5)
sTap
3232 THDUM=THNI(I)
KIP4=0
THN(I )=THB+0OPTT*BL*{(PN(I)-PB)+0OPTT*B2*(XN(I)=-X8)
IF(ABS(THN(I)=THDUM) «GTe1l.E=04) GO TO 8372
YN(I)=Y(I)+S5*(TANITH(I))+TAN(THN(I) ) )}*DELX
G0 TO 7445
7444 PN(L)=PB+0PTT*(THN{(I)-THB)/B1=-82/B1*(XN{Lk)=XB)
7445 CONTINUE
IF(ABS(PN(L)=P(L))«LEEPP) PN{L)=PI(L)
DELS=2¢*(XN(I)=X{I))/(COSC(TH(I))I+COS(THNI(I)))
TERM2=RHO(I)*Q(I)
IF(BETA«GTe0s0) TERMZs (TERM2+RHONI(T)
1*QN(1))*.5
OT=1./TERM2
AN(I)=(S1D*DELS-PN(L)+P(I))*0T+Q(I)
IF(ABS(AN(L)=Q(L)) +LESLEPQ) QN(L)=Q(L)
IF(BETAEQeO4Q)CPXN(I)I=CPX(])
DYCHEM=DTCH(I)+(PN(I)=P{I))*(QON(I)+Q(I))/(CPX{I)+CPXN(I))I*EIN*OT
OTOIFF=S20D*%DELS*EIN%2 ./ (CPX(I)+CPXN(I))*0T
TN(I)=T(I)+ODTCHEM+DTDIFF
IFCABSOTNCL)=TCL)) JLELEPT) TN(L)=TI(L)
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CPXN(I)=0.0

WN(I)=0.0

CALL THERMO(TN(I)sHl,CP1)
D04080OJ=1s NSP
DALDIF(J)=S3D(J)*DELS/TERM2
ALPN(J>I)=ALP(J5 1)
HN(J, I)=H1(J)
CPN(J»I)=CP1(J)
WNIL)=WN(L)+ALPN(J, I)/WTMOLE(J)
CPXNCI)=CPXNCI)+ALPN(Js I)*CPN(Jy I)
CONTINUE .

WN(I)=1le/WN(I)

RN(TI)=RO/WN(I)
GAMNUI)=CPXN(I)/(CPXN(I)=-RN(I)/CPIN)
OR=1+/RN(I)

RHONCI)=sPN(I)*WN(I)*GEW/TN(I)
EMN(I)=ON(I)*EMINF*SQRT(GAR/GAMN(I)*0R/TN(I))
XMUN(I)=ZMUCEMN(I))

RETURN

END

FUNCTION DERY({X1lsX2sX3)
COMMON/QR/DEL1,DEL2,RAT1,RAT2,SUM

DERY= (X1*RAT1=X2*(RAT1-RAT2)-X3*%RAT2)/SUM
RETURN

END

SUBROUTINE THSSS(THSS)
COMMONZAX/JSUBLsJSUBU
COMMON/EF/EM(55)sGAM(55)»P(55)5sTH(55)5Y(55)
COMMON/QR/DEL1sDEL2,RAT1,RAT2,SUNM
COMMON/RS/GPMS,PS» THS,» THSL» THSU
JSUBP=JSUBU+1

JSUBM=JSUBU~1

CALL SHEAR(JSUBP,ASH1)

CALL SHEAR(JSUBUsASHZ2)

CALL SHEAR(JSUBM»ASH3)

EMS=0.

DEL2=Y(JSUBP)-Y(JSUBU)
DEL1=Y(JSUBU)=Y(JSUBM)

SUM=DEL2+DEL1

RAT1=DEL1/DEL2

RAT2=DEL2/DEL1

AY=DERY(ASH1»ASH2,ASH3)
COSTH=COS(TH(JSUBU))

TERM1=-AY*CUOSTH
EMY=DERY(EM(JSUBP)>EM(JSUBU)»EM(JISUBM))
TANTHsTAN(TH(JSUBU))
EMNN=EMY/COSTH-EMS*TANTH
GPM=GAM(JSUBU)I*P(JSUBUI*EM(JSUBU) **2
TERM2=2 4 #*COSTH*EM( JSUBU)*EMNN*PS

+DALDIF(J)I+DACH(J, 1)
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GPMY=DERY(GAM(JSUBP)*P(JSUBP)I*EM(JSUBP)I**2,GPM» GAM(JSUBM)I*P (JSUBM)

1*EM(JSUBM) **%2)

GPMN=GPMY/COSTH-GPMS* TANTH
THY=DERY(TH(JSUBP)» TH(JSUBU)» TH(JSUBM))
THNN=THY/COSTH-THS*#TANTH
TERM3=GPMN*#COSTH*THNN
TERM4==GPMS*COSTH*COSTH*(EM(JSUBU) *%2~1,) *THS
THSY=DERY(THSU» THS» THSL)

TERMS aGPM*SIN(TH(JSUBU) ) *THSY
THYP=DERY(TH(JSUBP+1)» TH(JSUBP)» TH{JSUBU))
THYL=DERY(TH(JSUBU)» TH(JSUBM)» TH(JSUBM-1))
THNNP=THYP/COSTH=THSU*TANTH

THNNL=THYL /COSTH=THSL*TANTH
THNY=DERY { THNNP» THNN, THNNL)
TERME==GPM*¥COSTH*THNY

O=GPM*(EM(JSUBU) **¥2*COSTH*COSTH=-1.)
XNUM=TERMI+TERM2+TERM3+TERM4+TERMS+TERME
THSS=XNUM/D

RETURN

END

FUNCTION ZMUCEM)
ZMUsATAN(1.0/SQRT(EM*EM~1.0))

RETURN

END

SUBROUTINE THERMO(TI»H»CB)
COMMON/ED/CPINsRO
COMMON/HK/RCO2,RH20, WFUEL

COMMON/TW/TIN

DIMENSION WTMOLE(9)

DIMENSION H(7),CB(7)

DIMENSION Q(9)s AP(9)

WTMOLE(1)=1.008

WTMOLE(2)=16.0

WTMOLE(3)=18.016

WTMOLE(4)=2.,016

WTMOLE(5)=32.0

WTMOLE(6)=17.008

WTMOLE(7)=28.014

WTMOLE(8)=44,011

WTMOLE(9) =wFUEL

T=TL*TIN

C1=RO/CPIN

C2=C1l/TIN

DO 10 J=1,9

H1=C2/WTMOLE(J)

H2=C1/WTMOLE(J)

CALL COEFF(JsTs»A»BsCr»DrEsF»G)
QUI)sTH(A+TH (B*,5+TH(C/3.+T*(D*25+4E*2*T))))+F
Q(J)=Q(J)*H1
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AP(J)=A+TH(B+T*(C+T*(D+E*T)))
APLJ)=AP(J)*H2

CONTINUE

H{1l)=Q(1l)

H(2)=Q(2)
H{3)=RH20*Q(3)+RC1U2*Q(8)
H(4)=Q(4)

H(5)=2Q(5)

H(6)=Q(6)

H{7)=Q(7)

CB(1)=aP(1)

CB(2)=aP(2)
CB8(3)=RH20%AP(3)+RCO2*AP(8)
CB(4a)=AP(4)

CB(5)=AP(5)

CBl(6)=AP(6)

CB(7)=AP(7)

RETURN

END

SUBROUTINE TBL(TX, TEMPY,XsY,sN)
DIMENSION X(1)sY(1)

DO 10 J5=1sN

IF{TX=X(J5)) 859510

Jo6=J5-1

TEMPYaY(JO)+(Y(J5)=Y(J6))I*(TX=X{J6))/(X(J5)=X(J6))

GO TO 11

TEMPY=Y(J5)

GO TO0 11

CONTINUE

RETURN

END

FUNCTION XM1(ALPHASBETAsTAy,XAsTCs XC)
XM1=ALPHA*TAN(TA+XA)
IF(BETA«GTaO0e ) XML=XM1+BETA*TAN(TC+XC)
RETURN

END

FUNCTION XM2(ALsBs TA» XA TC,»XxC)
XM2=AL*¥TAN(TA=-XA)

IF(BeGTeOe) XM2=xXM2+B*TAN(TC=XC)
RETURN

END

FUNCTION XM3(A»B,TDsTC)
XM3=A*TAN(TD)
IF(BeGTe0e0)XM32XM3+B%TAN(TC)

RETURN

END

SUBROUTINE HOCUS(TIsP1lsUlsRHOL1,ALPHASDXsL)
COMMON/AC/1BOD»PIN

COMMON/BC/IOCHEM
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COMMON/CA/WDOTN(7255)sXN(55)
COMMON/GE /RAD» ROOs» UINs VISINF
COMMON/HI/DALCH(7)»DTCHEM

COMMON/PO/ALPHN(T7)»IFUELsPRES

COMMON/QS/RHOP(2)s WDOT(7555),WD0TC(7)s WP(2)s XMUP(2)

COMMON/TW/TIN

DIMENSION ASAVE(7)sWTMOLE(T7)>ALPHA(T)

WTMOLE(1)=1,008

WIMODLE(2)=16,

WTMOLE(3)=218,016

WTMOLE(4)=2.016

WTMOLE(5)=32,.0

WTMOLE(6)=217.008

WTMOLE(7)=28.,014%

TXX=T]

PXX=P1

UXX=Ul

TERM=RHO1*U1

TI=TI#TIN#*,001

P1l=P1l/PIN*®PRES/2116.

Ul=U1#UIN

DELTAT=4.E-7

DELTAX=ULl*DELTAT

JERaINT(DX/DELTAX)

IF (JERGEQ.0) JER=1

DELX=DX/FLOAT(JER)

TSAVE=TI

DO 201 J=1,7

201 ASAVE(J)=ALPHA(J)

DT=DELX/U1

P=P1

OP=2116./89517.

RH=P*(QP/TI%*,001

DO 10 JERRY=1,JER

PsP1

DUM=0.0

00 96 J=l,7

96 DUM=DUM+ASAVE(J) /WTMOLE(J)

RHOI=RH/DUM
IF(I0CHEM.EQ.O)

IWRITE(62250) TI»PsRHOIs»ASAVESDT,TNsALPHN

250 FORMAT(* POCUS FROM HOCUS*,10E1143/17X,10£E11.3/7)

CALL POCUS(TI»PsRHOI,ASAVEsDT»TN)
IF(IOCHEM.EQ.OQ)

IWRITE(69250) TIsPsRHOI»ASAVEsDT» TNs ALPHN
IF(IOCHEM.EQ.OQ)

IWRITE(65232)

232 FORMAT(/)
IF(JERRY«NE.1) GO TO 100
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DO 110 J=1,7
WOOT(JsL)=sTERM®(ALPHN(J)=-ASAVE(J))I/DELX
CONTINUE
IF(JERRYSEQ.JER)GDO TO 10
TI=TN"
DO 20 J=1,7
ASAVE(J)=ALPHN(J)
CONTINUE
DYCHEM=( TN~TSAVE)*1000.,/TIN
DO 40 J=1,7
DALCH(J)=ALPHN(J)=-ALPHA(J)
WOOTN(J, L) =TERM*(ALPHN(J)=-ASAVE(J))/DELX
TIsTXX
Pl=PXX
Ul=UXxXx
RETURN
END
SUBROUTINE COEFF(1,T»A »8 sC »D sE s F »6
IF(T-1000)10510,20
GO TO (15516513511512517514518519),1
= 2.8460849E 00
= 4,1932116E-03
==9,6119332E-06
2 9,5122662E-09
=2-3,3093421E-12
==9,6725372E 02
==144117850E 00
0 TO 40
= 3,7189946E 00
2=245167288E-03
= 845837353E~-06
2=8,2998716E-09
= 2,7082180E-12
2=1,0576706E 03
= 3,9080704E 00
TD 40
= 4,1565016E 00
2=1,7244334E-03
= 5,6982316E-06
2=4,5930044E-09
= 144233654E~-12
==3,0288770E 04
2=648616246E-01
0 TO 40
= 3,6916148E 00
z2=]1,3332552E-03
= 2,6503100E-06
2=Q47688341E-10
2=94,9772234E-14

MOOPPOOTMMOUOE»POOTMOOTPOOTMOOE® >
o
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2=]1,0628336E 03
= 2,2874980E 00
40
2+5000000€ OO
0.0
0.0
0.0
0.0
= 2,5470497E 04
2=446001096E-01
TO 40
= 3,0218894E 00
==241737249E-03
= 3,7542203E-06
2=2,9947200E-09
= 9,0777547E-13
= 2.9137190E 04
s 2,6460076€ 00
0 TO 40
= 3,8234708E 00
=-1,1187229E-03
= 1,2466819E-06
=~2,1035896E-10
2=5,2546551E~-14
= 3,5852787E 03
= 54,8253029E-01
GO T0 40
18 A=s2,1701
B=1.,0378E-02
C==1,07339E-05
D=6434592E-09
E=~1.62807E-12
F==4,83526E+04
6G=210s6644%
60 TO 40
19 A=2,49125
B=7.64362E-03
C=x7497754E-06
D=-1,29578E-08
€=5.03078E-12
F==5421.86
6G=0,
60 TO 40
20 GO TO (25926923921522»27524528529)»1
21 A = 3,0436897E 00
B s 6,1187110E-04
C ==743993551£-09
D
€

o
-

15

" HaN ND

o

16

17

OMMOOEPOOTMMOOEPOOMNMIOOOP>POOM

==240331907E~-11
= 2.4593791E-15
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==8.5491002E 02
==146481339E 00
T0 40

= 3,5976129E 00
= 7.8145603E-04

== 2.,2386670E-07

= 4,2490159E-11
2=3,3460204E~-15
2=]1,1927918E 03
= 3,7492659E 00
TO 40
x 2,6707532E 00
= 3,0317115E-03
2=845351570E-07
= 1.1790853E-10
2=641973568E=15
==2,9888994E 04
= 6.8838391E Q0
TO 40
2 2,8545761E 00
2 145976316E-03
x=6.2566254E-07
= 1.1315849E-10
==7,6897070E-15
2=8,9017445E+02
= 6¢3902879E 00
TO 40
= 2.5000000E OO
= 0,0
= 040
= 0,0
= 0,0
= 2.5470497E 04
2=4,6001096E-01
TO 40
= 2,5372567E 00
2=]1,8422190E~05
=-8.,8017921€E-09
= 5,9643621E~12
2=5¢5743608E-16
= 2.9230007E 04
= 4,9467942E 00
TO 40
= 2,8895544E 00
= 9.,9835061E-04
2=2,1879904E-07
2 1.9802785E~11
2=3,8452940E~-16
= 3,8811792E 03
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G = 5,5597016E 00

60 TO 40

Ax4,41293

B=3,19229E-03

C==1+2978E-06

D=2,4147€-10

Es=1.6743E-14

Fa=448944E+04

G=—-,72876

60 TO 40

A=3,16941

B=1,02274E-02

C==-3,85032E~-06

D=6477198E~10

E*=4¢50135E~-14

F=2=-5845,93

G=0.

RETURN

END

FUNCTION S2(XJsRE)

COMMON/EG/EINsPRs XLE
COMMON/SS/AL15AL25BQ15»BQ2»C1l5C2,CH1»CH2,DB15DB25D01,0D25»0T1sDT250V
AlsDV2,PX1yPX2sTAL,TA2,TH1sTH2sV1sV2sY1sY2
RPR=14/PR
TERM1=V1%*C1*DB1*RPR+V2*%C2%DB2*RPR
TERM2=C1#DV1*BQLl*RPR+C2*DV2*8Q2*RPR
TERM3=2(V1*BQ1l*CH1+V2*8Q2*CH2)*XLE*RPR
TERM4=(V1*BQl*PX1+V2#*BQ2*PX2)*RPR
TERMO=(VI*TAL*%2+V2ETA2%%2 )%EIN
IF(XJeNEeOs) GO TO 10

TERM6=0,

60 T0O 2

YTaYl%Y2

IF(YT.LE.1l.E-10) GO TO 20
TERM6=2V1*C1*%BQ1*COS(THL)/Y1*RPR+V2*C2%BQ2*%COS(TH2) /Y2*RPR
60 TQ 2

CONTINUE
TERM62V1*C1*DB1*RPR+V2*(2%¥DB2%RPR
S2s{TERMI+TERM2+TERM3+TERM4+TERMS+TERMO) /RE*45/EIN
RETURN

END

FUNCTION S3(XJsRE)

COMMON/EG/EINs PRs XLE
COMMON/SS/AL1,AL25BQ1sBQ25C1sC2,CH15CH2,DB815DB25D01,DD250T150T7250DV
AlsDV2sPX1sPX2sTALlsTA2,THL1sTH2,V1sV25Y1sY2
RPR=1,/PR

TERM1=V1*DD1+V2*DD2

TERM2=DV1*AL1+DV2*AL2

IF(XJeNEsOs) GO TO 10
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TERM3=0,

60 T0O 2

YT=Yl*y2

IF(YTeLEslsE-10) GO TO 20
TERM3=COS(THL1)*V1*AL1/Y1+COS(TH2)*V2*AL2/Y2

60 TO 2

CONTINUE

TERM3=sTERM1

S3s(TERMLI+TERM2+TERMII*XLE*RPR/RE*45

RETURN

END

FUNCTION F1(M)

COMMON/BO/GAMB, PB» QBs» RHOB,» THBs WBs XMUBs» YB

COMMON/HL/ALPHASBETA
COMMON/HM/ALPN(7559)sCPN(7955)sCPXN(S55)sEMN(55)sGAMN(55)»H4N(7555)
1LsPN(S5)sQAN(55)sRHON(S55)sRN(55)> THN(55)s TN(55)» WN(55) 5 XMUN(55)
RP=1./P8B

F1=SIN(XMUB)*COS(XMUB)/GAMB*RP

RPN=1+/PN(M)

IF(BETA«GT 0o )FL=(FL+SIN(XMUN(M))®COS(XMUNI(M)) /GAMN(M)*RPN)*,5
RETURN

END

FUNCTION F2(M»S11,S5S21,531)
COMMON/BO/GAMB, PBs» QB» RHOB» THBs» WBs» XMUB, YB

COMMON/DP/ZYN(559)

COMMON/HL /ALPHAS»BETA
COMMON/HM/ALPN(T7555)sCPN(7955)sCPXN(S55),EMN(55),GAMN(55)sHN(T7555),
ILsPN(55)5sQN(55) sRHON(55)sRN(55)s THN(55)} s TN(55),WN(55), XMUN(55)
COMMON/QA/H(75551)5Q(55)sRHO(55), XMU(55)
COMMON/WV/NPTSH,RES XBP,»XJ

IF(XJeEQeQOsO)TERM1=04,0

IF(XJeNE«O+)TERML=SIN(THB) /Y8

IF(XJeNEeOe o ANDeBETA«GTe0e ) TERML=o5*( TERML+SIN(THN(M))/YN(M))
QS=1./QB*%2

TERM2=S11/RH0OB*QS

SQ=14/QN(M) *%2

IF(BETAGTaO04) TERM2= 5% (TERMZ2+S11/RHON(M)I%®SQ)

Pl=1l./P8B

TERM3a2S21*%(GAMB-1,)/GAMB*P1/Q8

P2=1+/PN(M)

IF(BETALGT 06 ) TERM3= 5%« (TERM3+S21* (GAMN(M)—14) /GAMN(M)I*P2/QN(M))
RQ=1.7Q8

TERM4=531*WB/RHOB*RQ

QD=14/7QN(M)
IF(BETA.GT.O.)TERH4’.5*(TERH4+S31*HN(M)/RHUN(M)*QD) .
F2= ( TERM1+TERM2-TERM3-TERM4)

RETURN

END

FUNCTION F4(BsOPT» XMULs THL1» XMU2,TH2)
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Ve

FasSIN(XMUL1) /COS(TH1+0PT*XMU1)
IF(BeGCTeO0e)Fas(F4+SIN(XMU2)/COS(TH2+0OPT*XMU2))*,5
RETURN

END

SUBROUTINE HERMAN(YNsDT,»A»Y»CI»BB»CCsSCALE)
DIMENSION P(105,10),SMALB(10)5Q(10)5A(10510)sY(7)sYN(T7)sCI(4)s»FINK(
14)

TiM1=DT/2.0

TIM2=DT

TOsTIM1%#%2

Tl2(DT*%2=T0)*,5
T2=(DT**3-TIM1L*T0)/3.0

T3=T0%*,5

T4sTIMLI*T0/340

K=1

D0 19 I=l,4

DO 10 J=1,4

P(KsJd)z=A(I,J)*T3
P(K+1lyJ)=2=A(1,4)*T1

KsK+2

K=1

D0 20 I=l,4

DO 11 J=1l»4

P(KyJ+4)2=A(l,J)*(T4)
PIK+1lsJ+4a)==A(I,J)*(T2)

KsK+2

J=1

00 12 I=1,8s2

S=1./SCALE

PU{I,J)=P(I,J)+TIM1=*S
P{IsJ+4)aP{l,J+4)+TO*S

K=I+1

P(KyJ)=P(KsyJd)+(TIM2=-TIM1)*S

P Ky J+4)=2P(KyoJ+a)+2,%T1%S

JsJ+1l

CONTINUE

DO 13 I=1,8

Q(I)=0.0

FINK(1l)=Y(1)

FINK(2)=Y(2)

FINK(3)=Y(6)

FINK{4)=Y(3)

K=1

DO 15 I=1,4

00 14Jd=154
QI(K)=Q(K)+A(L,J)*FINK(J)*(TIM2-TIM1)
Q(K+1)=Q(K)

KsK+2

DO 16 I=1l,4
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Ja2%]
Q(J=1)=Q(J=1)+CI(I)*(TIM2~-TIM1)
QlJ)=Q(J)+CI(I)*(TIM2-TIM]1)
DO 202 I=1,8
Q(I)=Q(I)/1.0E-5

DO 202 J=1,8
P(IsJ)=P(IsJ)/140E=5
CALL CLEM(B,SMALB,P,»Q)
CALL SOLT(SMALBsDTsCCsBBs»YsYN)
RETURN

END

SUBROUTINE CLEM(Ms XsB8,5D)
DIMENSION AT(10,11),X(10)
DIMENSION B(10510),0(10)
Ml=M+1

DO 12 I=1,M

X(I)=0.,0

DO 200 I=1,M
AT(I,M1)=D(1)

DO 201 I=1,M

DO 201 J=1,M
AT(I,J)=B(1I,J)

DO 32 N=1,M

O=AT(NsN)

IT=0

DO 9 I=NsM
IF(ABS(AT(IsN))=-ABS(D)) 9,9,8
O=AT(Is»N)

ITal

CONTINUE

IF(IT=N)757570

DO 71 J=N, M1

TEMP=AT(N, J)
AT(NsJ)=AT(IT,J)
AT(IT,J)sTEMP

D0 10 I=1,M1

AT(Ns I)=AT(N,I)/0
IF(M=-N)505,50,18

Nl=N+1 -

DO 30 I=Nl1lsM

O=AT(I»N)

DO 30 J=N,y M1l :
AT(I»J)=AT(I,J)=~AT(Ns» J)*
CONTINUE

X{M)=AT(MsM+1)

DO 65 N=2,M

NR=M+1~-N

O=2AT(NRsM+1)

DO 60 I=NRyM
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O0=0-=-AT(NR, 1) *X(I)

X{(NR)=O/AT(NRsNR)

RETURN

END

SUBROUTINE SOLT(SMALB»DT»CC»BBs»Y»YN)
DIMENSION SMALB(10)» Y(T7)5YN(7)
TIME=OT

TNX=sTIME*%2
YN(1L)sY(1)+SMALB{1)*TIME+SMALB(5)*TNX
YN(2)=Y(2)+SMALB(2)*TIME+SMALB(6)*TNX
YN(6)sY(6)+SMALB(3)*TIME+SMALB(7)*TNX
YN(3)=Y(3)+SMALB(4)*TIME+SMALB(B)*TNX
YN(4)=CC-(YN(L)+YN(6))*5-YN(3)
YN(5)=BB=(YN(2)+YN(6)+YN(3))*,5
RETURN

END

FUNCTION S1{(XJ»RE)
COMMON/SS/AL1,AL2,BQ15B8Q2»C15sC2sCH1,CH25081508250D15002,DT15DT2,0V

AlsDV2sPX1yPX2s TALs TA2sTH1» TH2sV1sV25,Y1lsY2

TERM1=V1*DTL1+V2%*DT2
TERM2=DV1*TA1+DV2%TA2

IF(XJNE.OL) GO TO 10

TERM3 =0,

60 T0 2

YTsY1lhY2

IF(YTeLEs1sE=10) 60 TO 20
TERM3=COS(TH1)*V1*TAL1/Y1+COS(TH2)*V2*TA2/Y2
G0 TD 2

CONTINUE

TERM3=TERM1

S1=( TERMI+TERM2+TERM3 ) /RE*.5

RETURN

END

SUBROUTINE PUNCH

COMMON/AC/1IBODsPIN
COMMON/BA/ALP(7555), EMINFs WINF
COMMON/DB/BETB(20)515(20)s10D» IJENKs JENKI
COMMON/EF/EM(55)sGAM(55)sP{(55)s TH(55)5Y(55)
COMMON/EG/EIN»PRy XLE

COMMON/FH/ XK1 XK3, XPOT
COMMON/HJ/KOUNTsLLsNPT
COMMON/PO/ALPHN(T7)s IFUELs PRES
COMMON/PQ/JCHEMsNSPs T(55)»PTZERO» IDIVERGs TH1s XE» YESRCR»PTOJ, TOJ
1,EM1, XMU1,Q1l

COMMON/WAVE/XBOD(5)» XWALL(5),AABOD(5)s»BBBOD(5)»CCBOD(5)sEEBOD(5),

ZFFBOD(5),GGBOD(5) s LWALL,LBOD,II11,JJJ

COMMON/TW/TIN
COMMON/WV/NPTS»RE» XBP s Xd
COMMON/XY/APRSs APUS» DELTAY,>EBODS» IB0ODSs INTACTs IPRS, IPUS» ITYP,



APPENDIX A

1JBODSsMMAXs RHEAT s XK2s XK&4s YBOT, YTP
COMMON/YX/ABODS» BPRESS,CPRESS
COMMON/YZ7BPRESUsCHEMFC,CPRESUs EMSUB»RTH» XSTEP
COMMON/ZY/ABOD,BBOD,»CBOD,»EBOD, FBOD»GBOD» IAVES IPUNCH» JBOD» KKKKK
COMMON/1/MASFRAC
REAL MASFRACt7)
REWIND 7
100 FORMAT(1615)
101 FORMAT(8E10.3)
200 FORMAT(I5»5Xs 7E10.3)
102 FORMAT(7E10.35F1045)
103 FORMAT(5F10.5)
104 FORMAT(7E1ll.4)
WRITE(75100) KKKKK »sLL
WRITE(75,200)IPUNCHsXSTEPsPTZEROs XEs YEs»RCRs PTOJ» TOY
INTACT=0
ISHOCK=0
00 1111 I=1,IDD
1111 IFC(IS(I)eNE.O) ISHOCK=1
WRITE(75100)NPTS,>NPT, ITYP, ISHOCKs MMAX» KOUNT
WRITE(7»100)JCHEMs IAVE, INTACT,IDIVERG,» IDD
WRITE(75102)XJ> EMSUB»RTH» DELTAY» YBOT» YTP»CHEMFC, XBP
RQ=RE/RTH
WRITE(75101)RQsPRs XLE» EMINFs TINs WINF» PRES
WRITE(75101)XPOTsXK1ls XK25 XK3, XK4
WRITE(7,200) IBODS»ABOD»BBOD,CBOD
IF(IBODS.EQ.0) GO TO 3333
WRITE(7,100) 111
IF(III.LE.OQO) GO TO 3333
DO 2 I=1,I1II
2 WRITE(7,101) XBOD(I)» AABOD(I)»BBBAOD(I)»CCBODI(I)
3333 CONTINUE
WRITE(7,200)JB0ODS,EBODS,FBOD,GBOD
IF(JBODS«EQ.0) GO TO 333
WRITE(75,100)4JJ
IF(JJJsLE.O) GO TO 333
DO 6 I=1,JJJ
6 WRITE(7,101)XWALL(I),EEBOD(I)s FFBOD(I)»6GBOD(I)
333 CONTINUE
WRITE(7,100) LWALL,LBOD
WRITE(7,200)IPRSs APRS » BPRESS,CPRESS
WRITE(7,200)IPUS,»APUS » BPRESUsCPRESU
IF(ISHOCK.EQ.0) GO TO 5
WRITE(75100)(IS(I)»I=1,1IDD)
WRITE(7,101)(BETB(I)»I=1,10D)
5 CONTINUE
D0 10 I=1,NPTS
A =P(I)/PIN
ALP7=ALP(7,1)-ALP(4y I )*(1,-RHEAT)
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ALP4=ALP (4, I)/RHEAT

WRITE(7,103)Y(I)»sA sTHCID)LEM(I),T(])

WRITE(75104) ALP(1l,1)sALP(251)sALP(35s1)sALP4sALP(S55I)sALP(6s1)5ALP
17

10 CONTINUE

WRITE(75101) (MASFRAC(I)»I=1,7)

REWIND 7

END

SUBROUTINE INDATA

COMMON/AC/1IBOD,PIN

COMMON/AL/GAR» GEW .

COMMON/BA/ZALP(7555)s EMINF, WINF

COMMON/BD/XMASS (55)

COMMON/CJ/CP(7555)sCP1(7)»CPX(55)

COMMON/CK/WTMOLE(7)

COMMON/DB/BETB(20)s15(20)»100Ds [IJENKs JENKI]

COMMON/ED/CPINsRO

COMMON/EF/EM(55)sGAM(55)sP(55)s TH(55)5Y(55)
COMMON/EG/EINs PRy XLE .

COMMON/EP/GAMINF,HL(7)sRINF

COMMON/FH/XK1s XK3s XPOT

COMMON/GE/RADsROQs UIN» VISINF

COMMON/GF/DELY» IFSsKOUNTO, MMM

COMMON/HJ /KOUNTs LLsNPT

COMMON/HK /RCO2sRH20s WFUEL

COMMON/OR/THBPsYBP,YBPN

COMMON/PD/W(55)s X(55)

COMMON/PO/ALPHN(T7)»IFUEL,PRES

COMMON/PQ/JCHEMs NSP» T(55)s PTZERD» IDIVERGs TH1» XEs» YEsRCRsPTOJ» TOJ
1,EM1s XMULls Q1

COMMON/QA/H(7555)5Q(55)sRHO(55)s XMU(55)

COMMON/RC/R(55)

COMMON/TW/TIN

COMMON/UV/II11, IERRs IPRESS» IPRESU»ISUB
COMMON/WV/NPTSsREs XBP s XJ

COMMON/WX/APRESSs APRESU

COMMON/XY/APRSs APUS,DELTAY,EBODS, IBODS, INTACT, IPRS» IPUS» ITYP,
1JBODS» MMAX»RHEATY XK2s XK4, YBOT,»YTP
COMMON/ZYX/ABODS»BPRESS» CPRESS
COMMON/YZ/BPRESUsCHEMFCsCPRESUSEMSUB,RTHs XSTEP .
COMMON/ZY/ABOD,BBOD»CBOD»EBCOD, FBOD»GBOD» IAVES IPUNCH, JBODs KKKKK
COMMON/WAVE/XBOD(5)» XWALL{(5)5AABOD(5)»BBBOD(5)»CCBOD(5)»EEBOD(S)>
ZFFBOD(5)>6GBOD(5)» LWALL,LBOD,ITII»JJJ

COMMON/1/MASFRAC

REAL MASFRAC(7)

OIMENSION CPINJ(7)

IIN=5

I5uB=0

XBP=0,
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YBP=10000,

THBP=0,.

RAD=Q,

IFUEL=1

WFUEL=2.016

FORMAT(1615)

FORMAT(8EL10.0)

FORMAT(7Elle4)

FORMAT(I555Xs 7E1040)

READ(IIN,100) KKKKK, LL

READ(IIN»200) IPUNCH» XSTEPsSPTZERDs XE»YESRCRsPTOJ,TOJ
READ(IINs100) NPTSs»NPTsITYP» ISHOCK>MMAX, KOUNT
READ(IIN»100)JCHEM» IAVEs INTACT, IDIVERG, IDD
IF(KOUNT.LT+1) KOUNT=O

KOUNTO=KOUNT

WRITE(65111) KKKKKsLL

FORMAT(BH1IKKKKK =1555Xs4HLL =13/)

WRITE(65112) IPUNCHsXSTEP»PTZERO>»IDIVERG» IDD
FORMAT(9H IPUNCH =I255Xs 7THXSTEP =E10e3+s5XsBHPTZERD =2E104355X»9HIDI

6VERG =I255X»6HIDD = 12/)

WRITE(651112)XEs YE>RCRsPTOJ, TOJ

FORMAT(1X>*XEs YEsRCR»PTOJ» TOJ*,8E10.3/)

WRITE(65113) NPTSyNPT,ITYP, ISHOCKsMMAX

FORMAT(7H NPTS =I355X,5HNPT =1255Xs6HITYP =212,5Xs8HISHOCK =12,5X,6
1HMMAX =13/)

WRITE(6,114) JCHEM, IAVE, INTACT

FORMAT(8H JCHEM =12,5Xs6HIAVE =1255X>»
18BHINTACT =127/)

IFCITYPoeNE«2e ANDeITYP,NEos4) GO TO 12

IF(INTACT.EQ.O+ANDISHOCK.EQ.0) GO TO 12

WRITE(65,9191)

FORMAT(1H1)

WRITE(65102)

FORMAT(91H TYPE 2 OR TYPE 4 FLOWS MAY NOT START WITH SHOCKS OR HAV
6E SHOCKS COMING OFF SPLITTER PLATES/43H RECHECK INPUTS AND SUBMIT
IWITH PROPER TYPE)

sToe

CONTINUE

READ(IIN,101) XJ» EMSUBsRTH, DELTAY, YBOT, YTP, CHEMFC,» XBP
_READ(IIN»101) REsPRs XLEsEMINFs TIN» WINFs PRES

READ(IIN»101) XPOT,»XK1lsXK2s XK3sXK4

READ(IIN»200) IBOD»ABOD»BBOD,CBOD

IF(IBOD.EQ.O0) GO TO 1

READ(5,100) III ‘

IF(II1.LE.Q) GO TO 1

00 2 I=1,I1I

READ(5,101) XBOD¢I)» AABOD(I),»BBBOD(I)»CCBOD(I)

CONTINUE

READ(IIN,200) JBOD,EBODsFBOD,GBOD

101
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IF(JBOD.,EQ.0) GU TO ¢
READ(55100) JJJ
IF(JJJLELO) GO TO ¢
DO 6 I=1,J4J44 .
6 READ(55101)XWALL(I)» EEBOD(I)»FFBOD(I)»GGBOD(I)
4 CONTINUE ‘
READ(IIN,100) LWALL,LBOD
IF((LBOD-1)+EQ.0) GO TO 97777
ABOD=AABQOD(LBOD-1)
8B80D=BBBOD(LBOD-1)
CBOD=CCBOD(LBOD-1)
97777 CONTINUE
IF((LWALL=-1).EQ.0) GO TO 93333
EBOD=EEBOD(LWALL=1)
FBOD=FFBOD(LWALL-1)
GBOD=GGBOD(LWALL-1)
93333 CONTINUE
READ(IIN»200) IPRESSsAPRESS,»BPRESSsCPRESS
READ(IIN»200) IPRESU,»APRESUs BPRESU»CPRESU
IF(XBPeLTeOs) XBP=0.
J‘XJ+.5
XJ=J
WRITE(65115) XJ» EMSUB,RTH,DELTAY,YBOTs YTP» CHEMFC
115 FORMAT(5H XJ =E104¢352Xs 7HEMSUB 2£104352Xs5HRTH =E10.352Xs BHDELTAY
12£106352Xs6HYBOT =E10e35s2Xs5HYTP 2E106392XsBHCHEMFC =E10437)
WRITE(65116) REsPRsXLE,EMINF,TIN, WINFsPRES
116 FORMAT(5H RE =E104322Xs 4HPR =2E104392Xs 5HXLE =E10e352Xs THEMINF =E10
1¢352Xs5HTIN =E10e352Xs6HWINF =E1043,2X» 6HPRES =E£10.37)
WRITE(65117) XPOTsXK1lsXK2sXK3s XK4
117 FORMAT(7H XPOT ®E10.3,2Xs5HXK]1 3E104352Xs5HXK2 =E10.352X»5HXK3 =E1
10435 2Xs5HXK4 =E10.3/7)
WRITE(6,118) IBOD,ABOD»BBOD,CBOD
118 FORMAT(7H IBOD =12,2Xs6HABOD =E1043»2Xs6HBBOD =E£10.352Xs 6HCBOD =E1l
10.3/)
IF(III.LE.O) GO TO 222
WRITE(6,500) III
500 FORMAT(1Xs*III=*,15//,2Xs%XB0OD»AABOD,BBBOD,»CCBOD*)
D0 22 I=1,1I11
22 WRITE(6,1010) XBOD(I)sAABOD(I)»BBBOD(I)»CCBODI(I)
1010 FORMAT(8E10.3)
222 CONTINUE
WRITE(65119) JBOD»EBOD,FBDD,GBOD
119 FORMAT(7H JBOD =1252Xs6HEBOD 3E10.35,2Xs6HFBOD =E1043,2Xs6HGBOD =E1
10437)
IF(JJJLELO) GO TO 666
WRITE(6,501) JJJ
501 FORMAT(1Xs*JJJ=%,15//752X»*XWALLSEEBDOD, FFBODsGGBOD*)
DD 66 I=1,J444
66 WRITE(651010)XWALL(I),EEBOD(I),FFBOD(I)sGGBOD(I)
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666 CONTINUE
WRITE(65502) LWALLSLBOD
502 FORMAT(1Xs*LWALL=*,15,6X,*LB0OD=*,15)
WRITE(65120) IPRESSs» APRESS»BPRESS»CPRESS
120 FORMAT(9H IPRESS =12s2Xs8HAPRESS =E104352X»8HBPRESS =E10+352Xs 8HCP
1RESS =El1l0.3/)
WRITE(65121) IPRESUs APRESUsBPRESU»CPRESU
121 FORMAT(9H IPRESU =12s2XsBHAPRESU =E10.3»2XsB8HBPRESU =E10435s2X»8HCP
1RESU =E10.3/)
411 I80DS=180D
ABODS=ABOD
IPRS=IPRESS
APRS=APRESS
JBODS=JBOD
EBODS=EBOD
IPUS=IPRESU
APUS=APRESU
IF(ISHOCK.EQ«O) GO TO 5
READ(IIN»100)(IS(I)sI=1,1IDD)
READ(IIN,101)(BETB(I)sI=1,1IDD)}
WRITE(65128)(1»1S(1)5,1I=1,1IDD)
128 FORMAT(4(4H IS(sI12,2H)=I3,2X)/)
WRITE(65129)(I,BETB(I)sI=1,100)
129 FORMAT(4(6H BETB(»125,2H)=E10e352X) /)
5 CONTINUE
DO 10 I=1,NPTS
READ(IINS101) Y(I)sP(I)sTH(L)SEM(I)»T(I)
READ(IIN»404) (ALP(JsI)sJd=15NSP)
10 CONTINUE
READ(55101)(MASFRAC({I)sI=1,7)
WRITE(651101)(I>»MASFRAC(I)»I=1,7)
1101 FORMAT(9H MASFRAC(s1252H)=E154792X)
IF(ITYP.EQ.1)GO TO 4201
IB00=0
JBOD=0
IF(ITYP.EQ.3) JBOD=JBODS
IF(ITYP.EQ.4) 1IBOD=IBODS
4201 RHEAT=1l.
RH20=1,
RCO2=0.
4204 WTMOLE(4)=WFUEL
RE=RE*RTH
IERR=Q
00 13 1=1,7
IF(MASFRAC(I)«EQ.040) GO TO 13
CALL COEFF(IsTIN»AZ»BZ»CZyDZyHZ»FZ5G2Z)
CPINJ(I)=(AZ+BZ*TINHCZ*TIN**2+DZ*TIN**3+HZ*TIN**4)*RO/WTMOLE(I)
13 CONTINUE
CPIN=0.,
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D0 1313 I=1,7
CPIN=CPIN+MASFRAC(I)*CPINJ(I)
1313 CONTINUE
RINFaRO/WINF
GAMINF=14/{(1.~-RINF/CPIN)
RINFF=ROO/WINF .
UIN=EMINF*SQRT(GAMINF*RINFF*TIN)
RF=1+/RINFF
RHOINF=PRES*RF/TIN
VISINF=RHOINF#UIN*RTH/RE
GAR=GAMINF*RINF
GEWsGAMINF*EMINF**2 /W INF
EIN= (GAMINF=1l.) * EMINF#**2
EMS=1./EMINF**2
PIN=1e/GAMINF*EMS
WRITE(65,6898)
6898 FORMAT(///7/48X»31HP R 0 G R A M VIS~-CHAR//60Xs,7THW I T H
1//42X»43HE M B E D D E D SuBSGO C F L O W//53X521HS H O
1 C K W AV E S/7733X563HA N D FI TE R ATE H2 ~-AT1
1R CHEMISTRY)
IF(XJeNEsOs) WRITE(65»5611)
IF(JCHEM.EQ.O) WRITE(65,5612)
IF(JCHEM.EQ.1) WRITE(655613)
5610 FORMAT(///10Xs31HTYPE OF FLOW IS TWO DIMENSIONAL)
5611 FORMAT(///10X»28HTYPE OF FLOW IS AXISYMMETRIC)
5612 FORMAT(10X, 19HCHEMISTRY IS FROZEN)
5613 FORMAT(10X,24HCHEMISTRY IS FINITE RATE)
WRITE(65,5600) RTH
5600 FORMAT(
110X, 28HJET OR NOZZLE RADIUS (RTH) = E13.554H FT.)
WRITE(65,5601) EMINF,UINsTIN» PRESs RHOINF» GAMINFs» WINFs» REs PRy XLE
5601 FORMAT(///7/20Xs20HREFERENCE CONDITIONS/20Xs20H==w—eeecrcrcccacwceaa /
110X, 18HMACH NDe. (EMINF) = E13.5/10X,16HVELOCITY (UIN) = E13.5,
1 7H FT/SEC/10Xs 19HTEMPERATURE (TIN) =E13.5,10H DEGREES K/10Xs 17HPR
1ESSURE (PRES) =E13.559 H LB/FT*%2/10X»18HDENSITY (RHOINF) =E13.5,
112H SLUGS/FT*#%3/10X,37
1HFROZEN SPECIFIC HEAT RATIO (GAMINF) =E13.5/10X>25HMOLECULAR WEIGH
1T (WINF) =E13,5/10Xs22HREYNOLDS NUMBER (RE) =E13.5/10X»21HPRANDTL
INUMBER (PR) =2E13.5/10X,20HLEWIS NUMBER (XLE) =El13.9)
WRITE(655602)
5602 FORMAT(//7/20Xs15HOUTPUT HEADINGS/20Xs15H=== /
110X, 9HX = X/RTH/10Xs, 9HY = Y/RTH/10X»16HQ = VELOCITY/UIN/10X»
119HT = TEMPERATURE/TIN/10X»17HP - PRESSURE/PRES/10X»,30HTH - FLOW D
1EFLECTION (RADIANS) /10X, 16HEM - MACH NUMBER/10X, 20HRHO —= DENSITY/
1RHOINF/10Xs19HGAM - SPECIFIC HEAT
1 /10Xs33HXMASS ~ NON-DIMENSIONAL MASS FLOW
1 /10Xs 23HPHI = EQUIVALENCE RATIO/10X,
120HW - MOLECULAR WEIGHT//10X14HMASS FRACTIONS/15X10HALP(1) - H/15X

N I
NI
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788

1774

1776

8883

8401

110HALP(2) - DO/15Xs 12HALP(3)
1 = 02/15X511HALP(6) — OH/15X,1L1HALP(7)

APPENDIX A

DO 1774 I=15NPTS

X{I)=XBP

P(I)=P(L)*PIN

ALP{4, 1) =RHEAT*ALP (45 1)
ALPU{75s1)=(1=RHEAT)*ALP(4,1)4ALP(751)
DO 788 J=1,NSP

= H20715Xs 11HALP(4)

= N2}

IFCALP(JsI)elTolelE-10) ALP(JsI)=1,1E-10
ALP(75s1)=1e=(ALP(1sI1)+ALP(2,I)+ALP(3, 1) +ALP(4, L) +ALP(5,1)+ALP(6,1])

1)

CONTINUE

DO 8883 I=1,NPTS

CALL THERMO(T(I)sH1l,CP1l)
CPX(I)=0,0

W(I)=0.0

001776 J=1, NSP

CP(JsI)=CP1(J)

H(Jd»I)=H1(J)
CPX(I)=CPX{L)+ALP(J, 1 )%*CP(Js 1)
WD) =W(I)+ALP(J» 1) /WTMOLE(J)
W(Il)=1le/W(I1)
RHO(I)=GEW*W(I)*P(I)/T(I1}
R{L)=RO/W(I)
GAM(I)=sCPX(L)/Z/(CPX(I)=R(I)/CPIN)
OM=1./EMINF

OR=1./R(1I)
Q(I)=EM(I)*0OM/SQRT(GAR/GAM(I)*0OR/T(I))
IF(EM(I)«GTel,)

IAMUCTI)=ATAN(L./SQRT(EMII)**2-1,.))

CONTINUE

IFCINTACT.EQ.1) CALL COwWL
IFCINTACT.NE«1) GO TO 8401
00 3 K3=5, NPTS
K3K=sNPTS+5~-K3

J3=K3K+1l

CALL SWITCH(J3s»K3K)
CONTINUE

NPTSaNPTS+1

IS(3)=IS(3)+1

IS(4)=5
IMANG=ASIN(1./EM(5))
BETB(4)==(ZMANG=TH(5))
XJl=1la+XJ

XMASS(1)=0.

DO 1785 I=1,sNPTS
IF(I.EQ.1) GO TO 1785
XJl=1.+XJ

- H2/15X5 11HALP(5)

YFUN=(Y(I)*(1la=XJ+Y(I)%XJ)= Y{I=1)*(1la=XJ+Y(I=1)%XJ))/XJ1
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RQAV=(RHO(I)*Q(I)*COS(TH(I))+ RHO(I-1)*Q(I=-1)*COS(TH(I=-1)))/72.
XMASS(I)=XMASS(I-1)+RQAV*YFUN
CONTINUE
DELY=(YBP=Y{1))/FLOAT(NPTS~-1)
RETURN

END

FUNCTION F3(TP1sDTCs T1lsTCsTHLs THC»DA»W1sWC)
COMMON/CK/WTMOLE(7)
COMMON/GK/DELX
COMMON/HL/ALPHA,BETA

ODIMENSION DA(7)

NSP=7

A=ALPHA

B=BETA

TERM1aDTC/ ((A=B)*TPL+8%(T1+TC))
TERM2=0,.

DO 10 J=1,NSP
TERM2=TERM2+DA(J)/WTMOLE(J)
CONTINUE

TERMS=A*W1+B*WC
TERM2=TERM2*TERMS
TERM3=A*COS(TH1)+B*COS(THC)
F3s=(TERM1+TERM2)*TERM3/DELX
RETURN

END
SUBROUTINE POCUS(TI»PRESSIsRHOISALPHISDT,»TN)

COMMON/PO/ALPHN(7) 5 IFUELs PRES
DIMENSION ALPHI(7),AD(10510)sCI(10)5Y(7)s YN(7)sALPHA(T)
DIMENSION TO(7),T1(7)sBU7),CU7)5sD(T)SE(T)5G(7)52(T7)
T0(1)26.0

T0(2)26.0

T0(3)20.5

T0(4)=0.5

TO(5)%045

TO(6)2045

T0(7)=0,5

T1(1)%640

T1(2)=640

T1(3)=3,0259

T1(4)=4,0960

T1(5) 22,9282

T1(6) 23,6392

T1(7)=2,4800

B(1)=39,7055

B(2)22.5674

B(3)=3,5961

B(4)=27,4123

B(5)=1.7771

B(6)=3,3496
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B(7)=2,0043
C(1)=0.0
C(2)=0.,0
C(3)=.5486
C{4)=1,5999
C{5)=,1595
C(6)=41619
Ci7)=,1531
D(1)=0.,0
D(2)=20.0
D(3)=2-31.7850
D{4)==-34,5288
D(5)==1.8504%
D(6)=1.3139
D(7)==1.4976
E(1)=0.0
E(2)=0.0
E(3)=6,3657
E(4)=38.9184
E(5)=2,5521
E(6)=4.,3679
E(7)=2,6093
G(1l)=404.5564
G(2)=229.,1774
G(3)==26.9024
G(4)=-8.088
G{5)==,522
G(6)=3.,4213
G(7)==45961
Z(1)=,063
Z(2)=1.0
Z(3)=1,13
2(4)=,126
Z(51=22.,0
Z(6)=1.063
I(7)=1,75
PSSSS=PRESSI
KASE=IFUEL

IF(KASE«EQ.2) PRESSI=PRESSI*.35
IF(KASE.EQ.3) PRESSI= +2*PRESSI
RHOI=RHOI*PRESSI/PSSSS

KTEST=0

ELO=1.,0

DLTI=0.0

EPS=,001
TIMEO=1438725E~5%ELQ
DT=DT/TIMEO
PO=PRESSI*1.01325E6
RHOO=P0*1924465E~10
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RHOI=RHOI*.5154/RH0O0
PRESSI=1.0
T=T1
HI=0.0
DO 65 1I=1,7
IF(T=-T1(I)) 62561561
61 HI=(D(I)+E(I)*T)*ALPHI(I)+HI
60 TO 65
62 IF(T=TO(I)) 63563,64
63 HI=(G(L)+B(I)*T)*ALPHI(I)+HI
60 70 65
64 HI=(G(L)+B(I)*T+C (1) *R(T-TO(I))**2)*ALPHI(I)+HI
65 CONTINUE
92 CONTINUE
JJdJ = 25
JJ=0
T =711
TSAVE=T
KOUNT=0
RHO=RHOI
DELTA=DLTI
GAMMAsDT*DELTA+1.
PRESS=PRESSI
H=HI
SUMY=0,
DO 11 I=1,7
ALPHAC(I)=ALPHI(I)
Y(I)=RHO*ALPHA(I)/Z(1I)
YN(I)=0,.,0
11 SUMYaSUMY+Y(I)
DUM1=8,67031E-7*RHOO*ELO
DUM2=DUM1*RHD0/16.
IF(ALPHA(3)s6T41.E-10)GO TO 6
IF(ALPHA(6).GT.1.E=10) GO TO 6
IF(ALPHA(5)eGTeleE~-10) GO TO 30
IF(ALPHA(2)a6GTeleE=10) GO TO 30
Fo=(1eB5EL1T*EXP (=254 /T))*(DUMLI*EXP (=29,/T)/T)
B5=1.E16*DUM1*RHO0/16.
Bll==(F5%45+2,%B5%Y(1))*SUMY
CCl=B5*Y(1)*%2*SUMY
CC=sGAMMA®(Y(2)+Y(1)*,5)
Cl=F5%CC*SUMY+CC1
Al1=DELTA+B1l1l
DUM=C1/A11
YN(1)=s=DUM+(Y(1)+DUM)*EXP (A11*DT)
IF(YN{(1l)eLTe0.0) YN(1)=0,0
YN(4)=CC=YN(1)*,5
GO TO 99
30 IF(ALPHA(4)eGTw1.E=-10) GO TO 6
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IF(ALPHA(1).GTel.E-10) GO TO 6

FB83(5.8E16%EXP (=3043/T))*(DUML*EXP (~30,3/T)/T)

BB8=6.E14%DUM1*RHO0 /16,
Bll=—~(FB8%.5+2,%B8*%Y(1))*SUMY
CC1l=B8%Y(1)*Y(1)*SUMY
BB=GAMMA*(Y(2)+Y(1)%,5)
Cl=FB*BB*SUMY+CC1

All=DELTA+B1l1l

DuM=Cl1l/Al1l
YN(1)==DUM+(Y(1)+DUM) *EXP (A11%DT)
YN(Z2)=BB-YN(1)*.5
IF(YN(2)eLTe0e0) YN(2)=0,0
YN(5)=8B=YN(2)*.5

60 TO 99

CONTINUE

KOUNT =1

IF(KASE«EQe2) T=1e/(141087/T=c09497)
IF(KASE.EQe3) T=1le/(.786/T+.2381)
Fla3.E14%EXP (=B.81/T)*DUML
F2234E14%EXP (=4,03/T)*DUM1
F333.E14%EXP (-3.,02/T)*DUM1

FasF3

Bl=2.48EL3*EXP (—-.66/T)*DUM1
B2=1le3E14%EXP (-2.49/T)%DUM1
B3=1433E15%EXP (-10495/T)*DUMIL
B4=3,12E15%EXP (=12.51/T)*DUM1
T=TSAVE

TSAVEs=T

IF(KASEeEQe2) T=142414,05524%T
F6=9.66EL1B*EXP (~62.2/T)/T*DUM1
F758.00E16%EXP (=52.,5/T)/T*DUM1
B6=1.E17%DUM2

B7=1.E16%DUM2

T=TSAVE

F5=1+85EL7*EXP (=54./T)/T¥DUM1
FB8x5.80E16*EXP (=60.6/T)/T*DUM1
B5=1.E16%DUM2

B8=6+E14%DUM2
OUML=(Y(2)+Y(6)+Y(3))*.5
DUM2=(Y(1)+Y(6))*,5+Y(3)
OUM3=Y(1)*.5+Y(6)+Y(3)
DUM4=F1*Y(1)*DUML+BL*Y(2)*Y(6)
DUMS=F2%Y(2)*DUM2+B2%Y(1)*Y(6)
ODUM6=F3*Y(6)*DUM2+B3*Y(1)*Y(3)
DUM7=Fa*Y(6)*Y(6)-B4*Y(2)*Y(3)
DUMB=(F2%,5=-BT7*SUMY) *Y(2)+B2*Y(6)
DUMI=(F1*.5=-B7*SUMY)*Y(1)+B1*Y(6)
DUML1O=(F2%,5-B1)*Y(2)+(B2-F1*.5)*%Y(1)
OUML11=(F1%.5-83)*Y{1)-F3%Y(6)
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DUM12=F1*%DUM1-83*%Y(3)~F3*%.,5%Y(6)

DUM13=(FB*SUMY+FEL*Y(1))*.5

DUM14=86%Y (1) *SUMY=-F3%DUM3

DUM15=2.*F4*Y(6)

DUM16=SUMY*Y (1)

DUM17=B6*SUMY*Y(6)

812=DUMI-F2%DUM2

B21=DUMB-F1*DUM1

B19=(F6-F5) *SUMY~-F2*Y (2)}+DUM11

B29=(F2-B4)*Y(2)-DUM13

B912DUM12+B21-DUMB+DUML7

B27=SUMY*(F7-F8/2,)+DUM10+DUM1S

B79=F6*SUMY=-DUML1+(2 +*B4=F2)*Y(2)
B77==(DUMLI4+SUMY*F 7+ (F1¥ 5+482)%Y(1)+(B1+F2%.51%Y(2)+2.%DUM15)
B92==B4a*Y(3)

B22=~SUMY* (2,%BB*Y(2)+B7*Y(1))=~B1l*Y(6)+F2*%DUM2-DUM13+B92
Bl1sDUM12-F5%SUMY* 5=(F2*%.54+B7*SUMY ) *Y (2)-B2*Y(6)-DUM17-2.*B5*%DUM1

16

B97=DUML4+DUM15
B99=DUMIL=(F1%,5%Y (1) +F6*SUMY+B4*Y(2))
B71l=—(DUM12+DUMB+DUMLT)
B7222.%B4*Y(3)=-DUM9-F2*#DUM2
B17=SUMY*(F7=F5/24)=DUM10-DUM14=24%F3%DUM3
CC12DUM5~DUM4+DUM6+(B6XY(6) +B5*Y (L) +B7*Y(2))*DUM16
CC2=DUM4=DUMS=DUM7+(B7*Y (1) +BB*Y(2) ) *SUMY*Y(2)
CC7=DUM4+DUM5=DUM642  *DUMT7+(B6*Y(6)=B7%Y(2) ) *DUM16
CC9O=DUM6-DUMT7-B6*Y(6) *DUM16
BB=GAMMAR(Y(5)+(Y(2)+Y(6)+Y(3))*,5)
CC=GAMMA®(Y(4)+Y(3)+(Y(1)+Y(6))#%,5)
AD(1,1)=B1l1+DELTA-F1*88

AD(1,2)=B1l2+F2#CC

AD(153)=BL7+F3%CC

AD(1,4)=819

AD(251)=B21+F1%BB

AD(252)=B22+DELTA=F2*(C

AD(253) =827

AD(254)=B29

AD(3,1)=B71+F1%8B

AD(3,2)sB72+F2%CC

AD(3,3)2B77+DELTA-F3%CC

AD(354)=B79

AD(451)=B91

AD(4,2)=B92

AD(453)2B97+F3*%CC

AD{4,4)=B99+DELTA

CI(1)=CCL+F5%SUMY*CC

CI(2)3CC2+FB*SUMY#BB

CI(3)=CC7

CI(4)=CC9
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SCALE=0.,0

DO 50 I=1l,4

DO 50 J=1,4

SCALE=AMAX1(SCALEs ABS(AD(1I5J)))
00 51 I=1,4

DO 52 J=i,4

AD(I»J)=AD(I» J)/SCALE
CI({I)=CI({I)/SCALE

CALL HERMAN{YNs»DTsADs»YsClsBBsCCySCALE)

DO 90 J=1,6
IF(YN(J)GE.0,0) GO TO 90
DT=DT/10.

KTEST2KTEST+1

IF(KTEST=3) 92,27,27
CONTINUE

DUM=0.0

D0 1 J=1,6
DUM=DUM+YN(J)*Z(J)
RHON=DUM/(1le=ALPHA(7))
YN(7)=RHON*ALPHA(7)/2(7)
SUMYN=0,0

00 2 J=1,7
SUMYN=SUMYN+YN(J)
TT=PRESS/SUMYN

DO 4 J=156
ALPHA(J)Y=YN(J)I*Z(J)/RHON
AH=0.,0

BH=0.0

CH=0.0

DO 505 I=1,7

IF(TT=T1(1)) 502,501,501
BH=BH-E(I)*ALPHA(I )*,5
CHaCH+D(L)*ALPHA(L)

GO TO 505

IF(TT=-TO(I)) 503,503,504
BH=BH-B(I1)*ALPHA(I)*,5
CH=CH+G(I)*ALPHAC(I)

GO TO 505
AH=AH+C{1)*ALPHA(I)
BH=BH+ALPHA(I)*(C(L)*TO(L)-B(I)*,5)
CH=CH+ALPHA(L)*(G(I)+C(I)*TO(I)**2)
CONTINUE

CH=CH=H

IF(AH) 50755065507
T=CH/BH/2,.

GO0 TO 508

T=(BH+SQRT (BH*BH—-AH*CH))/AH
CONTINUE

IF(JJ)31531,22
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ERR1=TT~T
IF(ABS(TT/T-1.0).LE.EPS) GO TO 27
GAM1=GAMMA

GAMMA=,98%GAMMA

GAM2=GAMMA

DELTA=(GAMMA-1.)/DT

Ji=JJ+l -

IF (JJ=JJJ) 84,84,12

IF (KOUNT.EQ.1) GO TO 14

T=TSAVE

60 70 6

ERRZ2=TT-T
IFCABS(TT/T=140)eLELEPS) GO TO 27
GAMMA=GAM1—~ERR1*(GAM2-GAM1)}/ (ERR2-ERR1)
GAM1=GAM2

ERR1=ERRZ2

60 TO 130

WRITE(6513)

FORMAT{1HO,23H JJ IS GREATER THAN JJJ)
TNsT

DO 28 J=1,7

ALPHN(J)=ALPHA(J)

DT=DT#TIMEO

PRESSI=PSSSS

RETURN

END
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SUBROUTINE OF PROGRAM

The name and the function of each subprogram unit are given in this
appendix.

Name Page Description
EMVC 7 Main program manages the computation
WAVES 17 Computes and inserts wave structure caused by

geometric breaks

CROSS1 24 Computes interaction of shock waves of the same
or opposite families

EMBED 28 Locates and computes properties on the free-stream
and downstream side of embedded shocks

SOLVE 32 Calculates the determinant of a 3 by 3 matrix

HSHOCK 32 Computes shock-jump conditions and properties on
downstream side of shock

SWITCH 38 Transfers properties to dummy storage during
computations

PM 39 Used by COWL to compute properties in Prandtl-
Meyer fans

CHEM 41 Calculates chemistry terms

SHEAR L2 Computes right-hand side of the modified con-

tinuity equation

PRESS 43 Calculates pressure as a function of x if a
pressure boundary is specified

XVis 43 Computes nondimensional viscosity (H/H,)
COWL Ly Used by INDATA to compute location and properties

at shock points and Prandtl-Meyer points caused
by pressure differences across a splitter wall

INew subroutines.
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Name Page Description
DPOINT L7 Computes streamline point on old data line from

point on the free-stream side of a shock at the
new data line

STEP L8 Locates subsonic regions and computes maximum
allowable step and calls SPACE to readjust
points

SSONIC 51 Computes properties at data points within the

subsonic region

BODY 57 Computes the wall and center-body shape as a
function of x

DPDTH 57 Computes es along the upper bound of the sub-
sonic region

CPOINT 57 Computes location and properties of streamline
point on new data line using positive and nega-
tive characteristics

SPACE 65 Adds points on downstream side of shock, subtracts
points from free-stream side of shock, and adds
points to free stream when properties change at

boundaries
RSET 75 Resets new data into old data line
SHEAR1 76 Computes shear terms for initial profile only
SHEAR?2 78 Computes shear terms at new station before RSET
is called
LPOINT 80 Computes location and properties of boundary

streamline point on new data line using a posi-
tive or negative characteristic

DERY 87 Computes center differences for nonequally spaced
grid in THSSS

THSSS 87 Computes 0Ogg along the upper bound of the sub-
sonic region

ZMU 88 Computes Mach angle as a function of Mach number
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THERMO

TBL

M1

M2

XM3
HOCUS

COEFF

S2

S3

F1

F2

Fl4

HERMAN
CLEM
SOLT

S1

89

89

89

89
89

91

94
94

95

95

95

96
97
98
98
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Description
Calculates specific heat ij, derivatives of

specific heat, and enthalpy Hj of each species
from polynomial fits in temperature

Performs linear, single-table interpolation

Calculates tan(0 + 1) along positive
characteristic

Calculates tan(0 - u) along negative
characteristic

Calculates tan © along streamline
Part of chemistry package

Sets thermodynamic coefficients as functions of
temperature

Calculates diffusive terms in the energy equation

Calculates diffusive terms in the species conser-
vation equations

Gives Aq and By coefficients? along positive
or negative characteristic

Gives A and Bo coefficients? along positive
or negative characteristic

Gives Ay and By coefficients? along positive
or negative characteristic

Part of chemistry package
Part of chemistry package
Part of chemistry package

Calculates diffusive terms in the s-momentum
equation

2Coefficients in the

characteristic.

and © relationship along the positive
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Name
PUNCH

INDATA

F3

POCUS

116

100

106

106
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Description
Punches data deck for restarting program

Accepts input of constants, reference conditions,
and other initial flow properties

A3 and B3 coefficients along positive or nega-~
tive characteristic

Part of chemistry package
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DETAILS OF PROGRAM INPUT

The various input requirements are specified in this appendix. Note that
pressure is required in U.S. Customary Units of pounds per square foot.

Initial Program Submittal

The initial program submittal is as follows:

Card Format Columns Description
1 15 1 to 5 KKKKK final run station
I5 6 to 10 LL print interval
2 15 1 to 5 IPUNCH controls punching of data deck to

restart program.
0 no deck is punched
1 a deck is punched

E10.0 11 to 20 XSTEP 1.0 unless it is desired to reduce the
step size AX calculated by the program; that
is, if XSTEP=10., then AX=4X/10.

E10.0 21 to 30 PTZERO total pressure of the free stream,
1b/rt2
E10.0 31 to 40 XE X location of the lip of a conical hydro-

gen injector (XE, YE, RCR, PTOJ, and TOJ are
needed only if a conical injector is used)

E10.0 41 to 50 YE Y location of the 1lip of a conical hydro-
gen injector

E10.0 51 to 60 RCR critical radius for conical injector

E10.0 61 to 70 PTOJ total pressure of injector flow, 1b/ft2

E10.0 71 to 80 TOJ total temperature of injector flow, K

3 15 1to5 NPTS number of data points in initial pro-

file £54

15 6 to 10 NPT number of data points in the Jjet if jet

is underexpanded and uniform NPT=5
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Card Format Columns Description
3 I5 11 to 15 ITYP Flow Type
1 nonuniform jet, external flow
2 uniform jet, external flow
3 uniform jet, nonuniform external flow
4 nonuniform jet, uniform external flow

15 16 to 20 ISHOCK
0 no shocks in initial profile
1 shocks in initial profile

I5 21 to 25 MMAX maximum number of points to be allowed
in the profile must be greater than NPTS but
54

I5 26 to 30 KOUNT starting count for program, equals

zero for initial profile

Y I5 1 to5b JCHEM
0 frozen flow
1 finite-rate Ho-air chemistry

15 6 to 10 JAVE
0 shear terms not averaged
1 shear terms averaged across mixing step

15 11 to 15 INTACT
0 balanced pressure between jet and
external flow
1 underexpanded jet

I5 16 to 20 IDIVERG
0 parallel flow nozzle
1 divergent conical nozzle

15 21 to 25 DD index of shock field to be scanned, ini-
tial profile should have IDD 24

5 E10.0 1 to 10 XJ
0.0 two~dimensional flow
1.0 axisymmetric flow

E10.0 11 to 20 EMSUB=1.01

E10.0 21 to 30 RTH jet radius in feet - reference for non-
dimensionalized lengths
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Card Format Columns
5 E10.0 31 to 40
E10.0 41 to 50
E10.0 51 to 60
E10.0 61 to 70
E10.0 71 to 80
6 E10.0 1 to 10
E10.0 10 to 20
E10.0 21 to 30
E10.0 31 to 40
E10.0 41 to 50
E10.0 51 to 60
E10.0 61 to 70
7 E10.0 1 to 10
E10.0 11 to 20
E10.0 21 to 30
E10.0 31 to 40
E10.0 41 to 50
8 15 1 to 5
E10.0 11 to 20
E10.0 21 to 30
E10.0 31 to 40
9 15 1 to 5

APPENDIX C
Description
DELTAY3 radial step size
YBOT3 lower boundary at initial station
yTP3 upper boundary at initial station

CHEMFC number of chemistry steps allowed in
1 mixing step

XBP3 X starting location

RE Reynolds number per foot; the program
then sets RE=RE¥*RTH

PR Prandtl number

XLE Lewis number

EMINF reference Mach number

TIN reference temperature,4 K

WINF reference molecular weight,)1l 1b/1b-mole
PRES refererce pressure,” 1b/ft2

XPOT=10.

XK1=.75E-03 coefficients for
XK2=.285E-01 Ferri-Kleinstein
XK3=100. viscosity model

XKL4=0.0

IBOD lower boundary indicator
0 axis, plane of symmetry or pressure
boundary
1 center body

ABOD coefficients in the center-body
BBOD » shape equation Y=A+BX+CX2, blank
CBOD| if IBOD=0

11T additional number of geometric sections
required to specify center body £5, this card
is not required if IBOD=0

3a11 lengths in program are nondimensionalized by RTH.
Free-stream conditions normally used.
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10a to e

11

12

13a to e

14

15

16
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Format Columns Description
E10.0 1 to 10 XBOD(a) X starting location for the next
center~-body section
E10.0 11 to 20 AABOD(a) coefficients for additional
E10.0 21 to 30 BBBOD(a) sections; this card is repeated
E10.0 31 to 40 CCBOD(a) for each of the III sections
I5 1to5 JBOD upper boundary indicator
0 no upper boundary or upper pressure
boundary
1 upper physical wall
E10.0 11 to 20 EBOD coefficients in the wall shape
E10.0 21 to 30 FBOD equation Y=A+BX+CX2, blank if
E10.0 31 to 40 GBOD JBOD=0
I5 1 to 5 JJd additional number of geometric sec-
tions required to specify the wall, =55;
this card is not required if JBOD=0
E10.0 1 to 10 XWALL(a) X starting location for the
next wall section
E10.0 11 to 20 EEBOD(a) coefficients for the additional
E10.0 21 to 30 FFBOD(a) wall section; this card is
E10.0 31 to 40 GGBOD(a) repeated for each of the
JJJ sections
15 1to 5 LWALL indices of the next available wall
15 6 to 10 LBOD or center-body section - both equal
one in initial profile
15 1 to 5 IPRESS lower pressure boundary indicator
0 no lower pressure boundary
1 lower pressure boundary exists
E10.0 11 to 20 APRESS coefficients in the center-line
E10.0 21 to 30 BPRESS pressure distribution equation
E10.0 31 to 40 CPRESS P/PRES=A+BX+CX2, blank if IPRESS=0
I5 1 to 5 IPRESU upper pressure boundary indicator
0 no upper pressure boundary
1 upper pressure boundary exists
E10.0 11 to 20 APRESU coefficients in the wall pres-
E10.0 21 to 30 BPRESU sure distribution equation
E10.0 31 to 40 CPRESU P/PRES=A+BX+CX2, blank if IPRESU=0

If ISHOCK, the fourth input (columns 16 to 20) on card number three is zero skip
cards 17a and b and 18a, b, and c.
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APPENDIX C

Card Format Columns Description
\
17a 15 1to5b Is5(1)
I5 6 to 10 1s(2) IS(I) is the upstream data point
15 11 to 15 I3(3) index for the Ith shock. 0dd I's
I5 16 to 20 Is(W) correspond to up-running shocks,

. . . and even I's correspond to down-
running shocks. Only the first IDD
$ values of the IS(I) fields are read;

15 76 to 80 IS(16)[ therefore, card 17b may not be needed.
Fields IS(1) and IS(2) should be left
17b I5 1 to 5 1S(17) blank since they are used by sub-
15 6 to 10 15(18) routine EMBED to insert combustion
I5 11 to 15 IS(19)] generated shocks.
15 16 to 20 IS(20)
J
18a E10.0 1 to 10 BETB(1) "
E10.0 11 to 20 BETB(2)
E10.0 21 to 30 BETB(3)
E10.0 31 to 40 BETB(Y4)
E10.0 41 to 50 BETB(5)
E10.0 51 to 60 BETB(6)
E10.0 61 to 70 BETB(7) BETB(I) is the angle in radians
E10.0 71 to 80 BETB(8) between the X-axis and the Ith
shock. If I is odd, BETB(I) is
18b E10.0 1 to 10 BETB(9) positive; if even, BETB(I) is
E10.0 11 to 20 BETB(10) negative. BETB(I) fields are
E10.0 21 to 30 BETB(11) { blank for all IS{(I)=0. Only the
E10.0 31 to 40 BETB(12) first IDD fields of BETP(I) are
E10.0 41 to 50 BETB(13) | read; therefore, cards 18b and 18c
E10.0 51 to 60 BETB(14) | may not be needed.
E10.0 61 to 70 BETB(15)
E10.0 71 to 80 BETB(16)
18¢ E10.0 1 to 10 BETB(17)
E10.0 11 to 20 BETB(18)
E10.0 21 to 30 BETB(19)
E10.0 31 to 40 BETB(20) )

Each data point in the initial profile requires two cards of flow properties as
described below, and each two~card set must be given in order of increasing
radial distance Y.
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Card Format Columns Description

19 E10.0 1 to 10 X(I) radial location of data point/RTH
E10.0 11 to 20 P(I) pressure/PRES
E10.0 21 to 30 TH(I) flow angle, radians
E10.0 31 to 40 EM(I) Mach number
E10.0 41 to 50 T(I) temperature/TIN

20 E11.0 1 to M ALP(1) mass fraction of H
E11.0 12 to 22 ALP(2) mass fraction of O
E11.0 23 to 33 ALP(3) mass fraction of Hp0
E11.0 34 to 44 ALP(4) mass fraction of Hp
E11.0 45 to 55 ALP(5) mass fraction of O
E11.0 56 to 66 ALP(6) mass fraction of OH
E11.0 67 to 77 ALP(7) mass fraction of N

Cards 19 and 20 are repeated NPTS times for the NPTS data points in the profile.

21 E10.0 1 to 10 MASFRAC(1) reference or free-stream mass
fraction of H

E10.0 11 to 20 MASFRAC(2) reference or free-stream mass
fraction of O

E10.0 21 to 30 MASFRAC(3) reference or free-stream mass
fraction of HpO

E10.0 31 to U0 MASFRAC(4) reference or free-stream mass
fraction of Hp

E10.0 41 to 50 MASFRAC(5) reference or free-stream mass
fraction of Op

E10.0 51 to 60 MASFRAC(6) reference or free-stream mass
fraction of OH

E10.0 61 to 70 MASFRAC(7) reference or free-stream mass
fraction of N»
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APPENDIX C
Restart Capability

The program punches an input deck identical in format to that given in the
section "Initial Program Submittal." This deck is produced at the final sta-
tion KKKKK if specified by setting IPUNCH=1. Alternately, subroutine CPOINT
produces a restart deck if the computed back characteristic is outside of the
bounding streamlines. 1In the former case, the program can be restarted by
changing the appropriate variables and resubmitting; that is, increasing the
final station KKKKK on card one and/or changing the step size XSTEP on card
two. In the latter case the deck can be used to diagnose the problem and
restart as above if possible.

Data Initialization

Control card provisions must be made to set the core to zero, since a
large number of variables are not initialized in the program.
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EXAMPLES OF COMBUSTOR CALCULATIONS

Example A - First variation (fig. 2):

KKKKK = 3500 LL =%&%

IPUNCH = 1 XSTEP = L100E+01 PTZERO = .351E+05 IDIVERG = 0 10D = 4

XE» YESRCR»PTOJ>»TOJ 0. Q. 0. 0. 0.

NPTS = 18 NPT = 5 ITYP = 2 [SHOCK = 0 MMAX = 54

JCHEM = ) IAVE « 0 INTACT = O

XJ = 0, EMSUB = L101E+01 RTH = ,250E-01 DELTAY = ,500E+00 YBOT = 0. YTP = L750E401 CHEMFC = ,500E+01

RE = ,672E+06 PR = ,100E+401 XLE = .100E+01 EMINF = .190E+401 TIN = .214E+04 WINF = ,232€+02 PRES = L,122E+04
XPDT = L100E+02 XK1 = ,750E-03 XK2 = ,L285E-<01 XK3 = L100E+03 XK& = 0.

IBOD = 0 ABOD = O. BBOD e 0. CBOD = 0.
JBOD = 1 EBOD = L750€E+¢01 FBOD = O. GBOD = 0.
FRRES 5

XWALL,EEBOD,FFBDD»GGBOD

«920E+01 .750E+01 .213E+00 O.
«142E402 .B856€E+01 L699E-01 0.
«192E402 ,891E+01 .213E+00 0.

«4T2E+02 .149E+02 O, 0.

«775E+403 . 149E+02 0. 0.
LWALL= 1 LBOD= 1

IPRESS = 0 APRESS = 0. BPRESS = 0. CPRESS = 0.
IPRESU = O APRESU = Q. BPRESU = Q. CPRESU = 0.

MASFRAC( 1)= «6864000€E-05
MASFRAC( 2)= «3529000€-03
MASFRACK 3)= «1694000€E+00
MASFRAC( 4)= «9177000E-02
MASFRAC( 5)= «6758000E-01
MASFRAC( 6)= +3343000E-02
MASFRACK T)a» «T7501400E+00

Q@ XIANdddv
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PROGRA

EMBEDDODETD

SHOC

AND FINITE R AT

TYPE OF FLOW IS TwO DIMENSIONAL
CHEMISTRY IS FINITE RATE
JET OR NDZZLE RADIUS (RTH) = «25000E-01 FT,

REFERENCE CONDITIONS

MACH NO. (EMINF) = «19030€+01

VELOCITY (UIN) = «61561E+04 FT/SEC

TEMPERATURE (TIN) = ¢21440E+04 DEGREES K
PRESSURE (PRES) = 212212E404 LB/FT*%2

DENSITY (RHOINF) = +14767E-03 SLUGS/FT*%3

FROZEN SPECIFIC HEAT RATIO (GAMINF) = «12654E€+401
MOLECULAR WEIGHT (WINF) = «23223E+02

REYNOLDS NUMBER (RE) = «16799E+05

PRANDTL NUMBER:- (PR) = «10000£+01

LEWIS NUMBER (XLE) = «10000€E+01

OUTPUT HEADINGS
- X/RTH
= Y/RTH
VELOCITY/UIN
- TEMPERATURE/TIN
- PRESSURE/PRES
TH - FLOW DEFLECTION (RADIANS)
EM - MACH NUMBER
RHD = DENSITY/RHOINF
GAM - SPECIFIC HEAT
XMASS — NON-DIMENSIONAL MASS FLOW
PHI - EQUIVALENCE RATIO
W - MOLECULAR WEIGHT

V-0 <>
1

M Vi

WITH

SuUBS

K W

E H

S~CHAR

ODNTIC

AVES

2 - AT1R

FLOW

CHEMISTRY

a@ XTaNdddv
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MASS FRACTIONS

ALP(1) - H
ALP(2) - O
ALP(3} - H2O
ALP(4) - H2
ALP(5) - 02
ALP(6) - OH
ALPLT) - N2

a XIaNdHddy
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L2l

KOUNT= 0

X

. «91820E+01
VISCOSITY(LB*SEC/FT#**

«13412E-05 «13412E-05

«13412E-05 +13412E-05

PT. Y
1 0.
2 «50000E+00
3 +10000E+01
4 «15000€+01
5 +»20000E+01
6 «25000E+01
7 «30000E+01
8 «35000E+01
9 «40000E+01
10 «45000E+01
11 «50000E+01
12 «55000E+01
13 «60000£+01
14 «65000E+01
15 «67500E+01
16 «70000E+01
17 «72500E+01
18 «75000E+01
PTe ALP(1)
1 «68640E-05
2 «68640E-05
3 «68640E-05
4 «68640E-05
5 «68640E-05
6 «68640E-05
7 «68640E~05
8 «68640E-05
9 «68640E-05
10 «68640E-05
11 «686 40E-05
12 «68640E-05
13 «68640E-05
14 «68640E-05
15 «68640E-05
16 «68640E-05
17 «68640E-05

2)= «13412€
+13412E-05
«13412E-05

Q
«10001€E+01
+«10001E+01
«10001E+01
«100C1E+01
«10001€+01
«10001E+01
«10001E+01
+»10001E+01
»10001€£+01
«10001E+01
«10001E+01
»10001E+01
«10001E+01
«10001E+01
+100C1E+01
«10001E+01
«10001E+0Q1
«10001E+01

ALP(2)
«35290E-03
«35290E-03
«35290€E-03
«35250E-03
+«35290E-03
+35290£-03
«35290E-03
«35290€E-03
«35290€E-03
«35290€-03
«35290E-03
+«35290E-03
«352G0E-03
«35290E-03
«35290€E-03
«35290E-03
+«35290£-03

-05 «13412€

«13412€E-05
«13412€E-05

T
«10000FE+01
«10000E+01
«10000E+01
»10000E+01
«10000€+01
+10000E+01
+10000E+01
«10000E+01
«10000E+01
«10000£+01
«10000E+01
«10000E+01
«10000E+01
+«10000E+01
«10000E+01
+10000E+01
«10000E+01
+10000E+01

ALP(3)
«16940E+00
«16940E+00
«16940E+00
«16940E+00
+16940E+00
«16940E+00
+16940E+00
«16940E+400
+16940E400
«16940E+Q0
+16940E+00
+16940£+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940£+00

=05

«13412E-05 «13412E

«13412E-05 «13412E-05

P
«10000E+01
«10000E+01
+10000E+01
«10000E+01
«10000E+01
+10000E+01
+10000E+01
»10000E+01
+10000E+01
+10000E+01
«10000E+01
«10000E+01
+10000E+01
»10000E+01
»10000E+01
«10000£+01
«10000£+01
+10000E+01

ALP(4)
«91770E-02
+91770E-02
«G1770E-02
«91770E-02
«91770E-02
«91770E-02
+91770E-02
»91770E-02
«91770E-02
«91770E~02
+91770E-02
«91770€E-02
«91770€E-02
«91770E-02
«91770£€~-02
+91770€-02
«91770€-02

TH
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

ALP(5)
«67580E-01
«67580E-01
«67580E-01
«67580€-01
+67580€-01
«67580£-01
«67580E-01
.67580E-01
«67580E-01
«67580£-01
«67580E-01
«67580E-01
«67580E-01
«67580£E~01
.67580E-01
«67580€-01
«67580E-01

-05 «13412E

«13412€-05

EM
«19030E+01
+»19030E+01
«19030E+01
«19030E+01
«19030€+01
+19030€E+01
«19030E+01
«19030E+01
+19030E+01
«19030E+01
+19030E+01
«19030E+01
«19030E+01
+19030E+01
+19030E£+01
+15030E+01
«19030E+01
+19030E+01

ALP(6)
+33430E-02
«33430E-02
«33430E-02
+33430E-02
«33430€-02
+32430E-02
«33430E-02
«33430E-02
«33430E-02
+33430E-02
«33430E-02
«33430E-02
«33430E-02
+336430€-02
«33430€E-02
«33430E-02
«33430€-02

=05 «13412E-05 «13412E-05
RHO GAM PITOT

+99980E+00 «12655E+01 «16817€+00
«99980E+00 «12655E401 «16817€+00
+99980E+00 «12655€+01 «16817 +00
«99980€+00 «12655€E+01 «1681TE +00
«99980E+00 «12655€+01 «16817E+00
«999B0E+00 «12655E+01 16817t +00
+99980E+00 «12655E+01 .16817E +00
+99980F +00 «12655E+401 «16817E+00
«99980E+00 «12655E+401 «16817E +00
«99980F+00 «12655E+01 «16817 +00
+99980E+00 «12655€E401 «16817E+00
«99980E+00 «12655€E+01 «16817: +00
+99980E+00 «12655E+01 «16817€+00
«99980E+00 «12655E+01 16817 +00
«99980E+400 «12655E+01 «16817E +00
«99980E+00 «12655E+01 «16817E +00
+99980E+00 «12655E+401 .16817 +00
+«99980E+00 +12655E+01 +16817€ +00
ALPIT) PHI W

2+ 75014E+00 «10001E+01 «23218E+02
«75014E+00 «10001E+01 «23218£+02
«75014E+00 «10001E+01 #23218E+02
«75014E+00 «10001E+01 «23218E+02
«75014E+00 «10001E+01 «23218E 402
«75014E+00 «10001E+01 «23218E+02
«75014E+00 «10001E+01 «23218E+02
+75014E+00 «10001E+01 023218E+02
+75014E+00 «10001E+01 °23218E+02
«75014E+00 +10001E+01 «23218E+02
«75014E+00 «10001E+01 «23218E+02
«75014E+00 «10001E+01 »23218E+02
«75014E+00 «10001€+01 «23218E+02
«75014E+00 «10001E+01 «23218E+02
«75014£+00 «10001E+01 «23218E+02
«75014£+00 +«10001E+01 « 23218 +02
«75014E+00 «10001E+01 »23218E+02
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18 «68640E-05 «35290E-03 «16940E+00 «91770€-02 «67580€-01 «33430E-02 «75014E+00
*erkkEkek

DISCRET EXPANSION OF DNU= ,209E+QOHAS BEEN INSERTED AT .920E+0l
LRI L2 2T 2]

A SHOCK WAVE BETB8s -,371E+O0HAS BEEN INSERTED AT X= .142E+02WITH A TURNING ANGLEa= 140E+00
*hkkekbhkk

DISCRET EXPANSION OF DNU=s ,140E+00HAS BEEN INSERTED AT .192€+02
ehkkkrkkk

SHOCK WAVE BETB( &)HAS RFFLECTED FROM THE WALL AND HAS BECOME BETB( 7)

«10001E+01

«23218E+02

d XIaNaddv
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KOUNT= 3500
X = «47115€+02

SHOCK TYPE 7
VISCOSITY(LB*SEC/FT*%2)=»

»14188E-05 «14361E-05
«14179E-05 ¢ 12729E-05
+12998E-05 «12945E~05
PTa Y
1 0.
2 «B4500E+00
3 «16204E+01
4 «23409E+01
5 «30158E+01
6 «36526E+01
7 «42571E401
8 «48365€+01
9 «53953E+01
10 «59352E+401
11 «64608E+01
12 «69747E+01
13 «74783E401
14 «79736E+01
15 «84683E401
16 +934964E£+01
17 «93494F+01
18 «10056E+02
19 +10967E+402
20 «11885E+02
21 «12871E+02
22 »13844E+02
23 «14810E+02
24 «14824E+02
25 «14845E402
PT. ALP(1)
1 «53533€-03
2 «54401E-03
3 «55020E-03
L} «55486E-03
5 «55884€-03
6 «56281E-03
7 «566T4E-03

BETA = «532E+00
+13179E-05 «13262€-05 «13374E-05 «13511€E-05 +13666E-05 «13835E-05 «14011€-05

«14522E-05 «14659E-05 «14752€E-095 «14762€-05 «14618E~05

«12861E-05 «12930E-05 «12991E-05 «13020E-05 «13023E-05

«12944E-05 «12942E-05

Q T 4 TH EM RHO GAM PITOT
«11654E+401 «96858E+00 «40707€+00 0. «22867E401 «43075E+00 «12595E+01 «95194E-01
«11705E+01 «96489E+00 «40818E+00 «14091E-01 «23006E+01 «43347E400 «12597E+01 96527 -01
«11724E+01 +96339€+00 «41107€E+00 «27036E-01 «23058E+01 «43714E+00 +12599E€+01 37576 =01
+11724E+401 «96334E+00 «41530€+00 «39121E-01 +23056E+01 +44159E+400 «12599E+01 +38494E-01
«11712€+01 «96416E+00 +42051€E+00 +50573€E-01 «23021E+01 044666E+00 «12599E+01 +99357E-01
«116G4E+01 +96546E+00 «42635E+00 «61588E-01 «22968E401 «45219E+400 «12599E+01 +10019 +00
«11671E+01 «36705E+00 «43256E+00 2 72319E-01 «22903E+01 «45793€+00 «12599E+01 «10099 +00
«11647E+01 «96883E+00 «43892€E+00 «82912£-01 2+22833E4+401 «46372E+00 «12598E+01 «10173%+00
+11622€+01 «GT065E+00 2 44516E+00 +93406E-01 «22761E+01 «46935E+00 +«12598E+01 «10241E +00
«11598E+401 «97221E+00 «45096E+00 «10371E+00 «22694E+01 «4T461E+00 «12398E+01 +«10298E +00
«11578E+01 «97333E+400 «45585E+00 +11363E+00 «22639E+01 «47911E+00 +12598E+01 «10343E+00
+11564E+01 «97377E+00 «45903E+00 «12269E+00 «22604E+01 +48213E+00 «12598E+01 «10365€ +00
+11562E+401 «GT7279E+00 +45902E+00 «12989E+00 «22608E+01 +48250E+00 «12599€+01 «103522+00
¢11584E£+01 «96924E+400 «45304E+00 «13336E+00 »22688E+01 247786E+00 «12602E+01 +10276€ +00
«11651E+01 «96083E+00 +43584E+00 +12942E+00 229128401 «46365E+00 «12607E+01 »10079 +00
«11876E+01 «93389E+00 +38039E+00 «10403E+00 «23660E+01 «41593E400 «12625E+01 «93956E-01
«11939E+01 «92659E+00 -36631E+00 «92629€-01 «23885E+401 «40395E+00 «12627E+01 «92283E-01
«11923E+01 «92842E+00 +36902E+00 «10725€+00 «23830E+01 040612E+00 «12626E+01 «92310E-01
«11909E+01 +92866E+00 «37093E+00 «12648E+00 «23795€+01 +40B01E+00 «12626E+01 +92149E-01
«11899€+01 «92818E+00 «37167E+00 +«14600E+00 «23776E+01 «40892E+00 «12627E+01 «91751E-01
«118G2E+01 +92684E£+00 «37136E+00 +16709E+00 «23773E+01 +40901E+00 «12629E+01 «91096E-01
«11887E+01 «92507E+00 «37009E£+00 «18795E+00 «23780E+01 «40824E+00 «12632€+01 .90219%-01
«11882E+01 «92332E+00 «36801E+00 «20867E+00 +23786E+01 «40656E+00 «12634E401 «89073E-01
«11882E+01 «92331E+00 «3679TE+00 «20896E+00 «23786E+401 «40653E+00 «12634E+01 «89055£-01
«11882E+01 «92331E+00 «36792E+00 «20944E£+00 «23786E+01 «40647E+00 «12634E+01 «89026E-01
ALe(2) ALP(3) ALP(4) ALP(5) ALP(6) ALPLT) PHI W
224526E-02 «21925E+00 .28180E-02 «17205€-01 «76026E-02 «75014E+00 «10001E+01 +23802E +02
«24821€-02 »21908E+00 «28291E-02 «17343€-01 «75786E-02 «75014E+00 +10001E+01 23796k +02
«25068€E-02 « 21893E+00 +28395E-02 «17447€-01 «75864E-02 «75014E+400 «10001£+01 223792 402
«25289E-02 .21878E+00 +28499€E-02 «17530€-01 «T£163E-02 +75014E+400 «10001E+01 «23788E +02
«25509E-02 «21B62€+400 «2860BE~Q2 «17605E-01 «76615€-02 «75014E+400 «10001E+01 «237B4E +02
«25747€E-02 «21845E+00 «28728E-02 «17682E-01 «77178BE-02 «75014E+00 «10001E+01 23779402
«25993E-02 +21827E+00 +28854E-02 «17758E-01 +»77808E-02 «75014E+00 «10001E+01 «23775E +02
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0tlL

10
11
12

14
15
16
17
18
19
20

22
23
24
25

«57048€~-03
«57409€-03
«57846E-03
«58344E-03
«58866E-03
«59504E-03
«60325€-03
«61446E-03
«64446E~03
«64446E~-03
«65029€~-03
«65757€E~03
«66655€~-03
«67871€-03
«69140E~03
«70369€-03
«70372E-03
«70375€-03

«26237E-02
«26477€E-02
«26743E-02
«27021€-02
«27278E-02
«27529E-02
«27758E~-02
2:27947€-02
«2B462E-02
«28462€-02
«28498E-02
«28846E-02
«29243E-02
«29749E-02
+30260E-02
«30750E-02
«30751€-02
«30752€-02

«21809E+00
«21791E+00
«21771E+00
«21751E+00
«21733E+00
«21715E400
«21700E+00
«21695E+00
«21703E+00
«21703E+00
«21707€+400
«21685E+00
«21661E+00
«21631E+00
+21601E+Q0
«21573E+00
«21573E+00
«21573£+400

«28980E-02
+29104E-02
+29240E-02
«29380E-02
«29511E-02
«29638BE-02
+29743E-02
«29776E-02
«29633€-02
«29633E-02
«29589E-02
«29738€-02
«29899E-02
«30095€E-02
«30286€E-02
«30466E-02
«30467€E-02
«30467E-02

«17833€-01
«17905€-01
«17990E-01
.18085E-01
«18185E-01
«18304E-01
«18448E-01
«18608E-01
.18882E-01
«.18882E-01
«18940E~-01
«19059E-01
«19201E-01
«19387E-01
«19577E£-01
«19758E-01
+19759€-01
«13759€~01

+78469E-02
«79134€-02
«79786E-02
«80370E-02
«+80797€-02
«B0943E-02
«80562E-02
«79200E-02
«74926€E-02
«74926E-02
«73871E-02
«74330E-02
«T74703E~-02
«75035E-02
«75278€-02
«75493E-02
«75493€-02
«75493€-02

«75014E+0Q0
«75014€+00
«75014E+00
«75014E400
+75014E+00
«75014E+00
«75014E+00
«75014E+00
+75014€E+00
«75014E+00
«75014E+00
«75014E+00
+75014E+00
+75014E+00
«75014€+400
«75014E+00
«75014E+00
«75014E+00

+»10001£+01
«10001E+01
«10001E+01
+10001E+01
«10001E+01
«10001E+01
«10001€+01
«10001E+01
+10001E+Ql
«10001E+01
«10001E+01
«10001E+01
«10001E+01
«10001€+01
«10001€+01
«10001E+01
«10001E+01
«10001E+01

«23771E +02
23766 +02
0237626 +02
«23757E+02
«23752 +02
«2374TE 402
«23742c +02
#2373 TE +02
«23714E +02
«23730E 402
«23728E+02
#23722E+02
«23715E+02
2 23706E 402
0236975 402
023689 +02
23689 +02
23689 +02

d XIaNaddy
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Example B ~ Second variation (fig. 3):

‘KKKKK s 2161 LL =##x

IPUNCH = 1 XSTEP = L,100E+01 PTZERD = +351E+05

XEs YEsRCRsPTOJs TOJ O 0. 0. 0. 0.
NPTS = 18 NPT = 3 ITYP = 2 ISHOCK = 0 MMAX = 54

JCHEN = 1 IAVE = 0 INTACT = 0

XJ = 0, EMSUB = ,101E+401 RTH = .250E-01 DELTAY =

RE = .672E+06 PR s L100E+01 XLE = L100E+01 EMINF = ,190E+0l

XPOT = ,100E+02 XK1 = ,750€-03 XK2 = ,285E-01 XK3 = ,100E+03

180D = O ABOD = 0. 8BOD = 0. CBOD = 0.

JBOD = 1 EBOD = L750E+01 FBOD = 0. GBOD = 0.

JJlis= 5

XWALL,EEBOD,FFBOD»GGBOD
«920E+01 .750E+01 .213E+00 O.
«142E+02 .B856E+01 .105E+00 0.
+192E+02 .909E+01 L213E+00 O.
«472€+402 .150E+02 0. 0.
«775E+03 .150E+02 0. 0.
LWALL= 1 L8OD= 1
IPRESS = 0 APRESS = 0.

BPRESS = 0. CPRESS e O,

IPRESU = O APRESU = 0. BPRESU = 0. CPRESU = 0.
MASFRAC( 1)s=
MASFRAC( 2)=
MASFRAC( 3)s=
MASFRAC( 4)=
MASFRAC( 5)a
MASFRAC( 6)=

MASFRAC( 7)s=

«6864000E~05
«3529000E-03
«1694000€+00
«9177000E-02
«6758000E-01
«3343000€-02
«7501400E+00

IDIVERG = 0

«300E+00

TIN =

IDD = 4

YBOY = 0,
«214E+04 WINF

XK&4 = 0,

YTP =

«232E+02

«750E+01

PRES =

CHEMFC =

«122E+04

«500E+01

a XIaNaddy
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PROGRA

EMBEODDED

M v
WIT

SUB

SHOCK L}

AND FINITE R ATE H

TYPE OF FLOW IS TWO DIMENSIONAL
CHEMISTRY IS FINITE RATE
JET OR NOZZLE RADIUS (RTH) = «25000€E-01 FT,

REFERENCE CONDITIONS

MACH NO. (EMINF) = «19030E+01

VELOCITY (UIN) = «61561E+04 FT/SEC

TEMPERATURE (TIN) = «21440E+04 DEGREES K
PRESSURE (PRES) = «12212E+04 LB/FT*%2

DENSITY (RHOINF) = «14767E-03 SLUGS/FT#*#3

FROZEN SPECIFIC HEAT RATIO (GAMINF) = +12654E+01
MOLECULAR WEIGHT (WINF) = «23223E+02

REYNOLDS NUMBER (RE) = «16799E+05

PRANDTL NUMBER (PR) = +10000€+01

LEWIS NUMBER (XLE) = «10000€E+01

CUTPUT HEADINGS

X = X/RTH

Y = Y/RTH

Q - VELOCITY/UIN

T - TEMPERATURE/TIN

P — PRESSURE/PRES

TH = FLOW DEFLECTION (RADIANS)

EM = MACH NUMBER

RHO = DENSITY/RHOINF

GAM - SPECIFIC HEAT

XMASS — NON-DIMENSIONAL MASS FLOW
PHI - EQUIVALENCE RATIO

W = MOLECULAR WEIGHT

I S-CHAR

H

SONIC

AVES
2=-AIR

FLOW

CHEMISTRY

d XIAQNEddV
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MASS FRACTIONS

ALP(1)
ALP(2)
ALP(3)
ALP(4)
ALP(5)
ALP(6)

ALP(T)

H

0
H20
He
02
OH
N2

ad XIaNdddy
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KOUNT=

X

VISCOSITY(LB®SEC/FTes2)a

Q
«91820€+01

«13612E=05 «13412E-05
«13412€-05 «13412E-05

p

DO NOWRIFWNE

e e e el el el
BAdPADWN=O

OB RS LN

o
N =0

el e oddon
~NoCWwmaerw

Y
0.
+50000E+00
«10000E+01
«15000€+01
+20000E+01
«25000€+01
«30000€+01
«35000E+401
«400QQE+QL
«45000E+01
«50000E+01
+«55000E+01
«60000E+01
«65000E+01
«67500€+01
«70000E+01
«72300E+01
«75000E+01

ALP(1}
«68640E-09
«68640€E-05
«68640E-05
«68640E-05
+68640E-~05
«68640E-05
«68640E-05
+68640E-05
«68640E=05
«68640E-05
+68640E~05
«68640E-05
«68640E-05
«68640E~-05
«68640E-05
«685640E-05
«68640E-05

+13412E-05 «13412E-05 «13412€-05

+13412E-05 «13412E-05

¢13412€-05 «13412E-05

Q T P
«10001E+01 «10000E+01 «10000E+01
«10001E+01 +«10000€E+01 +«10000€+01
«10001E+01 «10000E+01 «10000E+01
«10001E+01 «10000E+01 +«10000E+01
«10001E+01 «10000E+01 «10000E+01
«10001E+01 +«10000E+01 «10000E+01
«10001E+01 «10000E+01 «10000E+01
«10001E+01 +10000E+01 «10000E+01
+10001E+01 +10000E+Q1 «10000E+01
«10001€+01 +10000E+01 +10000E+01
+«10001E+01 «10000E+01 +10000E£+01
«10001E+01 +10000€+01 +«10000E+01
«10001E+01 +«10000E+01 «10000E+01
+«10001E+01 «10000E+01 «10000E+01
«10001€+01 «10000€+01 +«10000€E+01
+10001E+01 +«10000E+01 «10000E+01
+«10001E+01 +10000E+01 «10000E+01
«10001E+01 +10000E+01 «10000E+01
ALP(2) ALP(3) ALP(&)
«3%290€E-03 «16940E+00 «91770E-02
+35290E-03 «16940E+00 «91770€-02
«35290E-03 «16940E+00 «91770E-02
«35290£-03 «16940E+00 «91770E-02
«35290£-03 «16940E+00 «91770E-02
«35290E~-03 «16940E+00 «91770E-02
«35290E-03 «16940E+00 «91770€~02
+35290€-03 +16940E+00 «91770E-02
«35290E-03 «16940E+00 «91770E~02
«35290€-03 «16940E+00 «91770€-02
«35290€-03 +16940€+00 «91770E-02
«35290€-03 «16940E+00 «91770E-02
«35290E-03 +16940E+00 +91770€-02
«35290E-03 +16940E+00 «91770€E=-02
«35290E-03 +16940E+00 «91770€-02
«35290E-03 + 169 40E+00 +91770€E-02
+35290€-03 «16940E+00 «91770E-02

+13412E-05 +13412€-05

TH

ALP(5)
+«67580E~-01
«67580E~-01
«67580€~01
«67580£-01
«67580€-01
+67580E-01
+67580€-01
+67580E-01
«67580E=01
«67580E-01
«67580E-01
«67580E~-01
«67580E~01
«67580E~-01
«67580€-01
+67580£-01
«67580E-01

«13412€E-05

+13412E-05 «13412E~05 «13412E-05
+13412€-05
EM RHO GAN PITOTY
«19030€E+01 +99980E+00 «126%5€+01 «16817€+00
¢19030E+01 +«99980E+00 «12655E+01 «16817E+00
«19030E+01 +99980E+00 +12655E+01 +16817E+00
+«19030€+01 +99980€+00 «12655E+01 «16817E+00
«19030E+01 «99980E+00 «12655E+01 «16817€E+00
«19030E+01 +»99980E+00 +12655E+01 «16817€+00
+»19030€+01 «99980E+00 «12655€E+01 «16817E+00
«19030E+01 +99980E+00 +12655E+01 +16817€+00
«19030€+01 +99980E+00 «12655€+01 «16817E+00
«19030E+01 +«99980E+00 «12655E+01 «16817E+00
+«19030E+01 +«99980E+00 «12655E+01 +16817E+00
«19030€401 +99980E+00 «12655E+01 «16817€+400
«19030€+01 +99980E+00 «12655€+01 «16817E+00
«19030E+01 «99980E+00 +12655E+01 «16817E+00
+«19030€+01 «99980€+00 «12653€+01 «16817€+00
«16030£+01 «99980E+00 «12655E+01 «16817E+00
«19030E+01 «99980E+00 «12655E+01 «16817E+00
+19030£+01 «99980E+00 «12655E+01 «16817E+00
ALP(S) ALP(T) PHI W
«33430E-02 «735014E+00 +«10001E+01 «23218E+02
«33430E-02 «75014E+00 «10001E+01 «23218€E+02
«33430€-02 «75014E+00 «10001E+01 023218€+402
+33430€-02 «75014E000 «10001E+01 +23218E+02
+33430E-02 +75014E+00 «10001E+01 «23218E+02
«33430€E-02 «73014E+00 «10001E+01 «23218E+402
«33430E-02 «75014E+00 «10001E+01 «23218E+02
+33430E-02 +75014E+00 «10001€+01 «23218E+02
+33430E-02 «75014E+00 +10001E+01 «23218E+02
«33430E-02 +75014E000 «10001E+01 «23218E+02
©33430E~-02 +«75014E+00 «10001E+01 +23218E+02
«33430€E-02 «75014E+00 +«10001E+01 «23218E+02
«33430E-02 «75014€+00 «10001E+01 «23218E+402
«33430E-02 «75014E+00 «10001E+01 «23218E+02
©33430E~-02 «75014E000 +10001E+01 «23218E+02
+33430€-02 «75014E+00 +10001E+01 «23218E+02
«33430€-02 «75014£+00 «10001E+01 «23218E+02

a XIaN3ddv
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18 «68640E-05 +35290€E-03
EEEREEES

«16940E+00 «91770E-02 «67580€E-01 «33430€E-02 «75014E+00

DISCRET EXPANSION OF DNUs .209E+00HAS BEEN INSERTED AT .920E+01

(2112222

A SHOCK WAVE BETBe -,341E+00HAS BEEN
EEEREEES

DISCRET EXPANSION OF DNU= 105E+Q0HAS BEEN

INSERTED AT X=

«142E+02WITH A TURNING ANGLEs

INSERTED AT <192E+02

«105E+00

«10001E+01

«23218E+02

a XIaNdaddyv
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KDUNT= 2161

X

«12306E-05 «12109€-05
»11707E-0% «11768E-05
PTe Y
1 0.
2 «81231E+00
3 «16259E+01
4 «24985E401
5 «24985E+01
6 «32060€+01
7 «37213E+01
8 «42658E+01
9 «48320€+01
10 «54140E+01
11 «60088E+01
12 «66111E+01
13 +T2194E+01
14 «78304E+01
15 «84410E+01
16 «90508E+01
17 «97339€+01
18 «10400E+02
19 «11057E+02
20 «11064E+02
21 «11078E+02
PTe ALP(1)
1 +66601E-03
2 «64688E~-03
3 +65178€-03
4 «66110€-03
5 «66110E-03
(] «61031€-03
7 «62436€E-03
8 «+63634€-03
9 «64803€-03
10 «66054€-03
11 «67554E=03
12 «69185E~03

+28565E+02

SHOCK TYPE 6
VISCOSITY(LB*SEC/FT¢*2)=

BETA = —«51TE+00
«13236€~-05 «13232E-05 «13219€-05 «13189€-05 +«14003E-05 «13186E-05 «12625E~05

«11971€~-05 «11862E-05 «11773E-05 «11710€-05 «11686E-0%

«11851€E~05 «11927€-05 «11964E~05 «11964€E-05 «11964€E-05

Q T P TH EM RHO GAM PITOT
«11427E+01 +97626E400 «50450E400 O, «22279E+01 «52742€E+00 «12603E+01 +11251E+00
«11427E+01 «97607E+00 «50426E+00 ¢31468E-01 «22282E+01 «52725€+400 «12603E+01 «11238E+00
«11429E+01 «97510€+00 «50335E+00 «62847E-01 «22294E+01 «52675E+00 «12604E+01 «11198E+00
+11436E+01 +97136E+00 «50051E+00 +96100€-01 +22341E+401 +52554€E+00 «12607€+01 «11126E+00
«10377€E+01 «10821E+01 «83117E+00 -.69246E-01 «19038E+01 «76996E +00 «12612E+01 «13898E+00
«10605€E+01 +10570E+01 «75123E400 <=.60953E-02 «19891E+01 «72475E+00 «12567E+01 +13609E+0Q0 .
«10723E+01 +10444E+01 «71087E+00 «31895E-01 «20227€+01 +69402€+00 +»12573€+01 01326 4E+00
«10792E+01 «10361E+01 «68T66E+00 «61957€-01 «20432E+01 +6T7654E+00 «12577€+01 «13036E+00
«10835E+401 «10302E+01 «67296E+00 «87579E-01 «20568E+01 +66572E+00 +12581E+01 «12869E+00
«10867E+01 «10252E+01 «66232E+00 +11048E+00 «20671E+01 «65815£+00 «12584E+01 «12730E+00
«10891E+01 «10204E+01 +65350E+00 «13149€E+00 «20760E+01L «65217€+00 «12588E+401 «12602€+00
«10912E+01 «10158E+01 «64599E+00 «15051€+00 «20838E4+401 «64729€+400 «12591€+01 «12483E+00
«10925€E+01 «10118E+01 «64031E+00 «16709€E+00 «20898E+01 643856400 «12595€+01 «12380£+00
«10930E+01 «10086E+01 «63732E+00 +«18060E+00 «20932€+01 «64256€£+00 «12598E+01 «12308E+00
«10924£401 «10064E+01 «63743E200 +19072E+00 «20936E401 «64375€+400 «12600E+01 12275400
«10910€+01 +«10050€E+01 «64012E+00 «19774E+00 «20915E+01 «64699E+00 «12602€+01 «12275E+00
+10888E+01 +10037E+01 «64432E+00 «20289E+00 «20880E+01 «65171E+C0 «12605€+01 «12296E+00
«10867E+01 «10025E+01 +64805E+00 «20632E+00 «20843E+01 «65589E+00 «12607E+01 «12314E+00
«10848E+01 «10011€E+01 «64952E+00 +20931E+00 «20814E+01 «65791E+00 «12609E+01 «12297TE+00
«1084B8E+01 «10011€+01 «b64952E+00 «20933E+00 +20814E+01 «65790E+00 +12609E+01 «12297E+00
«1084BE+01 «10011E+01 «64951E+00 «20944E+00 «20814E+01 «65789€+00 «12609E+01 «12296E+00
ALPL2) ALP(3) ALP( &) ALP(5) ALP(6) ALPL(TY PHI W
«30271€~-02 «21548BE+00 +30741€-02 +19107€~01 «85252E-02 »75014E+00 +10001E+01 +23702€+02
«30306E-02 «21546E+00 «30754E-02 +«19120E~01 «85261E-02 «75014E+00 +«10001€+01 «23701E+0Q2
«30508€-02 «21535E+00 «30829E-02 +19196E-01 «85328€-02 «75014€£+00 «10001E+01 «23698E+02
«31226£-02 «21482E+00 +31189E-02 «19380£-01 ¢87534E=02 «75014E+00 +10001E+01 «23686E+02
«31226€E-02 +21482E+00 «31189€-02 «19380E-01 «87534E-02 «75014E+00 «10001E+01 «23279E+02
«31126E-02 «21370E+00 «32081E-02 +18997€~01 «10237€-01 «T75014E+00 «10001E+01 «23682E+02
«31667€-02 «21376E+00 «31964E-02 «19041€-01 «10068E-01 «75014E+00 «10001€E+01 «23679E+02
«32016E~02 «21366E+00 «32024E~-02 +19204€-01 «99515€-02 «75014E+00 «10001€+01 «23673E+02
«32401€-02 «21349E+00 «32138E-02 +19380€~-01 «98839E-02 «75014E+00 «10001E+01 +23666E402
«32861£-02 «21327€E+00 «32286E-02 +19569€-01 «38453E-02 «75014€+400 «10001E+01 «23659E+02
¢33448E~-02 «21297E+00 «32484E-02 1979601 «98250€E-02 «75014E+00 +«10001E+01 «23649€+02
«34103€-02 «21263E+00 ¢32706E-02 «20041E-01 «98157E~02 «75014E+00 «10001E+01 «23638E+402

d XIaNaIddv



LEL

13
14
15
16
17
18
19
20
21

«70862€E-03
«T2543E-03
«74171E-03
«75736E-03
«T76478E~03
«79295€E-03
+81007E-03
«81008E-03
«81010€-03

«34791€-02
«35506E-~02
+36229E-02
+36930E-02
«37T76E~02
«38650E-02
2394 65E-02
«39465E-02
«39466E-02

«21227E+00
+21188E+00
«21147E+00
«21105E+00
«21049E+00
+21002E+00
«20958E+00
«20958E+00
2 20958E+00

«32945€E-02
+33200£-02
033466E=-02
«33750E-02
+34158E-02
«34462E-02
«34737E-02
«34737E~02
«34737E-02

«20293E-01
«20547E-01
«20795E~01
«21049€E-01
«21394E~01
«21656E-01
«21897€E-01
«21898E~01
«21898E-01

+98192E-02
«98409E-02
«98825€E-02
+99378E-02
«10007€-01
+10083E-01
«10148E-01
«10148E-01
+10149€E-01

«75014E400
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«T5014E+00
«75014E+00
«75014E+00

+«10001E+01
«10001E+01
«10001E+01
«10001E+01
«10001E+01
«10001E+01
+10001E+01
+10001E+01
«10001E+01

«23626E+02
+23614E+02
«23602E+02
«23590£+02
«23576E402
«23562€+02
+23549E+402
+23549E402
«23549E+02

a XIgNIddy
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KKKKK = 2565 LL =%%*
IPUNCH = 1 XSTEP = L100E+02 PTZERO = ,351E+05 IDIVERG = 0 100 = 6
XEs YEsRCR,» PTOJ»TOJ Oo 0. 0. 0. 0.
NPTS = 19 NPT = 5 ITYP = 1 ISHOCK = 1 MMAX = 54
JCHEM = 1 IAVE = 0 INTACT = 0
XJ = 0, EMSUB = <101E+01 RTH = .250E-01 DELTAY = L500E+00 VYBOT = 0.
RE = ,672E+06 PR = L100E+01 XLE = L100E+01 EMINF = 4190E+01 TIN = L214E+04 WINF
XPOT = +100E+02 XK1 = +750E-03 XK2 = .285E-01 XK3 = (100E+403 XK&4 = Q.
180D = 0 ABOD = 0O, 8800 = 0. CBOD = 0.
JBOD = 1 EBOD = L909E+01 FBOD = +213E+00 6GBOD = O,
JdJs= 5
XWALL,»EEBOD,FFB0D,6680D
«920E+01 ,750E+01 +213E+00 0.
«142E+02 o856E+01 +105E+00 0.
+192E+02 .909E+01 .213E+00 O,
e472E+02 +150E+02 0. 0.
o 775E+03 +150E+02 O, Oe
LWALL= 4 LBOD= 1
IPRESS = 0 APRESS = 0, BPRESS = 0. CPRESS = 0.
IPRESU = 0 APRESU s 0. BPRESU = 0. CPRESU = 0.
Is¢t 1)= 0 Ist 2)= 0 IS¢ 3)=s ¢ IS¢ 4)= 0
IS¢ 5)= 0 ISt 6)= & IS¢
BETB( 1)= 0. BETB( 2)= Q. BETB( 3)= 0, BETB( 4)= 0.
BETB( S5)= 0. BETB( 6)= =4517E+00 BETB(

MASFRAC( 1)=
MASFRAC( 2)=
MASFRAC( 3)=
MASFRAC( 4)=
MASFRAC( 5)=
MASFRAC( 6)=
MASFRAC( 7)=

«6860000E=-05
«3530000E~-03
«1690000E+00
«9180000E=-02
«6760000E~01
+«3340000&-02
«7500000E+00

YTP =

«232E+02

« 750E+01

PRES =

CHEMFC =

+500E+01

«122E+04

d XTaNdddv
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PROGRAM

EMBEDDED
SHOC

AND FINITE R AT

TYPE OF FLOW IS TwOD DIMENSIONAL
CHEMISTRY IS FINITE RATE
JET OR NOZZLE RADIUS (RTH) = «25000E-01 FT.

REFERENCE CONDITIONS

MACH NOo (EMINF) = «19000E+01

VELOCITY (UIN) = «61453E+404 FT/SEC

TEMPERATURE (TIN) = +21400E+04 DEGREES K
PRESSURE (PRES) = ¢12200E+04 LB/FT*%2

DENSITY (RHOINF) = 214766E-03 SLUGS/FT*#3

FROZEN SPECIFIC HEAT RATIO (GAMINF) = «12661E+01
MOLECULAR WEIGHT (WINF) = +23200E+02

REYNOLDS .NUMBER (RE) = «16800E+0%Y

PRANDTL NUMBER (PR) = +«10000£+01

LEWIS NUMBER (XLE) = «10000E+01

QUTPUT HEADINGS
X = X/RTH
Y - Y/RTH
@ = VELOCLTY/UIN
T - TEMPERATURE/TIN
P - PRESSURE/PRES
TH = FLOW DEFLECTION (RADIANS)
EM - MACH NUMBER
RHO - DENSITY/RHOINF
GAM - SPECLFIC HEAT
XMASS - NON-DIMENSIONAL MASS FLIW
PHI - EQUIVALENCE RATIOD
W - MOLECULAR WEIGHT

WwITH
SUBSONTIC
K WAVES

E HZ2=-AT1R

VIS-CHAR

FLOW

CHEMIS TRY

@ XIANIddy



ofl

MASS FRACTIONS

ALPIYL)
ALP(2)
ALP(3)
ALP(4)
ALP(5)
ALP(6)
ALP(T)

H

0
H20
H2
02
OH
N2

a@ XIgNIddv




Lil

KQUNT= 2161

X

. «28565E+402
SHOCK TYPE 6 BETA = —e517E+00
VISCOSITY(LB#*SEC/FT*%2)= ¢13222¢-05 «13218E=-05 «13206€-05 «13175E-05 +13989E-05 «12941E~05 «12392E=-05

«12080E-05 +11887E=-05 «11752E=-05 «11645E=05 «11558E~05 +11496E-05 «11473E=05

011494E-05 «11553E-05 «11637E-05 «11712E-05 «11747E-05

PTe Y Q T P TH EM RHO GAM PITOT

1 0. +11437E+01 «37626E+00 «50450E+400 0, «22279E+01 «52794E+00 »12604E+01 2« 11226E+00
2 «81231E+00 «11437E+01 «97607E+00 +506426E+00 «31470E-01 022282E+01 «52777E+00 012604E+01 ¢11213E+00
3 216259E+01 «11439E+01 «97510E+00 «50335E+00 «62850E-01 0¢22294E+01 «52729E+00 012605E+01 «11174E+00
4 «24985E+01 «11445E+01 +97136E+00 «50051E+00 «96100E-01 «22341E+01 «952606E+Q0 ¢12608E+01 +11102E+00
5 024985E+01 «10273E+01 «10821E+01 «83117E+400 =,69250E=01 «19038E+401 e 78421E+00 012556E+01 +13827E+00
6 «32060E+01 e10614E401 «10570E+01 «75123E¢00 =-,61000€E-02 »19891E+01 «72547€+00 ¢12568E401 «13579E+00
7 +37213E401 «10732E+01 «10444E+01 «71087E+00 «31900E-01 «20227E+01 «69470E+00 e12574E+01 013234E+00
8 «42658E401 «10801E+01 «10361E+01 168766E+00 +61960E-01 «20432E+401 e67721E+00 »12578E+01 ¢« 13007E+00
9 +48320E+01 +10845E+01 «10302E+01 «67296E+00 «87580E-01 «20569E+01 «66638E+00 012582E+01 «12841E+00
10 +54140E4+01 «10876E+01 +10252E+01 +66232E+00 «11048E+00 «20671E+01 +65878E+00 +12565E+401 ¢12702E+00
11 «60088E+01 «10901E+01 «10204E+01 «65350E+00 «13149E+00 +20760E+01 «65281E+00 ¢12589E+01 «12574E+00
12 +66111E+01 «10921E+01 «10158E+01 «64599E+00 «15051E+00 «20838E+01 «64793E+00 v12592E+01 +12455E+00
13 «72194E+01 +10935E+01 «10118E+01 «64031E+00 «16709E+00 +20898BE+01 e64447E+Q0 «12595E+01 012353E+00
14 «78304E+01 +«10939E+01 «10086E+01 «63732E+00 «18060E+00 «20932E+01 «64318E+00 «12598E+401 «12281E+00
15 «84410E+01 «10934E+01 +10064E+01 +63743E+400 +19072€+400 +20937c+01 «664437E+00 «12601E+01 012247400
16 +«90508E+01 «10919E+01 +10050E+01 «64012E+00 «19774E+00 «20915E+01 «64765E+400 «12603E+01 ¢12247E+00
17 «97339E+01 +10898E+01 «10037E+01 «64432E+00 «202B9E+00 «20880E+01 «65235E+00 «12606E+01 «12268BE+00
18 «10400E+02 «10876E+01 «10025E+01 «64805E+00 «20632E+00 020843E+01 «65654E+00 «12608E+01 +12286E+00
19 «11078E+02 «10857E+01 «10011E+01 +64951E+00 «20944E+00 +20814E+01 +65854E+00 «12610E+01 012269E+00
PTe ALP(1) ALP(2) ALP{3) ALP(4) ALP(S) ALP (&) ALP(7) PHI W

1 «64600E-03 «30270€~-02 «21950E+00 «30740E-02 +19110E-01 +«85250E-02 «75012E+400 «10002€E+01 ©23702E+02
2 «64690E-03 «30310E-02 +21550E+00 «30750E=02 «19120E=-01 +85260E-02 «75010E+00 «10003E+01L ¢23701E+02
3 «65180E=-03 ¢30510E=02 #+21530E+00 +30830E-02 +19200€-01 «85330€~02 «75018E+00 «99993E+00 «23698E+02
4 «66110€E-03 «31230E-02 «21480E+00 «31190£E=-02 +19380E~01 +87530E~02 «75016E+00 »10000&+01 +23686E+02
5 «66110E-03 «31230E-02 +21480E+¢00 «31190€=-02 «19380€E-01 «87530E-02 «75016E+00 +10000E+01 +23686E+02
6 «61030E-03 «31130&~02 «21370E+Q0 +3208QE~-02 «19000€E-01 +10240E-01 +75013E+00 «10001E+01 023682£+02
7 «62440E-03 «31670E-02 «21380E+00 «31960E-02 ¢19040E~01 +10070E-01 «75010E+00 ¢10002E+01 023678E+02
8 «63630E-03 +32020E-02 «21370E+00 «32020E=02 +19200E=01 «99520E-02 «75011E+00 +10002E+01 +23673E+02
9 +64800E-03 ¢32400E-02 «21350E+00 «32140€-02 «19380E-01 +98840E~02 «75013E+00 «10001£+401 223666E402
10 «66050€-03 «32860€-02 «21330E+00 «32290€-02 «19570E-01 «98450E-02 «75011E+00 +«10002E+01 «23658E+02
11 «67550€=03 «33450E-02 «21300E+00 +32480E~02 «19800E-01 +98250€~02 «75011E+00 «10002E+01 «23649E402
12 «69180E~03 «34100E-02 «21260E+00 «32710€-02 «20040E-01 +98160E-02 «75017E+00 +«10000E+01 023638E+02
13 «70860E-03 «364790E-02 «21230E+00 «32950E~02 «20290E-01 +98190E=-02 «75011E+00 ¢10003E+01 +23626E+02
14 2+ 72540£-~03 ¢35510E=-02 «21190E+00 «33200E=-02 +20550E-01 «98410€-02 «75011E+00 «10002E+01 223614E+02

d XIgNdddav
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15

16

17

18

19
EERREEEES

SHOCK WAVE BETB(

«74170E-03
+75740£-03
«77480E-03
«79300€E-03
+81010E-03

«36230E-02
+36930E-02
«37780E-02
«38650E~02
©«39470E=-02

«21150E+00
«21100E+00
«21050E+00
«21000E+Q0Q
«20960E+00

«33470E-02
«33750E-02
«34160E-02
«34460E-02
«34740E-02

«20800E~01
«21050E-01
«21390E-01
«21660E=01
«21900E-01

6)HAS REFLECTED FROM THE WALL AND HAS BECOME BETB!( 7)

+98820E~-02
«99380E-02
«10010E-01
«10080E=-D1
+10150E-01

«75011E+00
«75019E+00
+75013E+00
«75026E+0D
«75012E+00

+«10002€+01
«99992E+00
«10002E+01
«10000E+01
«10002E+01

«23602E+02
«23591E+02
«23575E+402
«23562E+402
023549E+02

a@ XIaNaddy
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KOUNT= 2560

X

p

VOJOW SN - —

PN NI 1= b b b 1 s s B s
WNHOO®NT WS WNEO

WO WN - -

«47112E402

SHOCK TYPE 7

BET

VISCOSLTY(LB#*SEC/FT*%2)= «13085E
+14073E-05 «14256E-05
«15039E-05 «15088E-05
«13122E-05 «13102E-05

Y
Oe
«94952E+00
«17596E+01
«25213E+01
«32360E+01
«39178E+01
«45638E+01
«21824E+01
«57812E+01
+63670E+01
+69450E+01
«75051E+01
+80614E+01
«86042E+01
«91375E+01
2 96639E+01
«10173E+402
«11087E+02
+11087E+02
«12097E+02
+13079E+02
«14039E+02
+15035E+02

ALP(1)
«54596E-03
«54783E-03
«55296E-03
«55715€E-03
«56098E-03
«56458E-03
+56827E=03
¢57220E-03
«27673E-03

«14430E-05
«15116E-05

Q
¢11795E+01
«11789E+01
«11781E+01
e 11756E+01
«L1727E401
¢11696E+01
e 11666E+01
«11637E401
«11611E+01
+11586E+01
e 11562E+01
«11541E+01
«11523E+01
«11508E+01
+11496E+01
«11488E+01
«11482E+01
«11475€+01
«12011E+01
«11972£+01
«11946E+01
+11931E+01
+11922E+01

ALP(2)
«24613E~02
«24730E=02
0«24987E-02
«25262E=-02
+25533E-02
«25797E-02
«26059E=02
026324E-02
«26609E-02

A = «602E+00

=05 «13121E

«14592E-05
+15136E=05

T
«95771E+00
«95850E+00
«9588BE+00
«96103E+00
«96351E+00
+96607E+00
«96844E+00
«97056E+00
«97239E+00
+97398E+00
«97532E+00
«97636E+00
«97695E+00
«97712E+00
«97700E+00
«37652E+00
«97567E+00
«97490E+00
+91395E+400
«91731E+00
«91821E+00
+91779E+00
«91615E+00

ALP(3)
«21932E+00
«21923E+00
«21904E+00
«21682E+00
#»21861E+00
«21842E+400
221823E+400
«21804E+00
«21782E400

=05 «13229E=05 «13362E
«14735E-05 »14862E~05
«12752E-05 ¢12954E-05
4 TH
«40391c+00 0.
«40540E+00 «15385E-01
«40897£+00 ¢28382E-01
«41408E+00 «40610E-01
«42019E+00 ¢52167E-01
0 42693E+00 «63378E-01
+433B6E+00 «74269E-01
«44073E+00 «85025E-01
«44738E+00 +95798€-01
«45367E+00 «106T0E+00
«45948E+00 «11780E+00
«46457E400 «12884E+00
«46895E+00 «14001E+00
047239E+00 «15100E+00
«47482E+00 «16180E+00
«47626E+00 «17244E+00
«4T7687E+400 «1B271E+00
«47715E+00 «20150E+00
«35083E+00 «10680E+00
+»357586E+00 «13353E+00
+36146E+00 +15917E+00
«36268E+00 «18394E+00
«36165E+00 «20986E+00
ALP(4) ALP(5)
«28140E-02 +17351E-01
«28201E-02 017388E-01
«28325€E-02 +17482E-01
«28470E-02 017567E~-01
«28616E-02 +17648E~01
+28759E=02 «17725E=01
«28899E=-02 «17801E~01
«29039E-02 «17880E-01
«29184E-02 «17967E-01

=05 +13522E-05 +13700E-05 +13886E-05

«14964£-05

«13076E-05

EM RHO GAM PLITOT
#23248E+01 «43264E+00 «12602E+01 «97206E~01
«23226E+401 «43383E+00 012601E+01 +97363E=01
«23204E+01 +43740E+00 e12602E+01 +98002€E=-01
«23127E+01 «44179E+00 «12601E+01 +98541E-01
«23038E+01 «44707E+00 «12600E+01 «99180E-01
022944E+01 «45294E+00 012600E+01 «99895E~01
«22856E+01 «45907E+00 +12599E+01 +10065E+00
«22774E+01 «46523E+00 ¢12598E+01 010141E+00
¢22698E+01 247126E+00 «12598E+01 «10212E+00
0«22628E+01 «47700E+00 «12598E+01 ¢10276E+00
022564E+01 «48233E+00 «12598E+01 «10330E+00
«22509E+01 «48704E+00 «12598E401 «10371E+00
022463E+01 «49121E+00 «12599€+01 «104C1E+00
022428E+01 249459E+00 «12599E+01 «10417E+00
2 22402E+01 «49706E+00 «12600E+01 «10416E+00
«22388E+01 «49868E+00 «12601E+01 «10402E+00
022383E+01 049962E+00 «12602E+01 «10376E+00
«22376E+01 «50022E+00 012603E+401 «10307€+00
«24150E+01 «39221€+00 «1263BE+¢0L ¢89830E-01
«24028E+0] «39822E+00 «1263TE+01 +90154E-01
«23959E+01 +40198E+00 «12637E+01 «90012E-01
#23928E+01 +40340E+00 «12639E+01 «89392E-01
«23923E+01 «40276E+00 012641E+01 «88263E-01
ALP(6) ALP(7) PHI W
0 73929€E-02 #75012E+0Q0 «10002E+01 «23799E+02
074232E-02 «75012E+00 «10002E+01 23797402
e 74653E-02 e75013E+00 «10001E+01 «23793E+02
«75414E=02 «75014E+00 +10001E+01 «23788E+02
«76233E=02 «T5014E+00 +«10001E+01 «23783E+02
e 77062E~02 +75013E+00 «10001E+01 e23778E+02
2« 77856E-02 e75012E+00 «10002E+01 «23773E402
«78611E-02 #»75012E+00 +«10002E+01 023769E+02
+79340€-02 «75012E+00 «10002E+01 023764E402

a XIQNaddy
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
hokkok kR kkk

A SHOCK WAVE BETB= =«330E+00HAS BEEN

«58170E-03
+28702E-03
259256€-03
»59924E-03
«60533E-03
«61277€E-~03
«62032E~03
«62948E~03
+68636E-03
«68636E~03
«69590E~03
«70600E-03
«71617E-03
+73069E-03

026906E-02
«27209E~02
«27497E-02
»27813E-02
«28157€-02
«28509E-02
«238840E-02
«29158&-02
«29762E~-02
«29762E-02
+30022E~-02
«30476E-02
+31004E-02
¢31592E=02

«21761E+00
«21739E+00
+21717E+00
«21691E+00
«21663E+00
«21641E+00
«21619E+00
«21598E+00
+21636E+00
«21636E+00
221616E+00
«21587E+00
«21551E+00
«21521E+00

INSERTED AT X=

+29334E=02
«2948BE-02
0296 47E-02
»29825E-02
«30040E=-02
«30201E-02
+30361E-02
«304B87E-02
«30066E=02
«30066E-02
«30144E=-02
«30388£=-02
«30626E-02
«30845E-02

«18062E-01
«18165E~01
«18282E-01
+18419E-01
«18579E~Q1
«183708E-01
«18847E-01
«18977E-01
+19490E-01
+19490€-01
¢19621E-01
+19813E=-01
«20015€-01
020227E-01

»472E+02WITH A TURNING

«80039E-02
«80702E-02
+81283E=-02
+B81810E-02
+82277€E-02
«82722E-02
«83061E-02
«83329E-02
2+ 73656E-02
«73656E-02
«73228€-02
+73902€=02
«74377€E~-02
«74709E-02

«75012E+00
«75012E+00
«75011E+00
«75013E+00
«75013€+00
«75013E+00
«75012E+00
«75012E+00
«75012E+00
«75012E+00
«75019E+00
«75013E+00
«75016€+00
«75012E+00

ANGLE= ,210E+00

«10002E+01
+10002E+01
«10002E+01
«10001E+01
«10001E+01
«10002E+01
+10002E+01
«10002E+01
«10002E+01
«10002E+01
«99992E+00
«10002E+01
«10000E+01
«10002E+01

«23758£+02
«23753E+02
¢23747E+02
«23741E+02
+23735E402
«23728E+02
«23722E+02
«23715E+02
«23712E+02
«23704E+02
«23700E+02
«23690E+02
+23682E+02
023671£402

a XIQNEddYV
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Example C - Third variation (fig. 4):

KKKKK = 2635 LL =**»
IPUNCH = 1 XSTEP = .100£+401 PTZERO = .351E+05 IDIVERG = 0 I0D = 4
XEs YEsRCR,PTODI» TOJ 0. 0. O 0. 0.
NPTS = 18 NPT = 5 ITYP = 2 ISHOCK = 0 MMAX = 54
JCHEM = 1 IAVE = 0 INTACT = 0
XJ = 0. EMSUB = ,L101€+01 RTH = .250E-01 DELTAY = ,500€E+00 VYBOT = 0.
RE = .672E+06 PR = ,L100E+01 XLE = L100E+01 EMINF = .190E+01 TIN = .214E+04 WINF
XPOT = L100E+402 XK1 = L750E-03 XK2 = ,285E-01 XK3 = ,L100E+03 XK& = 0.
IBOD = 0O ABQOD = 0. 880D = 0. cBOD = 0.
480D = 1 EBOD = .750E+01 FBOD = O. GBOD = 0.
JdJ= 3
XWALL,EEBOD,FFBOD,GGBOD
«920E+01 .750E+01 .213E+00 0.
«433E402 L147E+02 0. 0.
« 7756403 .147E+02 0. 0.
LWALL= 1 L80OD= 1
IPRESS = 0 APRESS = 0. BPRESS = 0. CPRESS = 0.
IPRESU = 0 APRESU = 0. BPRESU = 0. CPRESU = 0.

«6864000E-05
«3529000€~-03
«1694000€E+00
«9177000€-02
«6758000E-01
+3343000E-02
«7501400E+00

MASFRAC( 1)=
MASFRACL 2)=
MASFRAG( 3)=
MASFRAC( 4)=
MASFRAC( 5)=
MASFRAC! 6)=
MASFRAC( 7)=

YTP a

2326402

«750E+01

PRES =

CHEMFC =

«122E+04

«+500E+01

d XIaNaddy
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PROGRA

EMBEDDETD

M VIS-CHAR

WITH

SUBSGONTIC

SHOCK

AND FINITE R AT

TYPE OF FLOW IS TWO DIMENSIDNAL
CHEMISTRY IS FINITE RATE
JET OR NOIZILE RADIUS (RTH) = »25000E£-01 FT.

REFERENCE CONDITIONS

MACH NO. (EMINF) = «19030E+01

VELCOCITY (UIN)} = «61561E+04 FT/SEC

TEMPERATURE (TIN) = «21440E+04 DEGREES K
PRESSURE (PRES) = «12212E+04 LB/FT*%2

DENSITY (RHDINF) = «14767E-03 SLUGS/FT#43

FROZEN SPECIFIC HEAT RATIO (GAMINF) = «12654E+01
MOLECULAR WEIGHT (WINF) = «23223E+02

REYNOLDS NUMBER (RE) = «16799€+05

PRANDTL NUMBER (PR) = «10000E+01

LEWIS NUMBER (XLE) = «10000E+01

OUTPUT HEADINGS

X - X/RTH

Y - Y/RTH

Q - VELOCITY/UIN

T - TEMPERATURE/TIN
P — PRESSURE/PRES

TH - FLOW DEFLECTION (RADIANS)

EM - MACH NUMBER

RHO - DENSITY/RHOINF

GAM - SPECIFIC HEAT

XMASS = NON-DIMENSTONAL MASS FLOW
PHI - EQUIVALENCE RATIO

W = MOLECULAR WEIGHT

E H

WAVES

2 - ATIR

FLOW

CHEMISTRY

a XIaNHddV
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MASS FRACTIONS

ALP(1) - H
ALP(2) - O
ALP(3) - H20D
ALP(4) - H2
ALP(S) - D2
ALP(6) - DH
ALP(7) - N2
KOUNT= 0
X = «51820E+01
VISCOSITY(LB*SEC/FT*%2)= «13412E-05 «13412£-05 «13412E-09
«13412E€-05 «13412E-05 +13412E-05 »13412E-05 «13412E-05
«13412E-05 «13412€-05 »13412E-05 »13412E-05
PT. Y Q T P
1 0. «10001E+01 +10000E+01 »10000E+01 O.
2 «50000E+00 «10001E+01 .10000€£+01 »10000E+01 0.
3 «10000E+01 «10001E+01 +«10000E+01 +«10000€E+01 0.
4 +«15000E+01 «10001£+01 « 10000E+01 «10000E+01 O,
5 «20000E+01 «10001E+01 +«10000E+01 +10000E+01 0.
L} «25000€+01 «10001€+01 «10000E+01 +10000E+01 0.
7 «30000E+01 «10001E+01 «10000E+01 «10000€E+01 0.
8 +35000E+01 «10001E+01 «10000E+01 «10000E+01 0.
9 «40000E+01 «10001E+01 «10000€+01 «10000€+01 0.
10 «45000E+01 «10001E+01 «10000E+01 +»10000E+01 0.
11 +50000E+01 «10001£+01 «10000E+01 «10000€E+01 0.
12 «55000€+01 «10001E+01 «10000€+01 »10000E+01 O,
13 «60000E+01 «10001E+01 «10000E+01 «10000E£+01 O.
14 «65000E+01 «10001E+01 +10000E+01 «10000E+01 0.
15 «67500E+01 «10001E+01 »10000E+01 «10000€E+01 O,
16 «70000E+01 «10001E+01 +10000E+01 «10000E+01 0.
17 «72500E+01 «10001E+01 +10000€E+01 «10000E+01 0.
18 «75000E+01 «10001E+01 +«10000E+01 +«10000E+01 0.

TH

»13412€-05
«13412E-05

«13412E-05 «13412€E-05 «13412E-05
«13412E-05
EM RHO GAM PITOT
«15030E+01 «99980E+00 «12655E+01 +«16817E+00
+19030E+01 +99980E+00 «12655E+01 «16817E+00
«19030€+01 +99980F+00 «12655E+01 «16817E+00
+«19030€+01 «99980E+00 «12655E+01 «16817E+00
«19030€+01 «9998B0E+00 «12655E+01 «16817€E+00
«19030€E+01 +99980E+00 «12655€+01 «16817E+00
«19030E+01 »99980E+00 «12655E+01 «16817E+00
«19030€E+01 «99980€+00 «12655€+01 +»16817E+00
«19030E+01 «99980E+00 «12655E+01 «16817E+00Q
«19030E+01 «99980E+00 «12655E+01 «16817E+00
«19030E+01 «99980E+00 «12655E+01 «16817E+00
+19030€+01 +99980E+00 «12655E+01 +168L7€+00
«19030E+01 +99980E+00 «12655E+01 «16817E+00
«19030E+01 «99980E+00 «12655€+01 «16817E+00
+19030€E+01 «99980E+00 «12655E+01 «16817E+00
«19030€+01 +«99980E€00 «12655€E+01 «16817E400
+«19030E+01 +99980E+00 «12655€E+01 +16817E+00
«19030E+01 «99980E+00 «12655E+01 «16817E+00
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ALP(1)
«68640E-05
«6B640E-05
«6BH40E-O05
+68640E-05
+68640E-05
«68640E-05
«68640E-05
+68640£-05
«68640E-05
«68640E-05
«6B640E-05
«68640€-05
«68640E-05
«68640E~05
«68640E-05
«68640E-05
«68640E-05
«68640E-05

ALP(2)
«35290€E-03
«35290E-03
«352G60E-03
«35290€-03
«35290E-03
«35290E-03
«35290€-03
«35290€-03
«35250€-03
«35290€£-03
«35290E-03
«35290£-03
«35290E-03
«35290€-03
«35290E-03
«35290E-03
+«35290E-03
«35290€-03

ALP (3)
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00

«16940E+00 °

+16940E+00
*«16940E+00
«16940E+00
«16940€+00
«16940E+00
«16940E+00
«16940E+00
«16940E+00

«209E+00HAS BEEN INSERTED AT

ALP(4) ALP(5)
«91770E~-Q2 «67580€-01
+91770E-02 «67580E~01
+«91770E-02 +67580E-01
«91770E-02 «67580E-01
«91770E-02 «67580E-01
«91770E-02 +67580€-01
«91770€E-02 «67580E-01
«91770€-02 »675B0E-01
«91770€-02 «67580E-01
«91770€E-02 «67580E-01
«91770E-02 «67580€-01
+91770E-C2 «67580E-01
«91770€-02 «67580E-01
«91770E-02 «67580E-01
«91770E~02 «67580€E-01
«91770E~02 »67580E-01
«91770E-02 «67580E-01
+91770E-02 «67580€-01

«920E+01

aLels)
«33630E-02
«33430E-02
+33430E-02
+33430E-02
+33430E-02
«33430€-02
«33430€E~02
+«33430E-02
«33430E-02
+33430E-02
«33430E-02
«33430€-02
«33430E-02
«33430E-02
«33430€E-02
¢33430E-02
«33430€E-02
«33430E-02

ALPLT)
«75014E+00
«75014E+00
«75014E+00
«75014E+00
+75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
«75014E+00
+75014E+00
«75014E000
«75014E+00

PHI
«10001E+01
«10001E+01
+«10001E+01
«10001E+01
«10001E+01
«10001E+01
«10001€+01
«10001E+01
«10001E+01
«10001E+01
«10001E+01
«10001€E+01
«10001E+01
«10001E+01
«10001E+01
«10001E+01
+10001E+01
«10001E+01

W
«23218E+02
«23218E402
«23218E+02
«23218E+02
+23218E+02
«23218E+02
«23218E+02
«23218E+02
«23218E+02
«23218€402
+23218E+02
«23218E+02
«23218E+0Q2
«23218E+02
«23218E+02
«23218E+02
«23218E+02
«23218E+02
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KOUNTs 2635

X = «43186E+02

VISCOSITY(LB#SEC/FT#%2)s=

«164274E-05 ¢ 14491E-05
¢14999E-05 +14989E-05
PT. Y
1 0.
2 «10489E+01
3 «20921E+01
L} «312647E401
5 «41435E+01
6 «51469E+01
7 «61349E+01
8 «T1086E+01
9 «80700E+01
10 +90216E+01
11 «99662E+01
12 «10907€+02
13 «11847E+02
14 «12791E+02
15 «13266E+02
16 «13744E+02
17 «14226E+02
18 «14684E+02
19 «14705€+02
20 «14723E+02
PT. ALP(1)
1 +54914E-03
2 «54892€-03
3 «54860€-03
4 «54837€-03
5 «54857€E-03
6 «54953E-03
7 «55153E-03
8 «55476E~03
9 «55936£-03
10 «56544E-03
11 «57309€-03
12 «58244E-03
13 «59353€-03
14 «60633E-03
15 «61373E-02

«12911€-05 «12955€-05 «13081E-05 «13273E-05 +»13510E-05 «13769E-05 «14029E-05

«14673E-05 +14815E-05 «14917E-05 +14978E-05 «15002€E-05

«14970€E-05 «14940E-05 «14938€E~-05 «14936E-05

Q T 4 TH EM RHO GAM PITOT
«12042E401 «93325E+00 «35908E+00 0. «24059F+01 «39450E+400 «12613E+01 «92357E-01
«12035E+01 +93403E+00 +36061E+00 +58192E-02 »24035€+401 +39583E+00 «12612E+01 «92569E-01
«12014€+01 «93622€+00 «3649T7E+00 «12132€-01 +23965€+01 «39967E+00 «12611E+01 «93173E-01
«11982E+01 +93950E+00 «37165E+00 «19377€-01 «23861E+01 «40553E+00 «12610E+01 «94081E~01
«11943E+01 +94343E+00 «37989E+00 «27891E-01 «23734E+01 «41276E+00 «12608E+01 «95176E-01
«11901E+01 «94756E+00 «38891E+00 .37883€-01 +23598E+01 +42065€+00 «12606E+01 «96333E-01
+»11858E+01 +95151€400 +»39795E+00 «49446E-01 «23464E+01 «42B858E+400 «12604E+01 «97441E-01
+11818E+01 +95499E+00 +40644E+00 «62571E-01 +23341E+01 +43603E+00 «12603E+01 +»98411E-01
«11782E+01 «95779E+00 «41391E+00 «77180€-01 «23234E+01 «44265€+00 «12602E+01 +99179E-01
«11751E+401 +95879E+00 +42008E+00 +931646E-01 «23146E+01 «4481BE+00 «12602E+01 «99703E-01
«11726E+01 +«96094E+00 «424T7E+00 «11032E+00 «23080E+01 «45251E+00 «12602E+01 «99960E-01
«11707€+01 «96121E+400 «42795E+00 «12852€+00 «23034E+01 +45560€400 «12603E+401 «99942E-01
«116G4E+01 «96062E+00 +42961E+00 «14759E+00 «23010E+01 245748E+00 0 12604E+01 +99651E-01
«11686E+401 «95922E+00 +42984E+00 «16739€E+00 «23004E+01 «45820E+00 «12606E+01 «99096E-01
«11684E+01 «9581T7E+00 «42939E+00 «17765E+00 «23009E+01 «45811E+00 «12608E+01 «98709E-01
«11683E+01 «95693E+00 «42863E+00 »18803E+00 «23018E+01 «45778E+00 «12609€+01 «98264E-01
«11683E+01 «95555E+00 «42759E+00 «19855E+00 «23030£+401 «45721E+00 «12611E+01 «97761E-01
«11683E+01 «95450€+00 «42635E+00 +20856E+00 «23039E+01 «45629€400 «12612E+01 «97181E-01
«11683E+01 «95449E+400 +42628E+00 «20903€+00 «23039€E+01 +45622E+00 «12612€E+01 «97151E-01
«11683E+01 «95449E+00 «42623E+00 «20944E+00 «23039€+01 +45617E+00 «12612E+01 «97123E-01
ALP(2) ALP(3) ALP(4) ALP(3) ALP(6) ALPLT) PHI W
«23921E-02 «21996E+00 «27658E-02 «17293E-01 «6B954E-02 «75014£+00 «10001E+01 «23810E+02
«23939€-02 «21994E+00 «27672E-02 «17294€-01 «69116€E-02 +T75014E+00 +10001E+01 «23810E+02
«24004E-02 «21988E+00 «27718€-02 «17299€-01 «69586E-02 «75014E+00 +«10001£+01 «23809E+02
«24113E-02 «21978E+00 «27793E-02 «17312E-01 «70308E-02 «75014E+00 «10001E+401 «23807€+02
«24266E-02 «21964E+00 «27892E-02 «17334E-01 «71206E-02 «75014E+00 «10001E+01 «23805E+02
0«24462€E-02 «21947E+Q0 »28012E-02 «17371g-01 «72203E-02 «75014E+00 «10001E+01 «23801E+02
«24T701E-02 «21928E+00 +28150E-02 +17424E-01 » 72233E-02 +75014E+00 «10001E+01 «23797€+02
»24982E-02 «21906E+00 «28304E~02 «17496E-01 e 74240E-02 «75014E+00 «10001E+01 «23T793E+02
«25306E-02 «21881E+00 «28472E-02 «17589E-01 «75189E-02 «75014E+00 «10001E+01 «23787E+02
«25673E-02 «21855E+00 «28653E-02 »17703€-01 «76055E-02 «75014E+00 «10001E+01 «23780E+02
«26087E-02 «21827€E+00 .28847E-02 «17840E-01 «76828E-02 «75014E+00 +«10001E+01 «23773E402
«26550E-02 +21797E+00 «29055€=-02 +«18001E-01 «T77505€=-02 +75014E+00 «10001E+01 +23765E+02
«27066E-02 «21764E+00 «29277E-02 «18187E-01 «78085€-02 «75014E+00 +«10001E+01 «23756E+02
«27632E-02 «21729E+00 «29512E=-02 «18395E-01 «7B569E-02 «75014E+00 «10001E+01 +23746E+02
«27949E-C2 «21709E+00 «29640E-02 «18514E-01 «78783€E~02 «75014€+00 +10001E+01 «23740E+02
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17
18
19
20

«62159E-03
«62976E-03
«63673E-03
«63677E-03
«63679E-03

«.28280E-02
+28619E-02
«28912€E-02
«28914E-02
«28914E-02

«21690E+00
+21670E+00
«21652E400
«21652E+00
«21652E+00

«29771E-02
«29904E-02
+«30018E-02
«30019€-02
+30019€E-02

+«18638E-01
«18766E-01
«18875€E-01
«18876E-01
+«18876E-01

«78376E-02
»T9144E~-02
+79315€-02
+T79315€-02
»79315€-02

«75014€+00
«75014E400
«75014E+00
«75014E+00
«75014E400

«10001E+01
«10001E+01
+10001E+01
«10001€+01
«10001E+01

«23734E+02
+23728E+02
«23723E+02
»23723E+02
«23723E+02
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Figure 1.- Half-section of the 12° divergent combustor.
Linear distances are nondimensional.
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Figure 2.- Half-section of combustor with a shock-generating filler plate
which produces 8° turning. Linear distances are nondimensional.
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Figure 3.- Half-section of combustor with a shock-generating filler plate

which produces 6° turning. Linear distances are nondimensional.
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Figure U4.- Half-section of combustor with a shock-generating filler plate
which produces four-unit-length constant area. Linear distances are

nondimensional.
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Figure 5.- Comparison of unreacted hydrogen exit profiles
for several combustor shapes.
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