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SUMMARY

This report is a user's guide for a computer code which calcula
laminar and turbulent kypersonic flows about blunt axisymmetric bodi

srherically blunted cones, hyperboloids, ete., at zero and small angles of attnael .

The code is written in STAR FORTRAN language for the CDC-STAR-100 co
Time-dependent viscous~shhck—layer—type equations are used to descri
field. These equations ure solved by an explicit,two—step,time—asym
finite-differcnce meihod. For the turbulent flow, a two-layer, eddy
model is uzed. The coide provides complete flow-field vropertiecs ine
Location, surface rrosoace distribition, surface heating rates, and
friction co=fficient.:. This report contains descriptions of the inp
thae listine of tne procram, and a gample flow-field solution.

INTRODUCTION

This report is a user's guide for a computer code which calcula
laminar and turbulent hypersonic flows about blunt axisymmetric bodi
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spherically blunted cones, hyperboloids, ete., at zero and small angles of sit:ck

Time-dependent viscous-shock-layer-type equations are used to descri

be the flav

field bounded by the body, shock wave, and outflow boundaries as shown in

figure 1. The equations are put in the conservative form as:

ol P I
él + ! Qﬁ =0

ot 55 Ton T
Tao independent variable transformations arec applied to the governin
I'ne tirst transformation maps the computational domain into a rectan
in which the body and the shock wave are made boundary mesh line:.
transformnation further maps the rectangular region into another plan
tigher resolution near the surface, which is desirable for resolving
flow., A time—asymptotic,two—step finite-difference method is used t
rFoverning equations. Solutions are obtained only in the planes of s

£ equaticns.
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the flow field, i.e. the windward and leeward planes. The code given in thie

report considers the flow of a perfect gas only. For the turbulent
two-layer, eddy-viscosity model is used. The details of the governin
eddy-viscosity model, and the method of solution are given in refere

The code is written in STAR FORTRAN language for the CDC-STAR-1
The present method of solution works very efficiently on this comput
results of the code include shock location, surface pressure distrib
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surface heating rate and skin friction, and detailed flow properties at all the
grid points of the flow field. 8ince it is not necessary to solve the flow in
two planes at zero angle of attuack, a separate program listing is given for the
zoro ancie-of-attack case for solving the flow only in one plane of {the flow
Field,

The program listing for the angle-of-attack case is given in appendix A,
the progsram listing for the rvero angle-of-attack case is given in appendix B,
and roocample Input and outpad sre piven in appesdixes U oand Dy respectively.

ConE OTRUCTURE

The code has 2 main prooram which simply calls either BCON or BHYP depending
unon witether the boldy 1s o cnherically Bluanted cone or a hyperboloid. A1l the
inputs are wado in BCON o oYL Thene subreountlines then calenlate the hody freomo-

cyoand startiage colution at all the orld points. Jalcuiations for the tine step

ced whe Tinite 4l iTeroned Yor bthe nredictor andl corroctor steps are also

!
e Y N - 1a - N H -
rertornd in these subroubines.

Tubhroutinge CHOTK calculates the flow properties immediately behind the shock
by using the shock relations and updates the shock shape. Subroutine DLRV calcu-
Trites the normal derivatives of the velocities and enthalpy. These are required
for caleulating the transport terms in the governing equations. OSubroutine VEC2
cuxleulates the flow vectors U, M, N, and Q of equation (1) at the mesh
roints on the axis of symmetry, of the body and subroutine VEC1 calculates at the
remaining mesh points in the flow field. Eddy viscosity is calculated in sub-
routine EDDY which is called after every 25 time steps instead of every time step
to save on computing time. Subroutine VECH calculates the physical flow quantities
such as velocities, density, etc., at the mesh points on the axis of symmetry of the
body and subroutine VEC3 performs these calculations at the remaining mesh points.
Wor the turbulent flow, subreoutine VOGS is ealled in place of VEC3. In the cose
ol zero angle of atback, VECLH is eliminated and the physical flow gquantities at
the body axis are also culeculated in either VECR or VECS depending upon whether
the flow is laminar or turbulent. The boundary conditions on the body surface
are aopplied in subroutine BOUND,

Finally, subroutine BCON or BHYP prints the surface guantities, shock shape,
and drag coefficients after every 500 time steps. At this time, the convergence
ot the solution is also checked. The convergence criterion used in thesc codes
i3 that the surface heating rates should not change by more than 1 percent over
500 time steps. 'The detailed flow-field properties are printed at all the mesh
points after every 5000 time steps and after the solution is converged.

PROGRAM INPUT

The program is set up for 15 mesh points in the tangential direction in each
plane and 101 mesh points in the normal direction. It uses the properties of air
under perfect gas assumption. Sutherland's viscosity law is used to caliculate
the viscosity. The symbolic program name and a brief description of each input
parameter are given.



NBODY Parameter used to choose the type of body. NBODY = 1 for sphericall-
blunted cone and NBODY = 2 for hyperboloid. Rest of the input
parameters are prescribed in subroutine BCON for NBCDY = 1 and in
subroutine BHYP for NBODY = 2.

CC Artificial damping coefficient of the order of 0.001.

™ Free-stream Mach number.

TF Free-stream temperature in OK.

PF Free-stream pressure in N/m2.

THC Half-body angle in radians.

TW Wall temperature in ©K.

RN Body-nose radius in m.

ALPHA Anzle of attack in radians.

DY Mesh spacing in the tangential direction nondimensionalized with nose

radius. TFor spherically blunted cones, it should be so chosen that
the juncture point lies approximately in the middle of two mesh points.

BETA Stretching factor greater than 1. The value of BETA has to be Chonen
such that the viscous region near the surface is properly resolve!l.
To help the user in choosing the value of BETA, the distances of the
first mesh voint away from the body are given below as a percentage ol
shock-lryer thickness for various BETA. With no stre*ching, this
dirtznce will be 1 percent for 101 mesh points in the normel direction.

BETA Distance of first mesh point away from the body as
percentage of the shock-layer thickness.

2.0 0.8262
1.5 0.6742
1.2 O.Luk
1.1 0.295
1.05 0.18L4s5
1.02 0.093
1.01 0.05418
1.005 0.0308
1.002 | 0.01429
1.001 0.0079



FDT Time-step parameter equal to 1 or less. It determines what fraction
of CFL time step be used to march the solution in time. For low
Reynolds numbers and turbulent flows, FDT may have to be much less than

THESH Initial shock angle in radians between the body surface and shock.
For large angle bodies, it can be taken as zero but for bodies with
half angle less than 20°, where the free-stream Mach number
normal to shock may approach 1 for THESH = 0, a suitable small value
should be prescribed for THEGH.

LTURB Number of time steps up to which the flow remeins laminar. Since the
starting solution is obtained by linear interpolation between the body
and the shock values, LTURB should be large enough (4000 or so) so
that reasonable flow profiles are established bhefore the turbulence
is turned on.

LMAX Maximum number of time steps. The code will stop after LMAX time steps
even though the solution may not have converged.

CRIT Convergence criterion.

NT Number of mesh points in the tangential direction up to which the

flow is laminar. The flow becomes fully turbulent for NT + 1. HT
is an input only for the zero angle-of-attack code. For the angle-of-
attack code, the flow is assumed fully turbulent at all mesh points.

PROGRAM OUTPUT

The first quantities to be output are the geometry parameters for the body.
These quantities are:

Y Distance measured along the body surface nondimensionalized with nose
radius, R .
n

THE Local body angle in radians.
R Local body radius normal to axis nondimensionalized with Rn.
CUR Local body curvature nondimensionalized with Rn'

The complete starting solution is then printed at each grid peint in the
flow field. The details of the gquantities printed in it will be given later.

The code prints gross flow quantities after every 500 time steps. These
quantities are:

Y Distance along the body nondimensionalized with Rn.
S shock stan1>f{ distance nondimensionalized with Rn.
us Shock speed nondimensionalized with free-stream velocity, V_.



3,,

CH Surface heating rate nondimensionalized with P V00 wheres 0

the free-stream density.

{\

CF Ckin friction coefficient nondimensionalized with Py Vo
- o . . . . 2
W burface pressure nondimensionalized with p_ Vw.
Chp Local pressure drag coefficient.
ChF Local skin friction drag coefficient (only for zero angle of attuck).

The code prints etalled flow quantities at each grid point after every U005
time steps and wfter the solution is converged. The same gquantities are printed
in the starting solution also. These quantities are:

2N Distance normal to body nondimensionalized with Rn'

U Tangential velocity nondimensionalized with Ve,

v iormal velocity nondimensionalized with V.

WP Crossilow velocity derivative with respect to crogssflow direct s

nondimensicnalized with v, (only for angle of attack).

P Pressure nondimensionalized with Pe fi.

RO Dengity nondimensionalized with Pt

T Temperature nondimensionalized with free-stream temperature, T
H Total enthalpy nondimensionalized with Vi.

vioT Bddy visensity nondimensionalized with laminar viscosity.

GENERAL DISCUSSION

The code presented in this report calculates the hypersonic iow of o ot
gas past axisymmetric bodies at zero and small angles of attack. No-ulip o
no-mass flux boundary conditions are used at the surface. The flow-ticld coivtion
for the sample input conditions, given in appendix C, required 7500 time wtope {or
the zero angle of attack and 10 000 time steps for 5O angle of attack. i iouk
ahout 5 minutes for the zero angle-of-attack case and about 15 minutes for inc &

angle-of-attack case.

The code works well over a wide range of input conditions and body wneico.
With suitable modifications, it has been used for the flow with low Reyuoli.
numbers (ref. 3) as well as for the flow with massive surface blowing {(rev. L.
Recently, the code has been made operational for calculating the acrotherm: |
environment of the Jovian entry probe (ref. 9 ) in which the solutions arc ohtoined
for radiating and reacting flow under chemical equilibrium and massive ablstion
injection. The code also works well for bodies with ablated nose shapes.
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APPENDTIX A

LISTING FOR ANGLE-OF-ATTACK CODE

PROGRAM RRODY (INPUT,NUTPUY , TAPFSIIHPUT, TARPEA=QUTPUT)

TIMESDEPEMNDFANT FINITENIFFFRENCE METHOD FOR CALCULATING THE LAMINAR
AMD TURRULENT KYPERSNNIC FLOWKS ABOUT RALUNT AXISYMMETRIC BUDIES AT
SMALL ANGLE NF aATTACK, LOCAL TIME STEP 1S USED TO MARCH THE
SOLUTIOMN IN TIME,

REFERENCE ATAA PAPER NO, 77e172 (KUMAR AND GRAVES)Y,

MRNOY=! FNR SPHERESCONE, CALL BCON,

NROOYZ2 FDR WYPERAROLNTID, CALL HMYP,

NRODYS Y
IF(NBODY;FO.l)CAlL "EON
TF(NRODY EQ,P) CALL RHYP
STOP

END



¢ _3ROUTINE BCON

DIMENSION CPE(15),CP2(15),CNP1(1%5),CNPR2(15),CDP(1S)

DIMENSION Y(20),THE(29),R(29),CM(29), TEMPI(29), TEMP2(101),2(101),
172¢1013,721C101),64(5) '

DIMENSINN TaU(29,5),TAM(29,5),TAN1(29,5),TAN2(29,5),TAQ(29,5),
1TAUI(29,5),CF(29)

DIMENSION TER(29)Y,TFO(29),TF10(29)

COMMON/ZF JTHFE1(101,29),THE2(101,29),VATR{101,29),0T(101,29)
COMMON/EL/ZNY N, N12,N16,NI5, MY ,M1L,M480,N1d

COMMON/F3/GM1 |GMP_0GM3'GM“'GM5’anpG"‘,anspGMq'BZ'RE‘TNUGAM"SIG'MM
COMMOMZF 2 /NYXM XMy gNXMT  MXMU,NYXMEB, NXME , NXMB ]
COMMON/FU/XX,22,FM,RFTA,SIGT
COMMON/F&/5(29),88(29Y,G(29),C1R(29),U8(29),D5(29),VS(29),VN(29)
COMMON/FH/INT(29),TIMP(2Q), TEMP(29), TE(29Y, TE1(29),TE2(29),TEI(29)
1,TEU(20),TFG(29),TF6(29),TET(29)
COMMON/F7/U(101,29),V(101,29),T(109,29),P(101,29),RN(10]1,29),
1NP(101.29).VTS(10!.?9).“(101.20),8“(101,29).PN(2°).VIST(101029)
COMMON/FR/AT (101,20 ,EMDACIN1,29),28(¢101,29)
COMMON/FQISQt101a20).551(1010203,ns1(!01.29).CU91(101.29),Rl(101v
1290) ) :
COMMON/FYIOD/THEC(101,29), THES(101,29),TV1¢101,29),Tv2(101,29)
CnMMDNIFi1/“”(!01.20),”SH(!01.29).nWPC101.29).Ab(10!,29).
1AT(101,2Q),8R(101,79)
COMMON/FIR/T7220901,29Y,21(101,29),T23(101,29),724¢101,29)
COMMON/F{3/A11(01N01,29,5),AU2¢101,29,8)
COMMON/FIA/A11(101,29,5),4M(0101,29,5),4%(101,29,5),40(101,29,5)
COMMON/FISZa00(101,8),AMD010)1,2,4),ANN(101,4),400{101,4)
COMMON/F {6 /HINF ,REL,RED
VIS(!,112929y=0,

YI1GT{1,1:2926)=0,

Lty ldarsyan,
ALY, 1 18605)2n,

AMCl a1t ttsn8)an,
NOGURFRERRTYES EIN

AU LYY 1yt asLSYso,

AL {S,i, 101480520,

TH{11291=0,

CONSTANTS atn CRFESYREAM CONDIVIONSG
Prol #aTAN T Y

GAMA=S 4

REASZZAT,

S1G6=,72

CP=GAMARRGAS/(GAMARY Y

$167=2,9

fha,001

FHL(0,%

TFalib 2k



g N &

o3y ™D

10

PFet00,77
ROF2PF/TF/RGAS
ALPHAZSS «PI /1RO,
THRC=U45,xP1/180,
TWallo, s
ThaIw/TF

RNz ,02175

DYz, 18RS

RETAZ] 1

FDT21,

THESHz2 «P1/1R0,
YFaFMa(GAMARRGAS2aTF Yaw S

VISFSY AT5210 kabaTFaal ,S/0TF4110,)

RESVF*ROFaRNZVISE

LMAX IS8 THF maAXTI#MbM NJMRER OF TIMF STEPS AFTER WHICH THE PROGRAM
WILL STNP EVEN THUOUGH THE SOLUTICH MAY NOT BE CCNVERGED,

LMaAxz2oNND
LYURB=P&8NNO

FOR LAMINAR FIQx. 7ALL VEC3 ANMD FOR TURRU INT FLOw,
LTURB 1S THF NVHER OF I7ERATINONS UP TO wHICH THE FLUOW REMAINS

[AM1NAQ.

CONVERGENCE CRITERION,
CRI?:.O\

pc § 1s',S

GM(1)3(m)  Yhal
GMYnl,/GAMA/EMARD
GMP232,#GAMA/LY ,45AMA)
GMYICPRTF /VF a2
CMUZSIN{ALPHA)
GHMSEL10,/TF

Me2l, ¢+GHMS
GHTa(GAMA=L Y/ (GAMASGL,)
GMAE( 1, +GAMAY/ (2, +GAMANFMRnD)
MO (GAVYAw] (Y /GAMA
GMIGTTRAGMI/GAMA
HINFG , 9954 ( 5+GMI)
RT{BSORT(RF)

RF230 ,NIAR*RE

MESKH SIZFES AND VFCTOR LENGTHS
N1ai15
Nija2aNt=
Nt2aNt+t
NtdzNiwy
N1§52N] 1wy
NSO!Nl-e
NGtaN{te?
N{3aNie}
N{7aNt1+4
NGPeNie3
NGIzN{1=]l
NipeN142

CALL VECS
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16

17
18

Mimt0)

MifsMiel
M50aMie2

MSisMia}

MS2aMlwy

NXM3NT1aMy

NXMIBNYXMuaM] g

NXM2ENXMa

NYXMIZNXMa

NYXHORNXM oM

NXMSINT yaM

NXMEEBNS i aMiep

NXMG Y ENS{ 4M o]

NXMTENYMBaMysy

NXMB‘NXM-M101

NXMOENXMaliaM] g

NXM10=EaNXM

NXMMBN X MaprMq 4]

NXMM{aGeNxXMp

quﬂauuxu-aaujnu
NXMMYSNXVelamieD

STFP S12FS

NZawy, /411

XXB2,00Y

22=2,407
Y(1INTYBRAVINTL(O,,PY Y (13NT))
2(1)"1)=QRVINTL(1..OZQZ(llHl))
AY1sPl/2,eTHD

YMeDYaNt Y .
RAB((YMwA1)aSIN(THLY4COS(THC) ) wRN
NJY IS THE MESH POINTY UPSTREAM OF JUNTURE POINT,
NJsAl/7DY

HJ1aNJ sy

NIZENJoNt

NI3aNJeNT Y

NJtt1aN]1edy

NJ32aNJle?

NI21aNJ2as1

NJ22ENJ2w?

TNITIAL SHOCK SHAPE AND SHOCK SLOPE,
S(1aNtt1)Ym, 1?7

DO 1S NB3,N{
SINYIBS(Na{)sNYRSIN{THFSH)
SS(1)B(St2)eS(NI2)) /XX

D0 16 N32,NJ
SSIN)B(S(N+1 eSS (Nal)) /XX
SSINI2)InIS(MN1H)mS(1)) /XX

NO 17 NanJi,Nt

SS(N)Se(d ,a5(Nat)n3 2S(N)aS{Nu2)) /XY
0N 18 NENiS6,NJ3
SSIN)E(S(N#1)=mS(Nw])) /XY

11
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1

10

20

25

35

30

40

4s

12

T no 19 NaNJ2, N1

SS(N)Ba (4, *S(Na1)a w8 (N)aS(Nw2)) /XX

BODY GEOMETRY,
D0 10 Ne{,Nt

IFE(Y(N) 6T 41360 TO 11

THE (N)3P1/2,=Y(N)
CUR(N) =Y,

RINYECONS(THE (N))

Gh T0 10

THECIN)RTHE

CUR(NY=0,

RIN)SCOSCTHCI®LY(N)eALIRSIN(THC)

CONTINUE

Y(NT2INTa)SY (23N14)

R(NI2INTA)sR(2NLY)

THE(NI2pNTW)RTHE (23N W)
CURINI2 N1 UYRCURC29NT 4

no 20 Nz ,Nt

VS(NI=COSCTHF(NYeALPHA)
VN(N)SSINCALPHAaTHE(N))

DO 25 NBNjiZ2,NtH

VS(NIECOS(ALPHASTHE (N))
VN(N)SeSINC(ALPRA+THE (N))

DO 35 Nat,Ntd

S1 (1, NgM1IES (N}

CURI(1,NgM1)=CUR(N)

R1IC1sNIMIIERP(N)

THEL (], NpML)BTHE (N)
YHEC(l.ls"‘“)lVFOS(THrlti,l:N!“)tTHFctl.ltNXH)l
THES (1,1 gNXMYBYSINITHEL (1,1 JNXM) JTHES Y, 1 JNXM))
RIs(BETA+1,)/(RETA=] )

B2uP?"RETA/ALOG(RY)

XL{s «B2/(RFTAMSRmt )

XLew2 ,2B2/(RETA*22=1 ) /SIG/RE
TZCIsMI) BRI we (ZC13ML)Y
721(llﬂl)cBETAt(TZ(is"l)-l Y/ZCTZ(EIMLY41,) -
N0 30 Nst,Nt1y

ZYHOL)NEMLIBTZI (M) .

INCE 1 ENXMY= St(!.ltN!M)*(i oZ1 (11 NXMYY
EMDACT, TaNXMYSY J4ZN(1, 1 sNXMIROURY (1,1 3NXM)
RT(l:!|NXM)391(1.13NX")¢ZN(1.1yHXN)*Tﬁﬁtti.l)NxM)
TZ2( 13 1 pNXMICRETARa 271 (1, 1 gNXM) %02
TIB(I, 4V NXMIE2 71 (1, 1 ENXHYZTZ208,13NXM)
T24(1, 1 gNXMISR2/TZ2(1,1NXM)

INTCI PN 1 )ISAAVINTL (l,"t:INT(liN!l))
CALCULATION DF THE STARTING SOLUTION

DO 40 Nat, NI

1pMP(N)131N(THE(N)-ALPHA)'t?t( 94, tx(Nel)/NT)
DO 4S5 NeNi2 Nt
TFMP(N)SSIN(THE(NltAlDHA}‘*Z'( Ge, 10 (NeNTI/NY)

Py, 1 INXMIZQAVSCATRITEMP (1 MN11), INT(11N11)19(1 13NXM))

Wy |




61

65

50

399

435

TEMP(1gN11) =0,

UL, 1aNXMYZNARVSCATRITEMP (1 sNY 1), INTCIgNT 1)UL, 1 gNYM))
VL, LgNXM)anRVSCATR(TEMP LI gME 1), INT (L INT 1) sV L 1 anNXM))
NP(].lyNXM)=0RVSCATR(TEMP(!1N?13~IN”1:Nll)lNP(i.ltN!“))
TEMP(YNt1)aTw
TCLaLINXM)ANAVESCATRITEMP (1N Y, INTCLINT L) ST (L, gNXM))
YEGOIINT 1) =SS aNIY 2 (1, +S 01 g1 )RCURCLINET))

TEACIINIY )L, e TES N1 *TFS (N1 1)
TEGTIINIISSVRIRT(TFA(IINIIIITEACTINET) S

TETLLI I VN (L N 1 eSO N I RTES (1 s (1)) /TEG (T gNT L)
TEMPOE NIt = (TET O gNI I INTF (4351 1)/GMBaG T ) 4Nk

PIMIs TaNXME)aRRAYSTATRITEMP 4Ny 1), INTIEgNTL) P oM, foNYMLY)
TEMPLIgNII Y EMB (o) /M0
TECVINTEYS(TEMP LI gNLL S eGMTYIZ (L, #TEMP I gn 1) nGM™)
TE!(1l“!lF=t1.-’./TE(1t“f1))vTF7(‘rV"‘/’Ebfl'Nil)
TERLIIMILIIVSCIaNI 1 ) TEY CHINT I RTES (3 N1 1)
TETAIIMLEY YN s NI4T I (N1 1)
TEdlLINTIISTEMP (V1Y /TR gN

ML NI ERAVECATRITEC NI 1) INTEIgNT 1 JULMT, 1 gAXMLY )
V(Vlz11NX“QS=08VSCATR(TF3(1iNil)oINYtll”li)lV(“l.lINK"l)T
TEVL LN ) ROBVSCATRITEUCIINIT ) pINTCL ML) T (MY, {gNXMT))
DN &1 HN=z2,NY

POFLaw(S(N)eS(NeNTUYY /2,

WP(MI g N)aniMyeTE (NY&DDEL/ZATIME ,N)

no 65 Nant2,Nt)

DDELE(S(NaNTaYeS(MNYY /D,

WML ,NYaGMUaTEI (NIRDNEL /BT (MY, N)

WP ML, $Yamti(M1,1)

DO S0 Nag,N1Yy .

DXV (LMY, NYall (] ,NYY /MY

NXVI(VIME MYV (T, NYY /MY

CrPe(PIML,NYaP(t,N)) /ML

OXTE(T (M1, NYaT(t,N)) ML

DXWPB(WP (MY , N)awP (1 NY) /MLy

UG NEMIIIZRAVINTL (U], M), DXL, NEMTTY)

VO yNIMIE)SOARVINTLIVII,NY,,DXVIV(L,niM11))

PO, NJMI1)SARVINTL(P L, M), NXPyP (L, N M11))
TOHoNIMIIIINAVINTLITO, M), DXTyT (L, NgM11))

WP L NIMII)ZNRVINTL (WP (1,%),DXWP WP (1, NgM11))
RO(LoLINXMIP (1, LgNXMI/T (L, 1 JNXM) /GMY

SH( o1 INXMIZT (1,1 gNXM)IAGMY
H(l.laNXM)=SHt1.11NXN)¢(U(1.1INXM)ﬁi?+V(1.I!Nlﬁ)itz)la.
TV2C(Lp 1 gNXM)RVSART(T(1, 1 gNXMYJTVR (1,1 3NXM))
V!S(lulleM)uTtl.llNXM)tTVE(l.l:N!M)aGMbltftl;ileM)+GMS)
WRITE (6,399) ALPHA,RE,FM .

FORMAY (/,1%,2ALPHA? FB,5,5X, *REYN NO,?,F15,3,5X, *MACH NO,*,FB,3,/7)
WRITE(6,43S5)(Y(NY,THEIN) ;RIN),CUR(N)Y,Net ,N11)
FORNAI(ZX.‘Va’.Flo.S.S!.'THE!'.FiO.S.Sx.'R=‘.F10.S.SX.7CUR=’-F10.5

1)

00 60 N3f,N11,2
WRITE(6,421)N,Y(N)



60
439

4uo

70

74

758
76

77

1k

WRITE(6,430) .
NQIYE(boaun’f z‘(MlN)aU(MJN’QV(M.N)DWP(M'N)JP(HUN)ORO("'N

1), TIM NY MM, NY Mgy M)
FONTINUE )
FORMAT(/, OX, 71,00, 707,09, V7, 8X,*AP?,9X,’P",8X,"R0O",

10%,°T7,9%,74)

FORMAT(IX,RF10,5)

DMmml, /U, /M1

TEMP2 (1M1 Y=NAVINTL (1, +NM OMPTFMPR (1 gM11))
AUL(Ly1, 1 pNXMEI0) 2,

TERIUINS )Y

YEQ(IgNG{)=0

MEATWEFLLIBETLLN

Lat

MARCHMING IN TIME STARTS HERE,

CONTIMUE

MMaq

LNCAL TIME STEP CALCULATION,

VATROL, L gNXMDYISGAMARP I, 1 P NXMAY /RN, L ghuM2Y

VATROL (1 NXMDYISVSART(VATROL 1 gNXM2) s VATRET, Y INXM2))
DTCY P gNXM2YBFOTRITIN(D, $sMXMR)aIN( Lt s NXMENI/(VARS(V (L1 gNXM2) g
{THE2 01, 1INXMP))4VATR(1, 1NXM2))

no 70 Nat,Nty

DTCLANIMIL)ENT (L, NIMI I TENP2(11M11)

TIMP UL NI )=RAVOATHRENT (M1, {pNXM1Y  INT L gNI I TIMP 2 NI

DYEML, g NYMIYERAVSCATRITIMPCIINIYY, INTCEINTY)JDT (M1, 1INXML))
PRENICTOR STFEP,

SS(1)=(S(P)eS(NI2)) /XX

no 74 N:?.NJ )

SS(N)a(S(N+1IwS(Nal)) /XX

SSINI2Y=(S(NIA)=S (1)) /XX

DO 7S N=MJY,N§

SS(N)Zw (U, *S(Nml)w3 aS(N)eS(Na2)) /XX

DO 76 NaINth,NJI

SS(NIS(S(N+11=S(Rei)) /XX

DO 77T NeNJ2, N1 -

SS(N)Bw (4, *S(Net)e «S(H)=S(NaD)) /XX

CALL SHOCK

CALL DFRy

CALL VECH

Do 110 Iei,8

AUL (2,2, TINXMA)ZAUC2,2, TINXMA) DT (2,2 NXMAYR((AM(2,3, TINXMAYeAM(2,
£2, TINXMAY)ZDY S (ANCS, 2, TINXHME)=ANC2,2, TINXME) ) /NT4aR(2,2: TINXMO))
AUSE24N1, TIMRNI=AUCR,NL, TMEN DT (2, M1 IMG0)w((AM(2, N, TIME0) =AM (2,
INTG, TIM50Y)/PYSCANCET,NT, 131503 eAN(2, N1, T1450))/07+80(2,N1,T1450))
AUS(2)N11,15MS0)SAUCP,NT1, T MSOY=NT (2 NI sMS0IR((AM(2,N11,T11450)
1AMC2sNIS, T3MBOYY/DYHCAN(I NI, T3MEMIaAM(2, N1, 1IMS0Y)/DZ+A0(2,NLT,
21:450))
AU!(2.NJ1.I:H50)=AU(2.NJ1-11M50)+nT(>.MJ1:”So)itta}*AM(Z.Ndfi.I!
1M§0)'3.tAM(2.NJ1.IlHSO)-AHCZ.Ndlz,I:MSO))/xx.(AN(3,~J\,IyM€0)-
2AN(R NI Q1 ME0))/DZ=ARL2 )1, 1M50))



154
155§

160
170

174

178

“'nu,tz.uJa.r,usoyagurélwae.i:MSn)~nv(p.uJ;,Mso)a(ca.lancz.NJaa.xn

1M50)-3.tA”(?.NJ2.IrMROJ-A”(Z.NJEE.Ix“Sﬂ))/XX-(AN(S.NJZ,!1MSO)~AH(
22,NJ2,11MS0) Y /N2=AB(2,NJ2,T1M50))

TAUCL, TaNT1I=NBVGATHR(ALIIMY 1, ToNXMEY, INTCLINTI) g TAUCL, TyN11))
TAM(’oI'NlI)sO&VBATHQfA”(Hl,1,7!”*”1);7“7(!tNl\)lTAH(1:I-u113}
TAN!(l.I;Nl11:08VGATHQ{AH(H1.1,1:HXH1).INT:1:\113:TAM':1.1;N11))
TanE(l.Ilei1=QAVGATHQ(ANTV11,1,I:NXH1).IMT(1|N1‘\|TAN2(:,I1N1!)
TAD!l.IsMﬂ1)h“ﬂVﬁATH?(A“(“t.l.IxNX“1).YNT(l,NililTnatl.I,w11))
TAU}i?at‘”'?1=TAU(?,IlHtsinTI“PTE:N19)t((TA“(3'11N1<)~TAH(2.IsNxsl
YA ETANL (2, TINS5 @ TANR (2,1 INIS))I/D74TANC2, T INIS Y)Y

TAUY(NE 1) T AN, 1)@ T IMF (M) *C(TAMINT, TYTAMINIG, T)Y /DY (TANLONT,
LYY TAND (NS s TYY/D7 447N, T
TAUi(NI!.I):TAU(N11.IY-TIMP(N!1)*(CYA"(N11.IJ-TAH(N15.I))/0Y+(TAN1
COMLLs I)mTANDINTY, I))/DZeTANCH, 1))
7AU1(NJ\.I)=TAU(U‘1.I)oTI“p(NJ1)*C(U:*TAM(Ndll.I)nS.*’A“(NJioI)-
FYAMINILZ, 1)) /XX (TN (NI, 1) mTANZ NI, 1YY /DNZ2TA0(NTL, 1))
7AU1(NJ?,I):TAU(NJQ,7)+T!~D(Mda)t((u;¢YAM(NJ21,I)-;.pTAﬂ(~Jz,I)n
CTYAMINI22, I3 ) /XX (TAMNL(NI2, 1)eTAN2(NI2, 1)) /0ZeTAUCNI2, 1))

AUY(M1,2, T3 MxMM)20RVSCATR(TAUI (2, TIN1S), INT (L INISYAUL(M1.2,1)

YUY UM ) ) .

CAL. VEC?

Do 150 I=zt,s
AH!(an'.I1“?ﬂ)=AHﬂ(P,Ia”ﬁﬂ)-hrtz,l1M§0)*((AP0(2-?.13“90)-AH0(2.1,I
11M50)) /DY (ANOLY, 1IME0)wANN(2,13460))/NZ4AR0(2,11750))
AH;(”1.l.I)eanﬂ(“l.I)-DT(”\,1)*((AMO{N!.2.I)-AMU(“1p1.I))/0Y¢(ANG(
IME, T)mAND (M, 1)) /N74400 (M, 1))
A“i(1.3.11”*“7)=0RVSCATQtTF8(I:“51).7NT(1|N51)lAUl(l.3.11N1"7))
AUL (1, 3,2 NXMT7)20RAVSCATRITEG (I gMS1Y, TNTCL NS gANT(1,3,23MnXMT))
AUT (1, 3,39NXMT)ISERVSCATRITFOCIMNSTIY, TNTLI NG ) AU (1,3,3)NX~7))
AU1(1.l,ug~xu7)znavscATRtTrqc1,ms11.t~7(|,~51)|Au1(1,3,a,~x~7))
AULC1,3,59NXMT)30RVSCATRCTFI0(1INS1), INT (I INSIY AL (1,3,5 NXMT))
1F(L.GT,LTURRIGD TO 154

CALL VECS

60 TO0 1585

CALL VECS -

CONTINUF

crLL VECuY

CaLL BOUND

CORRECTYONR STEP,

DO 160 I2y,S .
AUR(2,2,TINX¥B)aaU(2,2,TINXMB) 4AUY (2,2, 1 1NXMB)

DO 170 Is1,4 _
AJ2C2,1,T3ME1)=AUDC2,eM11)+AULL2,1,T M)

Mg

$S(1)2(8(2)eS(NI2)) /XX

DO 1748 Nu2,NJ

SS(N)IZ(S(N+1)wS(Nel)) /XX

8S(N12)a(S(NIA)=S (1)) /7XX

ON §17S NeNJt,Nt

SS(N)a=s(8 ,#S(Nej)a3 2S(N)aS(N=2)) /XX

DO 176 NaN1p,NJI3 ’

}

15



176 SS(N)I(S(Nfi)-S(N-l))IXX
DO 177 NeNJ2,N1{
177 SS(N)E-(U.*S(V-I)-S.tS(N)-S(N-E))/XX
CALL SHOCK
¢ALL DFRy
CALL VECH
pn 180 Imi,S )
AU1(2.?,!|NXMA1=n.St(Au?t2,2.ItNXHﬂ)-HT(B.ZlNX“B)i((AM(?.E.Iaana)
1.AM£2.1.1;qua))/ov+(AN(2.e.!sNXMH)-ANti.?.IyNXMﬂi)IDZ¢An(2.2.Il
2NXMEB)I Y)Y
AUl(20NJ1ll;Mll\!O.S'(hU?(?.NJ1'11"11)¢07(20NJ1l”ll)*((“.*AM(Z;NJl
11.!1"11)-3.~A“t2.NJ1.1:”11)-A“CB'NJ1?.11M11))IXX-(AN(2.NJ1.11M11)-
PAN(lnNJl-11“11))/OZ-A0(?.NJ|-11”11)))
AU!(E.NJ?,11M11)=0.5t(AU?(?.NJ2.I:Ml1)+DT(2.NJ?IM11)*((“.*A"(2.NJ2
!1.!!"11!-3.-AM(2.NJ2.I|“1\)-A“(?uNJé?.I:NI1))/XX-(AN(2.NJ2.13M11)-
DAN(I,NJ2,1IM11))/02ea0(2,NJ2,11M110))
AMET 1, TaMIIaGH(T) *#AM(L,1,T00)

180 AU1(?leauI:Ml1)=.StrAU2(?,N12.Is“11)-an2;N12:M11)i((AM(?,le,I:
1M11)-A*(?.1.11"11))IDY0(AN(2.N12-I3“111-AN(1.N12,I|”ll))/DZ+A0(2~
2rt2, I} .

WP (1,N121M 1 YzawP (1, M121M1)
ey NE2eMyametill,N125M1)
cALL VFZR?

Do 190 Iet,tu

190 AU&(E.!.T!”!i\=.Rt(an?i?.l.!i”l1)-DT(R.I:Mli)t((AMnte.l.!vM11)-A”G

l(?.?u!t"\11)10Y+lxN0f?.I1"11)-AN0(1.T:H11))/ﬁZ¢An0(2.T)Mli)ﬁ)
FOURTH NNER PRAMPING, CC IS THE DAMPING COEFFICIENT,

no 200 Is1,5 :
AU2(3.2.!tqu“Elchurﬁ,R.!1NXMMP)+AH(1,2,!|N¥MM?)-U.*(AU(Q,2¢IINXMM
1?)¢AU(2.2.T:NX"M2))*h.tAU(S.?.!:NXMM?\ )
TF\(llN51)=0RVGATHPfAU(1.2.I:”1”7).1MT(1[”Si)!YﬁitllNﬁl))
TF?(l!Ngl)=DAVGATHH(AU(2.2.I1NX“7).INT($1M51)1TF2(1|N9\))
TE}(!1N51)=0AVGATH9(AU(3.2.I:NxM7).INT(1{M51331E3(1)VSI))
TEu(11NS1)=0AVGAYH9(AU(M.2.!ymxv?).!th1xNSl):TEu(1;NSt))
155(11N51)=1ra(1x~qy)-Tft(1uws')-s,ﬁr153(11N%|a-TEe(1;~511)
Anz(Z.z.t1Nxv7)=QRVSCATR(YE€(1:NHx).IMTti1HS|)|AH2(2.2,I,st7J)
TF1(liN51)=OavnATHRfAU(”51.2.11“*”7).INT(|iNSi)lTFi(11N5l))
152(1,Ns1):onvnATunrAn(Mso,a.1,MXM7),IntflrN51)1162(1|N51))
TE3(1sNS1)=0AVGATH9(A“(”l1,2.11HX"71.INT(1:~81)1755(1:N51))
TFufl|N51):nﬂVGATHR(AU("1,2'IiNXM7).INT(11N51)|TEU(11N51))
TES(!:HSi):TF1(\1N51)-YEu(11N51)-S.trTE2t11N51)-TES(!INSI))

200 AU2(N1|.Zal;NxM7)=08VSCATQ(TES(12N51)01N7t1lNSX)cAUE(M11,2.11N1H7J

1) ‘
po 210 Iatl,d .
AU2(3.1,I1"5?)IAU0(S,I'MSZ)OAUO(l.!)MSZ)-U.ﬁtAUO(u,I)M52)+AU0(2oIl
2M82) )46, *ALO(S, T3MG2) o .
AUZ(?-!-I):AUO(“.I’—AHO(l.!)-3.‘(AUO(3.I)-AUO(?rI))
210 AUE(M11.1:1):AU0(M¢1.I)-AUO(M1.13-3.-(AU0(M50.I)-Auotﬂll.I)J
Do 220 1=1,5
AN(Z.S,XgNlMNS)slUItz.!.IgNXMMS)-CCﬁ(AU(z.S.I,NXMMB)OAUtZ.l.IxNXM
1M3$94.*IAU(2,U.IlNXM“S)OAU(Z.a.I3NXMM3)\¢6.*AU(2.3.I;NXMM3)+AU2(21

16



2o

230

23
232

235

23, 1INXMMTY)Y

.. m o e el . - - PER U, . e T = - —————

TE!(llNS;):QRVGATHQfAU1fﬁl.a.IlNXHQI,INTll1N5313751(11”53))
AN(H1.2.!tNYM°)=u8VSCAYﬂ(TF1l1:NSSS.INTtttNSS)slN(M!'Z.l!NXMQJ)
AN(2, N1, T IMEAYZAUL(2,N1,T1M50)

AH(E.“'U.I:MSD)ﬂAnif?.Nld,Iy“SO)-CC&:AU(R.NSE.XlMSO)'AU(Z.Nl.I)M
!50)-3.*(AU(?.N50'?l”ﬁn)-AUtP.NlﬂuIJMGO))+AU2(2.N!0.I|VSO))

AN(?;N19»!1”90)=AU1(E.Nis.11"50)-CC¢(AU{2.N53.I1"50)-AU(2.N1l.Iam
150)-3.ifﬂU(2.N51.I!“S")-AU(R.“15.Ix"Sﬂ))tﬂuatéaNlS.IsMSO))

AN(?I?,?’MSf‘}n‘Ul(?u?.lI?Mqo)'CC*(A“fanaaI,MSO"GM(I) *AUC2,N12,
11;M50)-u.ﬁfau(2.3.11H50)+AH(2,1.ItMSO))46.*AU(2;2.IIM50)+AU2(2.2-1
23M50))

AN(B;N12.11y50)=AU1r2.N1?.IIMRO)-CCo(hUIEaNIS.I|“50)-G”(I) ®AU(
12,2, 11450 el 4 CAUL2,M16,13M50)aGM (1) «aU(2,1,1M50))eb rAU(2,N1?
2,13M50)+4U2(2,M12,TM80))

AN(?.Ntﬁ.IerO)=AH1(?.Nlb.!:HSO)-CCt(AU(Z.N17.I'MSO)-GH(I) AU
1?.1.I1“50)-0.*(AU(2.N13.I|M§0)+AU(2.N12,Tt"SO))#b.aAU(BaNlboI!MSO)
CH+AUR(2,N1h,T1:460))

AUT (2,2, TINYMAYEANCD, 2, TINYMe)

AIJ(29N1?.ZI“SO);-AH(P.NI2,2!"4541)
AL(2sN16,2tM80)BeAli(2,N16,23M450)

Do 230 1et,4

111

TFI1,EN,4)1Ta5 . .
AU](Z.!,IIMSO)ihﬂl(2.1o!!HSO)-CthAHfZ,loII)NSO)tau(Z.Nlb.II!”SO)-
lU.atAU(Z.E-IIx"Sﬁl*A“(EoNiznlt1”50)306.*AU0(?aIlH50)¢AU2(2.1.1l
2M50))

AULCL,3, 4 gNYMY)BAAVSCATRETFALL(MNSLY, INTCLINSIY AU (L, 3, 138X47))
AUYCYs3,2INXMTYIZBOAVACATROTEGCIINSTY, INTOIINSIYSAUL(T,3,29NXMT))
AUYCY,3,3)NXMT)a08VSCATRITFO(14HS1), INT (1 gNE1)JAIICY,3,350XMT))
LU!(l03.41N1P7)=ORVSCATR(TF9(||N51).[NT(1tNSl)l‘Ulflal.ﬂvaP7))
AULCLo3,SyNXMTI2RBVSCATRITELOCLSNSE),INTCIINST1) gAUIC1,3,5)NXMT))
1FCL.GT,LTURR)GO TO 231

call VECY

G0 T0 2%p

calLl VFCs -

CONT INIIE

CALL VECY

CAlL ROUND )

EDDY VISCOSTITY CALCULATION,

IFCLLLT,LTURRIGO TO 235

LLaL/28

LLalLe#2S

TF(LL,NE,LIGD YO 4Sso0

CALL DERvV

CALL EDNY

CONY INUE

LL=L/S00

LL=lLL#S00 ] .

IF(LL NELLIGO TO 456

SURFACE HEATING RATE AND BXIN FRICTION COEFFICIENY CALCULATIONS

 WRITE(6,000) L

17

vy S e e gt e+ ¢ [



o0

18

WRITE(6,40%) : -
TECIIN11)=CHOI N L)
DO 250 Nef,Ni1
NSHIB (U, #SH(2,N) a3, #SH{1,N)eSH(3,N))/ZZ/8(N)
CHEN)SVIS(1,N)#DSHTI«XL
DU!:(G.tU(Z.N)-S.tU(i.N)-U(SoN))/ZZIS(N)t!Ll
CF(N!=2.0VIS¢1aN)t(nul-Url.N)tCUR(N)/EMDAtlyN)ilRE
250 WRITE(6,u20) YONY,S(N)Y,USCNYCHRINY,CFIN) PRN)
THE CODF CALCULATES ONLY PRESSURE NDRafG AT ANGLE OF ATTACK AS A
FUNZTION OF LOCAL 8NnDY RADIUS NORMAL TO THE B0DY aXIS,
CP1(1)=zPw ()
cPe(l)mn,
tnP1(1)=0,
cop2(i)en,
DO 340 Nat.N1d
CPRE(NS1 IR (Pw NI ¢PW(NINL)Y/2,
CP2(N#1 Y (Pu(N+t)aPwW(NetI1))/2,
cnPi(N41)=Chpi(N)O.StDVt(cpi(~)-R(N)*31N(TH£(N))+c91(N+t)ﬂR(N§1)t
$SINITHF(N$1YY)
340 CDPE(N*l)=C“PZ(N)#,SiOYt(CP?(N)*R(N)QCOS(THE[N))tCPZ(No!)gR(N+l)t
1COS(THE(N+1))) ' o
CNP(1)m2 #PwW(t)
DN 350 Ne2,MNd
3150 CDP(Niatu.-cnS(ALPHA)acnptrN)-n,-sIN(ALPHA)acope(u)/Px)/a(u).az
WRITE (6,460 (R(N),CPPIN),Nal,Ny) S
660 FORMAT(2X,*RODY RADIUS Rz?,F12,5,10%, PRESSURE DRAGE’,F12,5)
CONVERGENCE CHECK, CUNVERGENCE CRITERINN 18 THAT OVER S00 TIME STEPS,
THE HEATING RATES SHOULD NNYT CHANGE RY MORE THAN { PERCENT,
T[1(1:N|1)=CH(11N\131YE(1:N111 )
TELCLgNT4)avVARSETEL (I N 1) e TEL(1INTIL)Y)
TE2(LINTIISCRITRCHI1MNIL)
IxuoaSGF(YE!(1:N11).TE2(11N1133
1F(I1,FQN11IGO TO 261
LLsL /5000
tLelLL#S000
1F (LLNELLIGN TO 450 -
261 CONTINUE
DO 260 Nzi,Nit
WRITELG,u21 )N, Y(N)
WRITE(6,431)
NP]TE(b,uuS)(ZN(H,N).U(M,N),V(M.N).NP(H.N).P(H.N),RO(H,N),T(M,N),
TH(M,N),,VIST(M,N) , Mal,M1)
260 CONTINUE,
1F(11,EQ N11IG0 TO 551
400 FORMAT(//,10%X,°NN,DF ITERATIONSS’,15)
40s FﬂR“AT(/.lX.'ﬁIST.ALﬂNG RODY?,5X, *SHNCK STANDOFF DI1SY,*,S5%X, ?SHOCK
{SPEED®,SX, *STANTON ND,*)SX, *SKIN FRICTION®,SX, *WALL PR,*)
420 FORMAT(S!.F1n.S.10X.F10.5.10X,F10.9,5X,F12.6,6X,FQl.?.b!.FlO.S)
421 FORMAT(/,5X,?R0NY STATYION ND,.®?,13,5%X,*NIST, ALONG BOOYR?,F10,5,/7)
43t gnaMtT(/.ex,'zN',ox,'u'.qx,'v'.ax,'wp',ox,'Pf,ax;'ko',ox.'T’,qx,
1PN, AX, PVISTYY

PR . - . B - . - — -



17

11

10

0

35

40

NXMEENXMe2aMiw]

NXMOEZNXMalnMyp]

NXM{O3gaNXM

NXMMENXMa2 M| ¢

NXMM2ZNYMuaMmtiey

NXMMIINXMeldaMl{e

STEP STZES

DZD-l./H11

XXz=2,%NY

72=2,%NZ
YOILSNTI)=NAVINTLCO,,DYYL1pNLY)
ZOLeMIYSRAVEINTLEY ,, 020201 1M1))

AlaPl/2 ,eTHE

YMsDYaN1 Y

RAZ((YMuAL)eSINCTHCYSCOSCTHC) ) %RN

NJ1 I8 THE MESH POIN" UPSTREAM OF JUNTURE POINT,

NJsal /DY

NJ1aNJe+1

NJ2=NJat

NJ3sNJt ey

INITIAL SHMOCK SHAPE AND SHOCK SLOPE,
S(13NJ1)Ya, 17 .

00 §7 NaNJI3, Nt
S(N)aS(Nal)eDYRSIN(THESH)
80NY GENMETRY, ¢
00 10 NE{,N}

IFCY(NY ,GT,A0)G0 TO 1}

THE(N)=P1/2,=Y(N)

CUR(N)=Y,

R(N)2COS(THE (N))

60 10 10

THE(N)3THC

CUR(N)sO,

RINISCOS(THCY+(Y(N)=Al)2SINCTHC)

CONTINUE ! -

DO 20 Nzi, Nt

VS(NJ3COS(THE(N)) -

VN(N)BaSIN(THE(N))

00 35 Nami1,N{

S1C1,NMIIES(N)

CURI(1,NgM{YZCUR(N)

RICIsNgMI IR (N)

THEL(1,NsMI )R THE(N) _

THEC (1,1 gNXMYZVCOSITHED (1,1 gNXMYSTHEL (1,1 3NXM))
THES(I:!:NXM)IVS!N(TN51(1,|,NXM)1?HES(!0|INXM))
INT(I3N1)BOAVINTL (1,MIJINTCEgNT))

CALCULATION OF TWE STARTING SOLUTION,

DD 40 Nmjy, Ny
TEMP(N)aSIN(THE(N) )wa2a(, 94,10 fNul)/NY)

PC1o13NXMIZARAVECATRITEMPCLIINT ), INTCIgNT ) )P (1, 1NXM))

TEMP(13N1)30,,



20

qus

as0
551

"FORMAT(1X,9F10,5)

e+
%F%L.LE.LMAX)GO 10 1
CONTINUE

RETURN

END



SUBROUTINE AWYP
DIMENSTION CP1(15).C92(15)'CDP1(15).Cn92t15)'CDP(15)

DIMFNSION Y(29),THE(29),R(29),LH(20), TEMPI(29), TEMPR(101),2(101),
172(101),TZ21€101),GH(S)

DIMENSTINN TAU!2°.S).TAM(ZQ.S).TANltzo.S).TANZ(ZQ.S).TAQCZQ,S)o
17AU1(29,8),0CF(P9)

DIMENSINN TFA(20),TEQ(29),TE10(29)

COMMON /F /Yhett1o1,aqa.THE?(tol.20).VAtPt101.293.07(101.29)
COMMONZF {/NT N1, N12,N16,N15,M1,M11,450,N14
COMPDN/F3/GV1.G“?.GH3,GMU.GMS,G“b,GM1,GMB,GN°,BZ.PE.TW,GAMA.SIG."N
COMMON/ZF2/NXM NXMYL , hXMT,NXMU, NXMB ,NXME, NXMb 1
COMMON/FU/XX,22,FM,RETA,SIGT
COM“UN/FS/S(?°)oSS(P°).G(EQ).CUR(EQ).US(?°);DS(2°).VS(2°).VN(29)
COMMUN/P611N7(?°).T!HD(?°).TEMPtEO).Titzq).TEl(20).TEE(2¢).YE3(29)
1,TEL(29),TES(29),TE6(P9), TET(29)
COMMON/F7IU(10!.?9).V(101,?O).T(IO!,EQ).9(101.29).R0(!01.29),
!HP(QOI.ZQ).VTS(1G1.?Q).H(lﬂlozq)oSH(QOl'29)-°W(29).VIST(101.29)
COMMON/FR/BT(101,29),EMNAC101,29),7N¢101,29)
chMONIFQISl(101.291.581(10!.29);081(101.2°)oCURl(101.2°),Pi(101:
129)

COMMON/FloITHFCt101.29).THFS(!O!.?O).TV1(101,29),Tv2(101,29)
cﬂMMON/Fll/hn(!oi.ZQJ.OSH(loi.a@),DNP(lot,29),Ao(101,39),
1A7(101,29),AR(101,29)
COMMON/F12/77?(101.203.21t1n1.2°).721t101.29),TZatsol,2°)
cOMMON/“S/A“t(101c?qu)oAU?(lo‘OQQ:S)
CO“MON/FiﬂIAU(10|.29.5);A“t101.2°.5).AH(101.EQ.S).Aﬂllol,EQ,S)
COMMON/Fisllnotlﬂi.0).A“0(101.2.“).AN0(101.ﬂ),Aon(iol,“)
COMMON/FI6/HINF ,REL,RER
VisS(1.,112929)e0,

VIST(1,112929)=0,

AU, 1g14b685) 0,
AMIYp1,1918h08)30,
AN{1o1,1)146u8) 20,
AQCIs1,1114b08) 20,
AUI(E,1,1014005) 20,
AU2(1,1,1p14605)80,

CH(1129)=0,

CONSTANTS AND FREESTREAM CONDITIONS
Plaa,*ATAN(1))
GAMA:!.O'

RGASE2AY,

S$16a,72 .
CPeGAMAYRGAS/(GAMARYL,)
$1GT=,9

CCu,001

FMe10,3

TFt6,26

21



00

3OO0

- . .- - - e e - ———rm - . —

“PFa100,77
ROF=PF/IF/RGAS
ALPHAZS wR1/1RD,
THCEUS,«P1/1RD,
Twallo, 6
TWaTW/TF
RNz ,031758
DYz, 185
RETAE®] 1
FOT=1,
THESH=2 #PT /1RO,
VFRaFMa (GAMARGAS#TE Yan 5§

VISFOY USR/160 sabwTFae]l 5/(TFe110,)

RE:VFtonFtQM/VISF

LMAX I8 THE MAXIMUM NHMRER 0OF TIME STEPS AFTER WHICH THE PROGRAM
WILL STNP EVEN THOUGH THE SOLUTION MAY NOY BE CONVERGED,
LMAXB20000

LTURR=225000

FOR LAMINAR FLOW, Call. VEC3Z AND FNR TURRBULENY FLOW, CALL VECS
LTURB 1S5 THE NUMBER QOF ITERATIONS UP TO WHICH THE FLOW REMAINS
LAMINAR,

CONVERGENCE CRITERINN,

CRI1TB, 01 .

N0 5 Ist,S

5 GMlI)a(et denY

GMiIBY , /GAMA/FMae?

GM2B2 AGAMAZ (L ,+GAMA)
GMIBCPATF /VFan?
GMUBSIN(ALPHA)

6MS3110,/TF

GMezl ,4GMS

GM7=(GAVA-1 Y/(GAMA+Y, )
GMAB (] ,+GAMAY/ (2, tGANAaFMth)
6HMIa(GAMA=] ) /GAMA
GM:O:TN*GMS/GAHA -
HINFE,995%( ,54GMY)
RF15SART(REY

RE230,016R*RF

MESH SIZES AND VECTOR LENGTHS
Nisih

Nit{s2xN{w]

Nf2aNi+t

Nj4aNlet

N1SaNi e

NS503Nie2

~51=N11.2

Ni33Ni+y

N17aNtisd

NEPEN{w}

NS33Nile}

NipaNie2

22
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15

16

17
18

Miz104

MiteMlet

M502Mla2

MEtaMiol

MEraMley

NXMaNifaMy

NXMIBNXMuM]{

NXM2BNXMel

NXMIENY Me2

NXMUENXMgM]

NXMSINgaM]

NXMpaNSieMleD

NXMO1aNG #M{]

NXMTSNXMaZonmy sy

NXMB:NXV-M1.1

NXMOINYMalaMy gy

NXM{ 0BG eNYXM

NXMMBONY Mg @My ¢

NXMMIZGaNXMA

NYMMP2ZNYMadaM ey

NXMM3IINYMedaMiewD

STEP SI7¢8

DZem] /Myt .
XX324%DY

ZZ:Z.iOZ

YOUINTYSOAVINTLCO, ,DYIYCLINTL))
ZOIIMY)RNAVINTL (Y, ,D29Z (1 3M1))
INITIAL SHOCK SHAPE AND SHOCK SLOPE,
SC1pN1y)=,17 -

DO 15 N=23,N{
S(NIES(MNel)¢DY#SIN(THESH)
ES(1)B(S(2)asS(NI2YY /XX

DO 16 Nap,N1y
SSIN)E(S (N4 )wS(Ne))) /XX
SS(NI12)a(S(N16)eSL1)) /XX

DO 17 NaNis,NiS
SSIN)IL(S(NSI)aS (Mt )) /XX

D0 18 NEM{,N{]1,N1yY

SS(N)sw(u 2SNl )a3 43 (N)aS(NaD)) /XX
_BOOY GENMETRY,

CURCLY=1,

THE(1)3aP1/2,

‘RC1)=0,

A, /TANCTHEYwN2

BaSGRT(4)Y

DO 10 NE2,NY
F!-DY:SQRT((nttzonlN-1)ﬁtajltaa-2+rllo(nls)ttZ)*R(M-l)'-2))
F2-DV-sonT(<§*t2¢(R(N-1)tFllz.)ata)/(Btt2¢(1.o(A/B)-tEJt
{{R(Ne1)4F1/2, )%w2))
FSIDYtsnnr((na-2+(R(N-l)#FZIZ.)atE)/tﬂtt2¢(!L#(l/B)-tZ)
12 (R(N=1)$F2/2,)082)) .

C . - - s — - . e - - ——

23

et U SN



10

20

2%

35

50

40

45

ol

FURDYHSORT((RW#24 (R(Nm1}4F3)#a2) /(Baa24 (1, +(A/B)an2)a (R(Na1)4F3)

1#22))

RINYZR(Ne1)e(F142 %F242,xF34FUY/6,
XeANSURT(RawdsR(NY&w2) /R
CUQ(N):Aatﬂaptau/(A*tﬂtR(N)-t2¢8tqbaXat2)uQ1;5
XeR*X/{AxSOARTY (Xna2wAnn2))

THE(N)=ATAN({X)

yern123N14)sY 23N14)

RENT2INIBIZR(2INTU)

THE(NI2INIUY=THE (29N 1Y)

CURINIZINTIU)=CURI2N14)

DN 20 NEt,Vi

VS (NI=COSITHE(N)=ALPHA)

VNEMISSINIALPHA=THE (N))

DO 25 NENY2,NUY

VS(N)ZCOS(ALPHASTHE(N))

VNIN)EeSIN(ALPHA+THE (N))

N0 35 Nzt N1y

S1(1yNIMII=S(N)

CURI (I, NyHMIYaCUR(NY

RICYoNIMIIZR(N)

THEL (1, N M1 2 THE(N) .
THEC(l.iuNX"iaVCOS(THElt1.1|NXM11THEC(1.1|NXM))
Tugst1.1:N!M)=VSIN(TR51(1.1|N!MJITHES(101|NXM))
AYS(RETASY ) /(BETAmL,)

B222,*HETA/ZALOG(RBY)

Xpy= =RP/(RFETARRZst )

XL o2 ,%BP/ (NFTAR2el }/SIG/RE

T2¢1 MR L*a (211 ™1)) , )

Y2101 M1 =RETAR(TZCI M=t /(TZLIIM1)410)

DO 30 Naj,Nty N

AR YLILERE AR AUSRELD) '

INCTp L gNXMIaST (1t gNXMINCY («Z (1,1 ENXH))

EMDACT 1 g NXMYEL (4ZNC1, ) gMXMIRCHRT (1, 1 $NXM)
31(1.1|NXM)=R1(1.1sN!M)¢ZNt1.1»NXM)-7HFCt1LlsNX")'
TZ2(1, LINXMIERETARR2eZ (1, gNXM) #a2

TIICL, 1 ghXMIZ2, 2111, 1gNXM)/TZ201,19NXM)

TZUC(Y, LINXMIBRR2/TZ2 (1,1 INXM)

INTCUBNTI)SNRVINTL (1, MUBINT(1yM11))

CALCULATION OF THE STARTING SOLUTION,

DN 40 Net Nt
TEMP(N):SIN(7HE(N)-ALPHA)ta2a(,°¢,tt(N.1)/Nl)

DN 4S5 NaN12,Ni1 , -
VEMP(N):SIN(THE(N)»ALPHA)--P*(.9¢.1*fN-N1)/N11
P(:.t)NXM)znnVSCATR(TE"P(l|Nll).INT(1;N!i)iPti.igNXN))
TEMP(13N11)ED, .
u(1.11NXH)IGBVSCATR(TENP(1sNil).INT(\xNi1)!UllallNX“))
v¢1.1|N¥M)=cnvscharTEMP(1,N|1).INT(1,M:tagV(l,lguxﬂ))
up(x,x|an)aoavscATR(tEMPtl3Nlt)oINT(llNli)lthlall“XH))
TEMP(1)NYE)IETW .
T(!.ltquisnavschR(TEMPtisN!t).!NTf\,Nll)lY(I.l.NxM))




-

TESCIgNTI LY SS(1-N11)/fI +SELINLIIACUIRCLINTLY)
TE6(IgNtY YY) +7F§(1|N11)*|E€(‘z”“)
TFOCIINY L IZVENRTIOTES 1 gMI 1Y T 2 ety
TETEOI e (VN L 1)V S e 1) e TES (1 NI )Y ZTES LN LD
TIUPCL e )2 YETLLINTY) e TH 7 ot 1N /5MANTMT Y RGMY
PIME1eNY i )2 TAVSCATRITEMR (12 1), INTOLINLI) pP (ML, 1INY LY
TEMP LU M) aTEMP a1 1)2nMy
TELUINE I R (TEND( aN 1 YaaMTY (L 4TEMP T aN L) #0GM)
TEQCT NS0 @t /TR (1T IR TETCIINT Y ZTER (L ENT L)
LA SRR DA NS RESRRTAS R NGNTERRES SR NS FIENE
TEICTINY L In Ve  Ce NI 4 TEY (121t
TEACLIN T )RTEMB Oy /TR Lgtity)
UM e 1N XML Y2 RAVSCATRETF20 N1 1) p TMT (L ENTLY U IML 1 gNXMT Y)Y
VML U iX MY QRYSCATRITEILL A1), INTEL N1 ) IV (ML, gn ML Y)
TOHL MY Y2 dRVSEATRITLOC SN 1), INTCO N1 IT (M, 1 NXMT))
DN 61 Nz, My
DNFLE= (StN)eS(NeNTLYY /2,
&1 WD (ML, N )—-GMM-TFi(h)-ﬁDFL/nY(MleF
DN 65 HzrNi2 N1 ‘
DRELE(S(NaN1d)=S(NY) /2,
65 HP (ML, NY=GMEaTEL (N)RNDEL /BT (M1, H)
WP (MY, 1) zelU(NMT, 1)
DN 50 MNzi,NT1Y
DY (UM, NYwi (M) 7M1
DXV (VMY ,NYaV (1 ,NY) /MLy
DYP=(P (ML ,NYuP[1,NY)Y /ML
DYXYS{TIME, N T (1, NYY /ML
DXWPa (WP (M1, N)mWP Y, 1YY /ML
UGt ,NIMI I Z0AVINTE (11,0, 0XUptI ¢, NeML LYY
VL MIMIIZNRVINTLIVIL, Y DYV evEy, teMy1))
PLENIMIIZNRVINTLIP (I, M), PUPIR (L, 3M1Y))
TOYONIMI YIS URVINTLIT (I, Y, DXTyTOY, ML)
50 WP L pNIMII ISRV TIATL (WP L, M), DXWP P, N MY1L))
ROCE, LaINYMYIZP (L, 1 NYMYZT 0L, 1 XM ) /06M
BHEL I gNXMIZT (), 1 ahNXMYNMT -
HOLp XSSO, 1 pNXMY (U0, 1aNXMY eV (), 1 gNXM)an2) /2,
TV LS p Y INXM) oy SART (Y (Y, 1 s NXM)Y TV (], 1 sNYMY)
VISTI o P gNXMIzT 0, 1 NXMI&TVR2 (), 1sNXMIaGHB/ (T (1, 1INXM)4GME)
WRITE (6,399) ALPHA,RF,FM ]
399 FORMAT(/,1X, *ALPHAY ,FR 5,5X, RFYN NO" F1S.3,8%,*MACH NOL,*,FB,3,/7)
WRITE(6,435)Y¢PY (MY, THG(N) R(M) cul Ny, n=1,~1s)
43s FORMAYKEX,'Ys',Fio S,5X,"THER’,F10,5,9%X,?R="* .F\O S SX,'CUR *.Fi0,5
1)
DO 60 Naf,Niy,2
WRITE(H,U21)H,Y(N)
WRITE(H,u30)
WRITE(6,u80)¢ ZEEMGNY UM NY VM, NY, WP (N, N).P(M N),RO(M,N
$Y T (MINI  HIM, N)  May , M)
60 CONTINUE
430 FORMAT(/, . ,'zi'.ox,'u',qx,'v'.ax.-uP',ox,'P',nx,'Ro'.
19%,°77,0x, 1é) '

25



70

74

75
76

26

DMpel, /0, /M1t

TEMP2(1 M1 1 1ZRBVINTL (1, 4DM,DMITEMPR(14M11))
AULC L1, tpNXMLIOYaY,

TEACIINS1) =Y,

TEQ(LINS1)=0,

TE10CL NS )M

Ley

MARCHINS TN TIME STARTS HERE,

CONTINUE

MMa |

LOCAL TIME SYFP CALCULATION,

VATR(L, 1gNX12)BG %A=Y (1, 1NXMR)/ROCY, 1 NYM2)
VATR(, 138X M2)=VSNRTAVATR(Y, 1INXMRIJVATR (L, 11NXM2))

DT €1l eNX42Y=FNTACZNI2, 1 sNYMIWZN(T, 1 pNXM2) )/ (VARS(V(1,1NXM2))
LTHF2 (1, 1INXMPII4VATR1, 130X 2))

N0 70 Maf,N1d

DTCL N-"Y11)anT{f,NgMI1I*TEMP (M1 Y)

TIMP({ N1 1) 2RBVGATHR (AT (MIL, TgNXM1Y, INT (I INTIY g TIMP(1gNTT))

DT(ME, L JNXMTYSHAVSECATRETIMPLIINTITY, INTCIINTI) DT (M1, LINXME)Y)
PREDICTNR STFP,

S8{1)=(S{2I=8(N12)) /XX

NO T4 N3R,N1U

SS(N)E(S(N+1)aS(Ne1) ) /XX |

SS(N12)¥sE¢S(NTE)=S (1)) /XX

NN 7S NENi,Nit,N1Y

§SG(N)aw (U, *S(Nwt el 23 (N)a(Na2)) /XX

DD 76 NBN16,N1S

SS(N)2(S{N+{)eS(Nai))/XX

CALL SHOCK

CALL DERYV

CALL VECH

nn 110 1s3t,5
lUl(2.2.11N¥"6)=AU(2.2.Il"X“b)-DT(&.?!NXNb)'((AM(2.3.11N!Mb)-AM(2o
12:7!Nx”b)1/DY¢(4N(3o?'I)NXHb)-A”(Zu?-Y|NX“6))/DZ¢AQ(2.2oI)NXPb))
AUT(2eN1, TIM50)380(2,M1, 11M50)eNT (2, N13MSR) & ((AM(2,N1,TIN50)=aN(2,
1N1a.I|M50))/nYo(ANtl.”l.Ir“SO)-AN(?.Ni.I:"SO))/DZ¢AQ(2.N1.IiMSO))
AU\(2.N11.1:M50)=AU¢2,N\1-I.Msn)-nttz.wi1rM§03tt(AM(2.N11.!sM50)-
lAMtaoNIS.I:“50))/DY&(ANKB.Nil.!:”SO)-AN(Z.Nll.IyHSO))/DZQAO(a.Nll.
2131M50)) :
TAU(1:!|N11)=OBVGATHP(A”("1.1.!:“*"1).INT(1lNll)lfnU(l.IlNli))
TAMtlaIIN\I)-QBVGAYHRfAMtM1.1.!!"XH1).!NT(IINil)lTAH(lnItNil))
TAN!(1.I|N11)=08VGATHP(AN(M111.IiNX"l).INTtiiNll):TﬂNi(1.11”1!3)
TAN?(l.!aNl1\=0AVGATHD(AM(N11.1.1:uxu1).INTtl1H11)|TAN2(1.I)N11))
TAQCI'I|Nl1)=08VGATH°(A0fM1.1.1)“X”1).INY(1lNll)lTAG(loI!Nll))
TAUl(2.I|H1€)=76Ht2.!:qu)-TX“°f21”1§1t(tTA”(I.Ille)-TAw(ZoIlle)
l)/nvo(TANi(2.11N15)-TQN?(2.11N15a)/thTAQ(?;T|N\s))
TAU!(NloI)=TAU(N1oI)-Tl”p(Ni)'((TAN(NlaI)-TAM(Nlu,!))/DY+(TAN1(N1,
11)aTAN2(NTL,I)YI/D24TAQINT,IY) ‘
TAU!(N11.I):TAU(N!l.I)-TI””(Nll)'((TAM(NlI.I)-TAM(NlS.l))/DY+(TAN1
FENTL T eTAN2(NLY,T)Y/NDZ4TAQ(NTI1,I))




110 AU\(Ml.2.!1NIMM)lQBVSCAYR(TA01(2:13N15)'INT(11N1%)1AU1(N1.2.!!

INYMM))

caLL VEC?2

DY 150 1=21,4d
qui(2.1,I1"50)IAU0(?.71H503-DT(?al1”qn¥ﬁt(AH0{2:2.11"50)-AH0(2,1.I
19ME0) ) /DYS CANDCS, TME0)mANN(2, 1 3M50))/NT+A00(2,19MS50))

150 AUTCHME, 1, 10maUDCH1, T aDT (MY, 1) e ((AMO(MY,2,T)eaM0(M],1,1))/DY+(ANO(
1"1.1)-ANO(N1|-T))/DZ¢ANO(M1.I))

An1(1.3.1,NXM?):OBVSCATR(TFR(11”%1),1N7(1,N51)|AU1(1.3,1.wav))
AULC(1, 3,2 NXMII=0AVSCATRITEA(1INS1), INT(19NS1)TAUL(Y,3,23NXMT))
AU!(!.!.3|NXM7)=03VSCATP(TEQ(11“%13,IN?(1)N§1)nhﬂiti'SoS’NxM7))
AUS (1,3, 0gNXMTI=QBVSCATRETFO(IINSI), INTCIINST) gAY, 3,43NX 7))
AUl(1p3,51N'N7)=GRVSCAtR(TE10(1:N51).1N7(1|N§1)1A01t1.3.51NXM7))
IF(L,GT,LTURRIGO TO 1S4
CALL VECS
60 1D 18§
1S40 capLL VECS
155 CONTINUE
CALL VFC4
cALL ROUND
CORRECTOR STEP,
DD 160 1a1,5 )
160 AU2C2,2,TINXMAYBALC2,2,T3INXMB)sAUL (2,2, T INXMB)
nn 170 Yat,d
170 AUR(2,1,TIM11)2AU0C2, T1M11)4AU1(2,1,T3M11)
MMgp
SSe1)8(S5(2)=3(N12)) /XX
NN 174 Na2,,Ntd
174 SS(NIS(SINGIY=S(Nal)) /XX
S8 (NI2)3(S(NI16)=S (1)) /XX
DO 175 NaNi, NIl ,NTY )
1715 SS(N)ue(d #S(Nw{)a3 #S(H)eS(Nu2)) /XX
DO 176 NaNis,NIS
176 SSINYEZ(S(N+#1)e3(Nel)) /XX
cAaLL SHOCX ’ -
cALlL DERV
CALL VECH
D0 §180 1ai,S -
AUL(2,2,1INYMBYIA0 Sa(AU2(2,2, TINXMRYDT(2,29NXMBY 4 ((AM(2,2,]1)NXMB)
1wAM(241, TINXMBY) /DY (AN(2,2, IINXMB)mANLY,2, TINXMB))/DZ+AN(2,2/ 1)
2NXMB))) v .
AMC1,1,TsM1)aGM(T) *AM{1,1,TeM1) ‘

180 AU!(2.N12o!:Nllsu.Sa(AURta.Nia.Il“li)-DY(Z.Niztﬂii)t((AH(E;N12.I;
l“li)Gﬂﬁta.i.ttﬁli))/DY&(ANfE.NIZpI|“1l)-AN(!,Niz,t,Mll))lDz+AU(2,
eNt12, 1111 )

WP(1,N121M1)YuekP (1 ,N125M )

Ul ,N12gML)oeli(1,N121M1)

CALL VEC2

pn 190 I=i,4 ) . :
190 AU!t?.i.!l"li)=.St(AU2(?.l.!t“il)-offz.ilei\t((Aﬂntz,lnli"Il)-AMo
‘qu?!Il”l1))/DV¢(ANQ(ZJII"11)'&”9!101lMll’)/DZ+§QO(2[Il"111))

27




¢

28

20n

21n

220

230

" FOURTH ODER NAMPING, CC IS THE DAMPING COEFFICIENT,

Do 200 I=1,5

AU2CS,2, TANYHMM2YIZALCS, 2, TINXHMRI AU, 2, TINXMMR) el , # (AU(Y,2, TINXMM
12)4AU(2,2,13NYMMD Y Yap wALI(T,2,T3NYMMD)
TEt(l,NS!)=QRVGATHR(AU(1,Z.IINXH7),INY(11N51)lTEI(1|N§l))

TEP (1 INSI)IEARAVGEATHR (A2, 2, TINXMT) , INTCI NS TER(1INSL))
TE%:ElNg!?=“RVGATH9(AH(3.2.Y:VXHTﬁ.TNT(1:N51)!TE3(1INSI))
TEGCIINSEIRDAVLATHR (ALY, 2, TINXMTY, IRTE1gNST1) g TEA(1INSL)Y)
TES’E}131)T’Fati:N51)-TC?(!rNSﬁ)-S.tf’Flti!NSi)-TfaillNSI))

Dt 2R, TINYMTYSRAVINATRETES (IO, INT (1 gND1 2 1A02( 2,2, 1NXMT))
TEC{LINSOISNAVEATHRIAU(MST 2, TeHXMT), I TOLINSEYETES (1 INDLY)
TER(1HNGIIZNAVEATHREAIIMEN, 2, Ty X ™Y INTLVINS) ¢ TFRL{13NG 1))
TESFLINSLIZOAVEATHRIAIMIL, 2, TnXMY)  THT CHINS1) 372301 3N51))

TEGCL NS ISNAVEATHREAIICHYE , 2, TyNYMTY  INTCLINSIY g TEACI NS Y)
TES(IINGIISTEL (L InNG I =TFA( 1IN e, w(TE2 (1 INS1Y=TEZC1INST))
AUE(”11aPnI1NKM7)=QRVSCAYP(TFSt1IN51).!N7rllN51J|AU21M1‘,E,IyNXM7)
1)

DO 210 Imt,d

ALPCY, 1, TEMS2Y2ALDCS, TIMS2)4AUNCY, T pM52) el x (AUDCU, T IM52)44U0(2,1
IMGRY I 4h kAN (3, TING2)

AUSE2, 1, 1 RAUNCd, TYeC 4,13, « (41103, 1)eaU0(2,1Y)

AU (MIL, 1, 1)2AU0C G, T)eAlN(MY, I md w(ALINIM50,1)edtiO(¥]IL, 1))

Do 220 1=1,% .

AN(2,3, 1 INXMMIY2ALIL (2,3, TIHXMMB)eCLeCAU(2,S, T3NXMMIYeALI(2,1, I N)M
1M3)-U.*(A“(2.UnIaNXMM})tAU(?.E.I1NXMM3))¢5.*AU(2.3.I|NX“M310AH2(2.
23, 13 NXMMT))

TEY{IINS3IZDRVEATHR (AT (ML, 2, TeMNXMA) , INT (1 INS3)ITEL (13NS3))
AH(HI.E.I|Nxvo)=navscA1Q(rF1(1|N55),!NT(1|N53)|AN(M1,2,I,NKNQ))
ANC2Ni, THMSAYSAUL (P, N1, T 1MG0)

ANC2,N1G, 13MS0)SAUL(2,N14, TIMB0) el Ca(AL(2,N52, T IMSD)eAlI(2,NY,TIM
156)-3.'(AU(?.N50.Il“SU)-AH(E.NiﬂpIr“SO))¢AU2f2,N!u.Y1MSO))

AN(?,N1§,T:“SOW=A“1(?.“15,!r”§“)~CC~(AU(2,K53.I;PRO)-AU(R,Nl1,1]”
150) 34 # (81 2, NS, Tg460)@Al(2,N15, TgMG0Y)4AU2(2,N15,T§450))

AN(2,2,T3M50)3AU1 (2,2, 11MS0)mCO(AU(RP,4,184SM)eGM(T) *AU(2,NL2,
1[;"%0)-“.*(AH(2.3.Y:“5”)¢AU(2,1.I;”SO))+6.JAU(2:?.IlM§0)+AU2(212aI
21480)) ! ,

AN(E.M&?.I{MSOJ=AU1(?.N12.Yl“ﬁﬂ)-cc-(AUta.N13.!1“€°)-G“(!) ®AU(
12,2, 19M50) =0, # (AUC2,N16,T1MS0)aGM (T wAU(2.1,13450))4b,%A0(2,N12
2.,1¢MS0148U2(2,N12,11M50))

AN(Z-N1prz&§0)=An1(?.N1b.1|H%0)-CC1(AU(2.N!1.In“SO)-GMtI) ®AlS(
12.1.Ix“SO)-u.~(AU(2,M13.Yluso)ohura.u\z.l:MSO))+b.tAU(2.M16.IrM50)
24AUR(2,M16,1:M50))

AUL(242, TINXMEIZAN(2,2,T)NXME)

AUC2)N12,21MG0)swall(2,N12,21M50)

AJC2sN1A,21M50)=mAli{2,MN16,21M50)

Do 230 l=z1,4

1=l

IF(1,ERa)I1eS .

AUS (2,1, TIME0)ZALYI (2,1, T13MR0)=CCR(AUC2,3,TTIM50)+2U(2,N16,TT3M50)e
1n;t(AU(2.2.II;HBO)&AU(aanz,II|M50))+6.tAU0(2.I)M90)+Au2(2.1.!1
2M50))

e B T |




231
232

23s

250

340

350

460

AL, 3, L gNXMTIERAVSCATRITERCIgNST), INTC1INST)gAUSCL, 3, 1gNXMT))

AVEIC1 o3, 29NXMTIIRRVSEATRITFOLEGNGI ), INTLIINSIYgAUICT,3,29NXMT))
AULEE, 3, 3INXMTIaNAVSCATRCTEQCL NS ), INT (1 NS s AL (1,3,3INXMT))
AULCY ;3,0 NXMTIEQRVSCATR(TFOCI NS, INTLI)NS1)gALT €1, 3,4 gNXMT))
AUI{1,3,5INXMY)BORVSCATR(TELO(1INS1), INT(1!NSI)tAU\(l.I.SleH7))
TF(L.GT,LTURRIGO TD 231

caLl VFCK

GO TO 2312

caLL VECS

CONTINUF

CALL VECH

CALL BOUND ,

ENDY VISCOSITY CALCULATION,

IFCL LT, LTURRIGO YO 235

LL=L/2S

LislL#*2% .

IF(LLNE,LIGD TO 4aSo

CALL DERV

caLL EnDY

CONTINUE

LL3L /500

LLslL#500

IFCLLNELLIGH TO ¢S50

SURFACF HEAYTNG RATE AND SKIN FR!CTION COEFFICIENT CALCULAYIONS,
WRITECHh,u00) L

WRITE(Hh,u05)

TECI NI YIRCH (T INTY)

DO 250 Nai, Nt

DSHIS(U,oSH{2,N)a aSH(] ,NYaSH(S,N})/2Z/8(N)
CH(N)SVIS(l.N)*DSHiaﬁL

DUIR(d, P2, MYmT #UCT,NYaUE3,NY)/22/8(N) XL
CFINIRR,AVISII,NI&(NUIaU(I,NY«CURINY/FMDA(L,NY)/RE

WRITE(6,420) YIN),S(NY,USIN),CHIN),CF(H),Pr(N)

THE CODE CALCULATES ONLY PRESSHURE DRAG AT ANGLE OF ATTACK AS A FUNCTION OF.

FUNCTION NF LOCAL BODY RADTIUS NORMAL TO THE_RODY AXIS,
CP1(1)aPw(l)

cP2(1)=0,

coOPi(l)mn,

eoP2(1)mo0,

DD 340 Nai,N1U

CPIINGI)IT(Pu (NS )4+PWNINT)) /2,

CPR2(N+1)a(PW(Net)ePH(NSNIIY/?,

CNPI(NSIIRCDP Y (NY4 SHNYW(CPI(NIRR(N)&SINCTHE (N))4CPIINSIIRR{N+])»
1SINCTHE(NSTYY)
copatNtl)lCDDE(N)4.5t0V*ICPZ(N)*R(N)acns(THF(N))QCPB(N¢1)*R(N¢1)t
!COS(TNE(NOll))

£oP(1)1z2, aPK (1)

DO 350 Ma2, My

CPP(NIa(8,vCOSCALPHAYXCNPE (N)eR, *SINCALPHA)#COP2(NY/PT)/R(N) aw2
HR!TE(b.AbO)fR(N) CRP(NY M1 ,M1)

FORMAT(2X,"B0ODY RADIUS‘8!f.F12.5;10X,f°RESSURE DRAG=’,F12,5) _

29

.



O o

30

261

260

409
490s

420
e
a1

AR
450

551

"CONVERGENCE CHECK, CONVFRGENCF CRITERION 1§ THAT OVER 500 TIME STEPS,

THE HEATING RATES SHAULD NOT CHANGF AY MDRE THWAN
TEL(IINI1ISCHELaNT )@ TELIENTLD
TEI(11N11)=VAPS(TE1(1|N|1)|YE1t11N11))
TE2CIINI1)BARITRAH(1NTL)
tt-naSGFg7E1(1:Nli).TEatixini)
1FeY1.FONILIGO TO 261

LLsL /5000

tLsLLas0nd

IF(LL,NELIGD TD 0S0

CONTINUE

DD 260 Nzi{,Nt|d

WRTITE(h, 021N, Y(N)

WRTITE(A,u31)

{ PERCENT,

ugytg(h,uus)(ZN(M,N),U(M,N),V(M,N),wP(M,N\.P(M.N),RO(".N),T(M.N).

FHEM,NY, VIST M, NY, M21.M))

CONTINUE

17 11,609,017 0 T 88y
FORMAT (/7 ,10%, N0 NF JTERATIONGS".T5)

FORMAT(/, 1%, *NTST ALONG BODVA,GX - 73HATK STANDOFF PIST,”-5%, 530"
LSPEED?, Gy, CRTANTON N0, ¢, 5X, *SKIN FRICTION?,SX, *WALL PR, ™
5‘”HAT(SY,F1n.S,1OY,Fiﬂ.S.1014”10.“.61»F12.9;hxvf11u’:beF10.5)
FORMAT (7,5 . *30DY STATION v0,37,13,5%,°018T, 3LONG RODYE",F10,5,/)
;(\qwdf(/,h!,'ZN',QX,'U‘,‘)X,'V’,S*,’NP',Q‘{,'P',Bl.'R’\',QX,'T",QX,

16H?,BX,VIST?)
FORMATCIX,9F10,58
LeL+!

IF (L LF ,LMAXIGRO TO
CONTINMUE o
RETUUN

END



3070
3072

30713
3078

3085

}095

SURROUTINE ENNY :
DIMENSTION PErQQ).DPF(ZQ)aHLD(EQ)oBLE(EOH.UE(ZQ)aCUTZ(l31)
BOMMONJF L /N NTL NT2,NTE NI, M. MY, ME0,NTU
couMOM/Fylbuq,GMZ,GV},GMU,GMS,G“b.Gﬂv.GMa,GNO,BZ.RE,TW,GANA,SIG.MM
COMMONZFO XX, 22,FM,RETA,SIRT
COMMON/FS/5(29),55(29Y,6(29),01R(22),18(29),05(29),VS5(29),VN(29)
COM”ONIFTIUf101.2°).V(|“1,?°3.T(lnl.?9).9(101.29)-“0(101.29),
su9(701,?9).Vt8t101.?ﬂv.H(i01.291.SH(|01.29).Pw(29),VIST(101.29)
COMMON/FA/RT(101,29),FMNA(Int,9),ZN(101,29)
COMMON/FIO0/THFC(101,29), THES(101,29),TV1(101,29),Tv2(101,29)
COMMUNZF11/DC10Y,291,D84(101,29),D%P(i01,29),A6(101,29),
1AT7¢101,2Q),A8(1N1,29)

COMMON/F I /HTNMF ,REY ,RER

DN 3075 Nai,N1Y

DO 3070 Mz15, M1y

TF(H{M,NY ,GE _MINFIGO TO 3072

CONTINUE

ALEIN)gIN(M,N)

UE(N)SU(M,N)

PE(N)ZP(M,N)

BLO(N)=O,

NO 3073 J=2,M

JigJey i
RLD(N)IBlD(NIOIZ.-(U(Ji,N)+U(J,N))IUE(N))Q(ZN(JoN)-ZN(Jin))/?.
rONTINUE :

NN 3085 Nz=2,N18

NDPE(N)a(PE(Me1)ePE(Nat)) /XX

PO 3N9S NzNY ,NY1{,N1Y

DPE(NIB(PE(NYePE(Nw1))/XX92,

NPELL)B(PF(R)ePE(NI2)) /XX

DPE(NI2)=(PFIN1&8)ePFr1)) /XX

DO 3110 N3, N1t

CUT2CLIMII=T 701, +S BafZNC1,NpHMI)/ALF (N)Ye2b)
TV2(10N!"1)=9E2t“0(1.Ns“l)tUEtN)iRLD(N)tCUYE(ll”l)/V!S(I.Nlﬁl)
TVI(I,N)a0,

CUTT=SORT(VISCLI,N)NU(L,N))
CUT201gM1)2VARSIDUCT,NpMLYCUT2(1eM1Y)

00 3115 Mz2,My

CUTaCUTT/SART(ROCM,NY)Y

UTAUBCUT/RE ¢

PPLUSS=NPE(N)AVIS(M,NI/RE/RO(M,N) &4 /UTAUR2]

CUTIZ! ,e11,RsPPLUS

TFCCUTY,LE,0,)60 TO 3137

APLUSS26,/73NRT(CHUITY)

CNPLUSaZN (M, NIWRO M, NYIREL/VIS(M,NYUT

ANPLUSaCNPLU§/A°LUS .

JF(ANPLUS,GT,12,)60 TO 3its . -. . - .- s

-

31



3116
3115
3137

3130

32

3133
3110

TVISTLR,UaZN(M NI ® (1, o1, 7EXPCANPLUS))

60 10 3115

VISTLa, 4wZN(M,N) :
TVEC(M,NYaRE®RD (M, NI#VISTLRw2/VIS(M, NYnCUT2(M)
Mﬁ:"-i

DO 3130 Mz|,MA
DV1ISITV2{M, N =TV (M, N)
IF(DOVIS,LEL.0.)GD TD 3138
VIST(M,NYETVY(M,N)

MeMa ]

MRIzMieMe ]
VIST(M,N¢MBIYSTVR2(M,NyuBY)
RETURN

END



60

65

SURROUTINE SKOCK
DIMENSION A2(29),VNF (29}
COMMON/ZF ) /NY ML, NT2, N6, NIS, MY, M1y, MG0,N 18
COMMON/ZF D /NXM,NXMY G NXMT  NXMU,NYXMB , NXME NYME]
CAMMON/FI/GMY ,GHM2 ,GM5,GM4,GM5,GM6,07,648,6M9,B2,RE,TW,GAMA,S1G,MM
COMMON/ZFU/ZXX,22,FM,RETA,SIGT
COMMON/FS/S8(29),88(729),6129),CHR(29),U8(29),DS5(29),VS(29),VvN(29)
COMMON/EA/ZINT(29),TTIHMP(29) ,TEMP(29),TE(29),TEL(29),TE2(29),TES(29)
1,TEU(29),TES(29),TF&(29),TEY(29)
COMMON/FETZUE101,29),V0101,29),7(101,29),P(101,29),R0(101,29),
TURP(101,2Q),VIS(101,29),H(101,P9),SH{1N1,29),PW(29),VIST(101,29)
COMMON/FR/BT(101,29),FMDACI01,29),2N(101,29)
COMMON/FQ/S81€101,29),551(101,29),DP81¢101,29),CUR1(101,29),R1(101,
129)
COMMON/ZFI0/THFEC(101,29), THES(101,20),TV]I(101,20),TV2(101,29)
COMMON/ZF12/7T720101,29),21(101,29),T773(101,29),T24(¢101,29)
A2CIINTIYISSRPI NI 1) /7 (1, +SCIpNT1IWCUR(CIINTL))
GCINTL Yot +a20 1 NT11)RA2T N Y)Y
GUIINT 1) VSART(G(LINE1) IR (1 NT L))
TEMPCIINIII=NAYGATHR (P (MY, {1 gNXML) , INTCIINTE)ITEMP(1SNTT))
TEMPCIPNTLISTEMP LI NI 1) /GMY ,
TECIINTIIRETEMP (Y g M1 1) #GMTYZ (L 4+ TEMP L gNTLT ) #GMT)
VNFCLINTL)SGMRR(TEMP (1 N11)eGMTY
VNFLIINT1)SVSARTCVNE (1 N1 LY pVNF (I gNT1))
USCIINTSIIBVNF CLIaNTL Y« VN (M1 )aVS (Y gN1 1) wd2(C1INTI1)Y/GC1NTY)
TELOINLUIB () @t ,/TECHPMEIIIw.VNF O NI 1Y ZGCENTY)
TE2(IINILIBVS (I NI ) TE L (I gNT1I®AR (I gNT L)
TESCLINTIISVNCI NI LYSTEY P gNT Y)Y
TFGCIPNII)STEMP (I gMI1I/ZTF L gNT L)
TEMPLIgN11)2VSORT(TFU(1INTIL)pTEMPCINTLY)Y)
TES(IINIYIRTEACI NI Yo TEMPCYIgNTIdIRGMp/(TEUCLIgNTI L) OGMS)
TEHG(LIMNI1)SYFUCL NI L YIRGHS
TF?(I|Nll)=TFh(1|N11)+(TF2tllN1iltYE?(l|Mll)¢TES(1|N!1)*TF3(1lNil)
1)/72.
RO(Ml,iy~x~1)-GEVSCAYR(TF(lxNit).lNT(lsuv!):RO(Ml.l1uxul))

UEMLp 1 pNXM{)20RVSCATRETE2(EINTT),INTCUgNEIIJUME, 1 gNXME))
VM, 1 INXMLIE0BVSCATRETESCIINI Y INTOIINTI)IIVIMI, 1 gNXML)) .
TCYI o L INXMLYaNBYSCATRITELCI NS LY, INT(IgME1) T (ML, 1 pNXMLYY
VIS(ML, 1 gNXME)BARVSCATRITESCIINTIT), INTCIgNE1 ) gVISIMYL, 1 eNXMLY)
SH(MloltNxﬂi)aGEVSCATR(Yﬁbti1”‘1).!“1(1)NIIJISH(H1.1!Nxﬁl))
HEMEp 1 gNXMIYaQBVSCATRITEZCI pNTE ) o INTCIgNEL) pH(MI 1 gNXMT))
DO 60 Nm2,N{
DDELBe(S(NI=S(NeN14)) /2,
NP(“loN)a-GHa-TEl(N)uDDEL/RT(Ml N)
DN 65 NEN12,MN1Y
DNELA(S(NaN1s)eS(NY) /2,
NP(HI.N):GMQ-TE!(N)chEL/BY(“! N)

33



70
T

75

34

WP M1, 1)E.u(ni;t)‘"’

1F (MM, FQ 2160 TN 70
DS(1IN111=US(lIN!1)in1!"11)

G0 10 71
NSCIINT1IZINS (1 IN11)USCIINI1)nGCIINI1)) /2,
stl|N11)=S(1'Nll)ODS(lINii)*TI”P(IlNil)

DO 75 Namt,N1Y

81, NeMLY=S(N)

881 (1, NpM1)=SS(N)

DS1 (1, NgIMII=NS(NY

INC(Le L pNXMYE 51(1.1:NxM)t(l.-21tl.itNxM))
EMNACT, 1aNYMYSY J4ZN (1, 1INXHIRCYRY (1, 1 gNXM)
BTC1, 11NXM)=R1(1.|gNXM)*ZNflalINXM)iTHFC(!alI”x")
RETURN

END

P — |



70

SUBROUYINE DERV
COHMON/FlINl,Nll.Nla.Nlprls.N1.Hll.MSO.Nla

COMMONJF2 /M XM, NXMY ,NXM3, NXMH, NXMA, NXKSG, NYXMp |
conv0~1F3/GM1,GMg,G»},cMa,GHS,GMb,GM?,GM@.GHQ,BE,RE.TN,GAMA.SIG,MM
COMMON/FU/XX,27,FM,BETA,SIGT
chMON/F7/U(101.2°).V!101.20).Y(101.?93.9(101.293,R0(101,29).
le(ioi.ZQ),VIS(loi.EQ).Htlﬁl:ZQJ:SH(10!.?Q)oPW(EQ).VISTtloioeq)
coMMONJFn/BTts01.201.EMOA(101.29).Z~(101.29)
COM”U”/'9/51(101.293.5311101.20).081f:ﬂljZOJoCURI(101.29).R1(101.
129)

cnnMON/FlO/YHFC(lni,20),THFS(101,29),TV1(10!,29).TV2(101,2°)
conuoN/r11/nuri01,20),DSH(101.29).an(101.29).Ab(101.29)a
1A71101,29),8A(101,29) .
conun~/F12/722(101.ao).z1(1ni.2°).123¢101.29).rzu(101.2°)
TVl(lol|NXM)a-ZZﬁ81(I.l;mxnit722(1.lywxv)/82
DU(?.I1NXM3)=(U(3.|1NX“3)-U(1.11NX“3\1ITVI(2.1INXMS)
owpte.ixMxHS\:(WPtS.!vNXNS)-wptl.erxMS))/Tvl(aul:NXMS)
DSH(Z.!1N¥H3)=(5Ht3,!aNxMS)-SﬁtloI:NXHS))/TV!tzpixanl)

0O 70 Nmi,Nt1y .
DU(1;N)=tu.-H(2.N)-3.tU(1.N)-U(SoN))/Tvl(l.N)
DNP(lcN)cfu.-HP(E.N)-S.*WPll.N)-WP(3.N))ITV1(1.N)
DSH(l.N}z(u.-SHte.N)-S.tSH(i.N)-SHrS.N))ITVI(1.N)
OU(Ml.N)=-(UZ*U(M11.N)-S.*UIHQ,N)-H(MSO,N))/TVI(MI.N)
DSH(M1.N)=-(0.tSH(M11.N)-S,tSHfN1,N)-SH(NSO.N))ITV1(MlaN)
owP(M1,N)=-ra.nWE(M11.N)-S.-wP(Vl.N)-NP!“SOoN))ITVIIPI.N)
Ab(lo?pN!M)vaS(1.11NXM)/RF*(DU(1,13NXH)-U(1.!INKM)*CURl(lplyNXM)/
TEMDALY, JghxMy) )
g?fl.eleMa)avrscl.PtNxMU)/ne*(nwp(‘,2.~xna)-wP(1.ZJNXHH)-rHEC(I.2
L1eNYHMA) /AT (1 ,23NXMa))

l8(1c1|NXM)I(1.'Zl(IolINXM))/Sl(loilNXM)

RFTURN

END

35
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36

BURROUTINE ROUND

COMMON/F I /NT ,NTE NIP2,NTONIS, M1, M|, ,M50,N1d
COAMMONJED/NY M NYMY XM, NX MY, NXMB, MXMS N MH Y
COMMON/F3/GMY,GM2,6M3,6M48,6M5,6M6,GM7,GR,6M9,R2,RE,TW,GAMA,SIG,MM
COMMON/F&/INT(29),TIMP(29),TEMP(29),TF(29),TE1(29),TE2(29),TES(29)
1,YE4(20),TES(29),TER(29),TET(29)
COMMON/FT/UC101,29),Vv(101,29),T(101,29),P(101,29),R0(101,29),
1WP(101,29),VTIS(101,29),H{101,29),8HC101,29),P4(29),VIST(101,29)
TEMP(19M11)BRAVGATHR(P (2, 1 gNXMI) pINT (1 gNT L) ITEMP (T gNIT))

PO I INXMIIBRBVSCATRITEMPLIINTI 1) ) INTCI NI P (f, 1 gNXME))
PHEIINI1)aTEMP (1IN 1)

TEMP(IgNTLISTEMP (1N 1)/TW /MY
ROC1,1¢NXMI)IzOBYVSCATRITEMP (I gNTT ), INY (1 N1 3RO(T, 1ENXMLY)

RETURN

END



SURRCUTINE VECI!
DIMENSINN DP(101,29),A9(104,29),A10(101,29),413(101,29),4A1(101,

129),A42(101,729)
COMMON/ZE /N N1 N2 N1 NS, M1, M11,M50,N14d
COMMONJF P /NYXM NXMT  NXMY, NXMY , NXMB, NXMG, NXMb]

COMMONZF3/GMY ,GM2,6MT, MY, GM5,6M6,647,GV8, G“9,B2,RE,TW,GAMA,SiG, MM
COMMON/FN/XX,2Z,FM,RETA,SINT
COMMON/ZFT/UC101,29),V101,29),T(101,29), P(103,29),RU(I01,29),

WP (101,29),VTISC101,20),H(1n1,29),5M(101,29),PW(29),VIST(101 29)
CAMMON/ZFR/BT101,20),EMDAC1N1,29),2N1101,29)
COMMON/FG/S1¢101,29),851(1nt,29), 051(101 29),CURL(101,29),R1 (101,

129}

COMMON/FI0/THEC(101,29), THFS(101,29),Tv1(101,29),Tv2(101,29)
COMMONZF11/DUIC101,20),D3H(101,29),NWP(101,29), Ab(101,29),
1AY(101,29),AR(101,29)
COMMON/F12/T220101,29),21€101,29),TZ3¢101,29),%24(101,29)
COMMUNIFiﬂ/AH(101,?° §),AM(10Y,P29,5),AN(101,29,5),A0(101,29, S)
AAl(i,l:NXN)=V!S(1.1pNXN)IREtVIST(1.1ngM)
Ab(!-l:NxM)=AA1(1.1|”X“)t0u(1.1lN!H)oﬂbtlollNXN)

AT(Vs2INXMY) =AA1(1,?yNXM03-0wD(1.?)NXM036A7(1.Engvu)

TVICL, T INXMISE (1, 1 gNXMIREMDACT, L ENXMINRO(] )1 INXM)

AU p o VgNXMYSTVI (1, 1 NYM)

AUy, Z:NXM)37V1(!.I:NXM)nUti.itNXM)
AU(1.1.3|MXM)aTv1(1.1|Nx")*V(\.1!NX”) '

AUCE o6 g NYMYBZTVE (Y1, 4 pNXMI»uwP LY, gNXM)

AUCL 1, SINXMYIBTVE (1,1 INXMIR(H (Y, LINXMIaP E1, 1 INXMY/ZRO(T )1 pNXM))
Tvell, 1:N¥N)=31(!.11NXM)*PN(1.1!”*“)au(l.ltNX“)

AM(S 21, 1 gNXMYBTVR (T, 19NXM)
AM(!.!.?;NXM)HVV2t1.11NXM)tUt1.|lNXMiﬁﬂlllollN!")'P(l.lINXM)

AMCE 1 g XMIBTV2(1, 1 gNXMIRV (L, MMy
A“(loaniNXV)STvat1,1|NXM)ﬁwP(t,I1NXM)
AMCY s 1, SaNXMYITTVR(1, LgNXMIRH (T, ] INXMY
DP (1,2 INXMS e (P (1,2 INXM5YaP (1, N1 2 NXMG) Y/ 2,

DP L1 NI2gNXMEYIT (P (1,2 1NXM5Y=P (1 ,N121NXNGY) /2, .
AQ(I:ZINX"U)zEHDA(l.2|NXHU)iTHFS(1,?gﬂxva)/RT(QoZtNxﬁﬂ)

AIOCL 2 NXMUISSI L], 29NXMUYwTHEC (1,2 sNXMAY /BT (1, 29NXMd)

AAY (o2 INXMOYSEMDA (Y, 2INXMA)RRN(L, 21 MXMUYAV(],20NXMY)
A13(1,2INXMUYBARCT,2pNXMUY# (DS (L, 23MXMUYRAU(L,2, 1;~xvu)+551(1 21

INXMOYRAMCL , 2, $ INXMUYYeAAY (], 2NXMIY
ANCE o2, 1 INXMEIBTYZACT, 29 NXMa)RA1T (1, 21NXMY)
Aﬂf\ne.i|N!Mu)aA0(1.ZlNX"ﬂ)*AMtl.Q.1:qua)0A10(l.?v IXMUYwAALI (1,2}

INXMAY STV (L, PINXMa)awP (1, 29NXMU)/RT (1, 2sNXMEY=TZ3 (1,2 INXHUIRAL3(],

P2INXMU)

AA?(lo?tNxMﬂillkl(1.2|NX“0)tU(1 Z'NXMB)-EMoltl.E:Nxva)tAbcl,a:
fNXMU)
Ail(l.Z'NlMa)alatt.2|NxMu)atDSI(1 2INXMUYRAU(L,2,2INXMU)+SSE (1,21

INXMU)#AM(],2,2)NXML))=AR2(], 2INXMY)

- - - - -

~a
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ANCLp2s 2INXMUYIBTZU(T,,28NXMUY#AIT (1,28 N ML) - .

AOC1o2, 2INXMGYIBAGCY, 2 NXMUY*AM(1, 2,23 NXMu)+A10(1,29NXMA)wAAR(T,2)
lNXMU]QTV!(1a?’NXNU)iU(1,EgNXMq)*NPfl,Q'NXMU)IBT(1,21NXW“)+TV2(102’
ZN!MH)trUthl.?1NX“0)*V(1.2|N¥MM)-S\t1.EsNXMﬂ)tCUR\(1.2:Nxvu)ahb(1
3,2eNXMY) «P (1, 2INXMUY RS (1, 2INXMUIRAQ (1, 2PNXMU)=T2Z]
GCY,2INXMUY AT, 29NXML) .

AAZ(loZlNXM“)=AA1(lo?lNl"aiiv(ipQINXMu)¢F”DA(1.2)NXH0)tP(1¢2]NXMU)

AUS (1, 2INXMUYEARCY, 29NXMAYR(NST ], 25N ML) #2U(1,2, 3 NXMU)+5S1 (1,21
FNXMUYAAMEL, 2,3 NXMUYYeARR (1,2 NXMU)

AN(192, 3aNXMUYETZACT,2NXMA)wA13(1,23NXML)
AO(!.E.K;NXMuizAQ(l,aguxmu\anut1,2,3,~x~a)¢A10(1,a,anu)*AAZ(l.Za
!NXMa)+Tv1(1,?:NYHu)tvr1.BvMXMuvth(1.?|~xmu)/ar(1.?|anu)-rv2(1'2;
ZNXMU)'CHR1(1.2!“’““3*”(\-2|NX“U)'pf\leNXMU)t(A\O(iOZINXMu)tEMOA(
31o?leM“30S1(‘o?lNXMu)ﬁCURil1.?)NXMU))-T23(!.angnu)tA13(1,2;NXMu)

AA2(1,2:NX“ME=AA1(1.EyNX“u)*WP(1.2:NXNHJ-EMDA(1.Z,NXMu)tA7(l,23
INYXMA)

A!S(l.Z:NxMU)=AR(|,ngXMU)¢(Ds1(1,a,nxmu)aAu(1,a,u,MxMa)¢531(1,2,
INXMUIRNAMEY, 2, UgNXMAYYeB AR (L, 2)NXMU)

AN(102.“1”X“03=710f1.?1NXMU)*A13(1.BaNxMa)

A0(1r2.01NXMu)=AQ(1,asNX”U)iA“fluE.U:NXMU)¢A10(1.?INXMU)tAA2(1,21
\NXNG)¢EMDA(1.21NY“U)t81(1:2|NXMU)/HT(1,2|N¥”u)i(oprl,2;NXMu)+Rn(1,
??:NXMQ)‘NP(],?]NXNu)t(?,in(l,?SNXMU)OUtl.ZINXMU)tTHES(1-ZINXHH)+
IV(L, 2 NXMU) % THEC (1,23 XME) YmAT (121 NXMU) «THEC (1,2
UNXMOY)aT73( 1, 2sNXMU) 1301 ,2NXMAY

Aaall.eryMU\zAAttl.?:NXMuaaH(\,a:NX"u)-E"DArl.2|NXM4)-(VIS(1.23
1~xMu)/SIG/RF-(1.+VIST(1.?;MxMa)ﬁsIG/SIGT)fDSHtl.2,NXN4)+U(1.2:NXMH
2)xAb (1, 21NXM0))

113(1.?1NXH03=A8(1.?,NX”U)t(DS!(!,Rlnxua)tAU(l.2.5|NXM“)0851(1.21

INXMUIRAMEL, 2, 5INXMAY ) wd AR (1, 21N XMU)

AN(1'2.S|NX“U)=TZU(1.2!”!“0)¢A13(1.23NXM03

AotiaE.SlN!M“)=A°('.?lNXMU}tAM(i.E.QINXMU)¢A10(1.ZvNX“ﬂ)*AAZtloag
1~xuu)0TV1(1.2;Nx~a)-ur1.BzNYHa)owP(1.2|NXM0)/BT(1.ayNXMu>-TZS(1.a;
PNXMUI® AT (1,2 3NXMYU)

RE TURN

END

. R el
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SUBROUYINE VEC?2

DIMENSION A20(101)

COMMON/FA /NG  NTE  NT12,NLA,NIS M, HM{{, 450, N1

COMMON/FI/GMY , 642 ,6M%,6M4,GHS,6M6,6M7,G4R,6M9,H2 ,RE, TW,GAMA,SIG,MM
COMMON/FU/IXX, 22 FM,RETA,SIGT
COMMON/FTZUC101,29),VI101,20),T(104,29),P(101,29),R0(101,29),
IWP(101,28),VIS(IN1,29),H(101,29),5K(101,291,Pw(29),VIST(101,29)
COMMON/FR/ZRY(101,29),EMDACINT,29),ZN(1NY,29)
COMMUON/FQ/S1(101,29),881(101,29),D81(104,29),CURt(103,29),R1(101,
129)

COMMON/F11/D11(101,29),08H(101,29),DWP(101,29),46(101,29),
1ATC101,29),4R(101,29)
COMMON/FL{2/772(0101,29),210101,29),72%3(101,29),T724(101,29)
COMMON/FIS/ZA1IN0101,4),AM00101,2,4),ANN(101,4),AR0(10%,4)

po 100 latl,?

11zl

TF(1.EQ P2 AND MM FQ _2)TTsNy2

AZOCEIMEIESI (Y, Ty )RROCY, T M1)

AMD(I T, 1 oMU Al (M ) (2, wLIC 1, TTsM)emP (1,11 ML)

AMDCL 1,201 3820 (MUY RIP (L, TTeMIN /RO, TTaMLI)¢2, wUL1,I]MI)x
TUCL,TL MO 40, TTgMIYwWP (], T M1

A20( 1 MEY=A20 (LMY w2, xU(Y,IT M 1YewWR(,T]1M1))

AMO(Y, T, 3gMIYEA2D (1M1 AV (1, T ML

AMD (T, T,u09M1ysA20 (1M Y wH (Y, TT M)

A20(1 M IS, M) WRD(Y, s MIYREMDACY, 11 M])

YUASFRRLADE T YIUGERAD

AUDCE 2 eM =820 01 1)1, 14M41)

AUOTT MUY= (1M1 RV, 15M11) )
AUDIY,agMII=A20C s MIYw(H{T, 114 1)eP ], 1 MI)/ROC1,1M41))

A0 (1M1 YFMPA(L, LM YRROCT,19M1)

AMDLL, 1M1 )2a20 (1 M1 eV 1,1 tM1YeAR(1,1pM1)e(DST (1, M1 )wALCCT, MY
19SS 01, aMIywaMN(L, 1,1 M1Y)

AN 2941 SaP?0 (MY, 1M AV (1,1 Mt YA (), 1 s M) /RO(T, 1M1 ) ) -
TARCL, 1 IMId&(DSUY, 1 gMIYRAUNCY ,23MI 4SS, 1M1 2aMN(L,1,2141))
ANQEL 341 a20 (1M 1Y n(V I, 1M1 mwP4P (Y, 1 gMEIY/ROCT, 1M1 )YeaRET, 1
IMIIA(DSTCI e MIY*AUOC1, 304134581 (1, 1M1 waMOC],!,31M1))

AND(T UM 1) ZAR0 (1M R VY, 1M w1, 1M {YmVIS(L, tgME)aDSHIT,191M]1)
1/RER (Y /8STG4VIST (1,1t M1)/STIGTI/RO(L, 1M1 YeU (1,1 0M 1Y %AB(L, 1 M1)
2 JROCE,1sME))mAB (L, 1MUY (NSI (1, pME) 22000, 45M))¢S51 (]
3,8 9M1)RAMOCY, 1,011

AIN=CURL(1,1)281(1,1)
AQO(!.!,M!):ASﬂtRn(l.llHl)thtu‘IH13+AN0(1a1vMi)tTZSt1.11M1)
ARDCT )2 M1Id32  #AI0R(ROCT, 1pMIIwUCT, g M)AV (T, 1M1 )eab (1,1 1M1))
T4ANOCL,29MLYwTZ3(),1¢M1)

AQO(I,3sM1)zA30n( =P (1,1 sM1)ROCL,1IMLIN(V (L, lle)uoe-U(l,!:Ml)t*Z)
$Y4ANOCL,3gMIYT230,1¢M1)

_AQO(L,u :“1)-130-(90(1 1:Mt)tV(I. FMEYRH (1,1 3M )eVIS(L, 1M1 )RDSH(Y,

39
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Lo

TEIMIY/REw(] , /STGHVIST(1,1M1)/8IGT U, 1M1 wAb(1,T1M1))
14aND(1,0M1YRT7Z3(1,18M1)

ANODC s M) 2 TZa 01 1M 1)RANDCT, 1 M)

ANOLS 4?2 IM ) =aTZU (1, 1M1 RAND(L,22M1)

ANO( 3 gME ) 2aTZ4a 1, 1eMUIRANUCY, 38MY)

ANOC1 UIMI)BaTZUCL,11M1)2ANO(E,4M1)

RETURN

END




SURROUTIMNE VELY

CﬂMMDN/F|/N1.Nlt.Nla.Nlb.Niﬁ.Mi.Mll.MSn.Nlﬁ

COMMON/F D /NYXM, NXMY  NAMS , NXMU,NXMB, NXHE, NYMb |

COMMON/F3/GMY ,GM2,GM3,GMU, MG, GMe,6M7,6MR,6M9,B2,RE, TW,GAMA,SIG, MM
COMMON/FT/U€101,29),V(101,29),T(101,29),P(101,29),R0(101,29),
IWP(101,29),VIS(1n1,20),H(101,29),8KC101,29),PW(20),VIST(101,29)
COMMON/ZFA/BT(101,29),F4NAa(101,29),ZN0101,29)
CNMMON/FO/51(101,29),551(101,29),D081(101,29),CURI(101,29),R1(101,
129}

COHMON/?1n/THEC(VOI.EQ),TﬁES(QO!oRq).TV1flﬁl.aq),TVZ(lolaEQ)
CNMMON/F13/48111(101,29,5),AU2(101,29,8)

RO(2/,2¢NXMB YmAUI(P,2,11NXMA ) /S (P,2INXMA ) /EMDA(2,2NXMR )
UCR2,2INXMB 12AUT(2,2,2 NXMA Y2811 (2,2, 1 gNXMB

V(2,2INXMB YAty 2,2, 33NXMB J/A01 (2,2, 1 INXMA )

WR(2,2INXMB YEAUI (2,2, 43 MXMR Y 24L1(2,2,1 NXMB )
TV!(2.21NXMR)=(Uf?o?,MXMR)tU(z.agNXMn)ovtE.E;NXMa)aV(a,e,ane))/2,
SHE2,29NXMRY2 (A1 (2,2,53NXMRY ZAUT (2,2, 1 JNXMBYeTVL(2,23NXMA)IGAMA
HI2,2INYMBY=SH (2,2 NXMR) 4TV (2,2 1 NXMA)

T(2:,2INXMA)SSH{2,21MXMA) /GMY :
P(2,2)NXMB) SRMQ#RO(2, 2 MXMAYWSH(2, 2 MXMAY
TV2(2s2INXMRYIVSART(T(2,21MXMRY TV (2, 29NXMBY)

VIS(2,2INXMR) BT (2,2 INXMBIRTVR (2,21 XMRYRGME/ (T (2,2 1INXMB) +GMG)
RETURN

END

hl_
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SURROUTINF VECY

COMMONZF1/NY N1, N12,NInoNIS, M1, M11,M80,N1d
chM0~/F3/GM1.GMa.nvx.GMﬂ.GMS.GM6.0"7.GM8.G“°.82.RF.TN.GAHA.SIG.HN
tOMMONIF7/U(101.20\.V(101,7°).T(101,29),9(101.?Q),nn(lol,PO),
SNP(!01o2°\.VtS(1n1.Pq).N(101.2°7.S“f101.ZQJ.PW(BQ).VIST(101.29)
COMMON/FR/BT(101.20).EHDA(1n1o29).ZN(10\.20)
COMNON/F9181(101.20).581(10!-?°)0081(101029).CUR1(101:29).R1(!01'
129)
COHMON/FlO/THEC(\O!.2°).THES(\01,2°).TV1(101.29).TV2(101.29)
COMMON/ZF13/7AU11(101,29,5),A2(101,29,9)

ROC2, 1M1 AUL (2,1, 191113 /81(2, 134111 /7EMDA(2,1M11)
U(?lllN11’3“'1(2":P’“11‘/AU1(?01'1!’4".)

V2,1 IM11)3801 (2,14 311D /AUL(201,13M1Y)
WP(2s1sM1L)BelIC2, 1171 L)
Tvl(aoilMll)B(UCE,ls"]1\ﬁ“f?u‘l“‘t]#V(?u1|M1‘)ﬂV(?,!l“!l))/?.
8M(2.11“11)=fAU1(2.\.“!"11)/Au1(2.1,11"11)-TV1(2.13M11))*GA"A
Ht?.lt"l\)=suta.11“\1)¢TV1(2.1|“11)

TR, 1IMI1IESH(2,11M11)/GMD
P(2,11M11)BGMO*RD (P, 1ML 1IwSH(2,13M11)
TV2(2.1IM!1)=VSQRT(T(2.11H1\):TVE(?.l1”11))
V!S(Z.izMi1):7(2.!lMll)*TVE(E.IlMli)tGM6/(7(2.11M1i)¢G"5)
RETURN .

END



100

SURRAOUTINE veLs

COMMON/ZF{/NT NI, NT12,N 6, NIS, MY, ML ,M450,N1 U

COMMONZF 2 /NXMGMXMY G MNXMT FiX MU HYXME ,NXME, MY MY

COMMON/ET/GMY ,GM2,0M3,GHU,GM8, Y0, GMT, MR, GMO,R2,RF, TV ,GAMA,S1G, MM
COMMON/ZFT/U(101,29),v1101,29),Tr101,29),P(104,29),R0(10¢,29),
TRP(101,20),VISCIN1,P09),H(101,29),S%(1n1,29),Pw{29),VIST(101,29)
COMMON/FR/AT 101,209 ,FMDACLIN1,29),2M(101,29)
COMMON/FOQ/51¢101,29),581(1n1,29),DS81(1n1,29),CUR1¢101,29),R1 (101,
129)

COMMON/F10/THEC (101,29, THES(101,29),TV1(101,29),Tve(101,29)
COMMON/FS3/74111 (101,29,8),AU2(101,29,8)
ROC2,2INXME1YSAN (2,2, 1 INXME1) /S (2,2 INXMALYZEMDA(D,23NXMEY)

U2, 21N XMALYZAUL (2,2, 2 1NXMALY 24U (2,2, 1 1NXNMAT)

V(2,2 INXMA1 ) 2AUL1 (2,2, 31MXHATIY/AUL(2,2,11MXNME1)

WP 2,2 INXMB 1 AU (2,2,43MXMA Y /A1 (2,2, 14MX"81) -~
TV&(Z,a;quhv)=(U(?,;,NXMA1)-U(e,g,uxmh1)¢v(a,2guxnba)*vta.E;Nval
13)72,

SHI2s2INXMOI IR (AN (2,2, SsNXME1)/AUT (2,2, 1 INXMOL)eTVI(2,2) X M61))#
1GAMA

H(2,21MXM61)28H(?, ?1~xMhi)+Tv1(2;?tN¥Mbl)
T(2,2INXMALYaSHIP,29NXMET1)/0MT
P(Ps2INXHRL)=GMARRN(D, e NXMRTIHSHID, 2 NXMAT)
TV2(2s2INXMAIITYSORT (T2, 2 NXMAL) STV (2, 2NXME1))
VIS(E.?:HXMbi)=Tt?.?l”XHbl)tTVR(Z.EpNXHbl)tﬁﬂﬁl(Y(Z;ZlNX“61)+GMS)
DO 100 NesN1,NIt,NIU

NN{aNwy

NN2zN=?

MNYzNeY

U(E'N1M11)=P Sell(2,NNIM11)e?, *“(?.Nﬁ?rﬁll)t Sth?.NN3r“11)
Vf?.N:H!|)=? SayV{2,UNTI M1t )a?2, ﬁV(P.NN?lMii)O SxvV(?, NHB:“
P(2/NIM11)B2, SHP(2,NNIIMI 1 )e? 4P (2, NNP2IMI1Y 4, SeP (2, "N 1 h ]

WP (2N IMIL )z RawP (P2, MNIIMI ) a2 JAWP (2, MNP ML )4, 80P (2, N“f:’l‘)
SH(Z.N!“il’:2.S*SH(?.NH11H11)-?.*SH(2.NN21H111#.<19H(P.~w3:""
HE2 NIMII)ZSHIP, NgMII 4[R2, NyMT T undeV(2,NgMI1)wn2)/2,

T2, NIMI1)BSHI2,NIMI 1Y /GMT

ROC2)NIMIL)I2P(2,NIMI1)/GMO/SHEDP,NgMT L)

VISI2:NpMI1) T2, Ny 1) nul SaGM6/(T(2,NjMI1)+GM5)

RETURN

END
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APPENDIX b

LISTING FOR ZERO ANGLE~OF=ATTACK CODE

PROGRAM RFODY(I\'V“T,O“TPUT. YAPEQ-:INP”Y' TAPF6=0UTPUTJ
TIME=DEPENOENT FINITEwOIFFERENCE METHON FOR CALCULATING ThE LAMINAR
AND TURBULENT HYPERSQONIC FLNOWS AHOUT ALUNT AXISYMMETRIC RODIES AT

ZERD ANGLE NF ATTACK, LOCAL TIME STEP 1S !SED TO MARCH THE
SOLUTTON IN TIME,

REFERENCF ATAA PAPER MO, 77172 (KIIMAR AND GRAVES)Y,
NRODYet FNR SDHERE.CDNE. CALL RCON,

NRODYE]

NBOOV:2.

IF(NBODY,EQ, 1)CALL RECON
1F (NBODY,EQ,2)CAILL RHYP
§TOP

END

\J




SURROUTINE HEON

- DIMENSTON CDPCI5),COF(15),CD(15),0m(15)

DIMEN3 ION V(1Q),THE(IS).CHrIS).TEHP!(15).TEHP2(101301(10!):
117(101),721r101!.THE1(101.15).G"(U)

DIMENSTON THEB(!OI.!S).VAIQ(IOIp15).oTtvol.15).‘U2(101.15.“)
DIMENSTON YAU(IS.U1.TAN(15.0).7AN1(15.0).TANZ(lS.U)'TAQ(lS.U)'
lTAUl(IS.U).CF(15).TF8(1§).TE°(15).7510(15)
cnvuou/F'/~1.Nla,NSn,MSZ.Ml.M!l.MSO
COMMON/F?/NXM,NXMI,NXM},NXMU.NXMS.NXMH,NXNE‘ :
COMMONIF3/6M1pG”?.GM},GMS.GMbgG“7¢GM856M9'BZ|REJTNOG‘"‘OSIGIMM
CDMMUN/FGIXX,7Z.FM.BETA,DY.DZ
COMMUN/FS/Stls)oSSCQS).G(lS).CUR(lS).UStlS)oOS(!S).VS(IS).VNtls)
1,RC15)
CDMMON/Fh/INT(15)pTINP(15).TENPC!S)oTE(15)'TEl(1530752(15)n7€3(15)
1.TFU(15).T£9(15).TEb(1€),TE7(1s)
anMON/F7/U(101.15).V(101.IS).Ttlﬂlo15).9(101.15).90(101015)'
lv!sttol.15),Hf101.191.3H(101,16),Pw(15),v187(101.1§)
cou~0N/Fn13r¢101.1€).EMDAtlnl.1S),ZN(101.15).91(101.15)
chMON/FQISl(IOl,iSJ.SS!(101.!5);081(101.!5).CUR1(101,15)
COM“DNIFIO/THFC(|01plS)pTNEsflﬂlolS).TV!(101015).TV2(101015)
COMMON/F11/0“(101.1%).08H(10|.1S),Abltﬂi,lS).AG(lOl,]S)
chMONIF12/722(101.15).21(101.15).723(101,15),720(101.15)
COMMON/FI3/A111C101,15,4)
chMOleiulnu(lni,15.0),AM(101.ls.u).AN(inl.15.07.A0(1nl.15,0)
chMUN/FISIAHO(10!,0),A”0f1Dloao“).AM0(101p4),A00(101,U)
CDMMON/Flb/H!NF.REI;REE.SIGT

CH(1315)a0, .

VIST(1,1:1515)z0,

CONSTANTS ANN FREESTREAM CONDITYIONS

PIxU,#ATANCY)

GAMAZ1 4

RGAS=2RY, -
CPEGAMAXRGAS/(GAMA=Y )

816,72

§167=,9

ALPHA=zO,

CC=z,001

FMai0,3

TFedo6,26

PF=100,77

ROF2PF /RGAS/TF

THC=45 ,wPI /180,

Twallo,3

TWsTW/TF

RM=,03178

DY=,185

RETAZY 19

ks
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o0 (g X o]

OO0

FDTsI,

THESHB2 ,#P1/1R0, ' .
VF:FNQ(GAMAQRGASQTF)at,S

VISFE1,458/10,+%62TFant ,5/(TF4110,)

RFaVF*ROF*RN/VISF

LMAX 1S THE MaAXIMUM NUMBER OF TIME STEPS AFTER WHICH THE PROGRAM
WILL STOP EVFM THOUGH TME SOLUTION MAY NOT BE CONVERGED,
LMAXE200N00

NT IS NUMBER OF MEBH POINTS ALONG RODY SURFACE UPTQ WHICH THE FLOW
18 LAMINAR, THE FLOW BECOMES FULLY YURBULENT FOR NT+t,

NTe2

L TURBa2Sonn

FOR LAMINAR FLOw, CALL VFC3 aND FOR TURRULENT FLOW, CALL VECG,
LYURB TS THE NUMRER 0OF ITERATIONS UPTD WHICH THE FLOW REMAINS
LAMINAR,

CNONVERGENCE CRITERION,
CRIT3, N}y

GM(§)ay,

GM(2)3e§,

GM(3)at,

GM(u)=y,

GMIZl , /GAMA /PMaRD

GM2S2  *GAMAZ (1, ¢AMA)
CMIEeCPaTF/VFawp

GMSE110,/TF

CM6ZY 4GMS
GM7=(GAMAwl )/ (GAMEST )
GHﬂa(l.OGA“AJI(EliGAMAﬂFHtﬂZ)
CMOa(GaMA=] Y /GAMA
GMINITaaGMI/AAMA

HINFE0,995%(  S¢GM3)
RFE1=SORT(RE)

RE22,0168%RE

MFSH STZFS AND VECYOR LENGYMS
N1=iS

NidzNtey
NSOaNle?
N52zNi=])

LEAR-SYA

it AaMied

My L e

M1 MLl
nM52=rley

NXManNg «%q
NXM|:N?H.MIX
HEMIO NG ey
NYMIBNY M,

N I

U LENK MM o
PAMABNY NG uM w
NAMYENXMaInM (¢t

Le-

o ———— i e e



(&)

17

11

10

20

35

40

CNXMBENXMa2aM | o]
NXMOZNXMamlamy 41 .

NYMID3UaNXM
NXMHINXMau2aMy e
NYMM2INYMm2aM ey
NXMMIaN el aMlng
STEP SIZES
DZow], /M1
XXugdanhyY
22z2.*D2
YOLsNEYSNAVINTLLO, DY YL 11MT))Y
ZO1MEIanayanTLLy,,n0 9201141 ))
A ePl A2 ~TAT
YR DY aN g
ROl mrt ) 4G IN(THIYSEDS(THI Y
NJtTG THE MEDY OPOINT UOSTRCAM (F JUNTURE POINT,
No=at/sny
nJinNG e
NReN -
NJ3=ndgad
IV,TTIAL SHOLK SHAPRE AND SHOCK SLOPE,
ST I RIS P B
DO 17 MNeNJYLNt
SN INC (Y eNYARTNCTHESH)
nOnyY GeEaMtiny,
netl NEL Ny
IFEY(N,aT A136D =0 (4
THEINIST /2, mY (M)
RN =y,
R(NISCOS(THE (M)
50 10 10
THF (N)STHC
CLUR N) =0,
R(N)ISCOS(THCI«{Y(N)mAS)#SINCTHC)
CONTINUE J .
DO 20 Nai,N{
VS(NJ3COS(THE(N)) -
VN{N)2«STIN(THE (N))
DO 35 Nat,Nt
S1{1,NsgM1YBS(N)
CURI (I ,NsMIYISCUR(N)
RIC1sNIMIIBR(N)
THEL(1,NsM1)Z THE (N) ;
THEC (L, 1 pNXMYZVEOS(THES (1,1 3NXM)STHEC (1,1 1NXM))
THES (108 gNXM)RVSTNCTHEL (1, 13NXM) sTHES (Y, { gNXM))
INTOIBNIIBOAAVINTL (1 ,MITINTCIgNT))
CALCULATION OF THF STARTING 50LUTION,
DO 40 N3y, Ny
TEMP(N)ISINCYHE(N) Y wa2a( 94 1a(Nut)/NT)
P{1,»13NXM)ZORVSCATRITEMPCIINT ), INT ()N Y1P(L,1)NXM))
TEMP (13Nt )Ya0"

L7



L8

15

16

3p

VI, 1 sNXMIBOKVSCATRETEMP (LMY 3, INTC1 ML gV (1,1 gNXM))
UC1y13NXM)SGAVSCATRITEMP (1M1 3, INTCL13NL D3UCL, 3 NXM))
TEMP(TgNY)=TW

V1, INXMYSARVSCATRETEMPCLINT Yo INTCEINT YeTCL,1aNXM))
§s(t)=n,

DO 1S N22,NJ

SS(MNYI(S (N1 )=S(Net)) /XX

DO 16 N=NJ1, Ny

SS(N)Zw(4d ,2S(Ne1) a3 «S(N)=S(Na2)) /XX
TESCIINTISSSELIM)/ (1, +S (1 IN1)RCURLLNT))
TEALIINIIZL L+ TES (1P IINTES (S gMe)
TEHCISN1YaVSURT(TEA(IINIIITER(IINT)Y)

TETCLINIIRm (VN1 e N ) mVSCLINT)RTESCIINTI)Y/TES( I INY)

TEMP (Y INIIZCTET (L IN1)#TFT7 (13N /GMBaGMTI#GMY

PEMY L XMY)=NAVSCATRITEMPCIINY ) INT LN )P (ML, 1gNXMLY))
TEMP(I:N1)STEMP (13NT1)/GMY
TECIINIYS(TEMP (I sNT)SGMT)Z (I #TEMP (1IN #iMT)
TELCIPN1YZ (et ,/TFCLINIIIRTEZ (TSN ZTFL (1 INT)
TE2C(LsN1Y=ZVS (1M Y=TEL LI g NIRTES (1N
TEICIINTYISVNCLINI)+TELLLINY)
TEACIINY)STRFMP (1 N1 ZTE (1 9HL)

UCML a1 sNXMIIR0RVSCATRETF2CI NIy INTC s 1Y JL(ML, 1 pNXMLY)
VI s L NXMIYeNARYSCATRITESICI N, INT LI g NIY gV IME 1 gRAME))
T e EaMXMIYz0BVOCATRITEACTgNT) pINT LY TIMI, 1 NAMEY)
DO 50 Na1,Ni

DXUR (UM NIaUCTaNYY /MY

DXV (V(Mt NYeVIi,NY) /MY

DUPS(P ML ,NYaP (1 ,N)) /M1

DXTa(T (MY, NYaT(],M)) /MY

VY NEMI ) BORVINTL (U C1,N) XU U L, NpHE1Y)
VILsNIMUIISHAVINTL(V I, NY,,DXVIVI]T,NgM1 1))
PCIoNIMIL)ISORVINTLIPCL,N),DXPIP(L,MsMLL))
TrieNgMIIISARVINTLLTL M), DXTyT (), MpM11))
ROCEpEanXMYIaP L, VaNY MY /T, 1 NXHY /Gy

Syl LINXMIRT (1,1 pNYM)IRGM]

HUL, JONXMYIBSHEL, faNYMIS (UG, 1INXM)eapav i, 1TNXM) w02} /2,
TV2L 1 NXMY2VEORTIT (L, 1 INXMYIFTVE (L, 13MXM)) .
VISCI g LINXMYST (L 1 g NXMIRTVR (1, sNXMIaGME/ (T (], 1 gNXM)$GMD)
RIc(BETASL )/ (RETA=Y )

1222, wRETAZALNGIRT)

T7¢1:M1I=RLen(Z013M1)) ,
TZCLIMIIBRITAR(TZ I oMM~ I/LTZ0 MY~ )

DN 30 Amt,Nt

rANSFLELEPERSARGREELD] ) ,
INCLeLaNEMIZSLI (1, s NYMIN (Y a2 Y, pNYMY)

EMNAC. , CgNXMY 2L 47N 1IN Y2 IR 2], 1 g hY M)

RTCLp i gNYMISQYI (L, LgNXMISZN L, g RXMYNTHEC (1,1 PNXM)
TZ2(1 g 1INXMI@RETA* 4271 (1,11 M) 4R

TZ3CL, 1 aNAMIZ2 A2 1 (L NXMY/TZ2( L, 1 NXM)

TZ4C1, 1 INXMYaR2/TZ2( 1,1 NXM)

WRITE (6,399) ALPHA,RE,FM




399

(14

439

43s

70

T4
75

WRITE(6,UISYCYIN) ,THECN) JR(NY,CUR(N) Nt NT)

DO 60 Ney, N

WRITE(H,428)N,Y(N)

WRITE(6,u30)

WRITECOH, HU0)(ZILMNY,ULM)NY, VM NY,PM,N) RO(MN),TIM,N) ,H(M,N),

CAVIST(M,%N),Ma1,M1)

CONTINUE ,
FORMAT(/,6X,°721%,0x,%11?,9X,*y? BX,*’P?,BXx,’R0O’,9X,?Y*,9X,*H"’,9X,
1rvistTe)

FORMAT(2X,*Ya?,F10,%,SX,*YHE®R? ,F10,5,8%X,*’Rs’,F10,5,%X,’CUK="?,F10,5
1)

DMewl 74, /M1 . ‘

TEMP2 (1311 )aRBVINTL (|, +NDM,DMPTEMP2 (1 M1Y))

B0 2 l=1,4

AUL(Y,1, 1Nyt

TER(INiYET,

TEQ{irhi)=a,

TFI0CgH1)=GML0

Lot

MARCHING IN TIME STARTS MERE,

CONTINUE

MM=1

LNCAL TIME SYFEP CALCULATINM,

VATRCL, 1 sNXMPISGAMARP (1,1 3NXMR) /RO, 1 INXMR)

VATRCT, 1 sNXMPIZVSORTIVATR( L, 1gHXM2) pYATR(L, 1 INXM2Y)

DY (3ot gNXM2Y2FDTR(ZM(2, 1 pMXM2ImZN(T,1 sNXM2) Y/ (VYARSEV{L,1NXM2) g
JTHEZ (1, 1 sNXM2))4VATR(1, 1NXM2))

DO 70 Nz=§, Ny :

DYCLeNIMITIEDT (I, NI MIL)ATEMP2CYIIMI])

TIMP (13Nt YoRRVGATHRINTIMIL, 1gNXMLY, INTCINT ) TIMPCENT )

DT (M1, 1 INXMYYZGRVSCATRETIMPCI NS Y, INTLLIgNT DT (ML, 1INXMLY)
PREDICTOR STFP,

sS(1)=0,

DN 74 NB2,NJ -
§S(N)IB(S(N+1)eS(Ne])) /XX

DO 7S NenNJi,Nt

SS(N)Se (U w3 (Nu)mF 2§ (N)=S(Nu2)) /XX

CALL 8SHOCK

CALL DERV

CALL VECH

DO 110 Iei,d
AULC2,2,TaNXME)AN(2,2, 1ENXME)«DT (2,2 NXMAI R ((AM(2,3, 1N XME) M (2,
12, TsNXMEYI/DYS(AN(I,2,I3NXME)mAN(2,2, 1 INXME)Y/DZ4AG(2,2,T008XME))
AULT2)NL, I MEA A (2,NL, T M80)aDT (2, N1 gMSAYR((AMI2,NL, M50 )mati(2,
INT14,1IM50)) /DY (ANCI,NT, T IMS0)YalAN(2,N1,TM90)Y/0Z24AQ(2, N1, T M5S0}
AUSCReNIL,TIMS0IZAUC2, NI, TIMSO)IFNT (2, NI IMSO)*( (4 *AM(2,MT, 1 IM50)
13 2 AM(2,NJ1,TIMS0YeAM(2,NJ2,T1M50) )/ XXu(AN(I, NJ1,TMS50)aN(2,N]1,

213MS0))/DZ=AR(R2,NI1,1M50))

TAUCE,T3NY YeQAVGATHRCALI(ME, 1, TeNXMEY, INT(L NS Dy TAUCL,TgNE ))
TAMCY, TNt IERBVGATHR (AMIME, 1, T pNXMEY, INTCIENG JpTAMIL, TNt )

ko



3

150

154
175

160

174

11%

180

190

50

PANICELTsND YEORVGATHECANCHE, 1, TINXME)  INTCIENT YgTANT(L, TyN1 ))

TAN2(L,T¢N1 JEQRVGATHR(AN(MIY, 1, SNXMEY, TN TOINT J9TAN2CY, IINL )
TAQ(Y, 2N YaBVGATHRIAD[MY, 1,1 sNXMEY, INT (1N YITAGCL, T3N1 ))
TAU!(2.1!NSO)ETAU(E-IINRO)-TI”P(?}“SO)*((TA”(S.IINSDJ-TAM(E,IINSO)
S)IDV¢(TAN1(Z.I:NGO)-YAN?(E,I1NSOJ)/DZ#TAQ(Z.IINSo))
YAUl(NI.I)ztaqut.I)-TI”V(Nl)-((TAM(NI.!)-TAMtNlu.I))/DY+(TAN1(Nl.
11« TAN2C(NY,1)Y/DZ+TAD(NL, 1))
YAU!(”J!.I)=7AU(NJ1.I)+YINP(NJ1)tr(uLaTAM(NJ,1).3..TAM(~J1,1).TAu(
!NJZ,I))/XX-(TANI(NJ!,I)-TANP(NJi.T))/DZ-TAQ(NJI.I))
Anx(Mt,z,l:NXMM)=08VSCAYQ(TAH1(2:1:”1“).IN7(11N!ﬂ)pAU1(N1.Z.I)
IMYMMY)

sALL VEC?

DO 150 I=t,4d
lhi(251;17”50)=AU0f2.Il“qﬂ)-nff?o1|M90)ﬂ{(APO(Z,Z,I;MSO)-AMO(z,1,1
1:“501)th#(ANﬂ(3.I1“50)-AN0(2.I:MSOD)/024A00(2.11"50))
5”1(“1.1.I):AUO(“lol)-OT(“1u’)*((AMU(”lo?.X)-AHOKMi.l,I))/DY#(ANO(
Uy, 1)ean0(MIL, 1)1 /NZ4400(M1, 1))
AUj(132;1’Myu“):URVSCATQ(YFH(],h‘ﬂ),[MT("N)u),AU1(1'2,1’H1q41)
bUlC’a?s?2”*““):08VSCATR(TFG(1l”iu),TFT(1;N]u),AU‘r1'2,2,hme)3
AU1(1easSzNiMM):ﬂRvscATn(T:o(tgHiJ).1Nr(1;~1u),411(1,9,3,Ny«~)3
AW1:1,2,&ngV“)aﬂﬂvstATH(TE10(1XN1u),1NT(1|Niu)'Auj(1'2,u|r>ww“
T R GTLLTUSRIGO TO 15U

~ALY YICY

62 70 155

L iwfg

T YT

SAVERGUMD

Foes TR STEP,

S1s0 Tzl

A2 (2,2, 1INXMS)BALI(P,2, TINXMS)4AUL(2,2,1INXMS)
l”?(?.l.l)"\l)=AU0(PoIlM11)¢AU1(2,1,11"1\)

MMz 2 .

$S(1)=0,

N0 174 Nz=2,NJ

SSIN)I(SIN+1)aS (Nl ) )/ XX -

no 175 NeNJi,NY

§S( i)ow (U, *S(Net)m3 *«S(N)aSNm2)) /XX

cALL SHOCK

cALL DFRV

caLl VED)

D0 1R0 l=t,d
AUl(2.2.11NXM5)=0,S¢(AUQ(2,2,1,Nst).n1(2,2,NxM5)a((AM(a,a,x,Nst)
1-AM(2.1.I:NXMS))/OY+(AN(2.2oIxNXMS)-Awti,a,I,NxMS))/DZ+An(z,a,1,
2NYME5))) .
AUltz.NJj.vai1)B.S-CAUQ(E.Ndl.1!”11)#nT(Z'NJlr“il)*((a.tAH(Z.NJ:
1I,M11)-3.*A“(2.NJ*.I;Mlli-AM(E.NJZonMli))/Xx-(AM(a,NdlvIlet)-AN(
21,NJ1,T13M11))/D2«8R(2,NJ1,T3H11)))

Uere23M1YE=U(l,21M1)

caLl VECe

No 190 I=t.4d :
AU1(2.1.11"11)E.Stthu?(z.t.l|M11)-DT(2.1'Mll)t(gAMntz,l,lynllacAMU




200

23y
232

102,2,11M11))/DY4CAND(2, TsM11)=ANOCY, T3M11))/702Z+AQ0C2,T3M11)))
FOURTH DODPER NDAMPING, CC IS THE DAMPING COEFFICIENT,
no 200 I=1,4
AP (3, 2, TINXMMRYZALI(S, 2, TsNXMMRI ALY, 2, TINXMMR ald (AU(4,2, [INXMUM
1214AU02,2, TINXMM2Y) 46 ,#AUL3,2,T8NXMMD)
TE1(17Nﬁﬂ)=uAVGATHQ(AH(1.2.1)”!"7).INT(1,NSO):TE!(!:NSO))
TE2(1INGNIBOAVGATHRIAIZ,2, ToNXMTY, INT(1INSOYPTER(13INS0))
TEICIJMS0IZNAVGATHREAN(I, 7, TINXMT)Y , INT (1 gNG0) s TES(LINSO0))
TEA(LINSOI=NAVGATHRCAUCL, 2, TINXMT) , INT (Y gNSO) 3 TEU (1 NS0))
TESCLING0)ZTEACIINGN ) aTE L (1 pNSN) @ (TESCIINSO)=TER (1 INSO0))
AUR(P 2, TINXMT)ROAVSCATRITES (I INSN), IMT (1 INSO) 1 AN2(2,2 110N XMT))
TEL (I INSOISHAVEATHRIAUCMGT , 2, TaNXMT) , INT (1 INRO)STFI(1INSO))
TE2(LINSOYZORVGATHREAUIMSO, 2, TaNXMT), INTCLINSOYITER2CL3NSG))
TEICIINGOISNAVEATHREAU(MIL, 2, TgNXMT), INTELINSO)ITEVIC(LINSN))
TEA(LINSO)INRVGATHREAU(MY 2, IENXMT) , INT(IINSO) g TEACIEINGOD))
TES(!1NSU)=761(11N<01-TE0(1lNSﬂ)'S.t(Y62(1lNSO)oTES(lINSO))
AU2(M11,2,13MXMT7YS0RAVSCATRITESLIINSO), INTCIINS0) JAU2(MLL,2, TINXMT)
1)
AU L3, 1, TME2)I=AUNCR, TIME2Y4AU0(L, 1 IMS2)md  * (AUD(L,1M52)+440°0( 2,1
PMG2) )b, wALO(3, T1H52) ,
AUP(R, 1, 1)2AL0CA, 1)eI0C], T)=3 »(ALO(3,T)Y=AUC(2,1))
AIZIMLI, 1, TYAUNIMEY, T)eAlIN{M], ) #{ALO(MSO,I)eAlD(MLY, 1))
ANC2,3, TINXMMIIBAUT (2,3, TINXMHMB)aCCo (ALU(2, S, TINXMMI)ISAU(2, 1, T3NXM
M3yl w (AU(2, 4, TINXMMT)2AU(2,2,11NXMM3))46,%AU(2,3, 1 NXMMT e U2(2,
23, TsNXMMT))
TEICLINSP)ZRRVGATHRCAUL (MY 2, TgNXMQ) , THT (L INS2YITEI (13N52))
AL(M1,2, 1 JNXMO)EGRVSCATRITEL (1 INS2), TNT(1INS2)9ANIML, 2, 1NYM9))
ANC2,N14, 11950 AU (2,N1U,TIM80)aCCo(AU(2,N52, 1350 )maU(2,NT, 1M
lSO)-S.t(AU(P,NSO.I|M50)-AU(2.N1U:IIMGD))¢AU2(2.N1“.I!“SO))
AN(2,2.11H50)=AU1(?.2.1:“%0)-Ccl(AU(a,u,I’MSO)‘GH(I)-AU(E,E:
{13M50)md #CAL(2,3,1IM50)48UC2,1,1:M50))¢b,%2U(2,2,131M50)4a0U2(2,2,1
21M50))
AL (2,2, TINXMB)TAN(2,2,13NXMS)
1F(Y  EDQ,2)GD TO 200
AU!(2:1:71”50)=AU!(2.1.11”50)-CCi(2.uAU(?,§.I|MSO)-8,ﬁAU(2,2.I|MSO
l)ob.‘AUO(Z.T:"Sﬂi*AUE(E.X-!r“Sn))
CONTINUE
AU (1,2, 1 INXMMYIZQRVSCATR(TERCIPNIL), INTCLgNTU) ALY (1,2,1)NXMM))
AUL(1,2,2INXMM)YgQBVSCATRITEQ( 1MUY, INTCIINTIG)I ALY (1 ,2,28NXMMY)
AUTC1,2,3INXMMYISQRVSCATRETFO(IINTOYINT (I gNT QY JALY(T,2,3NXMY))
AU L1, 2,0 gNYMM)SNAVSCATROTEIOCIINIAY , INTCUINTL) JAUL (Y, 20 dpNXHY))
1F(L.GT,LTURRIGD TN 231
cALlL VECHY
60 10 232
CALL VECS
CONTINUE
CALL BOUND .
EODY VISCOSITY CALCULATION,
1FCL LT, ,LTURBIGO YO 238
RN
LiaiLl»23




52

235

250

a0

350

355

460
46S

261

1FCLLGNELLIGN TO 4SO
CALL DERV

CALL EDDY(NT)
CONTINUE

LLelL /500

Lieill*500

17 ‘LL NELLYG0 YO 0850
QURFALT WEATING RATE aND SKIN FRICTION CREFFICIENT CALCULATIONT,
WRITE{6,000) L

WRITE(6,005)

Xtis «R2/(RETANP=1,)

Xl ow2 aR2/(R7TAxa2m1 ) /81G/RE

MASELIREILIARLES

00 250 Nz ,Ni

DSH13 (U #8= (2, NYw3  xSHIL,N)mSH(3, )Y /22/5(N)
CHINISVIS{1,NI*DSHI®XL

DUIS (U, #1102, NYm3 wliC], N)eli(3,M))/27/8(N)aXL]
CF(N)HZ.GVTSfi.N)t(DU1-U(1.N)acUR(N)/EnDQ(Q,N))/pE
QWENIZCH(N)# [ S*ROFAVF &%l

WRITE(6,u2n) YINY,S(NY,USINY,CH(N) ,CFIN),Pr(N) . Qu(N)

cnP(i1)ad,

00 340 N=i,Nt14 _

CHP(NS1YZCOP (N4, 3aNYA{PW(NIwR(N)#STN(THE (N))4Pw(Ne 1) a0 INa1)aSIN(

LTHE (N41)))

ChF(1)a0,

ECowB2/(RFTAR"2mt [V /22

D0 350 Nei,M14d

COF (N+1)GCOF (N)4EC*,5ANY«(VIS(1,N)«R (NI COSITHEIN) ) # (U wli(2, NI w

lU(lnN)-U(S.N))IS(N)OVIS(l,Mot)wR(N+1)wcos(THE(N¢1,).(;..U(E,N,lj,

13,2001 )N+1) et (3,N$1))/75(N+1))
DO 3155 Nz2.Nd
COP(NY=U , *CDP(N)/R(N)#n2
COF(N)EU , #CNFENYZR(NY 22 /PE
CD(N)ECDPIN)$CDF (N)
WRITE (6,465)
WRITE(6,4b0)CRIN),EOPIN) ,COF(N),COINY NET,NT)
FORMAT (1X,4F11,6) '
FORMAT(/,BX,*R®°,RX,7CDP?, RX, CNF?, AX,°CD*)
CONVERGENCE CHECK, CONVERGENCE CRITERION 1S THAT OvER 500 TIME STEPS,
THE HEATING RATES SHOULD NOT CHANGE RY MORE THaN 1 PERCENT,
TELCIINIIRCHCI ENT) = TEC1INT)
TELCIpNTYaVARSCTEL (I IN1) S TEL(13NT))
TE2(1yN1IR CRIT#CH(1gML)
11=08SGE(TEI(1INYY, TE2C1INY))
1FCIILEO NI)GO TO 261
LLeL/%5000
LLaLL«5000
1F(LL,MNELLIGO TO 450
CANTINUE
DD 260 Nmi, Nt
WRITE(6,421IN,Y(N)

-

B e |



260
400
408
420
azt
440
a3y
uso0

551

WRITE(6,431)

WVITE(b:UHO)(ZN(MtN’oU(M'N,9V(NIN)OP(M0~)'Ro("'N)aT(H!N)lH(MON)I

1VIST(M'N)IM’10M‘)

CONTINUE

TF(IL,29 ,NMUYIGN TO 554
FORMAT({0X,°yn, OF ITFRAYIONS?,15)

FORMAT(/,1X,?NIST AL0NG BNINY S, KX, *SHACK STANDNFF DIST,’,5¥, #SHOCK

E1SPEFD?,SY, PSTANTON NO,®,84, 25K 1A FRICTION®,SX, walL FR,*,

25X, CWALL NEATING,w/mM2r)

FOPMATISX F10,S, 10X, F10,5,10X,F10,6,6X,F12,8,4%,F11,7,4X,F10,5,

15%,515, %)

«

FORMAT(/,5X, 2k20Y STATION AO,=%,13,5X,*n15T, ALONG goON™=2’,r10,5:/7"

FORMAT(14,8F10,5)
FUR”AT(/,bY.',“'.QX,‘U‘,QK,'V',ﬂX,'”'
1evVIST )

LatL+l

IF(LLLE,  MaXY50 TO ¢

CONTINUE

RETURN

END

P BYPROP,OX, TP, 0K, 04, 0,

53



54

SURROUTINE BHYP
OIMENSION CDP(IS).CDF!iS)oCD(!R)oOwtiﬁ)

DIMENSION Y(1S),THFI1S),CHLE1S),TEMPL(1S)Y, TEMPZ(\Ollpltlol).
172¢101), T21(101) THEL(101,15),6M(4)

DIMENSTINON THF2(101,15),VAIR(101,15),NnTC101,15),A02¢101,1%,4)
DIMENSTON TAUCIS,4),TaM(15,4) ,TANI(15,d4), TAN2(15,4d),TAG(1S,4),
1TAUIT(1S,4),CF(1S),TERCISY,TEQ(15),TEI10(1R)
COMMON/F{/NL  NTU NSO, NS5, MY M1y, M50

COMMOMZED /NXM NXMY  EXME  NXMY,NYMG , NXMB ,NXM2

COMMON/FR/GMY ,GM2,6M3,GM5,6M6,5M7,6MB,G649,R2,RE, Tw,GAMA, 816G, MM
COMMON/FL/XX,27,FM,RETA,DY,DZ
COMMON/FS/S(15),8S5(15),6(15),CURCIS),USCISY,NS(1S),VS(15),VNLLGY
1,R(15)

COMMON/FA/INT(15), TIMP(1S),TEMP(IS), TECIS),TEL (18),TE2(C15),TF3:
1, TPU(15),TESCIS) TEARL(IS),TET{{3)

COMMONZFT/ZUCI01 18, V108, 15), T(101,48),P(101,15),R0I1G1,5),
IVISCIOL ,18) , 1101 ,15),SHIINY,18),Pu(15),VIST (10,15}
COMMONZFAR/HT(IO . 1R8)Y,5MNA(101,15),ZNCE1N01,95),Ri(101,158)
COMMON/FQ/S1(101,15),58' 1104,18),084€101,15), URL(10",1%)
COMMON/FAN/THEL (10,15, THES(INY,18Y,TVI(101,15),"v2(101,°'5?
COMMON/F11/DUCLAL,18),N8HI101,16),A6(108,15),A80101,15%)
COMMON/FI2/T722C101,15),24C101,153,TZ3(101,15),T24(101,'3)
COMMON/FIR/8111(301,15,4)

COMMON/ZFIU/ZAN (AN, 18, 4) ,AMCINL,15,U),ANC10Y,15,4Y,AQ¢108,15,4
COMMON/FIS/AUD(I1NT,8),AM0(101,2,8) ,ANDC101,4)>,A°0010),4°
COMMOM/F 16 /HIMF ,RE,RF2,8IGT

cH(1315)a0,

visT(i,t:1518)an,

CNNSTANTS AMD FREESTREAM COMDITIONS

Plull AATANCLY)

FLTE NS -

RGAS=2R7,

CPaGAMAXRGAS/(GAMAel,)

$lGs,72 .

$1G7=,9 ’

ALPHARD,
CCu,001
FMato,y
TFRab, 26
PPui00,77
ROFRPF/RGAS/TF
THCBUS,#P1/180,
Twe330,3
TWeTW/TF
RNg , 03178
DYs,185
_ﬂFTAu\ i

L5

PSR |
A



o0 [ N o)

(s Ne NaXal

FDTst,

THESHa2 »P1/1A0,
VFRFMa (GAMAXRGASATF ) wn S .

VISFEY USA/10 ,aa6xTFasl 5/(TFe110,)

REsVF «POFaRN/VISF

LMAX IS8 THME MaxXIMim NUMBER OF TIME STFPS AFTEFR wHICM THE PROGRAM
wILL BTOP EVEN THOUGH THE SOLUTION MAY NOT BE CONVERGED,
LMAYR20000

NT 1S NUMBER DF MESH PNTMTS ALONG RNNY SURFACE UPTO WHICH THE FLOW
IS LAMINAR, THE FLNOW BECOMES FULLY TURBULENT FDR NT#i,

NT=2

LTURBR25000

FOR LAMINAR FLOW, CALL VECTS AMD FOR TURRULENTY FLOwW, CALL VEC4,
LYURB 1S ThE NUMRAER OF ITERATIONS UPYQ WHICH THE FLOW REMAINS
LAMINAR, ’

CONVERGENCE CRITERION,

CRITE,01

GM(1)al,

GH(2)Eml,

GM(3)at,

GM(4) =y,

GMIsY /GAMA/FMaa2

GMPE2,#GAMA /(1 ,¢GAMA)

GMI=CPaTF/VFun2

GMSa110,/TF

GMhul ,¢GMS

‘GM73(GAMA=Y Y/ (GAMA+L,)

GMﬂﬂ(1.¢GAMA)/(2.QGAMAtFMttZ)
GMea(GAMAe], ) /GAMA
GM1OSTwanMT/rAMA
HINFRO , 905 ( S4GM3)
RE1EeSNRT(RE)

RE23,016A%RFE

MESH SIZES AND VECTOR LENGTHS
N‘:ts '
NtugaNtel

N§0aN|e2

NG2sNlw]

MixtO1

Mi{BMimt

MENaMim2

M5iaMiael

ME2aMiwd

NXMaNieMy

NXMiaNXMaMl

NXM2BNXMa{

NXMIENXMu?

NXMUBNXMeM]

NXMSENXMeMlay

NXMLEENXMuPtM e
NXMTENXMaIaMis]

55



56

17

10

20

15

q0

NXMBZNYMuD M| e
NXMOANXMmlUwMy ¢
NYXM{OoygwNXM
NXMMENYMa2aMy ey
NYMMP2aohYMe2aMley
NXMMIsNYMelduM]uD
STEP S1ZFS

DZ==y /M1
AXz2,2DY
22=22,*D2
YO1:NTYSRAVINTL(O,,NY Yt INL))

ZCUME)SNARVINTL (1 ,,0Z21 201 1M1))

TMITIAL SHOCK SHAPT AND SHNCK 3LOPE,

S(t)s, 17

DO 47 N3I2,NY

SINIEG(Ne 1) 4NY &SI I "HESH)

RODY GENMETOY,

LUR(L Yz,

THE(1Y=PY 22,

Re1YVED,

AT JZTAN{THEC YR Y2

Re3RT4)

N 10 Ne2 Ny
DIzDYRSORT((RARP4R(Nal)an2) /(AaaPa (1,4 (A/RYP42) 4R (Nul)an2))
D2=DYASART((RA4D 4 (RINaI Y401 /2 J&*2)/(Raw24() 4+ (A/BY#%2)a
F(R(N®1Y1+01/72 1 %a2))
0330YASART((Re2+ (R{Nal) 40272 )%%2)/(Ras2e(l,+(A/B)nn2)
1R (R(Mm1)4N2/2 Ya22)Y))
NU=DY*SORT((Raw24 (R(N@1)eQI)us2)/ (Ban2a (1 ,+(A/B)as2)2(R{Nm]}¢03)
1a22))

RIN)BRINS1)I4(0142,2N242, 403400V /6,

XBAXSORT(R*#24R(N)xeD2) /R
CURCN)ZA##USPA* U/ (A% ARR(N)AR2+RRluXnnd)xnl '

XEB&X/(ASART (Xan2wbnn2))
THE(N)SATANCYX)

DO 20 Nai, Ny
VB8IN)ECOS(THE(N))
VN(N)Z=STN(THF (N))

NG 35 Ny, NI
81¢1,NgM1)SIN)
CURL(1,N;M1)=CUR(CN)
REC1,NIMI)IZR(N)

THES (1, NpML)=THE (N)
THECC1,, 1 INXMYIZVCOSCTHEL (L1, 1 pNXMY S THEC (1, t INXM))
THES(1, 1INXMIZVSINCTHET (1,1 INXM) 3 THESC Y, 1INXM))
INTOUBNTI)BRRVINTL C1,MIINT(I9NTL))

CALCULATION OF THE STARTING SOLUTION,

DO 40 Nmi§, NY .
TEMPIN)=SIN(THE(N) ) # w22 ( 94 Iu(Nul)/NT)

PU1, 1 INXMIZQRVSCATRITEMPCLIgNT ), INT(1gNT YIP(1,9gNXM))
TEMP(13N1)E0),

- - - - . —a . o .



15

50

30

399

Ve, L INXMIENAVSCATR(TEMR (LN ), INT(E Nt IV, gNXMY)
Utl.!xNXM)aonvsrATH(TEMptlrﬂl ) INTCIsNY YpUCL, 1 NXM))
TEMP(IgNyI)=TW

TC1,1sNXMYZNAVECATRTEMP (1N} ):!NT(lle Y$Tei, 1 pnXM))
§5(¢1)=0n,

DO 15 N=zp, Nty

S3I{MIBIL N+ YeS(Viwt YY) XY

§G(M ) mm (U, kG (NIU Y@ w5 (NS {HTO) /XX

TEGL L INI T S8Se MY 20t 4SS OLaNIYRCURCEEINTD)

TFEG6C, NI S TES (M IVRTES (Y eMt)
TEOCLINIYISIVEANTETEAT NI TEARCL M)

TETCIINT Y2 VN L s A 1) mVSI )T SN Y)Y /TEO(1NT)

TEUP (L gNIISCTET (LN Y TET(IgN1) /GMHns T Y wGMI

PIM]» I tNXME)YnRRVSTATRITEMP LN, INTELINE) gP (ML, 1 NXMY))
TEMF T gh)aTEMP LY e ) /GMY
15(1;Nx)-trrvpt\-~t)+n~71/(1'»rrﬁprl-wiaaGMvu

TELCigNT Y= (Y JATECLINIIIRTET (s 1) /TERLINY)
YE?’llNi)'VS(1rd11 =TFY LMY RTES (L gNY)
TEZCLgNEIaVNEE sNTIYSTE I (L N

TEUCL NIISTEMPELINI) /TECTISNY)

ML a1 g NXMIY2RRVSLATRITER2C NI, TNT (I sMIY UMY, 1aNXME))
VML L gNYMIYZNBVSCATRITFICIPMNE) pINT O gNIY gV IME, T gNXM1))
TIMY 1 gHX MUY e QRVSCATRITEA (Y IND) pINTOUINIY T (ML, g NXMEY)
DO &0 N=1,NY

DYHI (MY, N)mU (1, N)Y /™I

D!V:(V(”1'N1-V(\'N)’/M1’

DXPs(P(M1,NYePL1,4)) /M1

DXT=(T (MY ,NYaT(1,N)Y /M1

UC1, NI =0avINTLUCT1,N), DY“;”(I.N1H1|)1

VI NIMENISNARVINTL (V1 M), DXVIV L, ML)

P NIMIYISQARVINTI (PLL,MN) ,NXPIP (1 ,NgM11))
TOIL,NIMIIYZNAVINTLOTOL, MY, DXT 3T (), gME1))
RNC1,1gNYXMIaP Y, $ XY 2T, MM /GMY

SHELp 1 INXMI=T (1, 1 gNXMYRGHMY

HES, LINXMYTSH O, pNXMY &I, L gNXMYeadeV (L, 1 INXM)Reg) /2,
TY2( o1 INXMYVEARTIT (Y, sNXM)pTV2(1,1HXM))

VIS ) gNXMYST (1, g X YTV L, 1 sNXMIRGHEZ (T (1, 1 INXM) $GHD)
Bis(BEYA+1 )/ (RETAmL )

B2z2*RETAZALNG(RY)

YZ(13MI)=RiwetZ{tM1))

TZI(1IM1IZRETAX(TZ(11M]1)e -1’ Y/(TZCLpMEY et ),

PO 30 NEt, N1

103, NxMi) T21(19M1)

ZN( oI gNXM)= qi(1.1x”x")*tl.-llfiylsNx“)J

EMDA(I 1 NXM) =T, SIN{L, LINXMIRCURT (1,1 3MYXM)

BY(Y, ltNXM) n\(!-l)NY“)*lel LINXMIRTHEC (], 1 3NXM)
TZ2(1 )1 NXMIZRETA*2eZ1 (1,1 gNXM)R%D

TZR(L, 1 gNXMIZ2, w21 (1,1 XM /T22 (Y, 1 INXM)

Yza(l, !:MKM)uBEITZErI.!:NxN)

WRITE (6,399) ALPHA,RF,FM

FORMAY(/,1%X,7ALPHA,FR,5,5%, "REYN NOL#,F15,3,5X, "MACH NO,?,FB,3,/)




60

43n

415

70

74

58

WRITE(6,438) (Y(N), THE(NY,R(N),CLUR(N),N=1,M1)

DO 60 Nzt Ny

WRITE(6,4213IN,Y(N)

WRITE(H,430)
NRITFtb.uao)(Zl(".N)-“("aN).V(“-N).P(”.N3.PO(M.N).T(M.N).H(H,N).
IVIST(M,NY Mst,M1) .

CONTINUE
FORMATC/,6X,721%,9X,°U°,9%,°V?,BX,?P?, Ax, RO’,9X,"T%,9%, H?,0X,
1°VIST") .
FOQMAT(QX,'Vs',Fio.S,SX.'THF=’,F10.S,SX,'R=‘,F10.§,SX,'CUR:',F!O,S
1)

DMawi /0, /M11

TEMPR (1 M1 1YGRAVINTL (1, +0M, DM TEMPR2(13M11))

pn 2 1=1,4 ‘

‘U‘(’pt,!l”x“)=1.

TERCY Ny YL,

TEQUIINt YO,

TE10C1gN1ISGM10]

Let

MARCHING IN TIME STARTS MERE,

CONTINUE

MM g

LOCAL TIME STEP CALCULAYION, .

VATRC), L INXMOYEGAMARP (1, 1 JNXMRY/RO(1,19MXM2)
VATP(lqirNY“P)=VSQPT(VAIQ(1-1lNXMa)zvﬂIQ(\.llNX”2)!
DT(1011~!”3)=F070(7”(2.1xNX“Z)-ZN(i.1!NXMZ))/(VkRS(V(lolyNXMZJt
FTHE2 (1, LINXMR)YI4VATRIY,11NXM2))

DO 70 N:‘uNI .

DT(!.N1M11)=DT(1.N1“11J'TFHPZ(\t”!l)

TIMP(1gNY DISHRVGATHRENT (MY, 1gNXM1), INT (1gN] YpTIMP LN D)
DT(Mip!3NXM\)=08VSCATR(TI“P(1|N1 Yo INTCLYNY 0T (ML, 1 gNXMLY)
PREDICTOR SYTEP,

§5(1)=0,

Ho 74 N=p,N1d4

SS(NIE(S(N+1Y=S(Ne])) /XX -

§S(NIYZm (U #S(NT1U)=} xS (M])S(N5Q))/XX

CALL SHOCK

CALL DERV

cAaLL VECH

DO 310 I=t,d
‘u‘(2,2,1,Nva)eauca,g,x,uxnb)-nTte,zguxve)a((AM(E,B.I:Nva)-AM(Z.
12.!:NXMb))IDVo(AN(3.?.IiNXMA)-Au(Z.Z.IJNXMb))/DZ+AQ(2.2'I1N¥~b))
AU!IZ.NI.11"40)=AU(2.N1.I:HSU)-OTrZ.N1t“SO)-((A~(2.N1.11M50)-AM(2.
1N10.1:M50))I0Y+(AN(3.N1.I3MSO)-AN(2.N1.I;NSO))IDZ+AQ(2.N1aIIMSO))
TAUCL,TaNT YaBBVGATHRCAU(ME 1, ToNXMLY, THT (L gN] YpTAUCL,IgNT )
TAM(1,TNY YROBVGATHRCAM(MY .1, TsNXMLY, INTOLENT g Tam(l, 1Nt )
TaN1 (Y, TNt YSORVGATHRIANIMY 1, TsNXMIY,INT (1 gNY yeTANLCL, TNt )
TAN({1,T3NL Y2OAVGATHRCAN(ML L, 1, TeNXML), INT(LgN] YITANZ (Y, T1INY D)
TAQCI 1 N1 JERRVGATHRCAW(MY , 1, TeNXMIY), THT (1 INY YrTAQCL, IgNL D))
7au1(2,1,N5n)=TAH(2,1'~ﬂn)-TIMP(2}~501-frtAM(S.IgNSO)oTAMta.IvN50>
l)IDYt(TANQ(?.I:NSOJQTANBQQ,!|QSO))/DZ+TAQ(2¢I;N§0))

R S

B e e I |



1so

154
15%

160

174

180

190

c

VAULINT T)3TaUCNL, 11 TIMP N W (TAMINS, T)aTAM(NIG, 1)) /DY 4 (TANT (NY,
T1)=TAND (21, 1))/0Z24TANINL, 1))

AILCS 2y TINXMM)SGHRVSCATRITAUL (2, TINTA), INTCLYNTG) JAULCMY,2,10
TNXMYYY

CALL VeEC?

DO 1SN Tat,u

AULEZ, 1, TIM50) 241002, 11M50)@DT (2,1 1M80)#( (AMO(2,2,T11H50)=AM0(2,1,]
1’“50))IWY*(AMU(BpI!”ﬁﬂjchNﬂ(E,T:MSn))/oz*Ago(a,I’pgg))

AUELIMY o 1, TI=aUD (M I DT MY 1 w ((AMN (MY, 2, 1ImAMO(M],1,1))/DY+(ANOC
1M, T)=abD (M1, 1)) /N24800(71,1)
AUt(l.?,1g~xv~)=nﬂvsnATR(TEﬂf1sNiu),IHTrnglu)|An1(1,2,1,nxuM)1
AU (1,2, 23 NYMMY=ORVSCATRITFOL I MIUY, INT O INTA) ALY (1,2, 290 M) )
AUYC1 20 3phumM)2NAVSEATRITEOC g 1 u), INTCUINTAY g AT (1,2, 3ghXv~))
A”I(];?,M'NXN“):QRVSCAYQ(?F10(‘:N‘q).INTfl’qu)’AU’(l'a'a’NxMM))
IF(L.GT,LTURR)GD TO 154

CALLL VECT

GN T 1Ag

gcave .78

EONTIRGE

CaLiL ROLND

PORHIOTAR §TE3

DO 140 Te!,d

4“?(2:?;?:“!”§7=A’(’.3,7:hﬁhﬂ54115r?,p,y,th”)

AUP(2at, TaMIg Yz ~r2, T AR R I T AR

MHE2

§8(1leo0,

D0 174 Na2,N14

BSIN)ISESIN®IYm3hat) /5

SSINI)Em(U,#S(NTUI~T  wS N S N, ) 'YX

CaLL Smorx

CALL DERvV

CALL VFCH

N 180 I=zt,u

AU (2,2, 1 NXvSYen Raraljptp ~ v S en T2 200 e (00 Y
1"“(301'T!NXNS))/nV*(AN(2r3~A'”S"’!.“«»Eh'fii”“‘}/27+‘ R
2NXMEY )Y

HEY,23Mt)mmlii(t, 2 M)

CatlL VEC?

DO 190 I=29,4
AU1(2.1.1:M|1)=,S-rnuzr2.1.lr“1<7»”7(2.1gv11'¢t‘,rn(Z.'eXf‘ll!-AMO
1(2.2:Il“ll!)/0Y+(AHﬂf2.IxM11)-AN0’1,”1“1'37’“‘¢Am1’>,I LRI |
FOURTH GDER NAMPING, CC I8 THE DAMPING COF<#ICle~~,

Do 200 Ye=1,4
Au2t3:2.I1N¥"~2)=AUtS,2.IjNXM“2)¢AH(!.R.Ig”YVME)-u.t(Au<u.e,x,Nzun
12)+AU(2.2.I}NIV“Z))‘6.*‘”(3.2.1:“XMM?) .
TES(LINSAIZNRVEATHRIAI(L,2, TPNXMTY, INT (1 NSO JTE (13150))
TE2CIINSO)BRAVGATHR(AUC2,2, TgNXMT ), INT({:850)sTED (1 gNSC))
YES(!rNSn)BQBVGAYHR(AU(3.2.IINXM7)aYNT(!1”50)7Tf3f!rNSO))
TEu(!:Nsn)zuaVGATHP(AU(u.Z.!|NxM7),1uTt1,NSO)gTEcrs,N%O))
TES(I’NSO)BTFE(1SNSO)-YEltltNEQ’-S.*(TPK(lJNSO)-T'?(1!NSO))
Aue(e.zoItNXM7)n08VSCATR(TE5():NSO)-thttxNSO)iluetaaz;ItNx"T))

ot
O



60

200

215

TEi(lINSO)znnvsATHRrAU(“§1,2.11NXM7),tNT(lgNso),751(1,N50,)
152(1lMSO):GﬂVGATHR(AH(MSO,z,1gNXM7),1uT(!quo),rfg(g,ng,)
TES(I1N50)=0AVGATHR(AH(M11.2.1:NX"7).INT!i:NSO);Te3(1;Nso))
TEu(l1N50)=nnvGATHR(AurM1.?,IngM7),1\Yr1,Nsn).ygu(a,uso),
TES(llNSn)=TF1(11NSO)-TEU(1;NSO)-},a(TFQ(Q|Nsn)-vg3(1tnsg))
lU?("iin?-I:NXM7)=GRVSCATP(TES(1;NSO),INT(!)NSOJtAUZ("IloZJIINx"7)
1)
AU?(50117l”52)=AUO(§.Il”ﬁ?)tlUﬁ(l.IiMSE)-u,t(AUO(Q,I|M52)+‘Ug(2'I,
PMEDY )4k wALD(T,T3152) '
AUZ(2, 1, 1)=A00(H, TImAdN (1,7 a3 # (AN, 1)eAUNC2, 1))
AUE(”11a1cI1=hU0(“51oI)-A””(“l.I)-S.*(AUO(MSQ,I).Aug(M11.I,)
AN(E'B.T1N¥””31=AU1t?.%.lzNXHM33~cc*(AHf2.S,r:Mxvu3)+AU(2,1,1;qu
1H3170.1(Au(2.u,I,waM3)+AU(2.2. SNXMMIY ) eb,kALI(2,3, TENXMMIY4ALR(2,
2311?"“’””3)] ]
YFi(1SNSP)=GRVGATHH(AU1(Ht,a,llNXMQ),INT(1:MSES,TFl(iiNSE)’
AN(H!,?,y,uxvq):ORVSCATP(T[1(1,N523'131(1,Nsp),AM(u1‘2'I,FXM9))
AM(Z,N}C.I:MSH):AH1(P,N1u,I;MgO!-CthAU(a,NSZ‘I’Nqo).AU(e'Nl'I,H
150)-3.*(AU(?,NSO.Ig“%O)-AU(?.H1u,I,Mgo))¢gug(3‘u1“‘I,MSO))
ﬂN(Z,P«?!““ﬂ)=AU'f?.?.l:Msn)-cc«(AUrz.u,I:Msn)ocu(x)*nucz,a,
111“503'“-'(AU(?o3-t:“So)fhﬂfa.t.I:MSn)>+b.aAn(a.2,x|Msn)¢nu2<2.2.1
21M450))
AUS(2,2, TINX¥RIZAN(2,2,T1NXMS)
IF(1.,F3,216Nn 10 20N :
AU1(2.1.I|MRn1=AU1(?.\.1:“RO)-rCt(e_*An(a,l,),MSO).B..AU(Z,Q,I,MsO
1)4A,2AU0C2, TeMS0Y$AN2(2,1,T3M50))
conTINGE
ﬁ”!tlo?.1lNX“”‘=”“V5CAT“'TF8(1|N1H).INTr1|Niu)gau1(1,2,1,NxMM))
a”1(1,2.2|NVMM)=HQV¢"ATH(Trati;Niu),r»T(\;~1u),nw\(1,a,a,\xvu))
LU1(1:2,31N¥”M>=1ﬂv:“AT~rTL0f*nhtw).1~7(11N1u3|Au1(1.2.3:~v~n))
AL, 2,6 HxME Y IOV R AT (T 0 (Y MPEY, INTCgNIGY JATY "1, 2,0 1 XNM))
10 BT LTHRRGGT T 2
caLl VEDD
rnoT0 BIP
Copl VEDS
cnuTINE -
IR MO
FonY VISCOSITY CALCOLATION,
1F(L,LT,LTURAIGO TD 215
LL=L /o5
LL=aLL*2S,
TF(LL NELLIGD TO 4SO
cAlLL DERV
calLL EDNY(NT)Y
CONTINUF
LL=L/590
LLeLL+50N
1F(LL,NE LIGO TO 480
SURFACF WEATING RATE aMp SKIN FRICTION COEFFICIENT CALCULATIONS,
WRITEC(H,u00) L
WRITE(H,405)
XLiz  «BR/(BETAsw2=1,)

-




340

350

Ubn
465

[ el

261

269

400
40s

420

XLee2,#B2/(RFTA%*2e],)/S1C/RE

TECI NI )=CHE Ny

DN 250 Nz, Ny

Dswtaru.*SHta.N)-i.*SHtl.N)~SN(3.H1)/ZZ/S(N)
CHENISVIS (Y NYaDSH 1)
oug:(a;«wfe,u:-3..Uv1.N)-U(;.u))IZZIS(H)rxLl
ﬁT(N):A,tVTS(loﬂ)a(ﬁUlrU'!,N)tCHRfN)/EMnﬁtl:N))/RE
AW{MYIZ0= NY4 BaRNF4VEan3

URTITE(6,420) YtN).SfN\,HS(N).CHtNJ.CFtN),°W(N).GNfNJ

£op 13)nn)

N 340 rMafi,N1Y
cnp(N¢1)ccnP(N)¢,5wnva(Pw(n)ﬁnfu)*s:N(THE(N))+PN(N+17&9(N+1)t81~(
TYHE(N" 1))

COF(Y)=0,

Et:-ﬁa/:RETA*t2.1.)/ZZ

NN 350 Nat,N1Y
CDF(N41)cCDF(N)+FCt.G-OYw(VIS(!,N)tR(N)-rnsrTﬂFfN))t(d.-H(P.NJnS.«
1u(1,N)-Hr}.N))/S(N)4VIS(1:N+1)lQ(Noiv*COS(TNE(V¢l))*(“.*U(Z,N+X‘w
EFEAU S I ERS EA & P S DRV SRR R

DO 355 Nz2,Ny .

COPLNYI=d #CNP (MY /R (MY wu?

CNTANG 2 #CNFC(N)Y/R(NY® [ PF

ENINIZCOPINYT&CDFEN®

WRTTE(6,465)

NWITE(h.ﬂbﬂ)rQ(N).CDP(N).CDF(N).CH(H),Nzl.NIJ

FRAaMAT(1X,48F 11 ,4)

FORVAT(/.HX.'9‘.81.'CDP‘.BX.'COF'aﬂX.’CO')

CONVERGENCE CHECK, CONMVFRGENCE CRITERION 18 THAT CVER 300 Tiwme STErS,
THE HEATING RATES SHOILD MNT CHANGE BY MNRE THAN { PERCENT,
TESCIINTI)=CHEI M1 YmTE(L g NT )Y )
TECOIPNIISVARS(TELC 1 gM )3 TFICEINT))

TE2C1sN1)YR CRIT#CH(1NT)

1!:085&F(TE1(l:Ni).TEaflfNi)J

TFLTTLEQ NIYGD YO 284

LLzb /75900 -

LiclLi*snno

TFCLL L NELLIGO TD 450

CONT INLIE

DO 260 Nat,Ny

WRITE (6,021 )N, Y (N

WRITE(A,431)
NQIYE(b,uUO)(ZN(M,N),U(H,N),V(N.N).P(H,N),RO(M.N),’(”,N),H(M,N).
IVISTIM,NY ,Mzq,M1)

CONTINUE.

TFCIILEN NIIGD TO &&{

FORMAT(10X,?NO, DF TTFRATIONS?,15) ’
FORMAT(/,1X,*DIST ALONG RODY?,SX, *SHNCK STANDOFF NTST,*,Sy, *SHOCK
I1SPFED’ 5%, *STANTON NOL®,5%, *SKIM FRICTION® ,5X,*wall PR,",
25X, PWALL HFATING,W/M27)
FORMATgSX.Fio.S.lOX.FlO.S.IOX,FIO.S.bX.Flz.B.UX.F!1.7.“X.F10,5.
1SX,F15,%) . . ‘

—— |
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4zt
440
434

551

FORMAT(/,SX,*RODY STATION NO,8°,13,5%,°0D18T, ALONG BODYS®,F10,5,/)

FONRMAT(1X,AF10,5)

FORMAT(/,6X, PIN?,QX,?U’,0%,°V", 8X,*P?,8Y, R0O®,0X, T7.0X, *H", Y,

fevisTh)

L=+
IF(LLLE,LMAXYIGD TN
CNNTINUE

RETURN

FrD

)



1070
5072

3073
3075

1035

3116

SUHARDMITING FANY(I(NT)

DIMENSTION PZE15),DPF(15Y, 1 N{t5)RLECISY UEL18),CUT2(101)
COMMONFY L /N NI U HRT NG, MY M, M80

COHMONZE R AGMY GNP, 603,648, 6%6,6T,6MR,GM0, B2,RE, T, " “MA, 816, MM
CoAMCULY QX P2, FH,BETALDY, 2
PONMONZFIZNCI0T,15) VLI, 15), T 0101 ,45),P(101,15),RN(101,15),
TVTISILC, vB) (10, 15),8HINY,15),PWi18),VIRT(10%,15)
COHADNAFR/BT 101,15} ,EMDACIDT,18),2N1101,15),R1(101,15)
TOMMONJELO/THEC L 01 ,18), THFS(101,15),TVI(10Y,18),Tv2(101,1%)
COAMOMEFIL/D 2101, 558),NSH(I01,48),A6(101,33),A8{101,15?
COMMUNZF ' 5/RINF ,RE ,REZ,81:7

NT{cNTe

NT2ah T

DT 7075 NzNT N

g0 3070 Mni%,“':

TFIR(M, N (GE HINFIROD YO 3072

~aNTTIVUER

KoFENIZZN(M,N)

18 ENYSU M NY

PELNYEP (M, N

A EL

TFINGLER,LLYGO T 3078

£ 2073 J73 M

JizJd=t

“LD(N)=9LD(N)‘f?}'fU(J1:N)QH(J.N))/UE(N))*(ZN(JoN)-Z”TJIa\)7/30

rONTINUE

pN 3075 NaNT2,N14
DPE(NIZ(PE(NGY)wPE(Mel)) /XX
DPELNI)APEINT)«PFINTIU) )/ XXR2,

DO 3110 NaNT2, N

CUT2 (1 IM8I31 " /701,45, SalZHNC,N-M1)/BLF (V) wwb)
TYZLL,NIMLIIBRE2RROCT,NIMLYRIE (N)RBLD N Y CUT2 (1M1 /VIS(1,N3MY)
TViICL,kYR0,

CUTTSSARTIVIS L, NI*CH(1,N))

CUT2C gMIIIVARSIDUCT  NgMEYsCUT201;M1))
DO 3115 Mz2, M|

CUT=CUTT/SART(ROCM,N))

UTAUSCUT /REY

VPLUSEV(1,N)/UTAU

VPLUSS=VPLUS#S,9

APLUS326,#EXP (VPLUS)
CNPLUSSZN(M,NIRRO(M, NY®REL/VIS(M,N)«CUT
ANPLUS2CNPLUS/APLUS

1F (ANPLUS,GT,12,160 TO 3116

VISTLE UeZN(M,NI2(1, a1, /JEXP(ANPLUS))

60 10 3115

VISTLS 4eZN(M,N)

63



3118
3137

3130

3135
3110

6l

TVI(M,N)BREARO(M,N)&VISTLAVISTL/VIS(M,N)#CUT2(M)
MReMe

NO 3130 Mz=i,MR
DVISETV2(M,MymTV] (M, N)
IF(DVIS,LE,0,16GN TO 3135
VIST(M,NIBTVY (M,N)

Mzl

MR{=MleMg]
VIST(M,NyMB1yaTVR (M, NyMALY
RE TURN

END

[N

ek Ll o e A i L

U
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71

SURROUTINE SHOCK

DIMEMSION A2€1S),VNF(15)

COMMNN/F L /ML NV, NGO N2, MY ML, M50
COMVMOMNAFD/NYM NXMY MM, NXMA  NEMS , MXMB NP

COMMON/ZF /5%, GM2,GMY,GMS,GM6,6M7,6M8,6M9, A2 RE,TH,GA¥A.51G,MM
COMMYONZF O /XX q2Z FM,RETA,DY N7
COMMON/ZFS/0148),85(15),6(18),CR(15),USC15),D8C18),V¥S{15),VN(15)
1,Rt15)
COMMONZFA/ZTINTCIE), TIMP JI8Y, TEMO(16Y, T7¢18Y, TEL(18),TE2(15),TEZ(1S)
1,TEACIRY,TE6C18), TE6(15Y, TETCIS)

COMMONZR /706101 ,13), V101,45, T{101,15),P(101,13),RG(10L,1%",
TVIS (101 ,1S), M (1N, 15),85(1A1,18),Pu(1S), VIS~ (121,15)
COMMON/ER/RT (10,15, FMDALINT, %), 71 101,19),R1(101,15)
COMMONJFEQ/ST1(105,15),551(101,18),081¢105,1S).CURLC10Y," 5)
COMUONJFLO/THEL (101, 45) , THES (1 01,15),TVI(101,°95),Tv2(10{,15]
COMHON/H?/TZ?(MI;1‘3},21(101,151,72‘5(101,15),720(101.15)
A2(1INT I=SSE1INT )/, 4S50 pNT IRCUR(LI ML )
GOLINTIEL (48201 N Y WA (13NY)

GOEENT JeVSARTEG(IINTY Y gG LNt )

TEMPLIgNT JanNAVAATHI (P (MY, pNXME), INTLEgNE I TEMP LI NT )
TEMP (I gNY YTEMP (1IN )/CMY

TECLING YE(TEMPLYIEMS Y4GMTIZC1,+TEMPLLENY YRGMT)

VHF (I INL YZGMRA(TEUP (] My YaGMT)

UNF(1PNY Y2VSOAORTIVHNF (1M JpVur (1N )

USCIENT ISVRFCUENT Yo (VN1 aNT JaVS (19t IRAR(CTgNT NI/GLLgNY )
TELCLINT 1= (=t JZTFCLINT IYAaVHF (1 Ny Y/7GEY NG )

TEPC(LINT )SVSLYINT YmTEL (1Nt Y%AD(13NT )

TEZCIING JaVNCtaNL I+TES(IgNT )

TEACLING ISTEMP(1pnt Y/ZYELLgNT )

TEMP(IINY JsVSARY(TEL(LINT YITEMP (LMY )

TESCIING JaTFULL Nt IRTEMP (L gN] I aGMA/(TEUEIINT J4GM5)
TEGLLgNY IITFAC1INT ) +GM3

TETCLINIIRTERCI NI+ (TE2 LI NI RTERCISNTISTES (LN )eTESCINTY) 22,
ROCMY, {INXME)YZORVSCATRETECLINT Y, INT LN JIRD (ML, 1 gNX 1))
UMY, L gNXMI)3NBVSEATRITF2CI NG D, INTOLINY D pU(ME, 1 pNEML))
V(ML 1 gNXMIYSQBVSCATRITEZ (1ML ), INT (1M )V (ML, 1 pNXMT))
TOMLp L gNXMI)YIQBVSCATRIETFACIGNY Y, INTCLgNT )T (M), 1 gNXME))
VIS(MY, 1M1 )SRAVSCATRITESCEINT Y, INTELING YgvISIME, 1pnYmMLY)
SHIME, {gNXME)IORVSCATRITES(I N JHpINT ()N Y gSHIME, fgNXML))
H(MEp 1INYMI)SQBVSCATRITET (1 gNY Y, INTCI NS JIH (ML, 1 1NXML))
IF{MM,EN,2)GN TO 70

DSCIINT I=USCIINT JYeG1gNT )

G0 10 7

NSCLINE IS(NSCLING Y+USCIING Y«Gl1eNg Y)Y /2,

SC1INT IaSULTNT YeDS(UPNT IeTIMP(LgNg )

DO 75 N2{,N1

S8I1C(LsNgML)ZI(N)

PSR- |



75

66

SS{C1,NgMY)I=SS(N)

NS L1, NIMIY=NS(N) .

ZNC e LINXMIZSI (Y, gNX ANl @2 (1, gMXMY)

EMOACL L gNXMY= (#2001, L gNXMIREURT (1, 4 pNXM)

BYCT ol pNXMIZRI( 1 NXMYISZN(L, 1 MNXMYRTHEC (1,48 gNXM)
RETURN

END



SURROUTINE NERV
COMMON/ZF 1 /NY ,NTU,NSO,NS2, ML, M1 ,M50
COMMON/F 2 /NY M NXME  NXMY NXMY,NYMG  NXMB NYMD
COMMON/ZFI/GMY ,GMR2,6M3,6GM5,G6M6,6M7,6M8,GM9,82,RE,Tw,GAMA,SIG,MM
COMMON/FU/IXX,22,FM,RETA, nv Dz
cUMMgN/P?/n(101.1%) VEInL,18y,T(i0Y,15), Pt!nl.is).Potlot.ls)a
fVIS(INE,158Y,0(101,15),5H(101,15),P4(15),VIST(101,19)
COMMON/FR/RT (101,15, EMNA101,15),ZNC101,15),R1(101,15)
COMMON/FG/31£101,15),581(101,15),Ph81¢101,15),CUR1(101,15)
CNMMON/ZFIO/THER €101 ,158), THESC(I1N01,19),TVvI(101,15),Tva(101,18)
COMMON/ZF L /DULT101,15),05H(101,15),46C101,15),aR(101,15)
COMMONZFI2/TZ22(101,18),210108,45),TZ%¢101,13),TZ4¢101,1%)
Tv1(1.;1M¥M‘=-22t81(1.lghxulaTzati.lgnxva/Ha
DULZ s LNz (U, LN )il (1, LINXM3YI/TYVI (2, 13NXMY)
oqnt? IINXH§\=(SH(3 LINYMIYaSHEL, 1P NXMIIY/TVI(2, 1 NXYE)
D0 70 Nz1,N{
puUst. N):(a U2, N a3 U1, N)rlICS,NYY/ZTVECT,NY
DIACLeNI (U, aSH(2, M) mT  #8HI1 ,NI=SH (3, MNYYI/TVE ] N)
DUCMSE G NYBe (U #UCMIT NI #J (M1, N) @l {ME0,N))/TVI(V],N)
DSHIM L NISe (U wSHMIL N)Y»3 aSH{"]1 ,N)aSHIME0,NY)/TVE(M],N)

73 CONTINUE
ABC -1 INYMIZVYIS (1,1 INXMY/RER(DU(Y, 1INXM)al (1,1 tNYMIACURY (L,
1FMNACT 1 NXMY)
ARy S aNXMYZ ] w2 (1, INXM)) /S (L, 13NXMY
RETUFRN
END

NX™)/

67
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SURROUTINE ARNUND

COMMONZE /NS N1, NST, NE2,ME M1, M50

S AMMONZED JNYM, NN MY, NI M XM L M2
COHMUN/FEIGM1uGM?,GV3,GMQ,GMQ'GM7'QwR'GMQ'g2ngi'Tw‘GAMA'S!G.MH
COMMONIF N "aX JZpFM RETAL Y, DL
CU““O”/Fﬁlt”Tf15‘-'V“”(iﬁ).'F”O(iﬁ).TEiis).Tﬁi(15’;752(!‘?pTE3(15)
1.750(15\,"F9f151.TEb(IG?.TF7!1§?
Cﬁ'-!'«ON/FT/UMﬂi.15),\/!ml.1‘5),T(\O?..15).9(!01,!5}.905101alS),
’.\’VSflﬁ’)‘|1S).H(‘ﬁ‘,‘R‘.,SH(]ﬂj,_17‘;),0,\‘(1"'.,.\1131(‘0‘.t—_ﬂ

TEMPCigN. YSOHVEATHR(Z (2, 19NXM1), TNT (19N YITEMP (LML D)

Ply, 1IN )20AVSCATR(TENI (1Nt YL INTCIsny DIP O, 1 gNXME))

PWEE Nt IsTEMP YN )

TEMP{LgNT JSTEMFCLINT Y /TwW/GMY

ROCYs 1Y T =GRVSCATI(TEMP (L INT ), INT L3N YIRDLY, 14NN
REYURN

END



SURROUTINE VECTH

DIMENSINN A0(101,15),0100108,15),A13¢101,15),A41(101,15),
1A42(0101,15)

COMMON/ZF 1 /N1 ,NTUGNEGN, NMER, M. ML ,M50

COMMON/F D /NXN , NXME  NXMT, XM, NYHE NYMA, NYM2
COMMON/F3/GMY,6M2,6M3, Y5, GMe,6M7,GMR,GMQ, A2 ,RE, Tw,GAMA,SIG,MM
COMMON/ZFET/ZUCTIOL,15),VIL0],98),T(101,15),P{{01,15),R0(10),:5),
IVIS(I01,18),H0101,15), ﬁwr‘.1,1ﬂ) Foueany,vISTIIDY . 15)
COMMONZFRA/RY €404 ,15) DAl ,19).7N(101.1%‘ P16t ,.1%)
CNMMON/ZFQ/81¢101,1%), ss1r101.1)) NSTIEIN1,18),CURICt1,18)

COMMONAFLO/THRC iDL, 18), THES(I0Y,48), TV ¢101,18),Tv20871,1%)
COMNON/F11/an1nﬂ,1H),73H(101,'S) A1t L 1S)AEC10L,18)

COMMON/F 27172040, 1%),28040%,18),T23(101,15),774¢.21,1%)
chNON/Fiu/AU(lnt.1ﬁ.u).A”'101.13,“),Avtlﬂf‘15.“),505101,15;”)
COMMON/ZFI6/HINF,RFY,RF 2,807

AAL (L, g NXMYIVTISEL, ConX ) 2OFaVTST (1,1 3HXM)

ART Lo I aNXMY = AL (1 L aNY Y aDI0T e MX M) aAn( ], L INXMY
TVECI 1 aNXM ST e X M) wE MDA, * JNYMYRROC T, 1) viM)

AUC L g NXMYSTV S (1, 1 XM

AH(!pl.ZgNX")=TV!(1.11NX“)nU(1.1fM£”)

AUCT o1, TaNXMYZTVL (Y, L pNXMY w78y ariymy

AU(i:io“lNX”1=TV1(1.1sV MIKCHO 1YY WP T L INXMY /RO T, 1 5NXMY)
TVE(I.!tNXM)=81(1.11N““3r°ﬂ(1,1":‘)nU(lnft“X”)

AMUT 1, 1gNXMYSTVR 00, ) P MXM)

AMEL 1, 29NXMYIaTV201, 1 s HXMY R 01, 1 PNXMYSR (L, L INXMYI4P (1,1 NXM)

AMEI L, T gNXMISTVR2 (1, 1pNXMY eV (1, 1M XM

AMET P g UgNXMYSTY2 L1, 1 N kil e, terymy
AGCLp2eNXMAYZEMDA L], 20N YA Y THES (1,2 NXNLY /BT (1,2 9NXMY)

ALOCT, 2 NXMUY=S (1,2 XMUYRTHEC (1,2 NXMUY /BT (1,2 8NXMU)

AAL (Lo 2gNXMOYSEMDACY , 290 XMaYaRN (1, Do NXMEYRY (1,2 NXMU)

AV3(S 22 NXMUYRAR(1,P s XMUYa(NSI (1,7, NXMU)«AU(!.? LPNXMU)+8S1(L1,2)
INXMUYRAMIY, 2 1 ENXMUYYmAAY (1,2 9NXMI)

AN(!,Z.llNXMU) T2, 2 NXMUYSA LT, T eNYML)
An(a,2.1,Nxmu\aAott,?,quu~«Aw(1.2 LaNXMAY+ALQCL, 2 MXMU)xARY(Y,2
INYMUIWT2301,23NXMYYRALD (Y, 2NxXMd)
AR2(1,2IMXMUYRAAL (1,2 INXMAYRYLT, 2 NXMUYeEMDANYL, 2o NYXMUYRAGLL ,2INXMY
1)

AL3(1,29INXMEYZAB (Y, 20MXMUIW (N8I (1,2 NXMUYRAL(L,2,2 NXMU M 4551(1,2)
INXMUIRAME],2,23NXMUYYuAAD(],2INXMAL)
AN(1,2,29NXMUYZTZ0(Y,2 M XMOYaAY 80,2 NNy}
AR(1s2,2INXMU)SA0(1,29NXMUYRAM (1,2, 2 NXMAYSAL0(],2gNXMUINARR(1,2)
INXMU)4TVR01 , 2gNXMUYwCRE (1, 2gNXMUIxV Y, a,wxvu)-ﬁitt 2INXHMUYRCURI (
21,23NXMAYRAK (1, 2NXMU =P (1, 29NXMU) 81 (1,2 INXMUYRAO (], 23NXM4)w
3TZS(1.2:NxM0)*A\3(1 2INXMUY B
AAQ(],Z,N!HU):AA!(!.E’NXMu)tVCi.?'N¥N0)+FMOA(1 2INXMUYRP (1,23 XMY)
AI3O1,29NXMUYRAR(Y,,25NXMAIW (DS (1, 2INXMUYRAUCY,2, 3 NXMU)4SS1(1,2
INXMUIwAMCL, 2, 3:~xua))-AA?(t.2sNXMu)
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T0

AMCL 22, SaNXMaYaTZU(Y,29HXMaI A3 (1,23NXMa)
TV1(1.?;NXMa1=A°(1.erNi“M)anntw.2.3:N¥M07+A10(1oarNX"a)*AAZ(loZI
INXHEYoTY2 (1,2 NXMA)wCHRT (1, 2gNXMAYRU(1,29NXML)
AD(1,2,3sNXMUYSTVE Y, 23NXMa)  «P (1, 2eNXMU)Ia(AT10(1,2NXMU)*EMDA(

B, 23NKMUY4ST (1, 2 NXMUINCURY (1, 23NXMUY I T3 01, 29NXMaIwA13 (1, 23NXMl)
AAD (1,23 NXMUYSAAYL (1, 2INXMUYH (1, 21NXMUYeFMDA (L, 2INXME)» (VIS(1)2)
1NXMU)/SIG/RQa(1,ovIST(1.Z;NxMu)tSIGISIGT)*DSH(l.21NXMU)+
2UlL,2INXMUY KA, 29N XMUY)
A13(l.?1HX“u\=ARt1.?1M¥NHJ-(081(1.21M¥MU)tAU(1.2.03NXN4)+SSI(1.21
INXMOYRAMEL, 2,0 NXMa) Y el a2 (L, 2NXMY)
AN(1,2,dgNXMgYaTZac),2eNXMa wAa 13 (1,2 NXML)
AO(i.E.ﬂgNXMﬂ):Aqfi,alNX"athMtl.?.UxNXMu)tﬂln(l.2|NXM0)tAA2(l.Zl
INXMU) @ TZ 31,2 sNXMU) %A1 301, 29NXMY)

RF TURN

END




100

SURROUTINE VFC2
DIMENSTIOM A20(101)
COMMONZF L /N1, N1U,NSO,NE2, M) , M1, M50
chMON/F3/GM1,GM? GM3,GMS,0Me,GM7,GMR,6G9,B2,RE, TH,GAMA, SIG MM
COMMON/FT/ZUC101,15),V101,15%), 7(101.15).9(101.i53 RO(!Ol 1S),
IVISCIOT1 ,15) ,H(101,3558),8H(101,15),Pw(19),VIST{(101,18%)
COHMMUN/FR/BRT (101,18 ,E4NACINL,18),ZNC101,15),R1(1121,15)
COMMON/FG/STC101,18),851C101,15),N81¢101,15),CURI(101,1%)
COMMONZEIL/DUCINL,18),08H{10¢,18),A60101,15),A8(101,15)
COMMON/ZF12/7T720104,18),71C197%,15),TZ3(101,15),TZ4(101,195)
COMMDNZFISZALIOCINT ,u) , AMOCT0L,2,08),ANNCI0L,U),AQ0(10Y,4)
CHOMMOM/F Y6 /HINE ,RF1,RE2,SIGT
pe §100 Tet,2
A20C13MY1I231(1,I:M1)aRO(1,TeM1)
AMOLY 1,1 0M1932,%APO (s MEYwl) (T, T8MY)
AMPIY, 1,291 RA20 (VMY A(P (1, T IMI)/RN(Y, T 1MIY42,wli(1,T3ME)Yun2)
AMOLY T, UgME AMOCY T, 1M1V (1, M1
)0(17,, U]‘A’)3‘”0(’;IJA”'."”(10 "M"
A20C1IMIIZS (1,1 2M1)#R0 (1,1 JHIINENDALL, 11M1)
AUOCY, 1M )=a20(1 3M1)
ALY, 23M1)2420C 1 2M1vwli(Y,1 ML)
AN 33ME)=a20¢ e 1Y aV (T, 1M
AUNCL, 6 MIIza20C s 1Y (HOL, 1 ML) (), 1M1 )/RO( 1,1 4M1))
APO(I I MIY=Er DAL, Y M) aRO( 1,1 yM1)
ANOCY 1M I)2AP0 (1 M) eV (M) @ABCL, 1 IMEIR(DSI(Y, 1 sMEYRAUDCT, 1M1
13985101, 1M YIRAMD(], 1,1 M1))
AMDI y P IMIISARPOC U M LIS, 1MUYWV LY, 1M )mABll 1 M1Y/ROCT, 1M1 )Y
TARCL s M) (DNSYI( I,V aMIINALNCYL,29M1) 4SS, MY ®AMN(1,1,23M1))
AND(Y o 33MIY) AN (LMY RV L, LM AV T, 131 Y4P (1,331 /RO(1,11M1) )=
TARCL 1 MU (DS, 1M *AINCT, TIMIY4SST1 (1, 1IMIYAMD(L, 1, 3IM1))
ANOC U™ I =A20 0 gMI)a(VIL, UIMIYaHEY 1M1 VIS, 13"ME)RDSH(L,13M1)
1/S1G/RE/RO{ I, 1M )I=li{t,1 1M1 InAR(Y, I:MI)/RUI1.1!M1))-A8(1 11H1) (DS
1ol M ) 2»ANCY,UM1)eSS1 (1,12 ML) RAMO(L,1,481M1))
A303CURI (1,13 %S1(1,1) o
AQDTT o 13MIDCASORAO(T, 1 IMI YV, L IMIYGANDCt, 1 pMI)RTZ3( 1,1 1)
ANDCL,23M1)82 =230 (ROC1 1 MI)RUCL, 1 3MI) VL, 1M1 )eAB (L, 1M1) )¢
TAND( 2 3ME)RTZ3CY,1 M)
AROET,, 3 M1I)2A30X (P (1,1 3MIY4RNLL, 1 M)AV, 1 IMIYAVI, 1M )w
TUCL, L aMIINUC, L aMIY )Y 6ANDL, BaME)ATZI(1,1MY)
ANDT1 4 M) =A304(RUCT, 131V T, 1 3MI)aHY, 1M )ayvIS(L,1IM1)*DSHI(L,
113M1)/RE/STGaU(1, 1M IINAB(1, 1M ) +ANOCY, UMY NTZ3(1,13M1)
ANO(L o1 gM1)2aTZU(1,1gMI)*ANO(L,13ML)
- ANDCY, 231 )2aTZ4 (1,1 M) RANOCY,P28ME)
ANDCYE,3tM1)2mT2UCY, oM ) nAND(L,38M1)
ANDCY s UgMY ) TZd (s, 13 MIYRANN(L, UMY
RETURN
END
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* QUBROUTINF VEC3

CCOMMON/ZF 1 /N NYU NSO, NS2,M 1, M |, M50
COMMOMZF D /HXM g NXMY G NXMT NXMY, NXME  NXMB,NYMD
COMMON/F3/GMY,GM2,643,6M5,6M6,.GM7 ,GMA,GM9,B2,RE, TW, GAYA,S1G,MM
COMMON/FR/INT(1S),TIMP(1S), TEMP(IS),TECIS),TEL(15),TER2(1S),TEZ(15)
$1.TEA{IS) TES(1S),TFH(1S),TFT(15)
COMMON/FT/UC101,15),V{101,15),”(101,§5),P(104¢,153,R7(101,1S),
IVISEINY 1S5, 5C0101,19),SHIN1,15),PW 18y, VIST (10,18}
COMMDMZEA/RT (L2, 18),51DACI0Y,15),2NC101,15),2,(1n1,°%)
COMMONZFQ/S11101,15),581¢101,15),0S1(101,15),CURL(1N1,15)
COMMON/F10/THFZ(108,15),THES(101,18),TVI(101,15),Tv2(101,15)
COMMON/F13 /A1 (109,15,4)
ROC2, 1 INXM2)AUL (2,1, VINXM2Y/S1 (2.1 3NXMRY/EMDACR, 194NXMR)
UC2,23MXM5)28111 (2,2, 2 NYMSY /A1 (2,2, 1 1NYMS)
VI2,13HYM2IZANT (2,1, 3INXMRYI/ZAUL(2, 1,1 1NXM2)
TECIINTISURVGATHROVIL, 1aNXML)  INTCI VYT (1yN1Y)
TESCIsMII=TAVGATHRIV (Y, 1 sMXMIY, INT (Y gNg Y ¢ TES (S NT)DY
TE201 PN IR E3 *TECIINIY&TFL (LN ) ) 24, »
VE2s " INXMIIZQBVSCATR(TFER2 (1 MY, THT LI sN1Y IV (2, LINXMLY)
TVI(E.I2N1MP1=(U(2.1:”X”Z)*U(2.1lNXM2)¢Vf2.1INX“Z)nV(2.1|NX“2))/2.
SHIZ2a1INXM2IS(AUL (2, 1,83 HXMEY /AL (2,5, 1INXY2 mTVI(2,13NXM2))IAGAMA
RE2,10NXM2)I28HI2, 1 1M XM2)4TVL(2,11NXM2)
TCZpVINXMRYISSHE2,11MXM2) /MY
PRy 1 INXM2ICSMIARN(T, 1 gNXMAYIASH (2, ) tNXMDY
TVPL2, 1pNXM2Y2VEARTIT (2,1 1NX42);TV2 (2,1 INXM2))
VISC2ptINXM2YIST (2,1 INXM2I*TV2(2, 13 NXH2IwGMO/ (T (2,1 NXM2) $GM5)
RETURN ‘
END



SURRCGUTINE VECS

COMMON/F 1 /N, MLU NSO, NG, M1, M1y ,M50

COMMON/F2/NYM NXHML MY T BXMU ,NXMS , NXMR, AYMD

rn“MON/FS/GM‘ ,GME,G"!.G”S.C'46,GH7'GN3.G”°.BZ.RF:TW,GA“A'SIGpN”

COMMUN/Fh/INT(15).71M°(1S).TEMP(IS).TEtts).TEl(lS).TEatls).TES(15)

1,TEOCIS) , TES(IR), TEA(I8Y,TFT(1S)

Cﬂ“”DN/F7/U(10)atS).thni.!5).7(101,15).9(101.19),R0(101,15),

1VIS(101919).H(1n1,'51c3“t1n1.19)-PW(19).VIST(101.15)

COMMON/FR/BY (101,1%),EMDACI01,15),ZNC1N1,15),R1(101,15)

CONMON/Fu181(101.!ﬁ).SSi(lOI.lﬁ).ﬂ51t101.153.CU91t|ﬂi,!S)

COMHOlelolTHEC(lni.19).THFS(101.15).1V1(101.15),Tv2(191,15)

COMMON/F I3/ (101,15,4)

Qnr?.lle“ﬁithl(2.1.1xNXMS)/Si(2.1;”!“5)/EHDA(2,1|NXHS)

UE2,2INXHBY=AI{2,2,21MXMBY ZALL (2,2, 1INXMA)

VIR, LINYHEY =AU (2,1, SINXME) AL L2, 1,1 NXM)
TECIINIY2OAVGATHRIV Y, 1 tNXME)  INT (1N ) s TEC I MTY)

TESCIINYIZGAVGATHREV I, 1 e NXME ), TNT (Y enT) g TELL1gNTY)

TE2(1INID= (3 «TEC NI e TELC1gNT) ) /U, ]

VI2p LgNXML)=NAVSCATRITF2 (I N1 ), INT({ N1V (P, 1gNYML))

TV!(2.1:MXMR)=(U(2.1:NXMS\*U(E.izMX“%)¢Vt2.11NXHS)-VtE.t|NXMR))/a.

SHIC o LINXMS = (I (2,1, 03NXMSY /ALY (2,1, L INXMS)eTVI (2, 1 INXMS) I aGAMA

HE2, TINXMEYZSH(2, 1 1MXMSI4TV (2,1 1NXME)

TP,V INXMEISSH (2, 1 s MNXMG) /GMT

P2y 1 INXMSIZAMARRO(2, 1 JHXMSIRSHID, 1 NXME)

U2 /N pME 1) a2 S0, 01 ds 111 %e2 U2, NS0 M1 1) 4 Saii(?,NE2541 1)

V(R,N]gM1l):2.§tV(2,H]Q;W11)-2,‘V(?,”30,M1|)§n§rv:e'N62;M1])

PL2 N oML oD SaP (2, N1LM11)mD P2, NE0 MY ) e Be0 (2, NN "

SHI2yNTIMIIY2SAR NTOPNI 1) 22,502 (#5314 (2, NGO IMI 1)+, 3eSH(2,NE2 ML 1)

H(?o”l!“11)=SH(2.NI1”!11*(“(2,N1:“11)t”(B.Nll“lllﬁvtale}M?lJ*v(a,

tNTsMEL) Y22, :

TN ML) =GK (2, N1 IMI 1) /GHT _

RO(2eN1gM11 )2 (2,NTIMI1)/RMO/SHIR2, N pMT 1Y

TV2(2s 1 gNXMR I VEART T (2, 1 NXMIYITVR (D, 1 1HYXMRY)

VIS(E,&INX”2)=T(2.11NX"?)*TV2(2o1:NXNZ)ﬁGMbI(T(E.i1~X“2)+GHS)

RETURN :

END
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APPENDIX C

SAMPLE INPUT

In this aprendix, various input varameters are prescribzad for the laminar
s

B the
flow rest & sphere cone.  The Tirst sample problem invesztizates the flow at
59 angle of attack by asing the code given in 2prendix A.  The s=con?
problem investigetes the flow tast a hyroerboloid at zero angle of attack by using
the code given in appeudix E.

Input paramesor HECOZY 1s proscribed in the main program BRODY. The
rest of the paraneters are vnrescribed either in ECON or BHYP depending
on whether N3CDY = 1 or 2.

.

Input Yor Sample Proplem .
NBODY = 1
e = .001
FM = 10.3
TF = U6.26
PF = 100.77
ALPHA = .08T7266 (5°)
THC = 7854 (hs°®)
W = 330.6
RN = .03175
DY = .185
BETA = 1.1
FDT = 1.0
THESH = .0349 (2°)

LMAX = 20000

i

LTURB 25000

CRIT = .01

Th



[IBODY
cC
M
i
PR
ATLVHA

mrpe
1

‘ ’vl.

‘‘‘‘‘

.oshg (29)
20000
25000

01

APPENDIX C (continued)

Input for Sample Problem 2
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APPENDIX D

SAMPLE OUTPUT

The sample outputs are given here for the two cases discussed in appendix
The code initially prints the body geometry parameters and ccmplete starting
solution. The shock shape, heating rates, surface pressures, skin friction,
ete., are printed after every 500 time steps. The detailed flow quantities arc
printed after every 5000 time steps and after the scliution is converged. Only
@ portion of the complete output is presented here which includes the body
feometry parameters, a sample of gross flow quantities and a sample of detailed
Flow quantities. Detailed flow quantities are given here only at one body
station althoush these quantities are printed at each body station in the
complete outpus.

~
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APPENDIX D (continued)

Cutput Tor Saiple iroblem 2
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