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SU]VI_%RY

This report is a user's guide for a computer code which calculates the

laminar and turbulent hypersonic flows about blunt axisymmetric bodies, such as

s!he_']cally blunted cones, hyperboloids, etc., at zero and small angles of at ta_q .

The code is written i_ STAR FORTRA/_ language for the CDC-STAR-100 computer.

Time-dependent viscous-sh<ck-layer-type equations are used to describe the f]o,,

field. These equations a_'e solved by an explicit_two-step, time-as?_._ptotic

finite-d_fference m_,thod. For the turbulent flow, a two-layer, ed,_y-.vi_;c<-sity

model is u_;e]. The co:ie provides complete flo_,_-field properties !uelu:!_ug _h<ck

_oc:_tion, sur1"a(_ _ r_r_,_:s_re distrib:d:ion, surface heating rutes, aad skin-

_r:]etion uoe!'ficien_ ;. "fhis report contains descriptLons of the ]n2uL _,n<i o_ii jut,

+he ]istfnr, of tr_e p:-o:ram, an<] a sample flow-field solution.

INTRODUCTION

This report is a user's guide for a computer code which calculates the

laminar and turbulent hypersonic flows about blunt axisymmetric bodices, such a,"

spherically blunted cones, hyperboloids, etc., at zero and small angles of t,l,{'_.k

Time-dependent viscous-shock-layer-type equations are used to describe the f l_<:

field bounded _oy the body, shock wave, and outflow boundaries as shown i:_

_'igure 1. The equations are put in the conservative form as:

T',;o _nde_en<]ent variable transformations are applied to the governing equat]<_n_.

i'i_ first transformation maps the computational domain into a rectangular- r, ;[,::_

im which the body and the shock wave are made boundary mesh ]ine_:. _?he s<<<_'

t_'_u_sformation further maps the rectangular region into another plano to all<,,

!_igher resolution near the surface, which is desirable for resolving tL< _ v_o,._

flow. A time-asymptotic, two-step finite-difference method is used to so]vu tiue

_overning equations. Solutions are obtained only in the planes of symmetry of

the flow field, i.e. the windward and leeward planes. The code given in thi.<

re[_ort considers the flow of a perfect gas only. For the turbulent flow, u

two-layer; eddy-viscosity model is used. The details of the governing equati_)ns,

eddy-viscosity model, and the method of solution are given in references I _: _<i ; .

The code is written in STAR FORTRAN language for the CDC-STAR-]00 computer.

The present method of solution works very efficiently on this computer. The

results of the code include shock location, surface pressure distribution,
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surf'ace heating rate and skin friction, and detailed flow properties at all the
srid points of the flow field. Since it is not necessary to solve the flow in
two planes at zero an[<le of att_,_ck, a separate prod<ramlisting is given for the
zo<o n_ie-of-attack case for solving the flow only in one plane of the flow
i'le [_i.

The prog{ramlisting[ for the angle-of-attack case :is _!<Jvenin appendix A,
the prodram l_sting for <}_e:'ore _mgle-of-attack case is g_w_nin appendix B,
_I n 's_mlp!einput nnl _itj _t _re siren in a_0pe:N[xes_ and i), respectively.

COD!,] STRUCTUP]E

Fhe code ha:_ _ _v_.i_ pr'o<r'uT_ which simply calls either BCON or I_HYP dependin[_

in>on w_'_ether the bcfy is :_ ',",!ql_<'-ca!ly bl_nrted cone o__ a hyperbo!oid. All the

in_niln <{_e *_%:!:" _n !_C)N >_' :_"! . ']!]_ne subrciS.i_,_s _hen c:_icnlate the body _-eo'_<'-

'_,/ nnd :_turt_nc <:_LuSion %t _ll t}_e ]rT ] podnts. -;a!cu<:%tions for the ti_e ;tep

' 'HI ,,ilO _]*" :_'e ' " ',t_c_ i[ I'FoF<nc]I. <or the o!_edictor n!_ c:n_r,,ctor tsteFs are also

i<.r]<,rNi<,:t in these sul_routimes.

T._t}<,_outin_-,'._IIOUK calculates the flow properties immediately behind the shock

by u sin}_ the shock relations and updates the shock shape. Subroutine DERV ca]cu-

];_tes the normal derivatives of the velocities and enthalpy. These are required

f'{_r oaiculating the transport terms in the governing equations. Subroutine VEC2

c%_culates the flow vectors U, M, N, and Q of equation (i) at the mesh

[_oints on the axis of symmetry, of the body and subroutine VECI calculates at the

_'emaining mesh points in the flow field. Eddy viscosity is calculated in sub-

_outine EDDY which is called after every 25 time steps instead of every time step

to _ave on computing time. Subroutine VEC4 calculates the physical flow quay:titles

such as velocities, density, etc., at the mesh points on the axis of s}m_r_etry of t},,e

body and subroutine VEC3 performs these calculations at the remaining mesh point_.

P_r the turbulent £1ow, s_foroutine VEC5 is called in place of VEC3. In the c_rse

,)_ zero angle of attack, VECh is eliminated and the physical flow quantities at

the body axis are also calculated in either VEC3 or VEC5 depending upon whetlpr

t}_e Flow _s _._m_inar or turbulent. The boundary conditions on the body surfac,

:_re aoplied in subroutine BOUND.

Finally, subroutine BCON or BIIYP prints the surface quantities, shock shape,

and dr_g coefficients after every 500 time steps. At this time, the convergence

or' the solution is also checked. The convergence criterion used in these codes

is that the surface heating rates should not change by more than i percent over

500 time steps. The detailed flow-field properties are printed at all the mesh

F/dr_ts after every 5000 time steps and after the solution is converged.

PROGRM4 INPUT

The program is set up for 15 mesh points in the tangential direction in each

plane and ]01 mesh points in the normal direction. It uses the properties of_ air

umler perfect gas asstm@tion. Sutherland's viscosity law is used to calculate

the v]sc<_sity. The sy_$olic program nmae and a brief description of each input

p:_rameter are _iven.



NBODY

CC

FM

TF

PF

THC

TW

RN

ALPHA

DY

BETA

Parameter used to choose the type of body. NBODY = i for sphericall,

blunted cone and NBODY = 2 for hyperboloid. Rest of the input

parameters are prescribed in subroutine BCON for NBODY = i and in

subroutine BHYP for NBODY = 2.

Artificial damping coefficient of the order of 0.001.

Free-stream Mach nuJn_oer.

Free-stresml temperature in °K.

Free-:_tre_mt pressure in N/m 2.

Half-body angle in radians.

Wall temperature in °K.

Body-nose radius in m.

Anzle of attack in radians.

Mesh spacing in the tangential direction nondimensionalized with nose

radius. For sphericaffly blunted cones, it should be so chosen that

the juncture point lies approximately in the middle of two me_h points.

Stretching factor greater than i. The value of BETA has to be cl_c:<{_n

such that the viscous region near the surface is properly resolve<].

To help the user in choosing the value of BETA, the distances of the

first mesh point away from the body are given below as a percentage o?

shock-lnyer thickness for various BETA. With no stretching, this

di::tauce will be i percent for i01 mesh points in the norm:_! directicm.

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 0.444

I.i 0.295

1.05 0.1845

1.02 0.093

1.01 0.05418

1.005 0.0308

1.002 0.01429

1.001 0.0079



FDT

THESH

LTURB

LMAX

CRIT

NT

Time-step parmneter equal to i or less. It determines what fraction
of CFLtime step be used to march the solution in time. For low
Reynolds numbersand turbulent flows, FDTmayhave to be much less than.

Initial shock angle in radians between the body surface and shock.
For large an_le bodies, it can be taken as zero but for bodies with
half angle less than 20° , where the free-stream Machnumber
normal to shock mayapproach i for THESH= 0, a suitable small value
should be prescribed for THE[]H.

Numberof time steps up to which the flow remains laminar. Since the
startin_ solution is obtained by linear interpolation between the body
and the shock values, LTURBshould be large enough (4000 or so) so
that reasonable flow profiles are established before the turbulence
is turned on.

Maximumnmmberof time steps. The code will stop after LMAXtime steps
even though the solution maynot have converged.

Convergencecriterion.

Numberof meshpoints in the tangential direction up to which the
flo_ is lmwinar. The flo_ becomesfully turbulent for NT + i. NT
is an input only for the zero angle-of-attack code. For the an61e-of-
attack code, the flow is assumedfully turbulent at all meshpoints.

PROGRAMOUTPUT

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

THE

Distance measuredalong the body surface nondimensionalized with nose
radius, R .

n

Local body angle in radians.

R Local body radius normal to axis nondimensionalized with R .
n

CUR Local body curvature nondimensionalized with R .
n

The complete starting solution is then printed at each grid point in the

flow field. The details of the quantities printed in it will be given later•

The code prints gross flow quantities after every 500 time steps• These

quantities are:

Y

S

US

Distance along the body nondimensionalized with R
n

wl_h RShock stanloff distance nondimenslonalJzed "_
n

Shock s_eed nondimensionalized with free-stream velocity, V .

4



CI{ Surface heatim7 rate nondimensiona]ized with p_ V3/2 wl_ r" o i:

the free-stream density.

CF [Jk:[n frict[<:_ coefficient nondimens_onalized with I)oo ,/ .

2

Sure'ace pressure nondimensionalized with P_ V •oo

CDI _ Local i)res,sure drag coefficient.

Ci)F Local 'skin friction drag coefficient (only for zero ang]e of att_ck).

The code prints ietai]r_d flow quantities at each grid point after ever./ _,,

time steps and _fte_" the solution is converged. The same quantit'ies are l)v]mt_,d

Jn the starting solution "_iso. These quantities are:

ZN D[:;t,ctnce normal to body nondimensiona]ized with R .
n

U q'angent, ial velocity nondimensionalized with V .

!formal v_iocity nondimensionalized with V .

WP C_o_sf']ow velocity derivative w_th respect to crossf]ow d{_re<'t ]:

nond[mens[ona]i_zed with V (only for angle of al,tack).
oo

l'res:{u_'e :loadimensionalized with Poo _oo "

RO
Density non J]mensiona]_ized with O_.

II

Temperature nondimensionalized with free-stream temperature,

O

'['ot_l enthalpy nondimension_]i<ed with V_.

T o

Eddy v[:;cosit, y n<mdimensionalized with lamffnar vtsco:_ity.

GE]_ERAL DISCUSSION

The code presented in this report calculates the hypersonic fic_,_ oi' _ i, _I'_ _t

gas past axJsymmetric bodies at zero and small angles of attack, r_[o-:<]_[_ _,,_i

no-mass flux bound_ry conditions are used at the surface. The fJow-fiel ! s !_ t_o_i

for the sample input conditions, given in appendix C, required 7500 tim,,, ,/t,!:: [',_"

the zero angle of attack and i0 000 time steps for 5 ° angle of atta(,k. !t t,,<,k

about 5 minutes for the zero angle-of-attack case and about ]5 miM_tes i'<_" }_:_ _:

an_{le-of-attack case.

The code works well over a wide range of input conditions and body -_i_<<i<,<<.

With suitable modifications, it has been used for the flow with low l{e,__i_)!i_

numbers (ref. 3) as well as for the flow with massive surface blowing (_'<,_. ) ).

Recently, the code has been made operational for calculating the aerothc, v_: i

environment of the Jovian entry probe (ref. _,) in which the solutions arc. ,_,_,_ed

for radiating and reacting flow under chemical equilibrimm and mass_ve abl_li m

injection. The code also works well for bodies with ablated nose shapes.
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APPENDTX A

LISTL_C FOR ANGLE-OF-ATTACK CODE

PI;CIGR A M P,RCi]¥ ( Y_PUT, nlITPI_T, T APFS= _*,!PlIT, T APE_=_IITPUT 1

TIME,,,DEPE_)P.F_,,T FI_,_ITE-OlrF'_'oENCE _ET_(_D FO_ CALCULATING T_E LAMINAR
6_,_r_TURRHL.EI,T NYPEPSn_IC _L.C,NS AHF)uT BL.IINT AXISYM_ETRIC BL)OIES AT

SMALL ANGLE OF ATTACK. LOCAL TI_'_ STEP ?S USED TO MARCH THE

SnLLJTIO_ IN TI"__.

P@'_RENCF _TAA PAP_P N(_, 77,,D17_ (KU_AR A_Jr_ GRAV_S),D

_JHI_OY--! FnR S_ERE-CO'JE, CAt.L BCo_,

NR_DY=2 FOR _YPEnRPLnID, CALL RMYP,

NRODYml

]_(_BODY_Fa,IICAtL _£nN
TF(_BODY.EO.P) CALL Rt_YP

_T_P

8



$._ROUTINF BCON

DIMENSInN CPI(IS)pCP

_IMEN$1n_J ¥f_O),TN_t

i?Z{IO1)_IZI(IOI),GM(
DIME_SI_r._ TAU(2qws).

|TAUI(_9,_)pCF(2n)

_IMENSInN TEn(2q_,TF

C_MMDNIF /THFI(IOI,P

_OMVONIF|I_|,NIIe_IP

_(15}_COPI{]5},CnP2(15),COP(tS}

_o)eP(PQ),C_(_Q).TEMP|(2q),TEMP2{|OI)pZ(|O|}w
5)

TAM(2Qw_)wTANI(2Q,5)oTAN2(_goS)eTAQ(2q_S)e

Q),THEPtIOI,2g),VAIPf_OI,29),DT(IQ|w2q}
oNI_mNlSeM$wHl|wHS0aN|_

COMMONIF_IGMI,GM2.GM_wGHQ,_MS,_GMT,_HR_MQ#B2,R_,TW,GAM_SIG_MM
_M_0P_IF2/N_M_W_|_M_HXMQoNXMR_NWM_NXM_
COMMONIF_IXX_ZZ_F_e_FTA_5_T

COMMON/FS/SfPqI_s$(_QI_G(_q).cIIR(_q).US¢_a)_DS(2q)_vs(2q)_Vk{2q)

_OMHON/F&/IK_T(_Q)_TIMP(_Q).TEMP(_q)_TE(EQ)_TFI(EQ)_T_E(29)_TE_(Eq)

|wP(IO1_2Q),V_5(1OI,PQ),_(%_I_2q)_SH(IOI_Q}_PW(2Q)_VIST(tOI_2Q)
COMMONIFF/_(IOI_2O_EHOA(IOI_g)_Z_¢IOI.2g)

_OM_ONIFQ/SI(IQ1_2O),S$1(I_t_2q)_n_I_IOI,2g).CURI(101_2g}_R[(IOi_

_OMMONIFIOITWEC(IOI_g),THFRflnI_2_),TUItlO|_2g),_V_(_OJ,pq}

CQMMQN/F|I/Pt](|OI.2Q),I)SH{_OI,2g)_n_P(_O|,2q)_Ab(|O|_29),
|AT(th1,_o),_A(|O1_q)

CO_MONtFIptTlP(lnl.P_},ZI(lOI,p_),T13(lOl_2q)_TZa(|OI_2Q)
C_MHONIFI_IAItlf|nl_2q_5},AU2flOI_?q_

COHMON/FI_IA_I(Ihl_2_,5)_AM_I_I.Pq_5).AH(IQI.2q_SJ_AQ(IOI_2Q_S)

KAM'_ON/FI_/HTNF,PFI,REp

VIR(!_II2Q2QI=0.

10(_1,1t u6_5}=0,

:H{II_Q}:

CD'_ST_TS _,P rPFEStREA_ CONOI'(1ONB

57G=.TP

CP:GA_,IA_R_AS/fSA_A-I,_
$IGT=,q

CC_,OOt

.
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PF©tO0.7?

ROF=PF/TF/_GA_

ALP_A=5,*PT/1FO,

T_C=_S,*PI/1EO,

TW=330._

TL_=T_ITF

R_=,0_175

_Y=o!85

RFTA:I,t

FDT:to

TWFSN:?m*PIIIP0 o

VISF=t,,q79/l?,**_*TF_*l_5/fTF+l|O,]

RF=VF*_nF_RNIVTSV

L_X IS THF PAXI' _'_ 4_J_E_ OF TIMF

Will_ 5Tn_ FVKr; IH!?I_ *_E $OLUTICSP_

I _AX=20_n I

LTIgP_=p_nn0

FITR LA_[N,_q FI.O_ tALL

I,^MTN_R,

_NVE_GE_CE CP_TE_IQN,

G_(T)=f-I,%**T

_P_|,/GAMA/FH**2

G_p=2,*GA"AI/A,+G_H_)

G_=CP*TFIV_**2

G_=t|Oo/TF

PF1uBOnT(_E)

MFSH 517ES _N0

NI=15

NI_=2*N|-I

Nt2=N_+I

N_Q=N|_I

N|5=N|t-|

NSO=NI-2

N51=NI_-2

NI?=Nt*8

N_2mNlo_

NI_=Nt_2. _

VFCT_q LENGTW_

STEP8 _FTER _HTCH THE PROGRAM

MAY _QT BE CC_VERGFD,

VEC3 A._:F) _OR "'_:QR_II..-T._T _LOw, C^LL VFC5

?TE_TIC)_$ UP T3 WHICH THE FLD_, REMAINS

I



XlJt0!

MllsM|°l

MS0mM|_

MSl=Mt=3

NXMtsNX_tM||

NYM_=NX_et

NXMS=NI_*m!

N_MTmNXM.3*_t+!

NXMBeNXM.MI-1

NXMqcNXMe_NI_|

NXH|0¢SeNXM

NXMMmNXq._*_I+|

NXMM|m_*NXM_

NXMM2=_tX_-2*_I=_

N_MM]=_WV-_*uI-2

STFR $IZ_$

XX=2,*0Y

¥(11Nt)s0RVTNTL(0.w_YIY(JIN|))

A|=PI/2,-THC

RRmC(YM-AI ),SIN(TH_)÷CO_{THC}}eqN

NJ_ 15 THE MFSN PDINT UPSTREAM DF JUNTLIRE POI_tT.

_J=ItlOY

NJ2mNj+Nt

_J3=kJ+_lg

_J_t=NJt-t

Nj_p=NJ2._

1_TIAL SHOCK 5HA_E A_O _HOCK SLOR_.

$(JINII}z,tl

D_ 15 N=_,NI

15 S(N}m$(N-I)_nY*SIN(TH_$_)

SR(|)s{S(_)-S(NI2)}IXX

O0 |b N|_NJ

tb $${N)=($(N+I!-_(N=I)]/X_

SBfNtE)=fS(_JI6]=5(I})/XX

_O I? NmNJI.Nt

17 $S(N)=-(_**S(_-I}-$,*$(N]-$(N-2)}/XX

DO 18 NINI6_NJ]

IB S$(N)=($(N_-B(N-I))/X_

ii



}!

tO

2O

25

35

3O

C

_0

_S

DO 10 NsNJ2,NI[ ........
SS(N)m-(_,*_(N-tl-_,*8(N)=8(Nw2))/XX

BODY GEnVETRY,
_0 t0 Nsl,N1
IFfY(N),GT,At)qq TO t|

THE(N):PI/2,.V(_)

CIJR(N)s|.

R(N)=C_$ITME(N))

G_ TO In
TH_(N)=TH_

o

CUR(N)=0.

R(N)=COS(THC)e(Y_N)-At)*SIN(THC)

CONTINUE

Y(NIEINI_)=Y(EINI_}

R(NtEl_l_)=Rf_lhl_)

THE(Ni_INi_)aTHE(21Nt_)

DO 20 _=1,N1
VS(N]:COS(THF(_=ALP_A]

VN(N}=SIN(ALPM&-THE{N))

VS(N)=C0${ALPMA+T_E(N)}

VN(N}=-STN(ALPHA+THE(N))

_O _S Na_oN|I

_| (|sNIMI)mS(N}

_URI(IoNI_t)=CI_IR(N)

RI (|eNIMI)=PfN)

?HE|(|.N|M1)mTHE{N)

THEC(I,II_WM}zVC_${_EI(I_IINY_)t'T_EC(Ie|INXM)}

TWE$(IoII_Xm)aVSINfTNEI(I_IINXM)ITHE_{_|INXM))

BIm(HETA+I,)/(RETa-I,)

B2=_.*RETAtALOG_I|

WLt= -R2/(nFTAm*p-t.)

%L=-E,*B_t(RFT_**2.I,]ISIG/RE

TZCIIMI)=RI**(ZtllMt]_

TZ_(tlMI)uBETa*(TZ(tt_t]=t_)/(TZ(t/Mt}+t_} -

_O _0 N=t_N11

Z_tI_NIMt)=TZl(l_Mll

EMDA(I_|INXw}I|,+ZN(I_|IN_M)*_IIR|(|_I|_M)

RT(|,tlNWM)I_(_,|INXM)+ZN(},t |_IXM)*TH_C(|,||NWM)

TZ_(|,IIMXM_=RETA*I_-Z_(le|INXM)**_

TZ_(|_IINXM)e_.*Zlfl_IIkX_)ITZ2(I_IINW_}

_MT(|#Nt_]=qRVINTL fI_MIIINT(|yN]|))

CALCULATION OF T_E STARTING $0LUTION_

O_ _0 NmleNt

TEMP(N)ISIN(THE{Nle_L.DHA)Ie_*{.g+,1*(N-NI}/Nt)

P(J#||NXM):Q_v_CATR(TEMP(tINt|ltINT(||NlJ)IP(_|INXM)_

12



61

65

5O

U(t,|J_XM}:N_vscAT_rYE_P(tT_I1),I_T(1jNI1);U(1.11NXM))

TEMP(I;_I1}=T_

T{_e|INXM)=q_V$CATR{TE'P(1f'J|l_eINT(l!NI1)f_{IoII_XM)}

T_5(||_l_)=SS(IINIl"t(|,+Sf|IHII)ICUP(llNI|))

TEl ( I I_4 I _: ( I .-_ .ITE ( 1 I __', I ) )*TF,( ' _' ' • l_E_ _| .NI ! )

TE_rIIKI1}=\'S(lI_II)-TEI(_I_IJ),TE_(_._wI|)

ll_M1 e | I_X_I)I(;_VSC_TR{TE_(_ i_I I ) e I_T(I l_I I ) IU(M[ e I lkX_'i))

T(_|_|INX_|)=O_V_{ATR(TFQ(IINII)_INT(_I_J|I)IT(MI_|IKXN|} )

D0. 61 _J=2,_I

D_FL=-tS{_)-${N+NI_)I/_.

_P(MleN)=-G"_-TE_ (N)wDD_L/_T(MI_N}

_0 bS N=NI_M} 1

WP('I_}=GMQ-TFI(_)ibDELIBT(M|_N}

DO SO N=|_N_I -

{;:'PI(P{HI_NI.P(t#N))/_||

DWwPI(wP(_|,N)-wP(I,NI)IM_|

V(|_Nf_|I)=Q_VINTL(V(|_N)_WVIV(I_IPll}) -

T(I_NI_|I)=0_VINTL(T{1._|)_XTIT(I_;M||))

WP([_NIMI I)=ORVI_TL(WP(I_'_)_OX_P|_P(I_N|H1|))

RD_I_[INXM)=P(|_||NXr4)/T(|_||NXH)/GM|

SH(|_|IN_)=T(I,I)MXM)*GM3

H{_||NXM)=SW{|_||NXM)+(U(I_I|NXM)**_+V(t_||NX_)**_)/_.

VIS(|_|INXM)mT{|e|INXM)*TV_(|_[INWM}eGMb/(T(|e|;NX_)+G_S)

WR?IE (6_9q) AI_PH_RE,FM

F_RM_T(/_1W_ALPH_t_FR,S_X_eR_YN NOo_F|S,_SX_#MACH NO, _

WRITE(b_S)fY(N)_THE(N),RfN)_CUR(h)_N=I,NI[}

FORMAT(_W_Ym*_FIOeS.SW_TH[I_.FIO,S_SX_
1}

O0 60 N=|,Nlle2

WRITE(b._21)N.Y(_)

eR=e,Ft0,5,SX_.eCUR=e,Ft0,5

] -_



WRXTE(6e_30}
wRITE(6wU_0%( ZI(M_N)et*(M,N)oV(M,N)eWP(MwN),P(M,N)wR0(M,N

60 _0NTXNUE
_0 FORMAT(/I bXoe_|*nQXwWIIgoqX_'VBj_X#_P#JgXI#P'w_XwBROBe

lQXo_T_sqXmw_}
_O FORMaT(IXrSrIO,S)

AUt {l_| _11Nw_wI n)=| .

TEg(I|NSI)=_ ,

L=I
C M_RCHI_G IN TIME STARTS HERE.

| CONTIWIIIE

C LnCAL T_E STEP CALCtJLATIO_,

tTHF2(lmIINXM_})+VAIR(t_t|NX_)%
DO ?8 _:I,Nll

TIMP(_INll):OSVGATM_(_T(_ll _|INX_)_T(IINII}ITTMPC_l_||}%
_T(M|_I INWMI_=_VSCATP(TIPP(IlN_I}_INT{| lNII)|I)T{MI_IINXM|})

C PRedICTOR STEP,
SS(1)=(S(_)=S(NI2))/XX

DO 7_ N=p_NJ
7_ SS(N)=tS(N+I )-S(N-_i)_XX

SS(Nl_)=f$(_h)-S(1))/XX
DO 75 N=NJI_!

?S SS(N)='(_*WS(Nml)'3**S(N)'S(Nm_))/XX

Th SS{_):(_(N÷I 1"S(_'1)1/xX
DO 77 _J:_J_,Nll

CALL sHnCK
CALL DFRV

EALL VECI
_O 110 I=l,_

INI_IIMSO))I_Y+fANf_.NI_IIMSO)-AF_(_NImIIHSO))IDZ+&Q(Z_NlmlI '45_%)

AU_(_,NIl_I;MSO)=_U(_N|I.IIW_]'DT(_N|IIMSOI*((AM(_N%I_I# MSO)"

IAM(_,NIS,IIM_h})IDY+(A_(3_NII_I|HSn}-AH(_N|I,IIHSO_)IDZ+AQ(?_NII_

AUI(Z_NJI_I_'50)aAU(_NjI,TIMSO)+_T(_._IJIIUSO)*((U_*AM(_,N.III_II



......... AUI(2,_4j2,1tMS_)=IIU{_-eNj2 -TtMS_)4,_Tf?,_j_I_50)_((Oo',A_(E,_jEIel !

IN,50 ]-,3.,,,_M(_. NJ2.'[ l_%0]..A_'(_._,;,J22. Z {_50 ] )/XX,,(AN(3,NJ2e X IMSO)-A4 (

2P, _J2, I y,=J0} IIr, Z=AO(_.,N,Y?., I' IllS0) )
T6U( ].e._ |Nil I--q_V_A'THR(&LI(MJ , | #]'/_{XM{), _NT{{ IN].I) ITAU(Ja ] 1_'_ I ) }
TAH( {e Z INI | )IO{_Vr.A TI'_{Rf II_('H|j,1 e 1'{"J_M l '),,T'4T ( | fN| | ) wTAH( I e _ "'_:I ; j

TAN{ ({.,_IN1 tlmrJ_Vr;,kTH4(A_'l(_l , !,{ |_!XH_ I ,_NT _1 =_.tl) IT_J' _.,]f 1411.) }
TAN2({, _IN| | I=IrJAVGAT_;(_4:_'_ 1 e _ eli {NXH_ ), T4T({. IN11 'l IT'll2(; e _ ;hl { ] }

T_0._|,II"!_ 1 )=r_._Vf;_.TH'!c_r'(_'J . I._INX_*_'Ie?NT(I {NJ I ;IT.a_(t•!t_l 1))
TAIII :_,. _ "_,_ _ _ ¢_T _,U ( Pe _ I _'{'}5'{ .'.'f'_"'P f 2,, %¶_)i { (TA'(3e I t_,;1 ':;) ..T/_H ( 2.3 ) N _.51

I'AU_ (;_{ , _r']='r4_I(_Jl _ _ )-TI'I',P(_i_ 1"( {T^H(N| . ]]-TAH{N|LIe _))/L)Ye(T_.I. {N|

I"_I.lI(N1 I ,,[ )=TaLJ(;.._! I_,'_'I,,T]{_P('H|l)'i( {'TAH{N| I._,{'),,,TAH(NIcJeZ) )/r_Y÷{TAN_.

"{'A'J'{ (_'_JP, T }=T.1U(_J2,1'_+TTPPCH.T2)*( {{{:*TAH(NJ_'[, {)=_,*T_fNJ_, {).-
,iTA_ ('_J2P, jr) }i XX.,(T_,*{1 fc'lJ2.T )"T4I"_2fI4JPe {') I IOZ..T_,(..I(_,.12#I "{]

J_.O AU1 (_1 . 2, T ; _'XF*M):OSVSCAT_ (T/_U1 {_, T INlS), _N" f | _ N{ 5) I _U{ ('1 ,2, ] f

E/_L _. VFCp
r)c, 15o I_t_a

^[}| {2,. ! ,,I f"_n ) ¢_,{0 f _'; {'l"'_O ).,,PIT ( 2; { IHI_O ] * ( ( APO {'_i, ?. I I_O)'AHO (_t I l,[

11'_50))If)V+CA_)_1(3.|l_O}-A_n(2,l;*_SO)%Ir)Z+AOf',(?. I I'50) ]

A{{ { ( 1 e 3. 1 $ N'*(_'_7 ) :eAVSCAT c_{ T{"_ ( I t "{'_ 1 ) _ TNT ( | ! NS | ) I AllJ ( { _ 3_ t { N_(+-,7) )
AU{ { t ,_e2lN_l? )=QRVRCATI_f1FO{ I l_151), T_IT { t INSt') I AIIt ( I ,_,2{_._X'_7} }
ALJ| ( I e ]_,_INXM'/)=_VSCATq(TEq('J fEiSJ)i,T_JT{ I I k'S| ') I _LI _ (1 _ _,,3INX_'7) )
All{ {I.3elJI_X"7]'er:RV,_CATR(TFq(| I_',SI leT_,;Ttl /NS|)IAII| ({ e];e/a/_X'7_)
AU{ ( l e 3,'_1NX_'? }sO_VSC _,Tf_ (TF t 0 ( t IN_Ji ], INT( 1 INSI ] IAU{ (l # _eSINXM7 ) )

TF{L.GT.I. TUHRIGO TO IS_
C_LL vet3
fin TO 155

15_ C_LL vEC_

|_S EDN_NtIE

C_LL VEC_
C_LL _OIIND

C CORRECTO_ _TEP,

O0 leO Iut,_
160 AU_fZ,2,TINX_)u{U(2,2,T'INXHS)+AUt(E.E.ItNX_|

O0 170 _=t,_

170 AI{2(2,i,_IMIt_=AIJO(2._IMI|)eIUI{2,I_fH{_)
M_I2

S$({):($f2)-_(NI2)}/_X

DO t?_ N=_Ji._I
|75 SS(N)I=(a,eS(N=I]=].i$(N}-S{N-_]]/XX

DO 176 NnNI_.NJ]



iG



P,30

TEt {II_5_)#t_IqVGATWIqfALJlfM_._.'IINXHO).INTIIINS])ITLr||IIY'J53))

ANfMI,2,II_X_.)nqSVSCAT_CTF| (1 lN53)wTNT(ttN55)!AN(MIw2wIt_XMg))
ANf_p_,YIM_'I#AIJt (P,NI,YIM'_O)

AILJC_!*/J. T ;MSO]IAI) 1 _p,N|t.i, II_I_O)-CC*:ALI('_.,N52,I/M_)-AU(2,N| e T l H

tc.;O).3,*CAU.tp._FOt T IM_)'AL)tP,_IIJ, ItMgO) )÷AU2(_ak|(l, I |._50))

&_(2rN_.'_IHC;I_'ICAUt(p. NI. 5.I1M_)...CC*(AUf2,N53,IIMSO_..AUC2._J!t , IlM

|¢;O),-3,*fAIJ(2.N51. _l_'.¢Jn)'wALIf,_.,_'15wrIMSO))÷ALt2(2eNIS, _11_50) ]

A_J {P_ 2 _ T | ___(__ :AU t (?, P., I ; M%0)-CC* (All(2, a_ I | _.50)"C,M( I ) *AU(_NI2,

21M50))

_._ (_ N I_ _ I "f_ .e;O)aALII (_NI _, I |_c;O)-CC*(AUf2_NI}, I IMSO)-GM (I) *AUC

|_r _, I I_5(_}-"'* CAU {2,NI 6, II"50)-GH (I) *AU(_ |_I t_50) )*b,*AU(2,NI P.

|_),}_I |_ISO)'d'.*(AU{_,Nt3, IIM_O)+AU(_N|P#T|Mr_.'O))+O**AU(_N|6, I|MSO)
_+AU_(P.,N16, TI_50))

DO _30 T=t._
tI=I
IF {I,Er_,_) I.?=5
ALl| (2_ I, I lMSn )IAtI| (2, t, I'iMt;O)-C_* (ArtfUl ], I I |MSO) +_U(_,N|6, I I IMSO) -

IO,*(AUC2,2_ITI_Sfl)+ALIfp._NI2,IIIHSO))÷B,*AUO(_,IIMSO)+AU_(Z,t,II
2M50))

ALl| (1_'_ 1 |N_tM?)sQ'RV$CATR(TFA(_ tl'15$')oINT(| |*J_l) IAUt (| _ _o | INxMT) }

AIJ1 ( | e 3_ _ i N_7 ) zr_:_V_CAT_ (TF'q(' | l Nfil ) _ T_Y (1 t N_I ') t AU| ( I _ 3.21NX-?) )

ALl| { t, 3, "S| _X_? )._V,SC ATI:) (TFqt I | r._¢_1 ), I_"1' ( t INSI ) t Atit ( t _3# 3 I_"'XM7 ) )
ALII (l p 3e_J |NXMT)=O_V$CATR(TFQ( I le_¢J| ), I_lT ( t fNS! )tAUt ( 1. _,QI_XVT) )
AU|(|,3_SINXM?)z_BV._CATRCTFIO(IIN51),I_T(| INSi)IAtti (I,3_SINXMT))
TFfL,GT,I. TU_R)GO TO 231
CALL VEC3
GO TO 2_P

231 CALL VFC5
232 CONTXNUE

CALL VECo
CALL ROUND
F_Y VISCOSITY CALCtfLATION_

IFtL,L_,LTU_R)GO TO 255
LL_L/_
LLmLL*2_
IF(LL,NE_L]GO TO _SO
CALL _E_V
CALL Envy

235 CflNTINUE
LLuL/5_O
LL=LL*SOO
IFtLL,NE_LIGn TO ._0

C SURFACE HEATIN_ RATE AND 8KIN

wRITEtb.aO0) L
FRICTION COEFFICIENT CALCULATIONS,

iT



250

C
C

3qO

350

(_60
C

(:

261

260

_lO0
riO5

WRITE(6.Q_5)
TE(II_I|)mCH(IINJt)
O0 ESO N=I._II!
flSHIo(_*SH{_oN|-$,*SW(lwN)-$H($oN))/ZZ/S(N)

CH(_]=vIS(twN)*_S_I*XL
OUtm(aa*U(2,N)-3.*U(t.N)-IJ(3e_))tZZ/_(N)*XL!

CF(N}=_eiV_S{1wN_i(_I.I|mUttpN)*CUN(N)tEM_A{leN)I/Q E

THE CODF CALCLILATF$ ONLY PRESSURE OR_ AT ANGLE OF ATTACK AS A

FUN3T_O_ {_F LOC6L HnDY _AOTU$ MO_"AL TO T_E BOOY AXZS,
CPI(I)=Pwtl}

CDPl(t)=0,
COPZCI)=n.

CPI(N_I)o{Pw_+II+P_(*I+H|}_/_=
CP2(Ntt)m(P*(N+_ }-P*(_+_l_})t2=
C_P|(N*I)=CnPl(_)+._iDY*tCPt(N)*R(N]*_|N(THEt_))_C_|(_+|)*R{N+I)*

CPP_(N_t)=C_P_{_)_.S_OY*(CPa(N_*RtN),CO_(THE.{N)_+CP_(N#I)#R(N+|)e
ICeS(THE{N+1)))

DO _50 N=_J_

FORM_T(_xme_Y RIO]US _=e.FI2,SmInX.mP_E_SI_[ O_AGemeFI_m_]

CONVERGENCE _NECK m CIJNVERG_NC_ CRITERXI)N TSTHAT _VER _00 TINE STEPSm

THE NEATTNG P^TF$ SHOULD _01 CHANGE RY HORE_TH4N I_PERCENT,
TEI(tINtl):CH(tINIL)-TE(lINtI)
TFltIINII)mVARS(TEICIINII)fTElfIINI|))
T_(IIN|t):CRTTiCH(llqtt_
IZoOSS_F(TEf{IINII),TF2{IINII))
_F{IImF_,N||IGO TO 2bt

LL=LISOOO
LL=LL*S0_0
1FfLL.NE_L_n TO _0

CONTINUE
DO PbO Nm|eN}|

WRITE(bm_I)
WR]TE(6ea_5)(ZN(M_N),t.I(H_N)_V(MeN),_P(M_N)_P(MeN)_RO(MeN)eT(HeN)_

|H(MeN)mV|$T(MeN)eMa|eM|)

CONTINUE.
_F(II,_.NIt)_O TO 551
FORMAT(//e|_YeeN_.OF ITE_ATION_IeeIS)
_R_AT{/_tX,_P]$T._L_NG RO_YeeSXe_SHOCK STANDOFF O_$T._SXmeSHOCK

|_PEED_X_eRTANT_N NO._e_Xm'_K_N FkICT_OMe#SXe_WALL'PRm * )

FOR_ATfSX,F_,SeIO_FIOm_IOX,_IO,_e_X_rl_mBeb_FIIeT,bX_FtO,S)
FORMAT(/_SXe*_ODY STATION NOmm_,;_,SX**_TSTo ALONG ROOYI*_FtO_.S#t)

FORMkT(/e6XeeZNmeqXeeLJeegXmeVeeOXeeWPeeqXeePelSX_eROeeqXeeTee_Xe
|eHeesXeeVIST *) .....................

_8



l?
C

t!

tO

_0

35

NWMq=NX_._*Mte|

NWMt0=_*NXM

NWMMaNXM.Z*MI+I

NXMM2zNXM-2*M|-_

NXMM3=NXMQH,MIm_

STEP SIZES

bZ=-l,l_11

WX=E**_Y

7Z=2.*_Z

Y(t2N]):_VTNTL(O,eDYlY_IIN|]I

Z(I_MI):QRVI_JTL(|,_ZlZ(tIMJ))

At=PIt2,-THC

VM=0Y*_la

RR=((Y_-AI)*SIN(THC_CO_(THC)_eRN

NJi IS THE MESH POIN" UPSTR[AM OF

NJmat/DY

NJIaNJ+!

NJ2=NJ-!

NJ_=NJI_t

I_ITIAL SwOCW SH&PE AN_ 8H0CK SL0PEe

8(17NJt)=.17

DO |7 N=NJ$.N|

S(N)aS(_=|)eDYeSTN(THESH)

_O_Y _E_METaYe

O0 |0 Nlte_J

_F(Y(N}=GT,&I)GO TO ||

THE(N)=PIIZ,-Y(N)

_UR(N)=J,

R(N)SCO$(TH_(N))

Gn TO tO

THE(N}=THC

CUR(N):0=

R(N)aCOB(THC)_(Y(N}-I|)eSIN(THC)

CONTINUE I

DO E0 NmI,NI

VS(N|=C0S(THE(NJ)

VN(N)a-STN(TWE(N|)

0_ 35 N=IpN1

81(I|NIMt)=SfN)

ClIR|(|eNIMt)I_UR(N)

R|(IpNIM|)=R(N)

JUNTURE POINT,

THEI(I,NIMI]mTME(N}

TH£CCt=t|NXM)=VCOS(THEI(ioI|NX_)tTHEC(|otlNWM))

THE$(t#IINWM)mVSIN(T_EI(te|I_WM)ITHE$(I_IINXM})

INT(|INI)mQSVTNTL {|#MIIINT(tlN|))

C_LCUb_TION OF TWF $TMRTING SOLUTIOn,

OO QO N_I_N|

TFMP(N}mSINfTHE(N})e*_*(,_e,I_fN-|JtNI)

P(I_I|NXM)=ORV$CAT_tTEMP(|IN| )_INT[IIN| )IP(I,IINWM))

TfMP(ttNtl=0_



=50 L=L+t
TF(L,LE,LMAX)GO TO t

55! C_mTZ_UE
R_TURN
FNO

2O



SUBROUTINE _HVP
OlHENSTON CPt{tS),CPE(15)ecnPt(|S)eC_P2(tS)eCOP(t5)

DIMFNST_N Y(_a]oTWFt_)eR(Pq],CH(2g)eTE"PI(_9)eTEMP2(tO1)pZ(t01)o
ITZ(t01),TZt(t_tl.GH(_]

DTHE_STnN TAilf_qwS)wTAM(2qoS)wTAN|(2q_S)oTAN2(29,5)eTAQC29eS)e

DIMENSlnN TrB(2_),Tfq{2q)wTEtOC2q}

COMHON/F /THEI(IOI,2q),THFR(IO1w2Q)wVAIR(|OI,2q),DTC|O|e2q)
C_M_QNIF_/Nl,_l_o*J12oNI_NtS_MI_MI_pMS_;_[_
COMPONIF_IGVte_'4_e_M_eGH_MSo_MbeGMTeGMReGMqeB2eREeTWeGAMAoSIG_MM

COMMONIF_INXM_NIM|_'W_NXM_NXMR_NWM_#NWM_

|eTEQ(2q].TES(2q)eTEe(Pq)_T_7(_q)
COM_ONIFTIU{IOte_q)_v(|o|ePO)eT()O|e_q)_P(I_t_g)eR_(|Ot_g)e

C_MMONIFQt$|{IOI,_Q)_BI(IO|,_q)_BI(tOI_2g)_CURt(tOI_Q)_R%(IOte

12o)
COMMON/Ft_/THFC(tOI_2Ol,THF$(tnt_q),TVI(tOt_2_)_TV2(IOI_2q)

t_T(iOl_2q)_&_(lnl_20}
CO_MON/FI_/T?_(I_I._)_Z_tOI_2q)_TZt(tOI,2q)_TZ_(tOte2g)

COM_ON/Ft]/Altt(t_I_2q,5)_AII_(t01_2_)
COqHONIFt_IAII(|_t_2q_5)_M¢101,2qeS)_AHftOte2q_5)_Q(tOt_29eS)

COMMDNIF15tkIIO(_nl,a)eA_O(}Ot,R;_i,&ND(tOI_=)_&Q_(tO_e=)
COMMON/Ft_/HTNF,REI_RE2
VI$Ct,tl2Q2Q)=0,
VIST(I,tl2q2_)mO,

AU2(|_i_lli_bflS)x0,
CH(tl2q)=0.
CONST&NT$ AN_ FR_ESTREAM CONOITION8
PTma**&T=N(I_)

$IG=.72

CPmGAMA*_GA$/(GAMA=t.)

FM=t0.3

TFso6,26 ....... • .........

21



¢
C

C

ROF=Pff/T_/R_AS

ALP_A=5,*_T/I_O,

TWu330.6
TwsT_/TF

R_z,O31T_

_V=,185
RETAul,t

THESH=_,*PT/I_fl,

VFuFH*(GA_A,RGA$,T_)***5
VTSFul.t_R/I_.**h*TF**1.S/(TF*IIO.)

L_AX I$ T_E _aX_U_ N_I_ER _F TI_E STEPS AFTER
WILL 8Trip _VFN THPU_ T_E SOLUTIO_ NAY NOT BE
LMAX=200_O
LTURR=2_OOO
FOR LA_T_ WLOW_ C_LI.

LTU_B T5 THE NU_BE_ OF

LANINAR,
COnVERGEnCE CRtT_RI_N,

_0 5 Iwt,5
Gv(I3ut-_,)**T
G_I=I,/GAHA/K'**2
G_¢2o*GA_At(_.+GAMA)
G_3=CP*TFtVF**_

GMSattO./T_

GM?=fGAPA-|,_/(GA"A÷t,)

GHquCGAMA-lo)/GA_A
GHIO=T**_M_/GAHA

RFI=$_T(RE]

_FSH SIZES _N_ VECTOR LENGTHS
N|=t5
Nltu2*Nt-t

_|2=N1+1
Nl_=NI-t
N|S=N|I-1
NSO=N|-2

NSIuNt1-_
N|_=Nt+]

N52¢N|-]
NS_=Ntt-_
flt6#Nl÷2

wHICH THE

CONVERGED,

PROGRAM

vEC3 A_n FnR TtlRRULEhT FLO_ C_LL VEC5
ITERAT, IO_S LJP TO wHICH THE FLO* RE_AIN$

*-q

22



15

18

I?

18
C

Ui#lOl

M_ImMI°_
MS_zMI°U
NXM=NtI*M1
NXM|UNX_.M|I
NXM_m_X_el
NWM3g_W_-2
NXM_¢NXMwMt

NX_5=N1Q*M[
NXUb=N_I*Mt._
NXH6%=NS|'M|.I

NWMT=_X_.3*_I¢I

NxMq=NXM_*M|_|

NXMI0=_e_XM

NXH_N_uup*wl+|

NXHM1¢5*k)XM_

_XMM2:NW_.2,_I._
NXMM]S_XM-Q,_|m 2
ST_P SI/E8

DZB=I,tMII
XXm2**DY
Z/=2**DZ
¥(IINI}=_SVI_TL(_,w_YIYfIIN|)]
Z(tIM})=Q_VI_TL(|,,DZIZ(IlM1))
_TIAL SH_CK SHAPE A_D SHrieK

8flfN11)m,17

$fN)_SfN. I)+Dv*ST_fT_ESH)

DO |b N=_N|Q

SS(N)B(S(N+|)-5(N-I))/XX

SSfNI2)=f$(_Ib)-Sft)}IXX
_0 17 NaNIB,_|5

DO 18 NIH|_NI|_|_

_LOPE,

SSfN)=-f_**SfN-I)-3,*$fN)-SfN-_I)/XX
BODY _EOME?RY,

'R(t)=0.
Aa|,ITANfTHC)**2
BmS_RT(_)

DO |0 N_,NI
FtmDY*$QRTf(nem_eRfN-t)**2)/fq*eE+r|_ef_/B)**2]eR(H-|)**_}]
F_mDYeS_RT[TR**_+fRfN-|}eF1/2,)*n_)/(B**2_(|,+(_/B)**2),

t(RfN-lI+FI/_}**_I}
F_mDY*SQRTf(R**_+(RCN-1)eF_/2,)**2)/fR**_e(|_e{_/B)*_2}

I*fB(N_I)+F2/2,)**2|I ............................
....... _r
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10

_.0

_s

3S

_0

C

LI5

XeB*X/(A,S_T(X**2-A**2))

CIJ_(N_21N_)mEURf21Nt_)

VS{N}=C_S(THE(N)-&LPH&)

VS(N)=COS(_I._MA+TNE(N})

VN(N)¢-$IN(ALP_+THE(N))

_0 _S N=I_N11

Ci)R| {_ o_J|M|)=CUB{N}

R|{I_NIMI)=R(N)

TN[t(|_NI_|)ITNE(N)

TwEC(t_IINXMIlVC{]S(THE|{t_I |F!XW_ITHE_(|_I|N_M))

THE$(I,IINXM)=VSIN(TWE_(|_|INX_)ITME_{I#|INXM))

Blm(BETA÷I.)/(BETA-I.)

WLI= .B_/(_FT_**_-I.)
XLm.2,*R_I(t_cT_**2.1.)IS_t_E

EM_J{|_| f_XM)I|t+ZN(|_I|NXM)*CII_| (|#| |NWM)

B_(¶_IINXM)uQ_(I_I INX_)÷ZFJ(I_I_!X')*_HEC(|_||NXM) '

TZ_(|_|I_XM}I_.iZI{1.11NXM)tTZ_(I_IIN_M)

TZO(|_|IN_),R_ITZ_(_e_INX M)

INT(IIM|I)I_RVINTL (_,MIJINT(1)N%t))

CALCULATION OF TwE STARTING 80LUTION.

_O _0 N_t,N|

TEMP(N]=SIN(TNE{N)-ALPH&)**_w(.q÷.t*(Ne|)/N|}

DO _S NmNI2.N|I

I_MP(N)m_IN(?WE(N)_ALPH&)**_*(_q_,|_f

P(|,|INXM)=_RV$CATW(TEMP{11NIII_INT(1

TEMP(_INI|)m_.

U(I_|NXM}m_V_CATR(TEMBf|INI|_INT(I

V(I,IIN_M]mQaV$CATR(TEMP(IINll},INT(|

WP(|,IIMXM)aQAVSCATR(TE_P{IINI1),INT(

TEMP{tlNll)=TW

T(I.|INWM}m_RVS{ATRfTEMP(|IN|_).INTf|

N-N1)/NI1

INt|)IP(|_|INXM))

IN1 I ) IU(|. I INWM))

fNl |]IV(|, |INX#))

IINt I ) )_P(l. | INXM) )

INIl)IT(I.|INWM))

i



' 65

TPTrI(IINII)--SS(I.NII)/fI.+Si'IINII).r_(I_(I tNll))

IF6(! IN1 I )=I'+TF_(IIHI I)*TEq() t_Jll )

TF6(| INI I )=v)QRT_'TF6r, I )_mf q ) i ,_ :F.'.i(P')lI )!

T_?rqth" !)'-'.CV_Ct :"il),.v2; '' i' II)*TEq(I f_Jl I))/TEbCI IN$1)

7"T'_')(I i " _ i ) = f I'E7 @ I )_l I ).IF- 7 • _ ._,11 I /_;uq,..;HT).C,.l

P.'_) _ I _,4)_;'_ )--'jg_ SCAT_(TF_+'P61 ')J ) I) a T_T(| IN_ | ) IF)(HI w | IN_"I))

T6"MPC I ,' ! ._)--);'"P(I l_rl I )/r, ul

T" [ I I _Jl : _ fTF'_(I IHi I )._C_,Tl Y(i +T6T.PCI ,_I 1)._4 )

Tr I (I it'i ! )=61 .'.I .ITW(I l_Ji I ))_TE"(I INI I')ITEb(I IN|l)

TEP(' I _i 11"_ ,_(I t_i I )-TFI (I I_:1 li*T" _CI I_HI 1)

TF)(I INI I ) .-.V,," i i_)_ I )+TEl (I)_)l I )

T_ /_ (' Iil)' ) ! ) =TF"C_' I l_J| t )/TFf ) lq) | )

tltr, l'), I I_':X"I)=_"VSCA'T_(TF'-2(11_,_II),T',_I(1 l_11)lttC,l,I $,NX"I))

V(HI # _ t'_X_[ _:Q_V.SCATR&'iF _( I ,_I I ) ; T_Ti'l !_',II) !V(NI # ) IH'KM|))

T(_II _ 1 I),IW'(| ):')F_VStAT_(Tt/J(! IN| I )_ INT(q |_I 1 ) |T&'_vl, I INXM| ))

r)r_FI,.-- m (S &')'_) -S (hJ÷_ 1 tj ) ) /)o

Drl_L : &'S (hJ.'_.1 _ ) .,q (_J) )/2.

_'_)(;"l,_):r;,,z_-TFl ('_)*r)_EL/#IT&'HI_r()

t'Jp()" I ; 11 =oU('Ul # ! )

Dr) 50 _._:I,_11

I)Y(I= tUtU! ,_.,U ( 1 ,_'t))/u| I

t)XV:(V(_-_I,41.V&'I,H))IUll

C)XC):(P('_I _)'J)wP(l _J))/_ll

f_XT-" ( T (" I _ _.)-t ( I , _J) I/" I I

_"))_P_ ( bWp ("1 # h) ) mblP ( 0 #_Jl 1 /h_l 1

U( 1 _N|MI I I =C_,VT _Tt ('ll (' I _h) , F_XLtlrII( I #NtH_ I ) ')

V(I #l_Jl'l I ) :_V THTL (V r 1, hl ,r_,YV ) V ( I ,,'),_I I ) )

P('! #41"11 ) "qPvI_JTL (n f 1 _,,%), D'.'P | P &' '1 _,P' )I_ 11 )l

T(I _mNl_4) I )=OPVTNTLfT(t ,t, ),hXTIT(_ ,_jik(11 ))

)0 WPr I _NIMI I I =qRV T_.TL (-P( I , _)) ,r!xwP I_.,P( I, Hl_11) )

RO(| _ I INXH)=D (| t I INWH) /T f I ¢ ). #rJX_)/6)'1

8H( I # I I _Xu) :T &'I, I f _Y_)*C,*_

H(l #1 l_J_(_'):f_fl,l yHX,_)+(U(l#ll_!X'-l)**p_V(l _IJNXM)*,,2)I2.

TVP(I_ I IHX_):vSrjRT(T(I , 1 If'IX _)liv2() _ I /NW_))

VTS(| _ | |NX_4)=T(i _ I I_XP'!)tTV2(| e _)NxH)*GHO/(T(| # I INXH)4. C;,H_)

WRITE (6_3Qq) ALPHA,_F#F_.I

WRITE (6, C1.'.'.'.35) {YrHI # THaT (N) e F_(N) ,_(JR(N) ,F_=| _Ni J )

(135 FORMAT (2W, 'Y: # ,R| O,_,c;X# eTHE: _'#F | O,S, 5X_ "R:*,Ir | O',mS, 5X# _CUR:' _ F I 0,5

t)

Oil 60 N"JeN)t_2

WRITE (6#/.121 ) t.J, y (N) "

WRITE(bea30)

WRITE(6,aaOl ( _| (MeN)#U(M_N) _V(M#N) _WP(N_N) #p(H,N) _RO(M_N

|)#T(MeN)#H(MeN) _Mml _,M|)

O0 COKITINUE

/.t_0 F_RMAT(/_ 6X_'Z|e#gX_eUeeqX_eV_'_X#ek_p_#_qX_epe,,fiX_eRO_ _

|QX e eTe#qx# end)
_+ -
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TFMP2(11PII_=q_VfNTL(1.+n_,OMITEMP2(tfM]I))

TF_{I;_SI)=t e

TEI0(IIN_])=_M10

L=I

C _RCHTNS T_ TrHE STARTS WERE,

| CnNTINLJE

C LOCAL T]_E _'FP CALCUL.AT_ON.

V_R{I_II_IX_2)_,S_PT_Ye_R(]e11NX_P)IV_(|,I|NXM2)_

|THF2(1,11_X_;))+Ve]_(I,11_IX_2)_

T_MP(_INll)=_"VGATH_Tf_llelINXHl_,_NT(llN|l_ITTwP(_INI|})

C PREbICT_ STFP,

SStl)=fSfR)-$fN12))/XX

_O 70 N=2,_1_

7_ RS(N]I(S(N+I ].S(M.I])/XX ,

_ 75 N:NteNIt_JI_

75 SS(N):-f_tkS(N°I }-_**_(N)-S(N-_I)/_X

_n 76 N_N16eN|S

?b 89(N):fS(N+t)-S{N-t))/XX
CALL SHOCK
C_LL DE_V
CALL VECI
DO II0 T_I,_

|N|_e|IMSO))InY+(ANf3.e-_I,tI'_5_).aN(_.NI._IuS_))IDZ+aqf_eN|eTIHSO)}

AUI(2eNlte_;NS0)=_LIf_eNtle_I_5_)'DT{_,N]IIMS01*((AH(2eNlIe]|MS0)°

|AMf_eNIS_TI_SO})/_Y_(AN{]eN_|_I;HSO).ANC_eN|I_E|MSO))/DZ+AO(_eN||e

2I;_501)

TAU(Ie[INll)=_SVGaT_(k_IfMt_I_IIN_I}_NT(llNI1)ITAU(IeIl_11))

TAM{I_INII_VG_TW_tAHf_I_i_IN_Hi_eI_T{llNII)ITAM(|_I_11))

TeN|(t.IINI|)=Q_VGATHnfaN(_|el,_;NX"I),]NT(|INI|)|T4Nt(t_IINt|)}

TAUl{2,ZFHt%):T_IJr_e_IN1_)-TI_f2;_I|S_*((TA_f_elIN|S)-TA_{2e];N]5)

|)tnY÷(TAN1(_I/N_S)-T_NP(2_INI_I)/_Z÷TAQ(_TINIS))

TAUI(NI,T}=TaI_(NI_Z).T_HP(NI)*{fTAMfN|_}eT_H(NI_eZ))/DY÷fTAN|(N|#

TAHI{N||.Z)=T_U{N|I_)-T_PfNII)I((TAHfN|IeZ)*T_(N|S_|))/DY+{T_N|

T

26



'C

|ln AUi(M1,_w_I_X_M)=g_VSCAT_(TAU_(2,II_tS)wT_T(|tN1q}/AUI(NI,_eX!

CALL VEC2
DO 15n Ttt,_

_UI(_w1_TIMSO}=AUO(P,TIM_nl-_T(_,tIM_n_*((AMO(_e_.TIMSO)-AHO(2wtpT
|IHSO))/_¥+(A_OC3_IM_O)-&NO(geTI_O)_tnZ÷AQO(_pIIM_O|)

|50 AU|(M|,|.T)=&HflCHIwT}-DT(Mtwl}*((AMOC_Io2=T)-AMO(W|ot_Z))/DY+CANO(

AUI(|_IN_H?)=_RVSEATR(TE|0(t|NSI)_INT(tIN_I)I_U1(t_]_SINX_7)}

IF{L=GT,LTUPR)G_ TO t_
C&LL vFC_
GO TO 1_

tSu _ALL VEC_
|S_ _NT_NUE

C&LL VFC_
C_LL _O{_Nb
CORgECTOP STEP.

DO tbO Imt,5
|60 AU2{2,9_TINX"_)u&t)(_._XINXHS)*AUt{_.2.TINXHS)

_n 170 Tmt,_
|70 AU2(Z,I.IIM11_mAUO(2,IIMtI)_AUi(2_I_IMt|)

MM=p

SSft)=(5(2)-${Nt_))/xx

DO |75 NmNt.Nt|,Nt_

|7_ S_(N)i=(Q,i_(N'|}m_.eSCPJ_'_(N=_})/X_

00 tTe N=NI_,N15

_LL SHOCK
C_LL OERv
C4LL VECt
00 180 Itl,_
AUt(2_9_IIN_MS)m00_*(AU_(_,2_IINXW_ImOT(P._|NXMS)*((&M(_,I|NXMR)

_NXH8))}

_M(t_I.IIMI)m_M(1) *AM{|_|,tlMt)

_NI_.IIMI1)I)

_LL v_CZ
O0 190 l=t.=

190 AUI(2_I,TIMtl)=,S*(_UZ(_,I,It"II)-O_{Z,ttMIt_*((AMO{Z,_,IIMIt)-&MO

_ _

2?



.... FnUPTH- OnFR nAMPING. CC IS T_4E D&MPTNG COEFFICIENT_ .........
0(1 200 r=t,5

&LJ_('I_e_mTINYMM_):sAU{c;o_.,I*INWMM_)eA_I(t m_mIINXMId2)"UmJr(AU(fJw2mIINXM. _4

TEt(IIN51 )=QAVt';,ATHR(&U(I e2eIl_(H7)mI_JT(1 t_'JS|) /TEl (1 IN't))

TFP( t ;NSI ) _-qnVGATHR (AII(P_,_.4, I I NW_'_? ) • TNT( I IN%1 ) # TE_. ( | #NS| ) )

T[_C_ IN_)=')BVG_T_WW(._I(_,2m'r :'JXMT)e TNT(t INS|) ;TE_(l IN_I ))

","_' "2.R,T t _J_M?)--F_AV_KATR( T[5(i t _)t I, T_!T ( I ! 45} ' t At_2(2,2, I t NX_7) )
?_(_ _ I['_'Q5 _ %=_v_ATH_(AfJ(H¢_|,_., I f _]xH?) ,_' T(l I_1 I |Tit (1 #N_ ])

"E2( | I'_St )=rJAvG._T_ (AIm ( Mc_O _._, I t ''X'_'''1, I_T (I IN%t ) ITS2( _ l_JS1 ] )

TESC I l _9¶ ) =F_VGA TW_ (AH(HI I ,_, I I "_XM7} , I*,IT( 1 #_51 } ! "_ 3( I 1_51 ) }

TFZJ{I'_51)=qAVC.._THR{AI_r_,R,TI_X_4'71,T_T(II_=;l')ITF/_(1 f_51))

_Of_ ALI_(MI _ ePm I _XH?):(_V_CATR(TF'_(t 1_51 _ e _'_T (| 1_51 ) I AL}2_I I e_e I INXMT)

t)
Dc_ RIO I=1,_

P_52) )+b,,AUO (I;,I, u_2)
AtI_,2,I,T)=AtlF)(_,T).A#'? ' ,I_-_'.*(AI_N(_,II-AU(_(_,!%)

_lh AU_(HII_I,I)=AUC)(N'_I,I)mAL_I(_41,I)-]m_(AIIrlf_SO,I).AtIQ(_I t_))

DO 220 I=1,%

A_(2_ 3, t y _X_3 1 =_tlt (_, _, I I_XMH_ )-CO* (AU(2,5, I l _(_ ) ÷AL((2_ | _,I I _.'XM

TEl _ | I _t_])cOAVfiATHR (At)t (_1 ,P# I #ktX_4q) p '_ _,IT ( | I%S_) #TEl (I #NS_) )

AN(_NILJw I IM_f_)=AUI (_,Nt(_. I I_IStl)-CC*(ALI(_NS2_I l_n)eAt)(_,Nt _llM

% 5_I'_"'_ m • (AI.J (_,,%50 _ I I _"5()) "AII(_, NI Zl_ I | _'sn'j ) +AU272, _1 _, T IMSO) )

|¢_O)t_**( %!._ :_,_.15_ m,I |'_Sn)"AL.If_N1%, I fMS_% }+A(I2(_mH_LS, I #MSO) )

AN (2, P._ T I H40 ) "Attl (2, _, I f _'q(_)-CK* (ALl(?, _i, I l _S_))-GU (I) *AUC_.NI_.

2.._5n))

_m I f_501 +ALl2 (P, _ 12, ] # H_._O ) )

A_(2, NI_ I tM%O):At_t (P,_I_, _ IM%O)-r_C* (atlt2,_ 7, I I_5_))-GH (I) *AUC

DO 230 T=t,a
It:T

IF(I,Eq,a}II=5
_]O XU| (2_, t, I tM4n ) =AIJI (2, I _,I tM4(_ )-CC* (AU(2_ _, I I i _50)'t'aLJ(Z#Nt6_ I I 1M50} -

|LI,* [ AU (_, 2, I I l M_O ) 4'_L.I(2, N |2_ II I_50) )÷_,,xuO (2, I #MqO) 4.AU2 (2, I_, I I

1

28 ' ' _'
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C TH_ HEATTN_ _ATFS Sw_ULr) _T CHANGF RY MORE TWAN | PERCENT m

TE|(}INtI)=CH(tfNII)=TEf|_N|I)

TEE(If_II)mC_IT*_H(II_tl)

TTm_S_F(TEl(|;hli),TE_(lIN11))

IF(ll.r_._111GO TO E_l

LL:LISOOn

LL=LL*_OnO

IF(LL,hE.L)_O T_ uSO

DO 2hO N=I,N_i

260 {NNTI_Li_

a05 FORu6Tf/,_X,'_IST,ALP_; _3v=,SX?'_nrK STANDOFF ntST,'.5_,'S:e3SK

_PF_C'_s_ r TANT_\ _Q_,_X,m_KI% FRICTIQ_**SX,'_ALL PR,"'

_2_ FORMST(/_X.'_POY STATION P_,=',I3,._W,'F) IST, :LONG HOOV=",FlO,5,/)

I,H',SX,'VIST')

t, cl5 FORwATflX_QFIO._

IFft.,LF,L_AXIGO TO 1

551 CPk'TI_F

RETUgN

FND

J
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30?O

3072

3073

3075

$OqS

8URR01.1TI_E FnnY
D]MENSIO_ PEt_),DPF(_),RLD(_R),BLEf2Q_,UE(2q)pCUT2(13[)

_M_N/FIO/THF_(I_I_q)_THF_(IOJ_ER),TVJttO1,Eq)_TVE(_O|_Eq)

DO 3075 _=i,NI!

O0 _07_ M=IS,M_I

IFf_(M,N},GE_WINF)G0 T0 30?2

CONTINUE

RLE(_)_ZN(M_N)

UE(H)IU(M_N)

PE(N)=P(_,N)
BLOtN]=0.

D0 30?3 j=_,w
J1,J-t
RL_{N)a_tD(N_(2..tUtJt_N)+U(J,_))IUE[N))*(ZN(J_N),Z_(JI,_)]IE,

CONTINUE

_PE(N)=(PE(_;÷I)-P_(_-I))/XX

_0 _flq5 N:NI _N11 IN_
OPE(N]_(PE(NI-PE(_-I)IlXX*_

DPF(NI_):(PF(_Ib]-PEfl})/W_

On 3110 N:1,_11
CUT_C|tMI)=I./fI.+_._*_ZN(I_NIMt)/RLF(N))e*&)
TV_(I,NIMI}=RE_*WO(I_NIMI)el.J_(N}*_LD(N}*CUT_(tIM|)/VI$($_IM|)

?VI(I,N)=0,

CUTT:SqRT(VIS(I,N)*nu(|_N)]

_tJTE(IIMI)=VaI_$tnU(I,NIHt)ICUT_(I{MI_}

DO 3115 M=2,_I

CUTICUTTISQRT(RO(M.N))

pPLUSm-nPEtN}*VIS(M_N)/RE/RO(M_N)**a/UTAU**3
CU¥1eI,_II,_*PPLU$

I

TF(CUTI.tE.O.)G_ TO 3137
APLU_:_b _/$flPT (CI!T I )
_NPLU$=ZN(M_N)e_OtM_N)eR_|/VIStH_N)eCUT

ANPLU$=CNPLUS/_LU$
_..IF(_NPLUS,GT_|E,]GO TO }iLk . _.
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GO 10 311S
3116 VISTL=,a,ZNtM_N}
3its TVt(MwN)mRE*RO(M_N)eVISTL*t2/VI${Mw_)*CtJT2(_)

3137 MB===t
O0 _l]O MnlwMR

DVTS=TV2f_,_}-TV|(_wN)
IF(OVIS.L[.O_}Gn TO 3135

3130 VIST(M,N]=TVI(Me _ )

_13_ PRI=MIoM÷I
3110 VIST(M,NIMBiIITV2(_,NI_B|}

R_'URN

END

Il-



b0

8UR_0UTIN£ SHOCK

DIMENSION k2f2q)oVNFC2Q)

£O_4_ON/_IlNIe_t|_N1EoNt6wNI_wMleMI[_N_0eN|a

COMMONIF?INXMe_XM_._XM_.NWH_.NXMSe_Xu_._XMb|

_OMMONIF_IGWI.GM_eGM]pGF'_pGM_wGMb. GMTwGMSwGMQtB2#REeTWpGAMAeBIGeMM

_OMMONIFQtXX.TZeFWo_ETApSIGT

CONMON/F_IS(po_eRS(Pg)wGf_q)tCI!H(Pq)eIIS(_q)eDS(ZQ)wVS(Zg)eVN(2q)

COMMON/F_/I_T{_q)_TT'_t_qI.TF_P(2q).TE(_q)_TE[(20)_TE2(2g)eTE](29)

|_TE4(_Q),TF_(_Q)_TF@(P_)_TFTT(2q)

CPM_ON/FP/BTttO1e_q)_FHOA(IOI_q)_z_(IO1_g)

COMMON/Fq/$1tIOi_?q)_SSI(iOte2q)_St(t_|.29)_CURi(lOi_2_)_Rt(|O[_

t20}

_MMON/F|atT_EC(IOt,_q)eTHF_(IOI_?O),TVt(IOI_),TV_(IOI_pQ)

COM_ONIF12tTTP(t_I_Pql#ZI(I_t_Pq)_Tl_(IOl_29}_TZQ(t_|_2q)

_2(IINtt)=SRfII_II)I(t.+5(tlNtl)*CII_(IINt[))

GCtINt})=VSgRTCG(II_tl)l_(IINIt))

TEMP(|IN|I)=ORV_ATHP(P(_I_IlNXMt)#INT(IIN[|)ITE_P(I|N||))

T[MP(|INlt)=TF_P(|I_I1)/G_|

TF(llNt|)=(TF_P(|I_itI)+(;_T)/([_+TF_P(tlNI1)*GM7)

VNF(||Nt1}=_u_*(TFMP(tlNIt)+G_7)

VNF(tI_tl)=VBQWT(V_rf_fNltlfVNF(|INll)_

US(llNtt_=V_F(t_lt)+rVN(tlNltl-VS(l_N11_*_2(tlNtt))/G(lI_I)

T_I(tIN|I)=(1.-t.IT_(tlHtt_)*V_F(|INlt_IG(_IN||)

TE2(IIN1t)=V_(IINtl)-TEI(tINIt)*A_(IsNtl)

TE3(II_tI)=V_(II_lt_÷TEIrtINtl)

TF_(tI_|I)=TFHP(tI_|[)tT;(tlN|t)

TEMPftINII}=VSO_T(TF_(tI_it)ITEMPtIIN11_)

TE_(|IN|t)=T_(tINI1)_T_,'PttINt|)*GMbI(TE_(_INI|}¢GMS)

TE_(IINI1)=TF_(tI_I1)*G_

TFT(tlNIt)mT_M(llNtl}÷(TE_(tlNIt),TE_(tlN1t)+TE_(tINtt)*T_(|INtt)

1)t2.

RO(Mt_J_NWMI|BORVSC_TR(TE(IIN11}.INT(tlNI1)IRO(MI_IINX_|))

U(Mt_tlN_MI)=ORV$CITR(TE2(tlNtl)_NTTllNtl)|U(HI_lINXMt))

V(M|_|INXMt)m_SVBCATR(TE3{IIN11)e_NTfIINI|)IV(M|_tI_XM|)) .

T(_IeIINXMI)aOBVSCATRfTEa(IIN[t)_INT(IINtl)IT(MI,tlNWM[)}

VIS(MIeIINXMt)=QRVSCATR(TFS(IINII).INT(tlNtt)IVI_tMtet_NXMI))

_H(Mi_||NXMI):Q_VSCITR(TEb(tlNt|)_INT(|INII)I_H(Mt.I|NXH_})

H(MIetlNWMI)eQSV_C&TA(TET(IIN|t)eINT(IINt|)|H(MletlNXM[))

DO b0 NB_eN|

WP(W|eN)mmGM_-T_t(N),OO_L/RT(MIeN)

DnFLm($(N=NIO)-S(N))/Z.

WP(_|_N)_G_!Q_TE|(N)eOnEL/RT(MI_N}_ __
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70
7t

75

_t_ _--

O$(IINI1)=US(IINII)*GfII_Jlt)
GO TO TI
hSfllN111=(_(
$(IlNII)=S(I_
O0 ?S _atwN11

81fIoNf_I)=S_

SS|(|wNI_t):S$

Z_(I_IINX_)=$1

8T(IwII_X")uRI
RETURN
ENO

lI_11)_IJ$(II_JII)*G(tI_I1)_/Z,
II)+OS(II_ll)*/I"P(II_I|)

)

(N1

(telt_,X')t(1.-Z|(tw|tNX_l)

le÷ZN(Iw_INX_)*CL)RI(I,tf_)_)
(|j| INX_ZNft,|INXM)*THEC(|_II=JX_)

T

3_



?0

SUBROUIINE O_RV

COHMONIF|/NI_NI1o_I_,Nib_NiSoMI,MIIeMSO_NI_

_nMMONIFp/k_M_NXMIsNXH]_NWM_eNX_RsNX_oNYM6I

COMPONIF_IGMI_M_,_M]wGMQ_MSaG_Be_MTe_M_eGMgmB2eRE_TW_GAMAe$1GeMM

COMMON/F_/XXwZZw_,BETAt$I_T

C_MMONIFTIU(|O|m_q)eVftO]_2Q),T(t_t,_Q)eP(|O]e_q_eRO(1OJe_q)e
IWP(IOIw2_)pVI_(10I,_Q},N(tnle2o)wSM(IOi,2q),Pw(E_),VIST(101_2_)

COMMON/F_/BT(|0t_Q),EMD&(I_IePQ)_Z_t|M|_g}

CO_UON/F_tSl(IOt_Zq)_SSt(iOt_q)_OS1_InI_Eq)_CURt(IO|,_)_R[(tOI_

C_MMONtFt_/THFC(tOI_I_THF$(I_t_q),TV$(tOte_q)_TV_(tQ1_)
COM_ONl_tllnbflOt_EO),DSM(tOt,_g).OwP{tO|_Eq}_(tOteZ?)e

|_?fl0t_2q}eaA(l_t_20)
COM_ON/Ft2tTZ2(t_t_P_)_ZI(tnt_)_T_(t0t_2_)_TZg(|0t_2Q)
TV_(tetI_X_s-ZZ*_t(|_tlNXMleTZ2(I.tlN_v_/_2
OLIt2_JI_XH])_(I./(]_tlN_M_]-U{I,tfNwM]IIITV|(2e|INx_)

D_H(_o|INWM]I=($Ht]_IINXM_),SH(|,tlhXHJ))/TV|(_e|INXM_)

DO 70 Nal_Nll

0WP(]eN)=(Q.ewP(pjN)-_.*wP{J#NI-WP{_,N})ITV| (t_N}

D_H(|_N}=(a.*_H(2_N)-_.*_H(|_N)-SH{_,N))tTVI (I_N1

_SH(M%_N}=-{_eiSH(M} %,N)-_,_BH(_$eN)-SH(wS0eN))ITVI (H_ #N}

A&(I_}IN_MI=VI@(t_IINXM)IRF*(DLICJetlNWH)-U(I#|IN_M)*CUR|(|eJlNXM)I

18(le|INXM)BtI.=Z_(I.|INXM))t$I(I_II_WM)
RFTURN

END

. °

T
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$U_ROUTINE _UND

¢OMHON/Fllhl._lt_N1Pa_lb,Nt_wMlpH11,H50e_la "

_nMHO_'/F_/_YHjNXM1 w_JX_wNX_wN_M_wPlXM_j_M61

COMMOH/F]/G_|pGM2.G_].GM_.GP_._M6.GMTwGPRoGMqwR2.&_#TWwGANApSIGoMH
C_MMON/F_/I_T(2qlpTIHP(2Q)sTEHP(2q)_TE(2q)wTEtC2g)oTE2(29)wTE_(_9)

COMMONIF?tU_IOlj_O)oV(|Nlw_O)wT(INle_q),P(JOI#_q}_RO(|O|_g)#

RO_l_1t_X_1)m_SV_CATR{TE_P(II_II)_I_(lI_I1)lRO[I_11NXH1))
RFTURN

END
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SUBROUTINE VECt

_IMENSION Op(_olo20},Aq(101,Eq),A_0(l_t,2q)eAt_(l_t,Eq)ekAtCt0te

CnM_(JNIFPtN_MeNXMI_NXM_e_XH_eNY_BwNXMSwNXMbl

COMMONIr_IGMIwG_tGM_,r;Ma._StG'_.G_TeGV_pG_q,BZ,RE,TWeGAMA.SIG_MM

C_M_ONt_IWX.ZZ,FM._ETA,SI_T

_OM_ONtFllU{I_I,2q)eV(tO1,2q)_T(IntmP_),P(tO|,2q%.RU(IOI,_q)e

|wP(lOt,_q),VTS(tOi_?q),Hfl_,Pq)_SH(tnl._q)#Pw(2g)_VISTClOI '_ q)

ChM_ON/FRIBTrtnI,_oI,EM_A(IhI,_q)_ZNrlOl._9)

C_MUONt_q/Slt1Ol,_q),SSt(tnt,pq),_St(lOl,Eq),CLiRt(tOt,Zq},Rt(lOt_

t2q_

COMMONIFtOIT_FCfIOI.Pq)_THFS(lnt_ql,TVt(YO|_20).TVP{tO_e2q}

C_M_NIFIt/DII(iOle_Q_eD_{1Ote20)eDWP(tOI e_q)eAb{|Ote_gle

|_?(|0t._q)_An{_0t,aq)

COMMf}NIFttIIAI!Ct_I_P_.%).AM(]O_e_q_S).A_(tOte_q_)eAQ(tO|e_q_ 5i

[_I(t_tlNXM_=VIS(1.1INXP)/_E*v_ST(_.IIP_XM]

Ak(I.| I_XM}=&A| (I_I I_XM)*0II(_IlNXM}+Ak(t_| I NXH)

TVt(t_|INXM_=SI(I_lt_M)*_M_A(I.tINXM)*RO(|ellNXM)

AIJ(I_|.IINX_)=TVI(|,tl N_)

_U(I_t_I_X_)=TVICt.II_X_)*U(t.ltNX _}

IU(|e|.3INXMI=TVI{I.llNX_).V(t. II_XH)

ALI(t,teSINXM)aTV_(I,IINXM)*(HCt.tlNWM)-P{I,tlNXM)/RO(|_IIkXM))

TV_(tetI_XM)=51(t.1tNXM)*R_(teII_XH)*IJ(IettNX_}

_M(t_t,tI_XM_=TVP(I_tINX _)

_V{ ] _ t. PI_;X_mTV2{ 1 _ | I NXM)*L){ _ . I | NXM_+_| { t _ | INXM)*P( | t | I NXM )

&M(t_|._INX_)oTV_(t_|INX")*V(t.!_NYMI

AM(| e | ._INXU)=TVP( I _ 11_JX_}**P(t . 1 tNXH_

AM(I_le_INXM_=TV2ft_tINXM_mH(I.| l_XYl

DP(t_lNWM51=_CP(t,PINXHS_'P_l.N121NXM_)_/2..

AA|(I,21NXM_I=EHOA(t_INXM_)*R_(I.PIHXMg_*V(le21_XM_)

INXM_}*A_{t ,_# |IN_M_)I'AAI (t e_|NXHII1

AOft_.tlN_Ma)=AO(le_INXM=)*AM(|e2_|INXM_}+AIq(I._I_XH_)*AA1 (|_2|

|NXMO)+TVt(t.p|N_Ma)I*P(I.21NXM_)I_T(t_|NXM_]'TZ_(|e2|NX_)*At](_

|NXM=)*_M(Ie?.2|NXMa}),_AZ(|_2INXM6) ......

3_



|NXM_]+TVI(t,_INX_a)*LI(_w_t_XH_)*_P_twEI_XMU)I_T(Io_|NX_)+TV2{|w21

_,_INXMu) .P{t_EINXHU),_J(t,EINXM_),Ag(|eE|NX_}=TZ_

_A2(|_2INX_d)=AAI (| _2tNXM_mV(1e2INXH_]+FMOA(|_21NXM_)mP(|_INXM_)

|NXM_}ISTGIRF*(I.÷VIST(I_IHXM_)*$IGISIGT)iDSH(I_21NXMQ}+U(|_2|NXM_

|NXM_)e_tt.?.51NXM_))-AA_(I_21%XHg)

AN(|_2_SINX_)=TZQ(1_21HX_)*At_(t,21_JXM_)

|NXM_}÷TVI[I_INX_)wHtI_2IN_H,)*_P(I.2INXM_)/_T(I.pINXM_)-TZ3(Ie_!

PNXM_)*aI_(Ie_XNXMQ)

R_TURN
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tOO

SUBROUTINE vFC_

DIMENSInN A?n(iOt)

Cfl_0N/Fl/N1,NIIt_12p_Ji_eN15wMl#W||w_ShpN|Q

CD_IMON/F_IG"t,GH?,GM_,G_GHS,_N6oGM?IG_R,GwqIB_eREaTwpGAMA,$1GwMM

COMMONI_QIXX,ZZ,FMeRFTa_$1GT

Ch_C)_l_7/Utlotw2q),vttni._Q}t?{10_w_q)sP(101,2Q),RO(|Ot,_g)_

I_P(IOI,_)wVIS(Ihl.2Q),H(Iol,2_)rS_(IOtwPQ}tPw(2Q)_vIST(|O|p2q)

C_MO_IFRIBT(IO|,2Q)aEMr)_(In|jPg),Z_flnI,_9)

COMMON/FqtS|ClO1,Pg)_SI(1_1,_q),DSI(InI,Eg),CURt(Ifl|,Eg}_RI(|OI_

t2_)
_r_MMO_l_It/h_r1_l,_q_OSH(tot_)eDwP(tOl_q)_Ab(t_1_2q)e

CAM_O_tFI_IT7EftnI_Pq)rZI_OI,Pg)_TZ_(I_I_Eq),TZ_{_Ot_q}

D_ 100 lat,_

II=I

A2_(IIMI)=$1fI,III_I)*Rf)(I,III_I)

A_(I_I,PIMI)aA_ftlMI)*fR{I,TTIMI)I_P(I,IIIMI)+_,*U{I_IIIM|)*

|U(|_IIIMI)+_Ift,ITIMI)*wP(I,TII_I))

A20(JlMI)=A_O(II_t)*(2.*U(I_ITI_I}_wP(|#IIIMI))

AwO(I_T,QI_I)=ARn(If_f)*_r_,IIIH|)

Apo(IIM;)=S_fS,Ir_I)_QDEI,tI,I)*F_DA(t,IIMI)

AHO(I,1IM1)=aPO(ll_I)

AUO(i_IMtl=6_{I I_I)*U(I_I_HI)

_I_O{I_QIM|)=A_h(I I_})*(H(I_II_I)-Pf|,tI_|)/RO(I_t IM%))

1)+SSt(1,tI_I)*A_F_(t,I,I;_1_)

i_n(l_tMl)=_O(lf_l)*(t,(1.tl'tl*V¢l.tl_l}=_bf|,ltMl)fR(l(l,lt_l))-

_NO(|#3t_'I)IAPh(lIH1)*(VtI.IIH1)**P+P(I,IIM|)tRr)(1_1;HI)).A_(I_II

IMI)*(OSI(I,t:MII*_UD(I,31_I)+S_t(I,tfMI)*_MO(1,I,]I_t))

ANO(|,_fM|)=A_O(II_I)efV(I_II_I)*H(I,IIM|}-VIS(I_tI_I)*DSH_I,II_I)

|/R_*(I_I_IG_VIBTrI#IfMI)/SIGT.)IRO(t_|IMI)-U(I_I ;MI)*Ab(I_|IMI)

3_ifMt)*XH0(t,I#_11)

A_O=CURI{I_i)*$1_1,1)

A_(|_tf_I)=A3_*R_(1,tIMt)*Vft,II"1_+_N_(I,IIMt)*TZ3(I_II_I)

A_O(t_EtMt)=P,*aSh*(_O(l_ltMt)*tlCt.tsMt)*VC|_tl'l]-ab(t,l$_l))

|_NO(i_21M1)*TZ3fl_IIM|_

_QO(ie]IMI)_a_O*f-P(ielf.MI)+R(_(telIMI)*(V(lelIHI)*#_-U(I_I;_t)**_)

.AgO(_QIMI)mI_O_(PO[I_IIMI)*V(leIIMI)*H(IelIMI}'VIS(I_|IHI}*DSH(|_
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t+ANO(I._IMt},T?_(IeIIHI}

&_IO(|eIIMI)=.TZ_(I.II_I)*A_O(t._IHI)

AMO{le?IMI)=.TZ_(Ielf_1)*A_IO(I,_tHI)
ANO(t_31Mt):.TZ_l,tI_t)*A_ID(IwJI_l)

ANO(Ie_|Mt)n=TZ_tta|IMI_*ANO(I_|H1)
RETURN

END

LtO



.w

S|}RROUTTNE VFC_

COMMONIF_IGM_.G_2._H_eGM_._M_wGMB._M?.GM_eGMqeB_.R_eT_eGAMApSIGwNM

COMHO_tF?tlJ{IO|.ZQ}wVflnt._Q).T(|_I,PO}.P(IOI,2q).RO{|OIeZ_),

|WP(|O|_q).Vt_(101_Pq)eHflhle_q)_SH{lO1_2q)eP*(2_}eV]S_(|Ot_29)

C_MMONIFAIBTfth1.2q)._u_A(]Ole_)eZNf|_|.Pq)

C_MMONIF_I51(_O_.2q).sSt(_O|_2q_._StflQl.2q)eCU_I(lO|eZR).R_(tO$_

12_]
C_M_ON/FIOIT_EC{_OI_2_)eTHFS(|h|_q).TV|f|_|.2q_.TV2(IO|_2q)

CoMMON/F|3/AItl(|O|.2q_5),AU_t|_I_q_5)

RO{_INXM_ )IAI.JI(_e_e|INXMR )ISJ(_|NXM_ )IEMOA(2,21NXH_ )

U(_.2INXH8 )=Ai)ttP_P,_INXM_ )IAlilfP#_|INXMR )

P(2e21NXMS_=_'qiRO(2.21NX_R_iRH(2.2I_eWH_I

TV2(_INXM_)_V_ORT(Tt2e_IFIX_RIITVp{_._|NXH_))

RETURN

END



SURROUTT_F M_C_

COM_ON/F1tNlw_l|,_t_f_l_oN15eMIeMllwM_nwNt_
C_MMO_IF_I_Mlp_p_*_I_H_e_HSeCH_pG_T,G_wG_9._2w_FpT_GANAjS|GeHN
_OMMONIF?lilf10|_Q1wV($61w_g}wT(101_g),P(|_Io_q_e_([O1w?q_e

COH_ON/F_IST(IOt_Pq)_EM_(IO[_2q)_ZHtl_I,_q)
CQHMO_IF_I$1fI_t_Pq),$St(IO1._),DSlCtOI._q)_CtJ_tflOt,_9)._i(tOt,

12V)
_ONMONIFIOIT_EC(I_I._o)_T_FS{IOIePq).TVI(t_[.2g).TVZEIOI_Z_)

NP(_eII_II)=-U_2, II_Vl)

8H(ZelIMII)#_UI(Z._eqI_II)/a,II(Z.IelIHii)-TVI(2.11_II))*G_a

P(2elIHlI)=GMq*R_(PelIHt_*SH{_eIIHtI)
TV_(_| lUII)=VS_T(T(_e|IH1 t)tTVZ(Pel |H11))
V_$(2elIMll}mT(2,11HII)*TV_C2,tI_II)*GH_/(T(2_1IHIt)÷G_5)
R_TURN

END



81JRRqU1_V_C5

CnMHONI_/NXMaN_Mle_IX_e_iX_QwNX_4_JX_Sf_J_M_1

CO_HONtFTtUrlOl_2q).Vrlnl.?q).Trt_1_pq)_P(lOl.Zq_O(inl_?_)_

CO_H_IFq/SIflOJ_2q)_SSI(|_I_Po_,_I(IOI_2q}_CU_I(IO|_2g),_I(I01_
I?9}

C_r}_/FIO/T_EC(IO1.Pq!_T_FS(IOI_O).TVlf1Ot_g)_TV_(IO|_Zq]

iGAMA
H(?.21MXM61)=$H{_.PI_X_hl)+TV1(P_21i_X_ht)
T{_21NXH_I)=SN{P.PI_XH_I}/_3

_V_(2_21NX_h*_=VS_T_TrP,21NX_hl]ITVp{_IbX,61))

be 100 _=N|_NII,NI_
NNImN-I

H{P#NI_ll)=SNfP_NIMII]+{It[P_NI_|I)**_+V(E_NIHI|),,_)/_.
TfP_NIMI1):SH(P_NIMI1)/(;M3

ROf2#NI_I I)IP(2_NIHI!)IGHqlSH{_NIH|t)
V_${E_N|M|I]ITt_NI_||)ttt,SiGHb/{T{_NIH||)+GMS]
R_TU_N

EN_



APPENDIX B

LISTING FOR ZERO ANGLE-OF-ATTACK CODE

C
C
C
C
C
C
C

pROGRAM R_OD¥(T_PHTeOItTPUT,TAP_%_INP_IT,TAPF6=O_TPLIT)
TIME-OEPE_:OE_T FtNITE-OIFFE_ENCE _ETHOn FO_ CeLCULATI_G T_E LAMINAp
ANO TURHLILENT HYPerSONiC FLn_S _HOtIT PLUNT 4XISYH_ETRIC BODIES AT
ZERO ANGLE nF ATTAEK e LOCAL TZME STEP TS _tSED TO HARCH THE
SOL.UTt_ ]_ T_MF.

REFERENCE 4Tea PaPEP _0, 77o17_ (Kl_F+e_ _NO GRkVES_,
NNODY=I F_R SPHERE-CONE, CALL BCON,

N_0DYa$

NB_OY:_
TF(NBODY_EO,I]C&LL REiN
|F(NBO_YmEQ._]C&|.L _HYP
SX0P

ENO

4_

I
!
I
i
I
ii"

'i
I

T



SLIRROUTZN_ HCON
DZMENSIOH CDP(15),cnF(tS)eCO{I_)eO*{t5)
OIMENSION YC1_)eTHE{I_}oCH(|S),TEMP|(IS]jTEMP2(iO|]oZ(IO1)e

ITZ(IO1)pTZIfIOI]eTHEt(IO1etS]p_M(_]
DIMEN$TflN THE2(101.lS)eVaIn(lOtelS]eOYftOteiS)eAU_(t_ioiSe_]
DIMENSION TAU[15e_IeTAM(15p_]pTANt(iSo_].TA_2(15,d]pTAQ(15o_)_

|TALII(ISw_],_(15),TFS(I_)_TEQ(IS),TE|O(J_)
CnMMDP_/Ft/NI.N|_.NSn._IS2e_t.HIt.MS_
COM_ON/_INXM,N_HI,NXM_.NXH_,NXMS.NXMR.NWM_

COMMONIF_IGMI,GM_,G_pGMSeGM6,GM?pGMR.GMqeB2,REwTW,GA_AeSIGoMM

tDM_O_IF_t_.ZZ,FM.BETA_r)Y.DZ
COMMO_IF_IS(15),_$fI_}_G[15)_CUR[15).USftS)_DS(|S),V$(tS}eVN(|5)

CDMMONIF_IINT(IS)_TIMB(}S)_TEMP()S)_TE(|5)_TE|(IS).T[_(IS),TE3{I_}

C_M_ONtF?IL}(tOl.15)_VfIOI,IS]_T(|_I_IS},Pi|O|,JS)_RD(|OI_|5]e
|VIS(tOi.tS),H(iOl_l_l_$H(ln_et_)ePw(15)_VZST(lel_|_]

COM_ONIF_IBT(1OI,|_)_EMO_(|_|.|S}_ZN(}O1.|S)_Ri(I_|.|5)
CO_ONIFRISlfIOIe_S]_Sl(t_leI_)eD_I(IOI.IS).CLIRI(IOlet5)
CDM_DNIFIO/TNEC(IOt.tS)_THES{tOI_IS).TVI(|OJ_IS).TV_(|O|#_5)

C_MMO_IFIIIDIJ(|Ot.|_)eDBH(IOl.tS).AhfI_I.15)ekB(IO|eJS)
C_M_DNIFt_/TZ2(IOt,t_),ZI(t_t.tS),TZ3(tOt,IS),TZ_(tOt_t_)
COMHON/F]_/_II1 (101_15_)
CO_MONIKtU/_¢¢ftnt.tS,=)._M{tOt,tS,al._(lnl,tS,=_.kq(tnt,tS_a)

C_MM()NlFlSlkteO(iO1_ek_fiO1e2e_),A_.I_(_O|e_}e_QO(tOte")

COM_ONI_tb/MINFeR_IiRE_IGT
CH[111_)=0.
VIST(I,I_151_)=O.

_ONST_T$ k_n FREEBTRE_ CDNblT|DN8

PIIQ**A?AN(|_)

GAXA=I,_
RGA$:_F?.

CP=GAMA*RGA$/(GA_A-|,)
$IG=,7_

$1GT=.Q
_LPH_=O.

CC=,OOt
FM=IO.3

TF=a6,_6
PF=tOn.77
ROF=PFIRG_St_F

TMC=a_,*PIIt_O.
TW=3_O.3
?W=TWITF

RN=.O3175

DY=.185
RETA:I.t

_5



¢

C

C
¢
¢
C

FDT=I.
1HFSHs2.*PIII_O.

Y_Srsl._%R/IO.**_*TF**I,_tCTF+|tOB)
RFoYFtR_F*RN/VISF
LMAX IS TNE MAXIWLJM NUqBER OF TIME STEPS AFTER WHICH TN( PROGRAM

_ILL STOP EVFN THOUGH THE SOLUTION NAY NOT BE CONVERGEOQ
LMAXa2OOnO

NT %8 NtJMRE_ OF wEBH POINTS ALONG fiOnY SURFACE UPTO _HICH THE FLOW

IS LAMINAR. THE FLOW BECOMES FULLY TURBULENT FOR NTs|.
NT=E
LTtlRBz_sono
FOR LAMINAR FLO_, CALL VEC3 AN_ FOR TURRULENT FLO_, CALL VECq.
LTURB TS THE NUMREg OF ITER&TION$ UPTO WHICM THE FLO_ REMAINS
LAMINAR,

CnNVER_E_CE CPITERIDN,

CRIT=,n!

GM(I)=I.

GM(P):-t,

GM(3)=I,

GM[g]=_,
GMICIm/GAMJ/_M**_

GM2=_.*GAH_I(I._(;AMA)

CM3nCP*TF/Vr**2
GMS=ttn,/TF
_Mbmi,÷G_5

GMT=(GA_A-t,)/(GAuA÷t.)

GMB=(I,_GAwA]/(_.*GAMA_FM**_)
_q=(GAMA-I,1fGA_a
GMtO=T'**GM3/_AMA

HINF=O,Q_5*(._+GH])
RFI=SORTtRE)

RE_=.OtbR*RE
MFSH $IZFS AND VECTOR LE.=GTHS

K_:15

NSO=NI-2

MI=IOI

.,I"=M1-1

M51=_$-$

_,X_I_N'_Ho_| l

FJYt47:NXM-_wMl÷| . .



t7

11

10

2O

35

NWMS=hXM,,2*M I,, !

NXMM3a_X'_-a*M 1"2
STEP $IZES
DZD-I ,/'_1 1

}(x=2,*r)v
ZZ=P,*r)z
4'(I"_'_I)-.O_VfNTL.(t),eDYIYCI f_'tl))

Z( 1 :_[ ):':?_VThTL [ I,, _ fZ ('I ;u I ) )

r,>:'l= ( ( '-' _,. ,, : ], _ i 'w( T,r.: ) w,C,q,_ ( t _4: ) ? ,':,<_
t;,j, IC. ThE _v._'-' PL'3Y".-T !!°,£fn_'AP C;;"
kTJ,,: a I/0 #

':JI=N,;+ :
N ." 2 -" '! -."" I

7\,'_''JSL S_"_0£_: S.,_Pr, ANO SFIOCK

DD t7 'J-'.NJ_,N|
D t_, r _, "._-'- l I ÷b v*,'if'u(f_ESH]

r:ol')Y C;E,"I_'E, ;-;Y •
rjfl I, %/'l Nm:I,41

7F'_Y(tJ}.F,T._I)_,_ "0 11
THFtN)cr T/2.,.Y (_;}

P,:.rT :N: =t ,
R(N)'_COS(TH_(N))

_n TO 1 0

CL'R;_)_0.
R(N)=C_5(THC)+ (Y(_}-a I)*SIN(TwC)

CONTINUE )
DO 20 Nul_N!

vSI_)aCOS(T_F IN))

VN(N ):-$1N (IHE (N))

Of} _5 N=liNi

SIfI,NIMI)IISfN)

l_tll_ ! (I,NiMI)=CtJ_ (N}
R| (I iNIMI )illi(N)

THE I ( I _NiMI } =_rHE (N)
THFC (1 I t iNXM)=VCOS(
THEB(II.I tNX_)=VSIN(

INT (t iNI )=Q_,VINTL (

_ILCULiTION OF Tw_
DO /,10 N,,IiN!
TFMPINI=SIN(THE(NI)

P(I•IINWM)iR_VSCITR
TfMP(t IN1}m0',

JU',TU_F _OINT,

SLOPE.

TW_III_IINXN)ITHEC(I_IINXM))

?HEI(I,IINX'4)/T_ES(|,IINXM})

I#MIlINTtllNI))
STilTING 6_LUTION.

i*li(,_i,lltN-l}/Nl)

(TEMP(IINt)_INT(IINI )IP(I,IINXM))

_T



15

16

3P

V{|oITNXM)¢_MVS_T_(TEMP(IIN_ )#INT(IINI )IV(I,IINX_))

[J(I#|JNXM)=_v$CATR{TEHP(IIM1 )#INT(I;_[ llU(leII_XM))

TEMP(|INI)=TW

T(Ie|tNXH)=qRV$CATR(TEHP(11NI }eINT(IIN1 ]IT(le1INXM)}

SS(t):n,
DO 15 N=2,NJ

SS{_J)=fS(N+|)-S(NeI_)/X_

DO Ib N=_JI,NI

SS(N)==(_etS(N-1)-_.eS(N)-S{M-2_}/_X

TE5(I INt ):SS( I :'_1 )/(1, +5(1 1_1 ),CU_{l :NI] )
TF6{1 tN1}:I.+TE5(11_'I)*TFS_I 1_t)

TFb(It_J1)=VS_;_T(TEh(1;NI)/T_6(ltNI))

T_?{I |Nt lm-(VN{I _N1)-VS(1 |N| )*TESf| |NI) )/TE6{| IN1)

T_MP(lI_N1):(TE7(llN1)*TFT(I|NIl/GMR-C_71*GMI

P(MlelINXMI}=_VSC_IB(TE_P(IINt)eINT(IINI}IP(M|elINXMI))

T_MP(I_N1)=TEMP(II_I)/GMI

TE(|;_I)=(TE,P(I_I)÷GM7)/(I.+TEMP{IIN_*_7)

T_|(1Ih|):(|_.I./T_(IIN1))*TF?(1IN1)/TF_{IlN|)

TE_(1;N1):VSf1_NI1-TEIf|I_I)*TES(|INI)

TE3(11NI):V_{II_I)+TEI(tI_)

U(MI e I t_XM11:[)_VSC_TN(TF2(I_H|)e I_)T(] iN]) l[.i(Mt e I INXMI })

V {_,1 # I INXM1 )=C)_VSCAT_ {TE3( I IF_I 1, I_T(1 t_ I |V(M|_ 11_XWl))

T (_' I e i : hiX_1 ):DSVSCATP(TE_( I ;NI ) e IqT {I | NI } fT (M| _ i INXMI ) )

O_ 50 N:I,NI

OXU=(U(_IeN)-U(|,N})I_||

DXV:(V(Mt_N)-V(I,_))IMll

D_P:(P(MI_N)-P(lm_))/M|I

V(I_NI_I1)=(QBVI*JTL(V(I_}_hXVIVfI,NIM11))

P(IeKIM_I)=O_vINTLfPfle_)_DXPIP(I,_IIM11))

S_ (tellNX_)mT(l_lt';Y_)*_M]

H(|_|INXH):$N(I_I INX_)*f_I(|eI|NXM)i*_+V(|_ITNXM)i*_)I_

TV2{Iel;NXM}:VSK}RT(T(I_IINXM)ITV2(t,II_WN))

VIB(I,11_XM):T(1,1;_XW}*TVZ(Ie};NXH)*GNBI(T(1_I|NXM)÷GM5)

_=(_ETA÷I,)/(_ET^-I,)

TZfl;_I_:HI**{Z_II_I))

DO 30 _,!:I._I

?ZU(IeltNXM)=R21TZP(I_IINX_)

_RIIE (6_g9) ALPHAeRE,FW .........

_8



3Q9

b6

a35

c

t

?o

7_

75

Fn_MAT(I,%X,;ALPHA_;rR,5,SX,,RFYN-_n;,,f|-S,3,SX,,MAC'HNO,';FS,3;I)

W_ITE(6,U_5)(Y(N}eTHEfN)_R(_I},C[JR(N),Nm|,N|)
De 60 N=1,Nt

WRITE(_e_2|)NoY(N)
WBTTE(6_u30)
WRTTE(h,"_O)(Z|(M.N}jU('wN},V(HwN)_P(MwN)eRO(_eN)wT{MoN)wH(MeN}p

1VTST {'. _1 jM=I eM! }
CONT T_L_E

F_AT(/jbXieZ|elqkeelJeeqx,evee_XeeP_eRXmeROeegXeeTelqXeeHeegX e
I'VIIT')

F(}P_AT(_aeYneeKtO,Ss_Xe_THEe_wF]O,_oSXweR=_eFtOeSe_XewCUW=_F10_5
t)

DM=-t,I_,/']_

TFMP2(tt_tl}mOSVINTL(].+DM.DMITE_PP(tI_]t))

&U|{le|eIIN_)=].

TER(II_I)=t,

TEl O(1 1_1 )=G_ tO

L=t
MARCHING IN T_ME 3TARTS HEPEe
CONTINLIE

MM=!
LnC_L TIHE STEP C_LEIIL_TI_ _l m
VAIR(tellNXM?_mG_AwP(|etlNX_2)/_O(|_| INX_)

VAIQ(|_ } INXM_}=VS(_PT(VAIW(I_| I_JXH_)IV_?W(|e | INXM2})

_T(I_tINXU_)©FDTi(IKI(_IlHXM_)=Z_(I_tINXM_))/(VABB{V(I_If_XM_) 1
|THE_(tetINX_))+VAIR(telINX_))

DO 70 N=|,N]

DT{_NIM|I)=OT(I.NIuII)*TF"P_(]IMI|)

TTHP(tI_I ]a_VG_TMP(_T(H|t_tlNXMI)eTNT(|IN| )IT_MP(IIN| }}

DT(Mt_tI_X_)=O_VSCATn(TIMP(|INJ )_TNT{II_II )IDT(_|elINXMI})

PRFDTCTOP STEP,

SS(])=O,

SS{%)=(S(_+] _-$(N-t))/XX
D_ 7S NCNJI_I

CaLL _HOCK
C_LL DE_V
CkLL VECt

DO 110 Imt_

|N|_I|MSO))IDY+(_N(_HIe%|MSO).ANC_,NI_II_50))IOZ÷Ag(_,N_I|MSO))

AtI_(2eNJ|_I'I_SO)=AU{2eNJI_TIMSO)÷DT(p_;j_IMSO)e((_.*AH[2,_'_,II_50)

21IMSO))IDZ-kQ(2eNJIeIIMSn))

f_U(leIIN| )mQBVG_THR(AII(Mt,_IfNXMI)_INT(IINI )ITAU[|_IIPJI ))

TAM(IeIINI ]=qBVGATHR(AM(MIeI,IINXNI)eINT(IIN] )ITAM(|eII_ ))

_9



TANI(I_ItNI }aQ_W',ATHr,_(AN(MIwl,ITNXM1)oINT(I|N1 ).ITANI(IeIINI )]
TAN2(1,TtNI )©Q_VC,_T_(AP_CM_,I,I;_XMI),T,_T{I;NI )ITA_2(3,IIN! ))

TAQ(IeZ:_I I'C_HVGaTH_{Ar_(MIeI,I:NX'_|),I_JT(IINI }ITAQ(leI|kl ))
TAU| (2,ItN_0)eTAIJ(2,IINq0)-TI'P(2;f'_Sn_*((Te_'_f_,_;k_fl)-TA_(2eI|NS0)

TAUI (NIf _I} _eTAIJ ('N _ e ] _ _'T _u(a { NI- }*( (TAM (NI e | ')'_T AN_(N1/,I e I ) }/0Y÷ {TAN1 CNI e
111"TAN2(N| el)I/DZ_TAL3(N|,E))

T_HI ("IJI,,I):TAL_(NJ!,I)+TI_P(NJt).r(_,TaM{NJ,,I).-I.,,TAM(NJIeI)-TA_(
|NJ2eI)}/XX"(T_NI (N,I1 _ !),,TAe_p(_Jl_ TI_/I_Z-T_Q(P_J1,I))

CALL VFC?
{')r} 150 !:1,_

150 _(I_("I, I, I ):_UO(_i _ I)-OT {'_Ie I )* ((A_F){MI_,Pe I)"_HO (MI _ le I ) )/DY+ (A_O (

1_'_I,I }'A"i0 (_ I I _ I) I/nl_.Aqn{M1 _I})

At.;1 (1 eP, i I'_Yu_) :"Svsc ATR (TF_ ( I I_,1 tJ ) e I_JT ( 1 t_la} 7AU', (1,2, I I FIXMW_I )
_,rJl (| _ P_ ?;_XW'_')=c_SVS£_T_fTF(:;(1 |_iI _l} # T_'T(I I_'_l el} I AU1 Ir1 _2e_f,*,X_H) ,_

A')I '.I:;.,Z;_'_X"v)::;BVSCAT$_(TEIO(IIN1(_),I_,T(II_'I_}IAU|(I_2_.I _'_''_'_'_

_"-(L,G?=LT,_':_4}GP, f,q iS(_

lqa r,'L _C_

1_/,5 _,-,_,:._

Ai!P {Pc _, T INXMS)a&U (_, __, I |NX"_)*AU| (2_,2, I INXMS)

160 A_I;.(_ I _ I ;HI I )_aUO(;, _,I ;mi i }+aUI (?-eI _,I IHt | )
MM_e_

S$(i):0,

O0 _7a N=2_NJ

_'_(4 SS(N)=(S{N+I)"_(N'I _J'I/XX "

O0 I"/5 N=N,II,NI

|T_ SS (_} "., ((J .*S f _J- _ ),.3.*$ { H)..$ fN-_) ) /XX
CALL SHOCK
C_LL OFRV
CALL VEC I
DO 1_0 Iat,/_

AU! (2e P., T 7 NXMS)m0 o._* ( ALl2 (2,2, I I NXM_)-r)T (2,2;NXM5}* ( (A_ (2,2 e I ; NX_5}
I,,,aH(2_ 1 e I IN_S) )/DY+( AN(2_,2, I I NXHS)'_N( ' | e2# I | NXHCJ} )/OZ+Ar_(_e _r I

180 Abi (2i,N,JI _I i'M]I )m,5* (AU2t2,NJ_ ,I l_I I )÷r_T (_eNJIIMI I )*( ((4,*AM (2_'NJe

| ITM| I )-3'.*AM (2_ N,|I , I IM| I ),,,A_(_e NJ_e I l_1 | ) )/XXI'_(AN(_I NJ I leZ |HI [ )JAN(

21,NJ1 _ I IMi I)) IbZ'Ar: (2_NJI _,I 1_11)))

U( I _21_I ) m-U(1 i,2 IMI )

CALL VECa

O0 I_0 I'l,a

190 aUI (2e !, I ;MI ! )m.5* (AUP(_, 1_,1 l_1 1)-DT (2, I t_11)* ((_AMn(2, I e I IHt 1] -AMO

5O



C

2OO

231
232

| {P,P,ItM1 |))/OY+_AN0(-_,%IHll)-AN0(I,I|M|1])/0Z÷AQ0{2",ZIMl||))

FOLII_I"H O_ER DAMPING. CC IS I_E DAMPING COEFFICIE"JIe

DO 200 I:l,q
AIl_(3w2p'_ I_X_M2)-'ALI(CJe2w I IN)CM_)+AII{ | pP--tI'INXNM_}'I.II, 111CAU(/4#_p I |NXMM

_ _),l. Alt{ L_t 2 j T I NXH'_I21 )+6 o ttAU( _t 2t _ TNXPM_)

TEl ( I tru%n ) =k)RVGATHIV (All{ | w2e I I_'JXMT) e INT ( I INS0} I' lit I ( ! INS0) )

TEP( I I _-Sn ) uI_VGAT}_I_ ('ALI{_I_ _ ; _ | HX'./1 #_NT ( | | NSi') } |IE2{ | | i"_50 ) )

TE3( | | _.,50 ) --QI_ VGA THIa ( All( 3w _4, I IN}( "./} t 141 ( I I _-d_O _ ITEm( I INS0} )

TE_(I I_JS0)=Q_VGATHW(Atlt_4,2,IINX"'7),,I_TCIINS0)ITEU(t INSO))
IIF_( | 1_,Sr))It'ELI(1 |_q_rl).TF ] (| |KISo).'!,mi(TF._('I INS0}-TF2( I l_SO) )

ALI_. (_ J 24, T 1N_{_?) =f,I_VS{'ATR (TF_( 1 t t'_Sr)) e I_'IT ( I 1_50 ) I _lJ2 ( 2t 2w T 1 _,)N'7 ) )

'rE| ( I I_%0)=(_VG^T_{A_.If'_I _t I I_XM7)•I_T(| IN._(|)lIFt ( I IN_O))

TE_( ! I NSn )"f_RVGA '_HR ( Ai.l{"CJ0, P_ I 1NXMT) • I_T (| I _ur_0) ITF2( I |NSG ) )

TE3( _ l_JSO ),'r_l_VG ^ T_R fall(M1 1 .?, I I NXM? ) • INT f | INS0) ITE_( ! I NSI)) ]

T_'LI( | INS(_):I3RVGATNRfAI/(_I.P•IINXMT) •INT(I INS(_) ITEq( | INS0) )

TE5 ( 1 INS(} ):TF. | ( I Ik_o I_.IE I_ ( 1 IN_0 ).._** f T_ E( | 1t'_50 )"_TE _ ( | I _150 'l )

AIJ2 (H 1 I _a_ I | I_'XM?)=Qt_V$CATR (TF.S { 111'JS0)_ I"}T ( I lh50) I All2 (M1 | _,_ I ! NXM7:1

t)
AI_2C3_, I pl IM_)=Allr1(r_• IIM52)eALIO(|t I IMS2),_o*(AUQCLIt I IMSE)+AL_OC_-_ , I |

Pr._52 ) ) +_. ,AUc} ( S, I 1H52]

AUPCP_, I , I )=_lj{_(/l, I }-AIP(}(| t T)'3',*CAUO(3, T),,_4UO(2_, 111

AI.I_{MI | _,I• I)_AUN{_%I o I)'A_ _{M| t I)"T_,*fALI(_(MS{I_, I)-AIJ(_(M| I i,I) }

AN(_)t 3; I INX_3)=ALPl (_t_p I | NXMM_) m'CCe (ALJ {_151_ I I NXM"_3) +AU (_i_ _ t I I "JX M

I_43)'4,*(AU(_t _t I INXMMI_)+AU(_2o I |NX_M_) )+bo*ALJ(_tl_ I IklXi'_H_}+ALl_C2f

25, T:NX,'I_]}]
TE 1 f I ; PJ._? ) =_I_VGATHR (All| {1_1 eP• I I NxMq ), I *_I ( 1 INS2} ITE I { 1 lN5_) )

APJ (i_| _ 2w 1 | N}lMq)¢QP, VSC ATI'I (IF 1 ( 11 _lS_) _ T I_IT (11N5_) | AN {M| I_P; I | l'J X M9 } )

AN { _.i,N |/.Ii_I t _%O)=Al11 {_#N I LI_,I I M_(}) "i"C i'_'AI.I(_- p I_c}2 i_I |MSI_ }"ALI( _ N| t I |M

|riO) "_i* ( A U ( _ • ,'_50i,.I I _50 )_'All{2• N| Lit I lh_l_.h) )¢AU_(2t NJ L_ Il"_O) )

Alq ( 2_ 2t I l HSO)"-AUJ (2,2# I I _.SO)'mCCik ( AU {2 _,U t II MSO ) +r,M (I) *AU(2t 2t

I IHSO)-Q,* (Atl(Zw It I IMSO) 4'AU{_t It I IMSO) }'I'6o*AU (_t _>t I | MSO } +AU2 (2,,,_ _,I

2t_5o))
Alll [2t_•IIN_(M6)#AN(2,2tI'INXMt))

IF(T,EQ,P.)GN TO 200

AUI (2_ I t f I MSh )'_'AtlI [_, | t I | NiSf_)'CC_i (2oeAU {_# _ I IMSO'_-Bo*AU {21, 2p I |MSO

| )4'_oiAUO{_p T IM5 tl)'l'All2(2t I _,I |MSO) }

CONT I MJE

All1 { I t _ 1 I NX_M )=QI_V,_CATR (1' .F.R (| 1_1%C_), INT { I |Nil, E) | ALl| { | _t 1 | "J Xi"H ) )

AU1 ( I # 2•_INXMM) ¢C')_VS r.. AII'_ ( TFQ ( 1 ll'itU) _ INT ( I IN| (J) fall| (1 _ 2t _f._)lMH 5 )

JUI ( | t 2. t 31NXWaW):;IORVSi;,AT_ (TF q(| | h|Lil _ I NT(| I N!/J) I AI-I1 (| # _-_'%IKXNIH) )

AIII (|_2_Q/NWM_]:Q_VSCATR{TF$0(1IN1LI)tINT(|IN|/4]tALl| (I tEt_lhXH_)}

IFfLoGT•LTURI_)GO Tr) 23!

(:ALL VEC$
GO TO 232
CALL VEC_

cnNTINUE
CALL BOLtND

EDDY VISCOSITY CALCULATION',,

IF(L,LT,LIURB)GO TO E3_

LL=L/E_
LL=LL*2S . ..

5]-



IF(LL,_E_L)Gn _ _SO .........
CALL DE_V

C6LL ED_Y(NT)
Z3_ EONTINLJE

LL=L/500
LL=LL*50_

I_;LL.NE,L_G0 _0 L_50

C 8UpF_C_ HF_TIN_ R_T_ Arid SKI_,,:fRICTION COEFKICIENT CALCULATI04C,

w_ITE(be._}5_

XLI= -_?t(_TA**p.1,)
XL=-2,*_21(_TA**2.s,)I_IGIRE

O_ 250 _=1oN1

DSHI=(_,*S_(2,N)=_,*BH(|,N)-SH(3,k!)?/ZZ/S{N)
CH(N)=VIS(te_}*[)SHI*XL

CK(N)=_,eVIS{I,_)*(DUI-']{|,_)*CLIR(_)/E43:.(_.N))/RE

OW(_)=CNt_)*LS*m_F*VF**]

250 _P_TE(_d20) V(N_S(H)_IlB(N)_CH(N)#CF(N}#P*(N),Q_{N )
CDP(1)a0,

O_ _0 N=t_NIa

ITHF(_+_}})

CbF(tl=0,

DO 350 _=1_N!_

_50 CDF(N+I)mCOFCN)÷EC*-,_*DYe(V_$(I,_)*P(N)*COS(IME(N))*(_,el)(2e4)-_=*

|U{|_N)-IJ(_,N))IS(N)¢VIS(teN_%)*R[_+I)_0S(THE(N+I))*(', =_U(_eN, I)-

52

_},*U(I_N+t)=L}C3,N÷I))/${_÷|))

_DP(_)=_,*CDP{N)IR(_J)**_

CDF(N)=dB*CDFtN)IP(_)**_IPE
]55 CO(N)=COP_N)+CDF(N)

WRITE(_,ab5}

WRIIE(b_60)(R(_)_CPP(N)_CDF(N)_CD(NI_N¢|_NI)

060 F_RMAT(IX_QFIl,B)
Qb5 FOR_AT(/,flX_R_R_eCOP_RX_C_Fe_BX**COe}

C CONVERGENCE CHECK, CONVERGE_C_ CRITERION I$ TH&T OVER 500 TIME

C TH_ HE_TING R_TEB SHOUL_ NOT CHANGE BY MORE THAN _ P[RCENT_

TEI(I|NI)=CM(tINI)-TE(IIN|)

TEI(IINI)=VARS(TEI(IINI)ITEI(|I_t}}
TE_(I_Nt)m C_IT*C_(IlNI}
IImO8$GE(TEtflINt}eTE2(IINI))

IF(TI,EO.N})GO TO _61
LL=LIS00_

LL=LL*50O0
I_(LL,NE_L)G0 TO =50

_61 CONTINIIE
DO 2b0 N=1,_1

WRITE(b,a211N_Y(N}

STEPS#

I

i

!



T
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SUR_OU?INF B_YP

OIMENBION COP(|5),CDFt|5),CO(|S)_QW(|_)

OI_ENSIDN Y(I_}w?_Ftt_l.CHtIS),TEMPttIS).TEMP_(tOIlpZ(I01)o

|TZ(tOl)wlZ1(lO1).T_El(tnle15)oG_1(a)

OIHEN$ION THF2(IOIpISleVAIR{IOIFIS).OT(lOIwISl_AtJ2(IOIeIS,a)

DIMENSION TAU(15.a).TA_(15.t_),TANI()5_),TA_2(15,_),TAQ(IS,4)w

|TAUI(I_,_)oC_'CI_).TE_(15).TEQ(151,TEIO(I_)

CDMMON/FI/_%.NIQeNS_I._S_wMIeHIIe_50

{OMMONIF_/X_/_FMeRETAeI)Y_Z

CO_MONIFSIS(tS}_SS(IS)eG(|5)_CUR(|5),I]S(I_)_OS(|5)_VS{tS)eVN(15)

|_RfI5)

COMVON/_611_T(I_)_TI4P{15),TF_'P(IS).TE(IS)eTEI(15),TE2(IS)_TF3CtS_

|,TF_(15),TFStIS].TF_(15),T_TCIS)

COMMONI_T/U(sOI_I_).V(|OIeIS)_T(_Ot_IS)_P(IOI_I_)#RC'_CI_'_),

CDM_ON/FRIHT(101,1_I.F_nA(I_I_IS)_ZNtlnI._5).R_(InI_15)

COI_MO_IFgI_l_tOl,15)_SS' _ln1_lR)eO_.|tt_l,15_ert,'_l(10'_15)

COM_0NI¢I01T_FC(_O',IS),THF_(InI,IS},TV_(101_IS)_'V_(I_1_CS)

COMM0_IFIIInI.I(I_I,15)_SH(101,15),_6(101_IS}_AB(101_15)

C0_MONIFI_I_II|(101e15_)

_OMMONIFI_IAI.I(InI.I_._}eAM(inI_IS,_)._N(IOI_IS,U).A_(In|.IS._

{OMMONIF16/MIHF_PFl_R_2_SIGT

C_(|II5}=_,

VIBT(I,IyI515)en,

CnNSTANT_ k_,n FREESTR_M CONDITION9

pI:a.,ax_(IL)

RG_S=ZSV;
CPaGAM_*RGA$1(G_MA._.)

$IG_.72

ALPHAI_.

CCm,0Ol

_M=t0,$

_Fm_6._6

PVI|O0,77

_OFIPFIRGASIT_

THCI_SptPI/|BOe

RNI,O]ITS

OYm_l_5

• ._ee_,1_ ............................

I
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. -w ............ - ............................

FOTsLo
THESMU_,*PI/IAO,
VFmFM*(_AMA*R_A_tTF)**.5

VISFut,_/|_,**_*TF**I,_/(TF_||Om)
REmVFtPOF*RNtVISF

C LMAX IS THE _IXTMt#M NtIMqER DF TIME STEPS AFTFR wHTCH THE PROGRAM

C WTLL 8TOP EVeN THOUGH THE 8OLUTIOfl HAY NOT BE CONVERGEO=
LMAY=2_000

C NT t8 NUHRER OF MESH P0_HT$ ALONG R_nY SURFACE UPTO _HZCH THE

C T$ LAMINAR, THE FL_W BECOME8 FULLY TURBULENT FOR NT_to
NT=2

LTURBu25000
C FnR LAMINAq FLOWw CALL VEC3 AH_ FOg TURRIILENT FLOW, CALL VECa,
C LTI.IRB _S T_E NUHRER OF ITERATIONS tJPT0 _H_CH THE FL0W REMAIN8
C LAM_NARe
C CONVERnE_CE c_]TERX_M o

CRTTueOI

GH(])at,.
GM{_}=-I,
_M($)=1,

, GM(a)=te

GMps2,*GAMA/tt,_GANA)
GM_=CP*TF/VF**_
GMSmI|O./TF
GHkaIe*GH5

GM?S(GAMA-t,)/(GAWA+t,)
GMRo(Io+_AMA}/(2,*GAMA*F_**2)

REImS_RT(RE)

RE2aoOlbR*R_
C MESH SIZES AND VECTOR LENGTHS

Nt=1_
NI_mNI=t
N_O=Nt-2
NS2=NI-]
MtztOt
MtImMI=t
M_OaMI=2

_2=Mt-a
NXMBNt*M|

NXMtmNXMmMI|

NWM_INXM.|
NXM_INWM=_

NWM=mNWM=M|

NXM_=NXM.H|._

NXM_INXM=_*M_t_

NXM?INXMm_M|$I

FLO*

55



C

C

1o

20

35

NXMA=NX_o2*_q-1
NXMOaNXM._*MI,1
NXM|O©_.NXM

N_MMCN_M.2*UI_I

NXMM2=k'XMo2,Mle_

NXMM_=NX_-_*wI. 2

STFP $1ZF$

OZmml,/_11

XX¢2,*_Y

Y(I:_I_:_V_NTL(0.w_YIYtlINt))

Z(1;M|)=_VTNTL(I.sPZIZ(I/MI})

I_ITIIL 5HPCK SH6P_ a_O 5HPCK

5(1)=.17

RODY GE(_ETPY.

CtJP(_)=1_
THE(I_=PII2,

SLOPE.

_2=DY*S_PT{f_**_+(RfN-1)+O1t_._**2)/tF_**2+(|.+fa/B)**2)*

O_=DY*S_RT{(n**2+(R{_-It÷O2t2.]**2_/{_I*2+(I_+(A/B)**2)

0_=DY*_QRT((Hi*2÷(R(_-I)*_)**2)/(_**2÷CI.+(A/R)**2)*(RCN.|)+_3)

I**P))

P(N)aRfN-_}+C0]+2.*r_2÷2.*_3+O_/6.

Xua*SO_T(H**PeR(N)**p_/R

WmBiXI(_*_QPT(X**2-_**2_)

DD 20 Nu| eN|

V_(N)¢COS(THE_N_I

VN(N)¢m_TN{THF(N) _

De _S Nm_eN1

8|(|,N-IM1)=SfN}

CU_I(I,N:MI)=CUP(_)

THE| (t,NIM|):THE{N)

THEC(|_IINX_)=VC_S(THEIfI_I|NXM)|TWEC{I_||NXM))

THES(I_tINX_)zVSIN(THEI(I_IIN_M);THEB(_e|INXM))

INT{IINI)eQAVINTL (I,M]II_T(]IN{))

CALCULATION OF TH_ BTARTING SnLUTION_

OO _O NI|,NI

TEMP(N)=SIN{THE(N})I*2*(.q+,|*fN-I)/N|_

P(|_|INXM}=QBVSCATR(TEMP(|IN1 )_INT(IlN1 )IP(I_|INXM)}

?FMP(|:NI)_0_

5G



U(j_I/NXH)uO_V$CAT(a(TEMP(IIN1 ),I.NT(I_N1 )IU{Im|I_X_))

TE,P(t I_1)=Tw

T(IwI|_)=nPVSCAI"R(TEMP(IlNI ),INT(IIN! )IT(teIINXM])

$S(I)=r).

TET(I I_I):-tVN[t ,_ 1)-vsf% ;_I),TJS(: t_I1))/TE6(IlNi)

TE_P ( I t_l ):(TET( I ;NI )*T£7( | IF,'I)/GM_*-_,_7)*G_!

p_H1 , I t '_x_I),'._vS?._TR(TE_IP{1 |_1 ), _T(IIN1 } ;P(_ ! INXH_ })

TE(I ;NI )=(TEUP{I t_J1 )*GM71/(l,+TE_P_I,I_| )*G'7)

TF I ( I |NI ):( I',I ,ITF ('I I'uI ) )*TF. 7 ( I ;_11 )/TF_{ I IN_. )

T-r_P.C IINI):vS¢I t'JI_-TE_ _I:HI)*TES(_ ;_11 )

TF_I(I ;NI _}=TF_t Iik! )lIE( I INI)

L!(_I _ I I F:x'I ) -.{_t_VSC _T{_ (IF2 { 1 IN1 ) _ IHTft ..'HI ) IU(M1 , I i N}_t ) )

'[(_I _ 11 PIXY1 ') =Q_VSCATP { TE'J ( I I_. )_ I._T ( 1 IN! 1 IT (MI, 1 i NX'_! 1 )

bO 50 N=l,hl

_)XT=(T _M_ _N').Tf I ,N))/_I 1

50 T _1 ,NIMI 1 ):_}_VINTL fTt 1 _ N) _r_XT IT( 1 _Nt _tt11)

I_n(' | # | | _JXN ) tip ( fl _ _ | _X'A) /T {1. _ 1 t' I_XI'4 ) tG_i

SPI{1 f 1 INX'):T(_# 1. |NXM)*G'_

HCJ , I I_Y_):S_( I , 1 tNX") +(_I(1 _ I I NI(H'Ie*P+v[ t, I |NXW)**_)/2.

?VP( I _ I I _Jx_') :vSr_T ( T ( I, I : _,_X_4) t 'I'VE ( 1,1 t_X M } )

VIS(I _ 1 ;NX_): T( 1, J I_JX_)*TV2( t _ I .NX,),r, H6/(1 { ! _ I |N}{M)+Gt:5)

R| :(BET_I .) I(_ETA-I.)

Rp:?,i;%ETAI_Lr}r, tRI)

TZ(I;HI !:_**('Z(1 IM!11

TZJ (I ;M1 ):r_ETi*(TZ(11M1)..I'. }/(TZ (11MI ),I'1'.)

DO _0 NI:t_NI

30 Zt( I #N|_II }:TZ_ (ltM|)

ZN(| p | |N_M):_I (| ¢ | |I_IXI_)*(1_-ZI fl , I |NX I'_) ]

EMI')A [ I e I INXM)=I ,*ZN( I, I _"NXM)*CIIR _ ('I i, I | H_(M)

BT{| P | |NXM)=RI (| _ | IN_)eZNf|_ | INXN)eTHEC(I# 1 |NXM)

TZ_(I p I INXM')=R_'TA**_ "Z| (| '1 I N_M)_I*P

TZ3(I, 1 ;NXM ) :2,*Z I ( I _ 1 IHXM)/TZ_.. ( I _ I |NXM)

I'Z(I(|p | |NXM)IB2/TZ2(| w |.7NXM]

WRITE (6.3g _)1 6LPH_,nF_FM
e

_;Oq FORM&T( t_ ! X _ _ILPNA',FR,5,_X, _REYN NO, O,FIS.3.SXt'MACH N0_',F8,3,1)

5T



WRTTE{6,_I{Y(N)wTPF(N)_(N)_CLIR(N)eN=leN|)
DO _O _=ioNt

WRITE(bw_21)MeY(N)

WRITE(h,_30)

WRIT_(_eUQO) (Z| (UwN)elJ(MwN)pV(_wN)ep(Me_)_RO(MoN)eT(MIN)oH(M_) e

|VIST(_N)w_=I,MI)

60 CONTINUE

q3n _ORMAT@/oBXw_ZI_iQXp_tI°og_seVwoRXfePweRXoeRO°e_Xw_TeegWweM_eoXe
l'VZST*)

_5 _ORMAT{2WewY=PoFIO.Sp_WoWTMF=°,r|O.S_SX_'R=_,F|O._SX_*CUR=_F|OIS

t)

OMe.[_ttJ_/F_11

T_MP_(II_I_)m_VINTL(I.*DM,_M|TEMP_(]I_[I))

TEpf)pNI)mI.

7EIO(If_I)=GMIO'

L=I

C M_PCHI_G IN TIME STARTS MERE,

1 C_TI_uE
MM_I

C LOCAL T?_E _?EP CAI.CULA?IO_,

VAIR(I_IINXM_)=GAM_*P_I_|INX_)/'RO(I,|INXM_)

V_IR(I{II_W_?):VS;_QT(VAIn(I_IINXM_)IVAI_(_IINX_))
OT(|_IINW_2)=FOT*(I_(2,|IN_2)-ZN(I_IIN_2))I(V_RS(V(I_|INXM_} I

0_ 10 N=I,N!
70 DT(|_N!_ll):_T(I,NI_|'1)*TF_P_(tIMt|)

TIMP(|IN! ):0_VGATH_(nT(_II,IlNXM])_INT(IIN! )ITIMP(II_1 ))
DTfM|_IfNXMI)_OBVSCATR(TIMP(If_I )_INT(|IN! )IOT(_I,IIN_MI))

C PRFDICTOR $TFP,

8$(t)=0,

?_ B_(N)=($(N+t)-B(N-I)}IWX

S_(N_)=-(Q**S(NIQ)-3,*$(N|)-S(NS0))/XW

CALL SHO_K
CALL OE_V

CXLL VEC!

DO |tO Im1_

|NI_elI_Sh))IDY÷(I_(]eNI,IIMS_).aN(_,MI,IIMSO))IDZ+_Q(2_NI_I_50))

?AU(|eIINI )m_BVGATN_(A*J(_Iele?INXM|)eI)_T(IIN| )ITAU(IeIINi ))

T_M(lpI@_! )mQBVG_TN)(_M(Mf,lelINXMI),I_T(|IN! )liav(leIl_l ))
TANI($eIIN| _:OAVGATHW(AN(M1,JeIIHWM|)eINT(IIN1 )ITAN1 {]e_lNi ))

TAN_(I,TINI I=Q_VGAIk_(AN(_II_I,IiNXMI)_INI(IfN! )IT_N_(I,IINI ))

iL_(leIIml )_@VGATN_(_I_(UleleTINXMI)el)¢T(IIN[ )ITAQ(|_IINI ))
TAU|(_IINSO)eTAfI(_,IIN_n)-TIMP(_IN_nl*ffTAM(_II_50)-TAM(_II_O)
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..... TAUI (NI , _)=TAU(_:I, I_.'?I Wp(N| }*((TAM(N!, I)ITAM(N|_, I_)/OY+-tTAN| (_|,

I}0 A_ll (i_'o+_, I I_X_w) _.()_HVSCATR (TAUt (2e I INTO) j I_JT( I INIQ) I AUI (M| o2, I I
INXUP)

CALL v F_r.R
DO 150 I,=1,_

At}1(2,_,t I_5nlzAijO(2,71_Sn)._T(211 IM%O)*f(A_O_2a2eIIMSO},._O(2, !eZ

|?_SO))/_Y$(A_n(_e I I_"sn),,,hNn(P.. T :45n) I#OZ+AO0(2, I I_'_.n,))

150 AIll (_I , I , I )=Al!O(_' I , I)-r)t(_'l , I }* ((A_'n (_'I_), I)-AMO(_'I, I _I))/DY÷ (ANO(

_1 e I )'AkO (_I _, I ) )If)Z+AOfl(_"¶ , I } )

ALIi (1,2, 11_X'.,_ ) =hP.VSC ATR f TEF_ t I t"J1.) e IPIT (' I I N 1 /,,I,) IAII1 (1#_ I I K)C_._FI) )

AL+i (1 e2_INX"_w)=,OAVSCATPfTF_(114t")eINT{I I_I,) IAl_1 (le2e2f_Y_'_'))

A!Jl {| e;, 3|K;Xu_)=QAVSCAT_(TP_)(I I_11_)_ IN?( I I_I_) I AtIl( Ie2e _f P'xv_) )

IF(LoGT.LTUPB)GO TO 15_

CALL VFC3
Gn "_n 1s_

CALL _F_KC)

DO lhn Imt,_

|6(_ AU?C_°IITImli):_+.._P;+'+?+ ++ +'+ "_ " +++,T?++'_)

MVm2

SS(1 )"0.

CALL $_(_r _
C_I L D_pv

CaLL vFr. 1
I_O IBO I=I,.

|80 atJt (P.,Pe IINxvS):n.r*+;_IJ_CP,;,_ "'" " ;_..1;T(2-)I P''-: * (* "'C .':,_

214X_5) ) "_
If(+ # ._ I _l'l ):-[!( + _21_1 )

CALL VEC2
Dr) 190 I=l,_

190 _III(2+t,tlmtl):oS*fAtI2f2,1,1f'i')-+T+?,+++11".! "_n_2, ,If' 11),.AmO

1(2,2, Ilmt1%)It)V+(^++(l(_.,I|m11)-A_O'I,pt'+t,%? "" "+A..++'>+I ' _))

FOURTH ODER m£mPING. CC IS T.E OA+PI_,C, COE:+'ICI_'-",
tgfl 200 I_I.Q

_IJ2(3e2e I |NXWM2)=ALItS_2e IIHXWq2)÷Atl(_ _, I ;'"X_H_)-_.*(AU(_,_ I IN*_M

T[| (| INB_):OAVGATNRfAII(Ie_,I |NXHT)e INT{'IINS_) ITE] (1 I-N5O))

TE2(I |NSfl)IQ_VG_T_R (AU (_ _ I |_WM7) eINT ( I ..Ki50) f "rE2( I INSO ) )

T_(_IN_)=r_AVGIT_R(A,I(Qe2.IINXMT}_I_T(I I_,Sr)) ITEef_ l_SO))

T[5{| INS0)ITF/.J(_ INS0)-TE1 (| INr;r) l"'3.*fTIr_( 'I IKSh)-I "r r"( ! _I'JSO))

AU_(2e2eIINXM7)I_SV_EATR(TES(] INSO)_INT(I |hSO} IALJ_{_e2e I IK'XVT))

C

,[



2C)t)

?_I (I I_SO)::n_VGITW_ f AU(_51,2, ! INX'_?), ?NT(I INSO) ;TEl (t INS(}))

TE2(11_50):=(_RVGITWR(A!J('_S0_2,TINXMT),INTClI_%0);T_2ClINS0))
?E_( 1 INS0 )=C)AVGATN_ (_LI(M I 1 _ 2o I I NX'?), TNT r I |NS_) |TE3( 1 ; NS0] )

TE5{i INSO)--,TFI (1 ;NS0),,TE(J(11N50)"3, *(TF2(_ INS{I_"TE._(I 1N50))

LU2. {MI % w2o I '_xMT_=QRVSCATR(TES( | INSh) w INT {1 |NSO) l ALI_ (MI I i,_, I INXMT)

t)

AU_(Sw|pTI_S_.)=AUOCS,III452)'_AUn(II, I IMS_)-_,*(AUDC($wIIMS_)÷IUOC2wll

2M52) )÷_.*AHO { 3, I ;'_5_)

AlJl ('P,Z'__.I ;NX_6)=AN(_._ I |NXMb)

C.r].h_ I N_E

_] 'f, ( I I ?t I I N_"_ }=.'._RV,_C 4 T_; ,'TFR ( t i_'_1 II ) , IN? _'| I N | _1) I Atll ( I , _., I INXMM} )
a_l ( 1 _,_.,.? ! NY"_')-F;_V_:," ^T_ ( T_'_t | I_';1Lt), T_' T ( I ;Nt_) I A_tl (1_ _w 21"'X_'_) )

,:;i'1 {|:_._,_T%YU_)_ '. 1:_, _c'AT' :'?r-g{, 11_,I 'i)o'I_'!T(1 |l',J|,_4} IAIJ! (1 I_,]INYN_M])

C:,LL V F ,:'_

C F-",n'F VISCOST_'v C_Lr. L.:w'rI:]_,':

_F(L,LT.LT',/P_GO TO ?._5

LL=L/25

LL=LL*?5.
IF(LL._E.L)F,O TO ,50

I_AL, L DEnV

CALL EDr)V (NT)

2]5 CONTINIIF

t.L=L/5Q(_

LL,,LL*Sh._
IF{LL,N_.[ )C.{_ TO LiSt)

C SURFAEF wEATI_G R&T_" li_,IU SKIN

wRITE{@_O_) L
wRITE(@_QnS}

XLI:: -M21 {BETA**_-I,)

FRICTInN COEFFICIENT CALCULATIONS,

_o



C

C

TE (t IN1 )=CWt i IN! 1
Dn 25n _=1,_1
DSN | = _'l!. ,SH ('p, N ] ..'_ j *,_N { 1 ,N),,_Hf3w_)'J/ZZ/S{N)

{)lll=(<'i'.*!'._2_N_.3.*lt_l i_)-ti(_l,_'-II)lZZ/S(*l)il(Ll

"e (N)"7.iVl Sf t iN)* fF_lJl,._lJ_"_ ,_':)iClll_<N) /El_r',.ll £1 aN} ) /ltE

_-SO W_'TTE"('_eLI2O) Y { _ ) , S _<n_ iI15 (ki) i CW (N) i CIE fN } i '3ti (N) i C'W (K',_

COP 1 ):': '_'.

3£10 crlPC,N+1%mCI]P(N)+.SiI_YII(PW(H),_P(I'i)*SIIH(THE(N))+P"!(NiI'iR(NeIIiSIh(

cr)r (I)=0.
E r,c.B_, t : nET_**_. I. ) #ZZ

ltJ(l ,N),'i_£ 3, N1 ) IS ('w'),,tv _ 5 £ 1._,N,i. l ],._ (Hi, l _*COS {THE (_J+l) _* (_ .*U (T2#h,,+t _.,

l],, ..<l_(' 1 ,h._: ) -li { 3, _.1÷1 ) )IS _:';+ 1 ) )

CD:. ( _ _ = tl. ,Cr'r { N ) /P (' _'], ;] ,'PE

_Wr_lTE (h, _4_5]
_r_TTE (h, _J6n) f_(H) ,cnPfN),CDF (Ni,cr_('i) iN=l ,NI )

FOR_A"I'(' / I _ _ t 'pll i_ ! eC()p IIl, RXll I'CDF e tl tlXil iICO II _
r.f_JvFPo{_CE rHprw.. EnblvP_l;F_:CF CIIITEIION IS TH_ _r DvE_ 3(_0 l],'[ STEnS,

TH'- HE_TING l_alF_ SH_I'_ILh NQT CHANGE [_Y M_RE THAN l PERCE_T.

TEl (I INI )=CH(I 11',I )-lEft II'.ll ')
TEI{'I I_'J1)=V,IP.S(TEI (I I_'il) IT_'I(! I'Nt])

TFP(II_JI)= CPli*Cii(1 IN1)
I ! = f')'_ $f;_ ( TE I ( I; _11 ), TF_ ( 1 ,,'N1 ) )

Ir(ll.EO._l)GO TO _l

LL=L/,;_nn
LIcLL*_h0o
I_tLL,_E_L)GCI 1'0 _1%0

161 C_.,'1' I KliIE

IVIOT (_,N) ,M-I ,MI )

_bO Ct)NT INUE.
?rflI,l'r_.Nl)r,o TO %_1

ll05 Fr}l_IT(/ilx,,r)IST,_l.O_;r. RODy_/I:;X_SH_CK STa_J_)O_F nTSTi_SX_'SHOCK

iSP_E'DmISX_I$I_NTON mn,',SX,*SKI N FRICTION',SX_'_LL PP.',

a_X,'*ALL HFIT_NGIW/M2 e )
LI20 FORMAT (¢JXiFI 0,Si 10X_FI0,S_ IOX_Fi0,S_6X,F 12,B,"X_F i I ,7,ax_r t 0 :_

ISX,F 15', _)



_1 F'ORMAT(/w_Xe'ROD¥ STAI'ZON _,a j'

LI/4_ Ff'lr;_AT ( 1X wFJFt _), 5 )
/J3| FORHAT (/_6X e r ZN" e q}fe ell _'

|4'VTST')

LISO t.:l.+ 1
TI:'(L.LE,L_A_GO Tn 1

551 Cn,JT I _lt]E

{;_,Jr)

w_3wSXoPDTST, &LONg _ODYm_fFtO,Set]

_q_w'VwoAXpeP_eSXR_RO_rqX_'Tg.OXp'H_w_X e

_r-.
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3070

3075
3075

3n_5

3116

$11q_9!,'r 7 _J_ F r)r_ ¥ ('_'r)

_[":"4()q/FF./_{T t 1 I) I , I _) ,£_'!D/_ ( _ O| , I S) _ Z N f 1 n| , 15) ,el ( t 0 1 e 1 _)

']01,_r_Nt¢'10IT_FC f'e_,l_,)_t_'rs(lr}!etq),l'vl (10t_ 15),tV2(lOt_ [g)

Cf_'.tuO_:/;1 l/r_l''lnl,tS),r)£u(_ol _)_Abflni ,13) ,A8(101, !5. _
£D_',IU_I'r ' ' biN;' .";F _ PE I .#E2_ _ ;, :;T
NT _ ..qN T,. _
r_T2_ 7._ I

'f_'r_{,,N_,GE.W]_,_F)_'.r) 1"0 3072
"l'J ? _ ":'JE

[J_- {N).'U[ueN)

hLr_fr.:)--0
l'r.(u_Er_,t._G_ T, 3075
D;I 3('73 J_.,M
Jl:J"_
;_.LF)(N).-r_L.O(k:)+t;_',-¢U(2!,N)+II(0,N))tUE(N))wCZN(Je_!),,Z"',Jl_',):12,

r r3*_T l utlE

Dn 30q5 U=NT;_NI_I
0PE (N)- (P[ ('N4.1)._PE {'b!,,1 ))IXX

DnF(_il)at'PEt_l)-Pr-(_;la))txx*2,
bO 3110 u:_t;_l

C_.UT?.(II N_ ):1'./(1 ,+5,_;*(ZN(I ,_J,_I)IRLFf'J)3**h)
TV2( I _NI_I ) =PF2,r4D ( t, N I _1 )*I_E (N)*SLD t_ _ *CtlTZ ( ! IMi ) IV]S ( I eNIMI )

_'Vl ( l,_i),'0o
CUTT:SQI_T(V't_'IeN)*OII(IeN})
gilT2( '. IM1 )=VlB_ (DU( I .NIMI ) ICltf2( I ;M|))
Ibrl 3115 _4=2,uI

{:LIT:COTT/SrJP'f (ROCM.N))

UTAIJ:CLJT/RE I
VPL.USeV ( 1 _,N) tUTAU
VPL US",,VPLU8*5,O

APLU$=26,*EWP (VPLU$)
CNPLUS:ZN (M _N) *i)O (M. N}*RE| IVl 8 (Me N}*CtlT

ANPL tlS =CNPL LIS t APL U,_
IF(kNPLUSoGT',12._O T0 _118

VISTLm.a*ZNfM,N)*(i ...I.IEXP(ANPLU8))

Gn To }1_)
VISTLa.0*ZN(M,N) ....
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31t5
3137

3130

3t35
3110

TVI(MwNlxRE*RO(MeN)*VTSTL*VZ$?L/VI$(MeN),CUTE{_)

nO 3130 Mmt,M_
_VT$#TV2(Me_r)-TVI{M,N)
IF(DVIS.LE._IG?_ TO 313S
VIST(MeN)ITVI(MeN)

_=M$1

_RI=MI=M_t
VIST(_,NIMB|}=TV_(M,NIMR$)
RFTIJRN
END
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T0

71

$tIRP0UTIKE $wOCK

Cf_M_._0_/FS/_ : 15) ,.SS( 15),C.( I _),C_tR(15) ,tJS(15) ,.O$ C15) ,Y$(15) ,V_( I 5)

CC)_,_C?N/F_/I_T ( 15). T ] F'P _ ? _), TE_'_o f 15), T_ _. _'_),. T_ i (15) e'E2 (| 5], TE _ (15)

,T_a (15) eTZS( I 5) _ T". _,_ I _ _ TE7(1%)

cr_NONlf. 7/tJ(10 { , 1 _} , v{' In{ , I S) , T 4'_ nl, IS') ,P (I 01 _ I_]_ ,i:i'(](t01 , { _' ;

VTS(t01 , _5) ,_(Io1 , 1'_I,S-( Iti{ , 1_,),P_(15] ,vI_- (lq 1, _51

CO_F)_IF 91ss ( t o_ , I%) ,SS_ ( I¢')IB IS),;,sI ( | _,_ , 1_) .CURl( lr': _ '_3)

COP"O_tF 101T_FC (101 e I _) BTHF.(](; qle |'i), TV_ (101, _5).TV2(101 , 15Y

_OMMONI_'I_/TZ2(|01_9) eZI ({ f)_ e I_),TZ5(_01, |5}eTZZ_({ 01d. 1'))

A2(.11_I ):SStI:NI )I{_o-5(II_I )*CU_(I{_{ )]

C.(1|NI )=vS_;_f(G(ITNI )T(;CI_5 )}

T_'MP(IINI )=F_VGAT_(P(_ _II_XMI),INT(|INI ) ITEMP(I {NI ))

'IF_P(IINI )-T{-N_P(It_1 )/GNtl

TF(IINI ]=(TEMP(II'_{ )+r,_47)I(I'.+TE_IPCI{KI )*G_71

VNF(II_J{ )=VSOR'r{vNF(tI_I1 3{V'_(1;_1 11

US(lINt )'-V_JF(IiNI )+(V_(IINI ).,VS(I{:{I }*AP_(IINI ))#G(I{_';{ )

TE|(I{N| ):(|,-_,/TE(IlPJ1 ))*V'JF(11_I 1/G(1_N1 )

TE_(iINI )=VS(!_S _-TFI(|IMI )*AP.(IIN| )

TF_({IN{ )==VNtIINt )_TEI(IIN| )

TE(I(IpN1 )'-TF__P(IIN1 )ITE(IINI )

T_P(|IN1 ):VS(_RT(TE_(IINI '{IT{-P.P(IIF'{{ ))

TE_(IINI )',T_'_(_:,,_| )*TE_P(IINI )*Gu_/(TE_(|INI )÷GwS)

TIFb({IN1 ):TE_(11NI )*GM3

TE?( 1 IN1 }uT_( | yN1 )_. (TE2f I IN1 )*TE2 (I_N 1 ) ÷TF_( { IN1 )*T[ _ ( { l_1 } )/2..

RO(Mle_f_JXHI)',OF_VSC6T_tTFIt'-I|_1 );T"JT(ll_I )IRf_(_I,I_'_X"'.})

U(MI,IINXMI)-,T_BV$CAI_(T_2(IeNI )eI_1"(ItN1 ){U(_I,{INXMX))

V(M|etI.NXM{ImQBVSCATRfTE_(IIHI ),IK_T(II_'I )IV(_I,tI_X_{))

I'(MI_IINYMI)=&QSV$CA?RfTFO(IINI },INI'(IINI )IT(_{,{INXP{))

VIB(MI,{ ll_,X_'1 )==(_SVGCATIR(T_._(| IN{ ),INT(_IN{ ){VIS(MI, I{_"(_11)

BPt(M|_INXMII=[JMVSr, ATR(TE_(1 IN| )pINT(I|_J ){'SHf_{,1INX'_I))

H(M{,{INIfHI')_O{WVSKATIR(TET(IIN1 )eINT({Ik{| )IH(_I,I;NXM{))

IF(MM,E0;2)O.q TO 70

{)$(1{N| ):_U$(tI'N1 )*(.(|IN| ]

GO ?0 ?1

I)S(_{NI )a(nS(tpNt )÷,lSft)Nt )*G(|INI ))/2.

8(t'INt )"$(1yN1 )$D$(IINI )*TIMP(IINI )

O0 7_ N_IpNI

B|(t,NIIWI)=S(N)



75
S_1 (I wNIM1 )-.-_$C_ I

[_'f)A(1_1 INX_41=I°+Z_J_Ie |7_%_)*CIIP1('IpI rN%_)

RETURN
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70

_IJRP0UT _NE nERV

C(_HNON/FI/N1.N|ilwN.50wNS2,M|eM_| eHS0

C_MMONIF_IGMt ,GM2, GM_, GM4 #_6, G_7, G_R_ G4c)# B2, RE t Tw, GAM& i,STG, M_

CO_wt3NIF/J IX X, ZZ _ F_ wRE"TA, DY pDZ

EOMMON/F?IiJ ( t f)|, IS} eVi'If_|, I._),T {Ini, 151 ,P (I 01,15) ,PC}( 101,15),

VIS(1AI,151,_(t01,15) ,5H(101 , 15}pP_(1_),VIST{101.1S)
COMMONIFRIRT(_h1,1S_,E_hA(1nq,|S),ZNft(ll,15},RI(101#|S)
{'OM_ON/¢qI$1. t1_11 j_,r_'I,SSI (101,15)phS1 r1_ _,o15)wCUl_| (lOlw !5)
CF}HHON/Ir 10/T_r:r, ( 101w to,) ,T_ES (1 nt, 19) _ TVl (' 101, |5) _ ?V2(I 01 , 1S)
CONHg._/F_ tlr)u(lot_tS),OSHClOl,t_q)_.btlt_l,15},_C_t,15)
CO_Me"JIFIP./TZ2(IOI,_[_,Z_ (ln!,_S),TZSttOl_I%)_TZ_(lOt,15)

_)U {?. F _ 14XM]}={U(3, '. _JX_1.%)mll{ I , I Ir'_X_'*31)ITVI (2, % INX_)

OSH(_ I INXM_)m(SW(3, %INV_3).,S_(lw } J_JX_.3.'I}/TVI(2_ i |NXWS_)

DU.'._.N)=(O,eI_(2_}'*3,$L'(I.,N)n[!(_NI)ITV_ ('1 eN_

D3'q( _ tN}lI(/J.s_._N(_ _)._.si._Nf} #N)._t.,(),w] '} )/TV| " _ t IM)

Cr.;_T I _,LJE

A6(_ *I fN ,v,_')=vf_(! _I _NX_)/RE*(DII(_ _ I INX_)-L(| _ | INXN)*CURt {1 _ _.'NX _}/

AR(|_S.I_XM};_ll-Z.l(|#I|NXH))/51 {|r_-t_Y M)
RE_U_'N
_ND

6T



StJBROUT T _JF Bn_l_ll

COHHON/FI/N:._;|LI*_%".b'!SPw _rMlI.MS0

C0M _[}N tF _ IC.

CP,""_ON/F ? ILl

pL'r{I"NI ):_

TFMP{ ! I1':1 }

E _'JD

=q_vSCAT_fTE_'O(II_I ],]NT(I_'I )]P(I,llNXHI))

)=GRVSC&T_(TF_P(IINI ).?_T{II_1 )IR_(I_II_.XM1))
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$IlBROUT I _JE VECI

DIMENSI_N AC)(101, IS)wA1(_(101 e15), A13(I01,15},AAI (10lp IS) w

IAA2(I01,15)

C{"Ib_MO_/F I /"J I .N| t.l._he_'lS_.w _I .M| I pHSCI

CO_M[}N/F7 /I-_('i _I . 15}, V{' |(i| . I _} , T ('!(_i _.I_I,PC _ _I _ 15),}_(I0 J , _5},

CnMMDN/Fc_IS I C101 _ _%) ,_$I {'lh!, I_3) ,_SI {_I , 15) _CL'RI (_ ? _ _ 15}

COH*_O_IFIP. II'Z2(Ir)',I_),Z_C!r'.,*.S),'f73_tOl,15),_lL;C:_I_l_)

COM_ONIF1tllal'{lOt,lq,_),^_'1(_1.1b.q). _C._et.tS,a),_.CtO1,iS_r )

AAI('I;'I /_XH%-VTStl _' ._"X_')I*:'F"4. v'ST(_.,,_ ;_JX_)

TVt (1 ; I ;."!X_" ') =S 1 (I ,. I _ ":X_'_ ) *E'._DA f _ , ' ; K;'z_),RO _ ]. d, 1 ! ,_X_4 ;

All( | _ 1 _I | NXU'_=TV : ( I _ I _P._Xu }

ALl{'| _I._I_JX_%"TVI(_ ._,;_JX_)*_'_,' , _ ;"X.,)

ALiC1e | ezJINX_"IeTVI (I , | IH×'._),fH(_ e :II_IY'_).;'[ :. | F_<XM_'IpOC| , I CNXM))

TV_(Iw I INX_)"$1 (} ._ l_'l_'_)*qO('|.] "_X":.)*U(]. _ _.X _)

AM(I_I, IINX'_)=TVPCI , } _I,_M)

j_l_( | _ | , 1j |l'JXu _ =IVY. ( 1 , 1 I _tXH]*V ( 1 ,, I ; _X_4)

AgfII_21NXHZ4%¢FUPA C 1,2t_';vvd'}vT*4FT£{ I eP!_iXU/_)/Bf(| _2INXM/.I}

AI_(I #_IN%_'d)=SI ('_ . PI_X_ZJ ),THFC (' 1.2;NXMZ4)IBT (I ,2INX_ZJ)

AA| (% m2|NX_a)=E_r)A('_ _ pI_'X_LI)*Pr)(' I , p ;NW'.-qAt)*V ('I t _ INX_.Q)

J[ 1 _(|,_INX_IJ)¢AA(I.PI _ Xpd},(r)Sl ( 1 ,P;NX_),AU( I e_m 1 #NXM/J)+._S[ ( 1e21

_NXM(_)*A_fl e2,'l ;NX-_I) I-AAI (1 e_ll'IWH_._)

A_( I p_, 1 iNX_(.t %_AQ ( 1, p f_IX_z4 _,Ae f I ,2m ! I _tXl_/.l ) + A I 0( I _ 2 l NXM/4)*AA I (' I m_|

IK,'XNq/.J.)-TZ](I ,2;NXMZ4)*AI 3(1 #PINX_d)

AA_(I _2INXM_._IAA I ( | , 2 I _XM_4 ]*'J ( I, _ t NXMI4).EMOA ( I m 2_ N_(MZS),A6 ( t, 2 I _XM{i

I)

il_( |_P'INXM_II_AB(t '_IhXH/J)*(D_I {I,_-INXM(J)*AG(I m_|_XMQ_÷SS| (IMP-|

1 NXMdJ ) *AM {* 1 m _.m _ | NXM/.I) ),,tAA_ ( | ; _# NX_I)

AN('.e2,_INX_LI)zTZ/4(|,2IPJXM(1)*AI._(|,2tNXUQ_

A_ ( IeE, 21NW'/J ]zk_l' I i_21NXM/..I)*AH { | ,2,214%_J) +A 10(I m21NXMAI)*AA2 ('I .P#

|NXM/J)+TV_f | e21NWM/Jt*cIIIR'_ { 1 m_INXMI4)wVf_, #Z|I',JI(M(J),,S1 ( I_ZIN_(!4/J)*CUR] (

21,2iNXMI4)*A_r I _2;'_XMO]-P ( I .2INXPAI),BI (| e21NXMLI'I,AO _ 1 e2lNX_Z_),w

:_TZ_( |, 2|NXM/J )*A l_J( $ ,_INXH_)

/IA_( | m2INXH_I)IAA t f t, _ l NXMz4 ),V( |, 2- NXM/4) +EHDA ( I _ 2INXM_ }*p{ I _ _ t _:X_)

/i_{ I #_..INXM/_'iCA_(| ,_|NXMd),('D._| ( l _P..INXMd4)*AU(I ,___|NXM/.I)+S._I (l _I

| NXM/.I) *AH ( | _ _, ]_I NXM/4).)-AA _.( I._ _ l NXMZI )
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tO0

SUBROUTINE VFC2

DIMFN$TO_ A2Q(I_t)

COMH_*/F|/N|,_1QwN_mN52#Mf,Ml|wM_
COMHONIF_IGM|_M_w_]wGM_p_M6e_MToGMRw_qeB2tREeTWwGANAeS_GeMM

CD_MDNIFTIU(IO|jIS)pV(IO|.IS),T{IOIelS).P(I_IwI%}#Rn(IOIo|5}e

|VIS(IOI.15},H(IOI.I_),SH(I_IwI_),Pw(I%}#VTST(101.IS)

C_Mr_DNIVAIBT(IOI.1_).E_A(Ih%#lS).Z_Jflhl.15}wRI{_hle%%)
C_MMD_IF_IS|{I_rI_)oSSI(IOIpI_)p_SI(|O|,I_)fCURI(IO|#|5)

D_ 100 I:l._

Aph(|l_)=E"nk(t,ll_1)*_O(l_llMl)

A_O(le]l_t]=A2_(ll'_t)*(V(t.tt_l)*V(1,l_t)+P(l_ll'_l)l_O(1,1l_l))-

A_O(|_I_')=A_h(|_I)*(V{I.tIMI)*H{I.tI_I)-V|S(|_II'4|}*DSH(|_I_Mt)
|ISTG/_F/_O_I,|I_I)-II(I.IIMI)*^_ft_1IMI)tRO_t.tIMI))-_()e_IH|)*(D$

AqD(1_II_t)_A_O*NO(I_IIMI}*V(I,tyMI)+AN_(t_tI_I)*TZ3(lelI_I)

A_O(te_IMI)ap.*A30*(R_(t.IIMt)*U(I_ItHI)*V(_,tIMI).-A_(%elIHI))÷

bQO(I_I_I)uA_*(-PrI_ItMI)+R_(I_ilM_)*(V(_mlIM|)*V(|_$IMI).

|U(Io||MI)*U(I_IIM1))I*_N_(I#_IM|}*TZ](t#t|M|)

11:_I)IREtSIG-U(1.11_t),Ab(tellM_)l+_NO(t._IMI),TZ](t_11MI)
ANO(JelfMI)=-TZ_(IelI_I)*ANO(|e$I_|)

ANO(|e_IMI)=-TZ_{I,IIu|)*ANO(|_]IMt)

XNOC|_OIMI)u-TZd(|,|IMI}*AN_(|_|M|)
RETURN

END
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SuBROUTZ_E VFC$

COM_0N/FP/_JX_eN_Iw_X_sNX_,_X_'SwNXH_ofl_M2

COM_ONtF_tG_tpG_2mG_],G_5,GM_GH7wG_IG.q,_Zp_EwT_f_AUA_SIGF_H
C0_HO_/F_tT_T(tS%eTT_PflS}mTEHP{|5)w_Et_S_TEI(IS)_TE_{tfi]_TE3(IS]

I.TF_(151_TE_lS).TFh(15]_TFT(l_]

CnM_O_IFIOI?_P_t_O_,IS)eT_JESCIOI_IS)_TV_(_OIe|5)_TV_(I01_5]
COM_ON.'FI_/AI.II(10] _)_e_)

?E_{II_I: )_(3_*TE(| INI_+TFi{II_I))/_.

V_S(2e|lflX_2_=T(_l_flX_2)*TV2(2e|;_X'42)*G_&/(T(Z,1INXM_)÷GMS}
RETU_
EN_



811Bp0U? ] NE VFCS

COMMONIFI/Nt,HI_,N_O,HSL_,M| eM| | ,HSf)

C'nHMON/Fp/_'gMw_XMleHX"3._JX_IeNXMS.NXW_Ia_JXM2

r ?I_,Mr}N i P ] it,, l, .c,M2, G_'3, r._'_5, r.F_ p r.M7 # G_'B, G_'_, B2 _ RE'.,TW, GAMA # $ IGs MM

CCiMNO_'_IFe_II_T(IS')_TIMP(IS).TEMP(IS)wTEtIS)wTE| ( 15 ) ,,"tEE (1 5) ,,TE3 (1 5)
t eTf_-t(15) _TE 5{ _ =;1 _ TE_( t51 ,TF? (%%}

_CI_MON/FT/I] ( 1CI'J I' |5) i,V( _ {')I e | 5) j,T ( I n'_ e 15} eP( _ ['}] o l_'_ eRO(Iol w |5) .

|VIS(IOI,IS),H(InI,_5)pSF_tI_I_IS)eP_(ISI.VIST(IOIe]5)

CCI_'_}[-)NIFI_IBT I'101 _ ]5)oEl'lhA( _ 01 e 15),_N(|r_|, 15) _RI (I Ol _ 15)

CC)_,_{I_IFnlS!(101,1_I,SSI{I(II_1_;)_r_SItlOt,153_CURI(Int,15)

CDMH01_;IFt01THEC(IO| _ tc_) ,TMIFS(tqI e 1_),1V| ( I0| _ %5)_TV2( th|e 15)

C{_HMON/F_3tAII_ (1 [")1, 15,_)

[I(P_21NXMS} =_tt (_, 2_ _ t _IWCF_P,)tAIl1 t'P.,P_ t $NXM81

I_'{| I_I .I=(_RVG4T61_I.V{I , I I_:{Mt), 7NTI'I f_|) fTE(I lezl ))

'TF_( | l_| )-" ( ]'*'TE { 1 I_J1 1+TRY1 _ lfN1 ) )/(_,

Vf._# _.|K_X_| )=r)SVSCAT_{TF_(I ;r_| ),:[NT('| ;'NI )'l'V{_, I I%_u| ))

S HC_e_l I_i 1)=SH.C?_NIL_Ifll I)*_'.r4.'P__.*3)_CP_J%OIMI I )'_. _SH(2,_SPI_| | )

HCp_N1 1"I I)=SH(a,,N1 IHt. I')+CHCP._,_J1 _'1 1 )W,n](_eNll_tl)w_VC_w'ttll_? I )*VCEe

|NI lilt t))l_,

'T('p._I fS'l I):S_(P.NI I_11)/C.M1j

Pt"l('_ i, N | _ktl | ')=° (_N1 IM1 1 ) /r. Hq/SH ('_.._'J 1 fill t

RFTUR_

lEND
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APPENDIX C

SAKPLE INPUT

In this append{x, v%rious input _arsmeters are prescribed for the laminar

flow _,_'_sta sphere, cone. 'i'hefirst sampI,_ problem in-;e_tii,]ates the flow at

5° angle of attack by _isin_ the code given in appendix A. The second

problem investig,te _, the flow yzst a hy_,rbo]oid at zero angle of %ttack tj usin[_
the code 6[yen _n '_ppendix E.

input m_R_me_er NPODY is prescribed in the main program BBODY. The

rest of the par<t_:_eters are _rescribed either in BCON or BHYP depending
on whether NBODY = 1 or 2.

NBODY

CC

FM

TF

PF

ALPHA

TItC

TW

RN

DY

BETA

FDT

THESH

LMAX

LTURB

CRIT

= I

= .001

= 10.3

= 46.26

= 100.77

= .087266 (5°)

= .7954 (45 ° )

= 330.6

= .03175

= .185

: i.i

= 1.0

= .0349 (2 ° )

= 20000

= 25000

= .01

Input for Sample Rroblem L
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NBODY = P

CC = .O0 i

T!,' = hiS.['f3

PF = I00.77

I. ° ]'J J . )

7:4 = 3_0. _i

i_N = .oRIy5

::,7 = . [85

H,TL% = [. 1

F[)T = i . @

'Ti}(!'T;_!: = .O:;h9 (2 °)

_,,°:_I:,: = ;!000,)

:,TUR B = 25000

C[_/T = .O]

APPENDIX C (continued)

Input for Sample Prob]em 2
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APPENDIX D

SAMPLE OUTPUT

The sample outputs are given here for the two cases discussed in appendix C.

The code initially prints the body geometry parameters and complete starting

_olution. The shock shape, heating rates, surface pressures, skin friction,

etc., are printed after every 500 time steps. The detailed flow quantities are

printed after every 5000 time steps and after the solution is converged. Only

_ portion of the complete output is presented here which includes the body

qeometry paranteters, a sample of gross flow quantities and a _ple of de_ai!ed

flow quantities. Detailed flow quantities are given here only at one body

_tation although these quantities are printed at each body station in the

¢_mplete output.

r- f



'_m •0]/ i Ihi. B

'If, • . '] : L'_) TId: •

y. , .I 7 ,'< I, T',.-,

ya • "(Am." 1[ i. •

l" l*il, ],! Iii •

Y" ]..4 _'J Tri .-

Y" 1.'_'_ JCr ' IH_-

Y- ,:, _,t3!.' ;F_ _.

Y" ,;'• _.(" T't -

Y" , , v'. L <x T-t =

"1(" ,$77 ; ]14

"r- i,<, !,'_ 14 ,

¥" ],_ , . : ]H_.

'r- ?.)_;(.0 T _t -,

Y- 2o"2,.r u I t.-

Y" 2•_ ;C.b T_I:-

Output

.,L ;, LU

..;'(,)

,t,.i ..... rO

J.(: ! _v

,} : 4,1

,7. £:,.:

47 t_,c

• 7 ,4u

• / '-.0

./, '4J

1,2 :

.7 _.4 )

7 " "t

-_,; _,

7 .... , )

for Sample Problem

, • , f,lL ':L t; Jr" •

r • , -_b it2 Ctv-

i>_ ,-.!9, 2 C'._"

I.* i. CuTi,: tv_,

h- i• ,%, ?t (._ ,{.

u ,. ] , ),..'" _ t]:d _" -

_" " i. &[ %'lr I t t" _ _

, " ].?. _' 7] EL.-

, I,_31 _. _ . •

• - . :',:% # . I '- .

_' " ,', "_3 ( , ,<.

_z 1. G',L,I (-;,* -

_" i,_;'_ <:/ C''=

f'" ;.5 _,7J L.,,-

_',- 1.171>2 t','- •

_'" _.* g'..5 ! _. (Ill.

1

i, ( , '; U ._

l,t'( .-( i

1, (4;v< "_

i,(u_C,,

, Cll" ;: D'_

,(.C 0<<_

•(,_04:)

.( CO,J.

._CuL]

•C6CC,%

./CC[ 9

*( %_0 C'.,

,( Cr_',

]. , ( G. :_ ._ "

l.l t <+i_ _

I ,C L_ 0",

.t (,,.,

• (,C c.O:,

,( 5.0]

, ( ,_(lO:i

[,JST.AL[;IIG oli[ Y

• O_l I,t

• I _:.0(

• _7,. ( ',,

• T _(.,( (

1,2v: !'{,

1 • 4 _,t; l F

1.5£50c

l,d_OCC

2,_3_ ('.l ".

2.?/o,3n

2. ci') ".,t (

2. :,90ufl

_ _ ,1_'('(

e 3 71. I,.(*,

,555(*(,

, J'(,b( 0

.92bt(>

i.ll_.bC

1.29.['(

1.4£k_t ,'

1,6660('

l o d 51.,I ;,

?. 2_<,0"

ED[,'r WAblbS F"

ILDY k,_fslbS W-

6C,OY i,'Abtub k-

D[3('JY k.',C'IOS _--

L. fJDY i<_.llUS I-

t(D'l RAJ[Lb k"

L(:UY RA[IIUS _'"

Eld,_ _AOIUS i,-

_[,[J*l" _AOIIJ$ I''

LDb'l EAOIbS !,,-

[,(JDY RALIII._S *,'-

6GUY kAl.]_t_S V-

I'CDY KADILS I-

I-(:5¥ KADILS W-

EfiD_ _AblOS V-

.O'K ___ .6] _, ] '__1'+4

,')"_C3 .CI_'_',7 _'.

,.'_ i ,, ,''%/}472

.0,_( (,'* . rr:¥_ '. L '9 #:

• ; I,,l<; .<.g"_];:! 7

.3¢(. I . , "t_bboi't ]

. I.,.; '_ d . "..f _," ',0c4

-,0o(.,,,i ,C., g.3724

--. "_,l _ 3 •.]0 gg'._,(]fi

--.96t'L 3 .0{, 3'939',_

-.OU_;u3 - f'> 3.'_ ._ t c, c,

-,3COn,: . _'. ]_',ZI(,

.J:C<I .0,J35, r''4

,,0C0(.9 .Of _ _bZ! 3

• O)(,)l ,tdqlA's;'_,

-.9*.I,t,k .CI17_4ac

.0,: ,_G . v;,_:Ol £'r37

, 'IO'.,_ 3 ,u,377_ 731

• '3"_',1 q . Ct _',7? 7h 7

,O.Ot,I _ *( C 'hJ.9 ] _ 9

-.Oai!'_ .C_'b.71i _,

-. O0. t:,, :_ . L,t_D,523 ,_7

--.Or,'; "2 .C C',;9 ] Z53

-.d'.;' ' I .cr, 572_,_7

-. OOf'C ') . ('(_u) _ f " 7

--, i:. j 1 , t C_i JC /t_6

. b,'+i.( I .,[0(,3u714

Fi_t [SU_. bRAG- ].'_2657

F'_'[ 53 U,.:' :,P i_C,. 4. 733,':_

F: t4.4 _ _lJ_ _- '}_" _ O " 1.'jg 3t. 7

P'_i" q LLJ_ l OFAG- 1._'_37d

F_c 5bUR.- i._.2.C. L• :i' &¢

;;' _4 _ 5 '_ 'n _¢ I,K #- G _ ],d:.':, ?

FRI SSO_,. l,.i.:#.fi,- l, t:',;PJ

PI,,,SSL:,I_ bi4_.O- l, L.'$526

P'(i S SiLl," IJ#/G- i ,, LC:_ L2

Pg, _ _Od_ [,K i',G- z. J',,322

1: K_ 55l./ " 5K,t 6- i, _:L24

;'_I',lto,,i., i.;_i_O- i.O"l/2

P,_ibLUR,; bi_:6. 1,3"1%34

P K I-S.S Ui_ '. LR _r_= l, 07¢ 4, 3

PK; Sat_l, fll,i_G - 1,077t5

S_l;i FV>IEI IC'h

.O,.'?_+ ,,9q

.OIi:?V/

,_ 12.,t?C

.ux_t %3C.

• (vu'-,_ g Z &

,OO'/beb?

,OO4_,bO_,

.an4i2 tf-

.Ot'_gdtd

.(u3C,¢?, _,

• t,,.,'?,t 227

.Lu?_Lcq

•"-.O L ( 6 .i_ 5

•9¢7cUJI

• O (.6'-99 _.d

*Ubg_tL6

*O'Li4466b

*9043533

i IJ,.)4 c Ni6 _

.004747b

,('04Zb_b

*ALL P_.

.91,i2o

,64624

• ?Z?2")

.41gc9

._C)7,7

ID <t_{]l]

o<,. 1.,7

, ql :.:.q

*qd/I9

._,3 ,79

• _,',i /5

*64"_20
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