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USER'S GUIDE FOR THE COMPUTER CODE 'COLTS' FOR
CALCULATING THE COUPLED LAMINAR AND
TURBULENT FLOWS OVER A JOVIAN ENTRY PROBE

Ajéy Kumar* and Randolph A. Graves, Jr.**

SUMMARY

This report is a user's guide for a computer code 'COLTS' (Coupled
Laminar and Turbulent Solutions) which calculates the laminar and tur-
bulent hypersonic flows with radiation and coupled ablation injection
past a Jovian entry probe. Time-dependent viscous-shock-layer equations
are used to describe the flow field. These equations are solved by an
explicit, two-step, time-asymptotic finite-difference method. Eddy
viscosity in the turbulent flow is approximated by a two-layer model.

In all, 19 chemical species are used to describe the injection of carbon-
phenolic ablator in the hydrogen-helium gas mixture. The equilibrium
composition of the mixture is determined by a free-energy minimization
technique. A detailed frequency dependence of the absorption coefficient
for various species is considered to obtain the radiative flux.

The code is written for a CDC-CYBER-203 computer and is capable of
providing solutions for ablated probe shapes also. This report contains
descriptions of the input and output quantities and a brief outline of
how to use the code.

INTRODUCTION

The report is a user's guide for a computer code 'COLTS' which calcu-
lates the laminar and turbulent hypersonic flows with radiation and coupled
ablation injection past a Jovian entry probe. Time-dependent viscous-shock-
layer-type equations are used to describe the flow field bounded by the body,
the shock wave, and the outflow boundary as shown in figure 1. A time-asymp-
totic, finite-difference method is used to solve the governing equations.

The details of the governing equations and the method of solution are given
in reference 1.

The code is written in Control Data CYBER-203 FORTRAN language 1.4
(an extension of ANSI FORTRAN for the Control Data CYBER-203 computer).
The program listing is given in appendix A. It includes turbulence,
nongray radiative transport, and coupled ablation injection of carbon
phenolic into the Hp - He gas mixture. In all, 19 chemical species
are considered. These species are H, H, H*, He, Het, e, C, C2, C3,
ct, CoH, C3H, C4H, CpHp, 0, 02, OF, CO, and CO5.

*
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Card Symbolic

Description
Number . Name

12 LTURB LTURB = 0 for turbulent flow and LTURB = 1
for laminar flow

13 NT Number of mesh point along the body surface

' up to which the flow remains laminar. Flow
becomes fully turbulent at NT + 1.

14 FTURB The fraction of the difference of the new and
o0ld eddy viscosities which is added to the old
eddy viscosity.

15 LR The number of time steps after which the
radiation package is qalled.

16 FMASS After calculating the radiative fluxes, new
surface mass fluxes are obtained. FMASS
represents the fraction of the difference of
the new and old mass fluxes which is added to
the old mass fluxes.

% .

17 LFI The number of permanent input file from which
the solution of previous run is to be read to
start the current run.

%

18 LFO The number of permanent output file on which
the current solution is stored after LMAX
time steps.

19 VF - Free-stream velocity in m/sec

20 ROF Free-stream density in Kg/m3

21 TF Free~stream temperature in K

22 RN Body nose radius in m

23 RE Free-stream Reynolds number based on nose radius

24 THC Half body angle in radians

25 ™ Body surface temperature in K

*

Four permanent files are defined on the Program Card.
These are: Unit 10 = Blunt 1, Unit 11 = Blunt 2, Unit 12 = Blunt 3,

and Unit 13 = Blunt 4.

10, 11, 12; or 13.

LFI and LFO can be any unit number i.e. either




Card " Symbolic Description
Number Name

26 N1 Number of mesh points in tangential direction
27 M1 Number of mesh points in normal direction

28 NJ Number of mesh spacings between the stagnation
- point and sphere-cone juncture point

29 DY Mesh spacing in tangential direction. This is
obtained by dividing the distance between the
stagnation point and the juncture point by NJ.
Card 28 is set for a sphere-cone but for an
ablated probe, DY has to be suitably defined.

30 YB ' Distance of a mesh point on the probe's surface
from the stagnation point

31-40 . - These cards calculate local body angle THE,
local body curvature CUR, and local distance
of a point on the body from the axis of
symmetry R. The cards are set for a sphere
cone but for an ablated probe, the values of
THE, CUR, and R have to be suitably prescribed
at all the mesh points on the probe's surface.

41 CURNJ1 Curvature at the juncture point when the
juncture point is considered on the
spherical cap. '

42-47 CcC . Artificial damping coefficient. It is described
by card 42 for the laminar flow and by cards
44 to 47 for turbulent flow.

48-61 TMASS1 Arbitrary surface mass flux initially prescribed
on the surface mesh points.
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" PROGRAM OUTPUT

This section describes the main quantities printed by the code. The
code prints gross flow quantities after every 500 time steps. These
quantities are: .

W

(11)
(iii)

(iv)

V)

(vi)
(vii)

(viii)

Distance along the body surface from the stagnation point
nondimensionalized with nose radius, Rn

Shock standoff distance nondimensionalized with Rh
[+

Shock speed nondimensionalized with free-stream velocity, V .

Heat transferred to the surface due to diffusion nondimensionalized
with pwvglz where p_ is the free-stream density-

Heat transferred to the surface due to diffusion and conduction
nondimensionalized with pmV2/2

Skin-friction coefficient nondimensionalized with pwvg/z

Surface pressure nondimensionalized with pwvi

Radiative heat transferred to the surface nondimensionalized with .
pmvglz. This is the net radiative heat transfer. To calculate

the radiative heat transfer toward the wall, the radiation emitted
by-the surface should be added to the net value.

The code prints detailed flow quantities at each grid point after every

LW time step.

These quantities are:

ZN Distance normal to body nondimensionalized with R.n

U Tangential velocity nondimensionalized'with v

co

V Normal velocity nondimensionalized with V

P Pressure nondimensionalized with pmvg

RO Density nondimensionalized with op_ .

T Temperature nondimensionalized with T,

H Total enthalpy nondimensionalized with Vg

SH Static enthalpy nondimensionalized with Vi

HI Nondimensional static enthalpy as obtained from the Chemistry package.
It is equal to ZC hi where Ci" is the mass fraction of species i
and hi is the'en%halpy of species 1




. 9C.
PC Nondimensional chemical diffusion term Zhi Sﬁl where n is the
normal distance

VIST Eddy viscosity nondimensionalized with laminar viscosity

QFXR Radiative flux nondimensionalized with p_ V3

In addition, the radiation package prints some quantities including the
net radiative flux in watts/cmZ at every other grid point in the normal
direction and at every grid point in the tangential direction. Whenever new
radiative fluxes are obtained, calculations are also made for new surface
mass fluxes. The code prints the sublimation temperature nondimensionalized
with T, and old and new surface mass fluxes nondimensionalized with PV,

For the turbulent flow, the eddy viscosity is updated after every 25
time steps. Each time the eddy viscosity is calculated, the code prints
the boundary layer and displacement thicknesses at each grid point along
the surface except the first grid point.

GENERAL REMARKS

The code COLTS has worked satisfactorily for various Jovian entry
conditions and the results have been reported in reference 1. Since the current
solution procedure is an explicit, time-asymptotic, finite-difference method
which requires artificial numerical damping, it is possible that the solution
may develop oscillations for certain free-stream conditions and the code may
eventually fail. An adjustment in the value of the artificial damping
coefficient, CC, may be necessary to damp these oscillations. For certain
other conditions, a change in marching time step may be required which is
achieved by changing the value of FDT. Since the code typically requires
about 100 minutes to obtain the complete solution for a given entry condition,
it 'is suggested that the solution procedure be progressed in pieces. After
every few thousand iterations, the intermediate solution should be checked
and necessary adjustments should be made before going further. There is no
fixed convergence criterion prescribed in the code. Whenever the changes
in the old and new surface mass fluxes are not significant, the solution is
assumed to be converged.

As an example, the following solution procedure was used to obtain the
coupled laminar and turbulent solutions for a given set of entry conditions.
In all, nine runs were made with the code. 1In each run, LMAX, LW,and IPR
were set equal to 4000, 2000,and 1, respectively. Other parameters were
as follows:

(1) LTURB = 1 (for laminar flow); FDT = 1.0, FMASS = 0., LR = 2000,
ILT = 0, LFI = 10,.and LFO = 10

(1) LTURB = 1, FDT = 1.0, FMASS = 0., LR = 2000, ILT = 1,
LFI = 10, and LFO = 11




g

(iii) LTURB = 1, FDT = 1.0, FMASS = 0.1, LR = 2000, ILT = 2,
LFI = 11, and LFO = 11 ,

(iv) No change in parameters
(v). No change in parameters.

(vi) LTURB = 0 (for turbulent flow), FDT = 0.75, FMASS = 1.0, LR =2000,
. ILT = 2, LFI = 11, LFO = 12, NT = 1, and FTURB = 0.0l

(vii) LIURB = 0, FDT = 0.25, FMASS = 1.0, LR = 1000, ILT = 2, LFI.
LFO = 12, NT = 1, and FTURB = 0.0l

12,

(viii) No bhange in parameters
(iv) No change in parameters

After the last run, the changes in radiative heat fluxes and surface
mass fluxes were found to be very small and the solution was assumed to be
converged. 1In all, the solution was marched by 36,000 time steps with
chemistry package called after every 200 time steps and radiation package
called after every 1000 or 2000 time steps. The complete solution required
about 6000 seconds on CDC-CYBER-203 computer.
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APPENDIX A

LISTING FOR CODE 'COLTS'




PRNGRAM COLTS(INPUTsNHTPUTTAPFS=INPUT,TAPF&=NITPUTLUNITIO= RLUNTI.
TUNITI1=BLUNT2,IINIT12=BLUNT2,UNIT13=BLUNTS)

NIMENSION CC(101,14) ,

NIMENSION VIST1(101,14),DVIST(101,14)

NIMEMSION TI1(101414),HI1{(101,14),DNTMASS(14) ’

NDIMENSINN TCH(14),DHI(101,14),DTI(101,14),RI53(101, 14)

NDIMENSION TE12(14)4,CHFK(14)4CHDIF(14)

NDIMENSION YB(14),R(14)4TEMPL(14),TEMP2(101),2(101),
ITZ(101) s TZ1(101)4GM(T)4DT(101414)4A152(101,14,7)

NDIMENSTION TAU(1447) o TAM(14,7) s TANLI(14,7) ,TAN2(14, 7).TAO(14 1)
1TAaUl(14, 7),CF(IA),TF8(14),TF9(14).CR(14)
COMMON/F1/N14N144,NSO4N52 ,M14M11,M50,NJ4NJ1
CnMMnN/FZ/MXM,NXMI.NXM3.NXM4,NXM5.NXM8,MXMZ,NXMM

COMMON/F3/B2 ¢REsTW ¢MMyXX ¢ ZZ yFMyBFTAGRNGFL yFLToJJoNY
COMMON/FS5/S(14)4SS(14), G(14)3CUR(14)4UUS(14)4NS(14)4UN(14),VS(14)
COMMON/F6/INT(14) s THE(14) 4 TIMP(14) ¢TEMP(14)4TE(14),TF1(14),TE2(14)
1,TE3(14)3TR4(14),TES5(14),TF6(14)4TFT7(14)
COMMON/F7/U(101414),V(101,14)4,RN{101,14),H(101, 14),PC(101 14)
COMMON/CHEQA1/SH(101,164)4T(101,14),P(101,14),WMIX(101,14),
1CL(101,14,5)

COMMON/TRANS/VIS(101414)4TK(14)4SIG(101,14)
COMMDN/FelBT(101v14),EMDA(101,14),ZN(101914),91(101.14)
COMMON/F9/S1(101,14),SS1(101+14),DS1(101414),CURL(101,14)
COMMON/F10/THFC(101,414) 3 THFS(101414),TV1(101,14),TV2(101,14)
CﬂMMDN/Fll/DU(101114)9DSH(101914)9A6(lOlyl4)vA3(101914)
COMMDN/F12/TZ2(101414)4210101,14),T73(101414).,T724(101, 14)
COMMON/F13/AUL(10141447)4THF1(101,14), THE2(101,14),VAIR(101,14),NC
1L0101414493)3A(10141447)43AM(101414,7),AN(101,14, T)sA0(101,14,7)
COMMON/F15/AMN(1N]142,7)
COMMON/F16/HINF,REL\RF2,SIGT,VIST({101,14)
COMMON/F17/XH24XHE 3 ALH o ALHF ¢ AMHy TF4ROF 4 VF4VISF4SHF, PF
COMMON/F19/TE11{14),C12,PW{14),FOCNNS,FOCH(101,14)
COMMON/F21/A9(101414)4,A10(101414),A13(101414)4,AA1(101.14),AA2(101,
114)

COMMON/F23/0FXR(101,14)

CNMMON/CHEQN/ME ¢ NS g NA 4NN
COMMNN/CHFOD/FNRT(101,14,19),Y(101, 19),X(101,19),YRAR(101)
COMMON/CHEQC/MW(19),SYMB(19),AA(19, 5) sMWFL(5),A0A(101,19.5)
COMMON/CHFOF/YI1(1014,14,19)
CnMMnN/CHEQAZ/EH(101,14,19),M0LFF(101114,19)
COMMON/CHFQH3/CPI2(101,14,419) :
COMMON/ITER/HI(101414),WMIX1(101,14)
COMMON/F30/TMASS1(14),TMASS(14)

COMMON/F45/CH(14) ,TW1(14)

BIT RIG

REAL MW, MWEL ,MDIFF

10
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COMSTANTS AND FREESTRFAM CONDITIONS
MOLFF{l14141326866)=0, ‘
CPI2(141,1:26866)=0,
EH(14+1,1:26866)=0,
VIST(1l,131414)=0,
OFXR(1s.121414)=0,
WMIX(1,1:1414)=0,
SIG(1,121414)=0,
HI{l,131414)=0,
RO(1,151414)=0,
PC(1l,131414)=0.
H(l,151414)=0,
NCL{1,1,134242)=0.
NVIST(1,131414)=0,
TMASS1(1:14)=0.
TMASS(12:14)=0,
NTMASS(1:14)=0.
CH{1:14)=0.
TK(1:14)=0.
PI=4,%ATAN(1,.)
GAMA=],424
RGAS=3616.9
CPA=GAMA*RGAS/ (GAMA-1,)
FL=1.1
FLT=1,
S16T=.9
XH2=.,895
XHE=,1056
RETA=1,05
ILT=0,1y OR 2, ILT=0 FOR FIRST RUN, ILT=1 FOR SFECOMD RUN, AND
ILT=2 FNR SUBSEQUENT RIINS,
ILT=0 ‘ '
FNR IPR=0, THE LAMINMAR PRANNTL MUMBER VARTIES AS CALCULATFD BY THE
FQUILIBRIUM CHEMISTRY PACHAGE. FOR IPR=1, IT IS SFT EQUAL TN 0,64
IPR=1 . v
FNT=1,
LMAX=4000
LW=2000 o ' ) .
FOR LAMINAR FLOW, LTURB=1l. FOR TURRULENT FLOW, LTURR=0
LTURB=1 '

NT=1" : -

FTURR=.01
LR=2000 . |

T "FM—ASS=O.« ?::,'.»‘ A Tt e T . Slee a1 em s PN S
TLRI=10 T : o

LEN=10

11

(1)
(2)
(3)
(a)
(5)
(&)

(7)

(7)
(9)
(10)
(11)

(12)
(13)
{14)
(1%8)

LAY

(17)
(18)
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10

14
13

VF=33100,

ROF=9,17237E-4

TF=14R,

RN=,344

RE=1.6023F6

THC=44,25%P1/180,

TW=4070,

PF=ROF%TF*RGAS

FM=VF/{GAMAXRGAS:TF ) %%, 5

SHF=CPA%*TF/VF/VF )

PF=PF/ROF/VF#k2

VISF=VF*ROF*RN/RF

TW=TW/TF

N1=164

M1=101

NJ=5

NJ1=NJ+1

NJ2=NJ-1

NJ3=NJ1+1

A1=PI/2.-THC

DY=A1/NJ

YB({1:N1)=QRVINTL{O.,DYIYB(13:N1))
NO 10 N=1,N1
IF(YB(N).GT.ALIGO TN 11

THF(N)=PI/2.-YB(N)

CUR(N)Y=1,. . N S

R(N)= COS(THF(N))

Gn TN 10

THE(N)=THC

CUR(NY=0,

R{N}= COS(THC)+(YB(N) Al)*SIN(THC)
CONTINUE

"CURNJI=CUR(NJ1)

CUR(NJY)=0,

ARTIFICIAL DAMPING CNEFFICIENT.
CC{1l.1:N1%M1)=,002

IF(LTURB.FQ.1)GO TN 13

CC(1,13M1)=,00015

NO 14 N=2,N1

MZY=N-1
CC(14N3sML)=CC(L,NZY ML)+, 000025+NZY%,000015
CONTINUE

IF(ILT.NF.1)GO TO 15

INITIAL SURFACFE MASS FLUX ARBITRARIIY PRFSCRIBFD ALONG THF SURFACF,

TMASS1(1)=.55
TMASS1(?2)=.52%

12 e

(19)
(20}
(21)
(22)
(?3)
(24)
(25)

{26)
(27)
(28)

(”9)
(20)
(31)
(32)
(33)
(34)
(25)
({3A)
(37)
{3R)
{39)
{40)
(41)

{(42)
(43)
{ads)
(45)
{(&hAY)
(£7)

(489)
(49)
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TMASS1(3)=.465
TMASS1(4)=,37R
TMASS1(5)=.250
TMASS1(6)=4162
TMASS1(7)=,120
TMASS1(8)=.,090
TMASS1(9)=.085
TMASS1(10)=.078
TMASS1(11)=.075
TMASS1(12)=,071
TMASS1(13)=,069
TMASS1(14)=,067

DTMASS(1:N1)=TMASS1I(13:N1)/LR

CONTINUE
ALH=2 ,kXH2
ALHE=XHF

AMH=1 ,008%AILH+4 ., 003%ALHE

C12=16.61962/R0OF%%,0258/VF*%,048
C13=4,595378F=04%R0OF4%*,0222038%VF%x1l,362852/TF

GM(1)=1,
GM(2)=-1.
GM(3)=1,
GM(4)=1,
GM(5)=1.
GM(6)=1,
GM(T7)=1.

GM3=CPA%TF/VF/VF

HINF=0.995%(.5+GM3)

RE1=SORT(RF)
RFE2=,0168%RE

MESH SIZES AND VEC

N14=N1-1
N50=N1-2
NB2=N1-3
M1l=M1-1
M50=M]=~2
M51=M1~-3
M52=M]=4
NXM=N13:M1
NXMI=NXM=-M11
NXMZ2=NXM=-1
NXM3=NXM=2

TNXM&=NXM=M]

NXME=NXM=M1-1
MXME=NXM=2%M] -2

NXM7=NXM=3::M]+1

TNR LENGTHS

13

(50)
(51)
(52)
(53)
(54)
(55)
{56)
(57)
(5R)
{(59)
(A0)
{(61)
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NXMB=NXM-2%M]-1
NXMO=NXM=43xM] +1
NXM10=T3xNXM
NXMM=NXM=23xM] +1
NXMM2=NXM=25M] =4
NXMMI3=NXM=4xM] =2
CALL RFAD
FOCNNS=8314,9:TF/VF/VF
CONST=ROFxVEFX%2/1,01325F+05
RTF=1./TF
RCONST=1./CONST
CVISF=,1/VISF
CVF2=1./VF/VF
CNNST1=VF#*x2/4184,
RCOANST1=1./CONSTI1
STFP SIZES
NZ==-1./M11
YM=DNYxN14
XX=2 %NDY
12=2.%DL
IF(ILT.NF,0)GN TO 795
INITIAL GUESS OF FLEMENTAL CONCFNTRATIANS, ELFMENTS ARE IN THF
NRNFR OF FeHyHF,C 40,
CL{lelelsNXM)=1,F~10
CL{1e143:NXM)=XHF%4,003/AMH
CL(1y146iNXM)=5,F=6
CL{1,145:NXM)=5,E=-5h
CL(1gle2tNXM)I=1o=(CL{1slolsNXMI+CL (11 43sNXMI+CL(1s144INXM)+
].CL(].Q].OS.ZNXM)) ) .
S{1:N1)=,125
SS(1:N1)=0,.
NS(1:N1)=0
CONTINUF
IF(ILT.FO.0)GN TO K65
ND 800 M=1,N1
READ(LFTI +610)S{N) 4TMASS(N) 4NS{N)+SSIN),CHIN)
READ(LFI 3690)(U(MyN) 3VIMGN) gP(MgN) ¢ TIMeN) ¢RO(MyM) g SH{MN) yH(M N),
IVIS{M,N) VIST{M,N) M=1,M1)
REAND(LFT o660 (YTI1(MeNgl) o YIT(MeNG2)aYII(MyNyA)gYTL(MyNy&)YTIT(M,N
1¢5) e YTL1(MoNoB) gWMIX(MeN) gM=1,M1)
READ(LFT ¢660) (YIT(MgNg7)oYTLI(MgNgR) 3 YILI{M4Ng9), YTL{M,N,10), YT1(M,
INe11) o YTII (Mg N,12)eOFXR{MGN)4M=1,M1)
READ(LFI,ééO)(YIl(M,N,IB)'YII(M-NqIA),YII(M,N,lﬁ)-YII(M.N-IA).
IYTL(MeNGLIT) g YTI(MyNy18) YI1{MyN,19),4,M=1,4M1)
READ(LFI4660)(CLIMyNg1)gCLIMING2)4CLIM4NG3),CLIMyN,4)CLIMyN,5),
1IFOCH(MyN) 4PC{MyN) 4M=1,M1)

1y




_ WRITF(64+805)TMASS(N)
{200 CONTINUF

805 FORMAT(/,10X,"MASS FLHX-'.FIS 4)
WMIX1(1l,13sNXM)=0,
on 850 I=1,NS

R50 WMIXL1(1e1sNXM)=WMIX1(1e13sNXMI+YT1(1y1e]2NXM)

- DN R60 I=1,NS

840 MOLFF(lel,TeNXMI=YI1(1,1,12 NXM)/WMIXI(I I:NXM)

*R65  GCONTINUF
NO 20 N=1,N1
VS{N)=COS(THE(N))

20 VN{(N)==SIN(THFE(N))

Z(1:M1)=0RVINTL(14a,NZ2Z(12M1))
NN 35 N=1,NM1 )
S1(1,NSML)=S(N)
NS1(1+NsM1)=DS(N)
SS1(14N:tM1)=SS(N)
CURLI(14M:M1)=ClR{N)
R1{1,NsM1)=R(N)

35 THF1(1,N$M1)=THE(N)
THEC(1,413NXM)=VCOS(THEL(1,1SNXM)ITHEC (141 2NXM))
THES(1,13NXM)=VSIN(THFL(141 sNXM)ITHES(1,13NXM))
INT{1sNL)=0Q8VINTL (14M1I3INT(L1:N1))

ROUNDARY AND INITIAL CONDRITIONS

IF(ILT.NEL.QO)GN TO 55

TE(LIN1)=VSIN(THE(1sNL)ITFE(12:N1))
TE(13NL)=VF:,001%=TE(1NL)Y*{1,+, 7467“(1.-XH?)) .

TE1(1:N1)=5, 6611-.52661*TF(1 N1)+.020376%TE(13IN1 )%k 2-.00037RA]“

) 1TF(1 Nl)s*3+ 0000034265 cTE(13ML )3k 4—.00000001??06*TF(1 Nl)%*

TETITIND)STEL(1EM1 )=, 3167%(1o=XH2) .
TE2(1:N1)==-545,37+61.608%TF(13iN1)=-2.2450xTF(1 M1 )2%24,039922=xTH( 12 -
IM1 ) %%3—200035148%TE(LsNL)*44+,0000012361%TF(13N1)%%k5
TE2(L1:N1)=TE2(1:NL)+61,2%(]1,~XH2)

TEL11(1sN1)=TE1(1:N1)C12

TEI2(1:N1)=TE2(1:N1)%C13 ' ’ -

N0 40 N=1,4N1 .

40 TEMP(N)=SIN(THE(N) )ax2%( ,95+,05% (N=-1) /N1)
P{l,1:NXM)=08VSCATR(TEMP(1:N] ),INT(L1INL )IP(1,13NXM))
TEMP (1:N1)=0. '

(1,1 INXM)=Q8VSCATR{TEMP(L1iNY ) ¢IMT(L1NY DsU(1,12INXM))
V(141INXM)=0RVSCATR(TEMP(1INL J,INT(LINML JsV(1ls13NMXM))
TEMP(1:sN1)=TW

Tl LINXM)=QRVSCATR(TEMP(1:N1 )L INT(1:N1 I:T(1,1:NYM))
TEMP(1:N1)=VS(1:N1)

(M1 41NXML)}=08VSCATR(TEMP(13N1 )oINT(1:M1 )SU(ML,1sNXM1))
TEL(1:iN1)=.5-TF11(1:N1) ' :



45

50

51

55

TE2(L1iMI)=TFLI(1INL)/VUN(LINL)*(PF+VN(1IN])%*%2)
TE3(1IN1)==(e5%*VN(13N1)*%2+SHF)
TE4(L1INL)=TE2(13N1)%%2=4 %TEL1(LsNL)XTE3(13IN1)
TE4(1iN1)=VSQRT(TFE4(LiN1)iTF4(13N1)) :
TEMPL(1INL)=(=TE2(13iN1)~TE4(13iN1))/2./TFL(1: Nl)

V(M1,13sNXM1)=0RVSCATRITEMPLI{1:NL ) 4INT(LINT )3V(Ml,13NXM1))

TFMP(13N1)=PF+VN(13iN1)*%2=VN({13IM1)*TFMP1(13N1)

P(M1,1:NXM1)=08VYSCATR(TEMP(L1sNL )oINT(13N1 )P (MLl,13NXM1))

T(Ml,1)=108,
T(M1,2)=105.
NN 45 N=3,N1
T(M1,N)=102,
TFMP(13N1)==TR3(1:N1)-.5%TEMP1(1:N1)%x2

SH(M1,1:NXMY)=0Q8VSCATR(TEMP(1iN1)4INT(13N1)ISH(ML,1: NXMI))

NN 50 N=1,N1
DXU-(H(Ml N)=U(1.N))/M11

NDXV=(V(MI,N)=V(1,N))/M11

NXP=(P (ML ,N)=P(1,N))/M]11

NXT=(T(M14,N)=T(14N))/M11

UCLsNIMLIL)=08VINTL{U(L4N) DXUTU(14N2M11))
VI1.NIMI1)=08VINTL(V(1yN)DXVIV(1,NIM11))
P(lyNIMLI1)}=08VINTL(P(1,N)4DXP3P{1,N2M11))
T(LlyNSMII)I=08BVINTL(T(I+M)oNXTT(1sNIM11))

L=0

PW{1:N1l )=0QRVGATHR(P(2+s13NXML1),INT{IsNI)SPW(L1INL))

P{1+1:NXML1)=QRVYSCATR( PW(L1:N1l )oINT(1:N1)3P(1l,13NXML))
Tl LINXM)=T (141 SNXM)%TF '
P{lylsNXM)=P (1,1 3NXM) CnNST

CALL THERMD

NN 51 N=1,N1

CALL CHEQ(O.NyM1,L)
. CALL CHEM(O0)

P(lyliNXM)=P(1,13NXM)*RCNNST
TIL(141sNXM)=T(1,412sNXM)

TULe1INXM)=T(1e1iNXM)®RTF

NN 52 N=1,N1

SH{1,N)=HI(1,N)%RCONST1
RO(LN)I=PW(N)AWMIX(14M)/FQACANS/TW. -

DXSH={SH{M1 yN)=SH({1,M))/M11
SH{1¢NIMI1)=08VINTL(SH({1,4N),DXSHISH({1,N3M11))
CONTINUF

Rl1=(RFTA+1,)/(BFTA-1.)

R2=2.%BFTA/ALNG(B1) -

TZ(1:ML)I=Blax{72(1:M1))
TZ1(1:iML)=BETAR{TZ(1tM1)=1.)/(TZ(1:ML}+1,)

NN 30 N=1,N1




)

30

399

700

710

711

Z1(1,N:ML)=TZ21(1:M1)

ZN{L1,13NXM)=S1(1,13 NXM)*(I.'71(1 1 NXM) )
FMDA(1 s 13NXM)=1,+ZN(1e13NXM)XCURLI (191 NXM)
BT(141INXM)=RI(141sNXM)+ZN(1,13NXM)XTHEC(1+13NXM)
TZ2(141:NXM)=BETAXBETA=Z1 (141 3NXM)%Z1 (1,12 NXM)
TZ3(141NXM)=2,%Z1(1413NXM)/TZ2(1 41 NXM)
TZ4(1,1NXM)=R2/TZ2(1,13NXM)
AUL(L41413NXMIO)=1,

AU2(1,41412:NXM10)=1,

TEB8(1:N1)=1,

TES{1:N1)=0

WRITE (64399) ALPHALRE,FM

FORMAT (/91X o " ALPHAY 4 FB.545Xy 'REYNM NO.'sF15.3+5X, 'MACH NO.*

L=1
IF(L.EQ.1)G0 TO 3
CONTINUE

=L/200
LL=LL*200
IF(LL.NE.L)GO TN 2
CONTINUE
SHE1,13NXM)=SH{1,L3NXM)% CONSTI
TOly1iNXM)=T(1,1NXM)*TF
P{1,13NXM)=P(1,13NXM)% CONST
CALL THFRMO
CRIT=1.F=7
KTEST=0
PO 700 JF=1,N1 ,
CALL CHEO(KTEST+JFyMl4L,CRIT)
CALL CHFM(KTEST)
TIL(1,13NXM)=T(1,13NXM)

THIT(1,13NXM)=HI(1,1:NXM)

TOl1a1iNXM)=1,02%T(1,13NXM)

TWD=TW=TF

T(ls1iNXML)=QRVSCATR(TWNLINT(1 Ml).T(l.l NXM1))
CALL THERMD

DN 710 JF=1,N1

CALL CHEO(I'JF.MliLvCRIT)

CALL CHFM(1)

NN 711 N=1,N1

SH{L1,N)=HTI (1,N)

TCH{1:IN1)=0.

LCHFM=0 :

CONTINUF

LCHFEM=LCHFM+1

TVICIy 1INXM)=(HI (Lol sNXM)=SH( 1,1z NXM))/SH{1,12NXM)
TV1(1,13NXM) -VAHS(TVI(I 1: NXM).TVI(I 1iINXM))

+FR,3)
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725

1

720

730
716

745

2010
2000

NO 725 N=1,N1
TFR=0RSGF(TV1(1,N3M1),.01)

IF(IER,NF.M1)GO TN 725

TCH(N) =1,

CONTINUE

TI=0RSNF(TCH(1:N1),1.)

IF(I1.FO.N1)GO TO 716
PDHI(1,13NXM)=HT1(1,1sNXM)=HI(1,15NXM)
DTI(Ly1ENXM)=TITI(1413sNXM)=T(1,13NXM)
RIG(141sNXM)=TVI(1,13NXM).LE,,.01 .
DHI(1,13NXM)=08VCTRLIL14yBIGI1,13NXM)DHT(1413NXM))
NTI(1,1:NXM)= ORVCTRI(O.,BIG(I,I NXM) 3 DTI(l-l.NXM))
TV1(1413NXM)=T(1,1:NXM)

TV2({141:sNXM)=HI(1,1:NXM)

TOLoLSNXM)=T(1413sNXM)+DTI (141 sNXM)3%(SH(1 413 NXM)-HI(I'I NXM) )/
NHI(1,13NXM)

TI1(1,13NXM)=TV1(1,13NXM)

HI1(1,1:NXM)=TV2(1,13NXM)

CALL THERMO

NN 720 JF=1,N1

IF(TCH(JF) JFD,.1,)G0 TN 720

CALL CHFO(1,JF4M1,I_4CRIT)

CONTINUE

CALL CHEM(1)

IF(LCHEM,LF.50)G0 TO 715

WRITF(6,730)L

STOP

FORMAT(//,9X, 'ND. OF ITERATIONS IN CHEMISTRY EXCFED 50 FOR L=1,
CONTINUE '

NN 745 TI=1,NS

FART RFPRESENTS MASS FRACTIONS

FORT(1414ISNXM)=MOIFF(1, 1,1 NXM) MW T)/WMIX(1,135NXM)
FH{ly14IINXM)=FH({1,1,1 NXM)*&184 /MN(I)#CVFZ
TV1(1,13NXM)==Z7%S1 (1.1 NXM)*TZZ(I.I NXM) /B2 .
PC(ly]lasNXM)Y=0,

no 2000 1=1,NS

TV2(2,13iNXM3)=(FORT(3,1,13 NXM%)-FORT(lvl I NXM%))/TVI(? 13NXM3)
NO 2010 N=1,N1

XX1=TV1(1,N) _
TV2(1eN)=(4o%FORT(24Ny 1) =3 %FNRT(1,N,I)=FNRT(3,N4sT))/¥X1
XX2=TV1(M1,N)

TV2(ML o N)== (4 FORTIMILyN¢ I ) =3 %FART (M1 4Ny [)=FORT(ME0,NoT) ) /XX2
CONTINUE

PCI1o1iNXM)=PT(LolsNXM)+EH( 1,1, TsNXM)5ETV2 (1,12 NXM)

CALL TP :
SH1,13NXM)=SH(1,1:NXM)=RCONST]
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24

25

HI{1,13NXM)=HTI(1,1:NXM)%XRCONST1

T{1,13NXM)=T (141 tNXM)%RTF

P(ly1sNXM)=P(1,13NXM)*RCONST
VIS(1,1:NXM)Y=VIS(1,41NMXM)%=CVISF

TK(1iN1)=41R ,4348::TK(13N1)

IF(ILT.FOLOLANDLLLFQ,1IGO TN 24
NHI(1+1:NXM)=FQCH{1,13INXM)
FOQCH(141SNXM)=SH{1,1sNXM)%:WMIX(1,12 NXM)/FOCONS/T(I 13 NXM)
DTI(1413NXMI=(FQCH{L1,1sNXMI=DHTI(1413NXM)) /200, -
FOCH(1+13sNXM)=DHI(1,12NXM)

GO 7O 25

CONTINUFE

FOCH(141:NXM)=SH{1,13 NXM)*wMIX(lol NXM)/FQCUNS/T(I.I NXM ).
RO(141INXM)=FOCH(141sNXM)I%P(1413NXM)/SH(1,13NXM)

H{l o 1eNXMI=SH{ T o LSNXMIF(U( Lo TINXMIRU(L1 9y IINXMI+V(1,1sNXM)EV(],15NXM

1))/2.

NTI{l,.13NXM)=0,
CONTINUE
IF(IPR,FO, 1)§IG(1 1:MXM)=0,.64
CNMNTINUF
FOCH(1+13NXM)=FQOCH(1,13 NXM)+”TI(191 NXM)
IF(ILT.FN.0)GNA TN 8
IF(LTURB,.FO, I)Gn T 9
lL L/25
=LL*25
IF(LL.NF.L)GO TO 4 ]
VISTI(1e1INXM)=VIST(1l,s13NXM)
CALL DERYV
CALL EDDY(NT)
NDVIST(141iNXM)I=FTURBHR{VIST(1,1sNXM)=VIST1(1,13NXM))/25,
VIST(1,1:NXM)=VIST1{1,413iNXM)
CONTINUF
VIST(1,1:NXM)= VIQT(lvloNXM)+DVIST(111 NXM)
CONTINtE
IF(L.LT. LR.AND.ILT.EO.I)Gm TO 12
IF(L.FOLL)IGO TN 5
LL=L/LR
Li=LL=LR
IF(LL.NELL)IGD TN 6
CONTINHE

PLLls1INXM)=P {141 INXM)*CONST

TII141INXM)=T(1413NXM)RTF .
TVI(1,1sNXM)=ZN(1,15NXM) /S1{1 41 2NXM)
S(13N1)=S(1:N1)*RNx100.

IF(L.FO.1)GO TN 7

DA 5000 JF=1,N1
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CALL ATRAD(JF)

5000 CONTINUF

ODRV3F=1.E4/ (ROF®VFX#*3) _
AFXR(141INXM)==0OFXR(1,13NXM)=0ORV3IF

CONTINUF
CALL SUBLIM(N1,NXM1,VF,R0OF)
NTMASS(13iN1)=FMASS#*(TMASS1(1:N1)=TMASS(1:N1)) /500,
TW1I(1INL)=TWI(1:N1)*RTF
WRITF(A41500)(TWL(N) 3 TMASS(N) 4 TMASS1(N)N=1,N1)

1500  FORMAT(/ ¢ '"WAILLL TEMP .= 4F15.642X,'0LD MASS FLIIX=1,F15.,h42X,

70

L1I'NFW MASS FLUX=',F15.6)

P{ly13NXM)=P (1,1 sNXM)KXRCONST
- TU141INXM)=T(1,1:NXM)*RTF

S{LI:NT)=S(1INI)I/Z(100,%RN)

LM=0

CONTINUF

LM=M+1

IF(LM.GT.500)GN TO 8

TMASS({1:N1)=DTMASS({1:N1)+TMASS(1:NT)

CONTINUF

MM=1

VATR(141:NXM2)=GAMA%P (1,1 3NMXM2)/RN(1,1NXM2)

VAIR(1,413NXM2)=VSQRT(VAIR(1,41:NXM2)}IVAIR(1,13NXM2)) :

DT(LsLINXM2)=FNTH(ZN(2431INXM2)=ZN( 141 3NXM2) )/ (VARS(V (1,1 3NXM2) 2
LTHE2(1413NXM2) ) +VAIR(1,135NMXM2))

TIMP(1:N1 )=QRVGATHR(NT(M11,1sNXML) o IMT(1sNL JSTIMP(1:sML ))

DT(M141sNXM1)=0RVSCATR(TIMP(1:NT ), INT(1sNL )IDT(M1,1:NXM1))

NN 70 N=1,N1

DTM=0RSMIN(DT(1,N2IM]))

DT(1,NIM1)=DTHM

TIMP(N)=DTM

CALL DFRV

CALL VECI1

DNDY=DYx: (2 +CURNJILI*S{NJI1))

DO 110 1=1,7

AU1(2,2,I:NXM&):AU(Z.Z,I:NXMb)-DT(Z,Z:NXMﬁ)*((AM(Z.B.I:NXMA)eAMtz.
12qI:NXM6))/DY+(AN(B»ZyI:NXMﬁ)—AN(Zo?qI:NXMﬁ))/DZ+AQ(2929I:NXM6))

AUl(ZleoI:M50)=AU(2,N1,I:M50)-DT(Z,NI:MSO)*((AM(ZleyT:MSO)fAM(29
1N14,I:M50))/DY+(AN(39M1,I:MSO)-AM(Z'Nl.I:MSO))/nZ+AO(7,N1,I:M50))

AU1(2,NJ1.I:M50)=AH(z,mJl.I:M50)-DT(2.NJ1:M50)*((AM(Z,NJa,I:MSO)—
IAM(Z'NJ,I:MSO))/DDY+(AN(3,NJ1,I:MSO)-AN(Z'NJI.I:MSO))/DZ+
2A0(2,NJ1,1:M50))

TAU(1,13N] )=QRVGATHR(AU(MI 41, TINXM1) . IMT(1 :N] JITAU(LI,TsNT ))

TAM(1,1:M1 )=Q8VGATHR{AM(M1,41,T35NXMI),INT(1:N1 JITAM{1,TsN1 ))

TANLI(1,13N1 )=08VGATHR (AN(M14143T1¢tNXML),INT(1:NM] YITAMI(L1,TaNY 1))

TAN2{14T:N1 )=0Q8VGATHR(AN(MLI1,1,T3NXMI),INT(IsNL )3TAND(1.1:N1 1)
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[}

110

150

TAQO(1,I1:N1 )=0RVGATHR(AQ(MLl,1,12 NXMI)oINT(l N1 )3TAQ(1l,I:N1 1))
TAUL(2,T1:N50)=TAU(2,13N50)- TIMP(2:N50)*( (TAM(3,13 N50)-TAM(2, T:N50)
1)/DY+(TANL(2,1:N50)=TAN2(2,13N50))/DZ+TAQ(2,13N50))
TAUL(N1,1)=TAU(N1,I)-T IMP(NI)’((TAM(vaI)-TAM(N14yI))/DY+(TAN1(N1.
1I)=TANZ2(N1,1))/NZ+TAOQ(N1,I))

TAUL(NJL,I)=TAU(NJIL, I)-TIMP(NJI)*((TAM(NJ2 I)-TAM(NJ,TI))/DDY+
L(TANL(NJL ,I)=TAN2(NJ1,1))}/DZ+TAO(NJIL,T))

AUL(MLy2, T 3INXMM) = QRVSCATR(TAUI(Z I:N14) o INT(13 N14) AJL (M1 42413
INXMM) )

CALL VFC2

DN 150 I=1,7 -

AUL(24,1413M50)= AU(?91 I:M50)=-DT(2,12 M5O )% ( (AMN(242, 13M50)= -AMN(2, lv.

1I1:M50))/NDY+(AN(3,1, I1:M50)=AN(2,1,15M50))/DZ+A0(2,1,1:M50))
AULIML 11 )=AU(ML 1431 )=DT(MLy1)%((AMO(ML,42,1)=AMO(M]1s1, I))/0Y+(AN(
IMLeloI)=ANIMIL41,1))/DNZ+AQ(ML,1,1))
DN 120 I=1,7 : ,
AUY2(3,2.12 NXMM?)—AU(S,Z,I NXMM2)+AU( L 923 TSNXMM2 ) =4 3 (AL)( 4424 TS NXMM
12)4A0( 2423 T SNXMM2) ) +6,5%AU( 342y I INXMM2)
TEl(1:N50)=QSVGATHR(AH(1.2,I:NXM7)qINT(l:NSO):TEl(l:NSO))
TF?(1=N50)=08VGATHR(AU(212013MXM7)QINT‘1:N50):TEZ(I:NSO))
TE3(1:N50)=0BVGATHR(AII{34243T3NXMT) INT(12M50)ITF3(13N50))
TE4(1:N50)=Q8VGATHR(AU(4,2,I:NXM7)9INT(1:N50):TF4(1:N50))
TES(1:N50)=TF4(1:N50)}=-TEL(1iN50)-3, Z(TF3I(1:NS0)=TFE2(1:M50))
AU2(2+241 sNXM7)=0BYSCATR{TFS5(1:NS50),INT(12 NGO ) $AU2( 2424+ 135NXMT))
TEL1(1:NS0)=08VGATHR(AII{M51 42T NXMT),,INT(13 N50)}Y:TF1(15NK0))
TF2(1:N50)=08VGATHR (AU(M50424 1 INXMT) 4 INT(13iNG0)2TE2(13 NSO )Y )
TF3(1:N50)=QRVGATHR(AU(MllyZoI:NXM7)'INT(I:NSO):TEB(l:NSO))
TF4(1:N50)=08VGATHR [AU(M]L 42,1 :NXMT)GINT(1IME0)ITF4(15N50))
TES(1:NSO)=TF1{1:NBO)=TE4(1:N50)=3x(TF2(1:N50)-TFE3(1:NR0))
AUZ2 (M1142,1 sNXMT)=0BVSCATR{TES5(13N50), INT(1INS0) TAU2(M1142, T3NXMT)
1) )
AU2({341,T3M52)=AU(541,1:M52)+AU(141,1:M52)=4,%(AU(4,1,]13M52)+0U(2,
11,1:M52))+6,.,%AU{(3,1,13IM52)
AU2 (291, 1)=AU(6 413 I )=0U(1414T)=3.3%(A1I(341,1)=8U(2,1,41))
AUZ(MII,I,I)=AH(M51,1’I)—AU(MI,I,I)-3.*(AH(M50qloI)—AH(Mllol{I))
AN(2 4331 3NXMMI)=AUL (24343 INXMM3)=CC(243INXMMI )%
TIAU{ 2,5, T sNXMM3)+AII{ 241,51 3NXM '
1M3) =4 o2 (AU{ 234y TINXMMR)+AU( 292 TOMXMM3) )+6.%A1{ 243, TINXMM3)+AU2( 2,
23,1 INXMM3))
TF1(1:N52)=08VGATHR (AUI1 (M1 4241 SNXMQ), INT(13ING2)STFLI(13NG2))
AN(M1 42,1 sNXMO)=0D8VSCATRITFL(1:N52),INT(1ING2)IAN(M],2,T2INXMO))
AN(2 4N14,T3M50)=AUL(24N14,T3M50)=CC(2,N142M5E0)
LIAU{2,N52,T13M50)=ALI{2 N1, I2M '
150) =35 (AU{24N50, T :M50)=AU(2,N14,TsM50))+AII2{2,N14,T2 MRO))ﬁ;
AN(242+13M50)=AU11(242,12M50)=CC (2,423 MSO)*
1(AU(2,44 I.M50)+PM(I)~AU(? 2
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11sMB0) =4 %= (AU(2,3, 1 M50)+A11{2,1,13M50))+A, =AU(? 2 IIMB0)}+AUZ (242,17
?2:iM50))

AUL{2 423 TINXMEI=AN{(2424]1INXMAK)

IF(1.FR.,2)GO TO 120

AUL(24,1,13M50)=A11(2,1,13M50)~-CC(2,13M50)%
1(2e%AU(2¢3¢13MON)=R kA1) ( 242491 IM6

10)+6.%AU (241, I3M50)+AU2(2414,13M50))

120 CNONTINUF
AUl(1,2.1:NXMM)=08VSCATR(TF8(1:M14),INT(1:N14):AU1(1.2.1:NXMM))
AUL(14242iNXMM)=0BVSCATR(TFEI(1iN14),INT(13N14)3AUL(1,2,2NXMM))
AUL(192433NXMM)=0RVSCATRITEG(LINLIS)yINT(L1INI4)IAUL(1,42,33NXMM))
AUL(Y42 44 sNXMM)=08VSCATR{TFS8 (15N1&4)INT(L1iM1G)IAUL(1424b3NXMM))
IF(LTURB.FQ.1)IGN TO 154
CALL VECs
GO Tn 155

154 CALL VFC3

155 CONTINUE
SS(1)=0.

NN 160 N=2,N14

160 SS(N)={S(N+1)=-S{N=1))/XX
SSINJL)={S(NJ1+1)=S{NJ))/DY/(2.+CURNJLI*S(NJ1))
SS(N1)==(4,%2S(N14)=3,%S(N1)=S(NMN50)})/XX
CALILL SHNOCK
AU2(141413NXM10)=AU(141413NXMI0)+AUL(T141,13NXMLO)

MM =2

NNY=NY=(2.+CURNJLI*S(NJ1))

CALLL DERV

CALL VEC1

ND 1880 I=1,7

AUL(2¢2¢TINXME)=0,6%{A1I2(24323 TINXME}=NT(2,23NXME)x((AM{2,2,]3NXM5).
1=AM{2 41 g TsNXME) ) /DY +(AN(2423TINXME)=AN(T 42, TSNXME))/DZ+A0(242413%
2NXM5))) ’

180 AUL(24NJL,I3MLL)=o5%(AU2(24NILsISMIL)=DT(2,NJ1 ML) ((AM(2,NMI3, T2
IMLI1)=AM{2 9y NIy TMLL)I/DDY+H(AN(2 NJL 2T sMI1)~AN(1NJL,TIsM1L1))/D7+
2A0(2,NJ1,1M11)))

U(l1,2:M1)==U(1,2:M1)
CALL VEC2
nn 190 1=1,7 '
190 AUL(2,4,1+1:M11)=,5%(AU2{241+1M11)}-DT(2,13M11)5((AMN(2,],T2M11)-AMN
L(292T:MLIL))/DY+(AN(2,1313MIL1)=AN(141,T13M11))/DNZ24+A0(241,15 Mll)))
nn 200 1=1,7
AUZ2(3923 TINXMM2)=AU(542 s TINXMM2)+AU( 192 TINXMM2) =& o (A1N( 442, TINYXMM
12)Y+AU(2,4,2,13% NXMMZ))+6.“AU(3.2 ITeNXMM2) .
TEI(1:N50)=08VGATHR(AI(1 42+ INXMT) 4INMT(1INSO)STF1I(123NM50))
S TE2(1:N50)=Q8VGATHR (AU( 2424 T INXMT),INT(13NS0)sTF2{1:2N50))
TE3.(1: NSO)-ORVGATHR(AU(%.Z,I'NXM7)9INT(1 MSO)YSTE3(1:MB0) )
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3

200

204
205

TE4{1:N50)=08VGATHR(AU(4,2,12 NXMT7) , INT(1:NB0)YSTRA(1INGO))
TES(1:N50)=TF4(1:NS50)=TEL(L13IN50)=3.%(TF3({13iN50)=TE2(1:N50)) _
AU2( 242+ I CNXMT)I=Q8VSCATR(TES(13 NSO) o INTCIINBO)3AU2(2462413 NXM7))
TE1(1:N50)=0RVGATHR (AU(MS1,42,13INXMT)INT(1: NSO)STELI (13 NSO))
TE2(1:1N50) =ORVGATHR(ALI{M504+2yTSNXMT) 4 INT(1 NEO):TE2(13 NSO))
TF3(1:NS0)=QRVGATHR (AJ(M11424 I sNXM7) 4 INT(13N50)TF3 (13 NSO))
TE4(1:NS0)=08VGATHR(AU(M]L 42, TINXMT), INT(LINS0) TF4(13 MSO))
TES(1:NS0)=TE1(1:NS50)=TE4(1:M50)=3.%(TF2(13 N50)=TF3(13iNK0O))
AU2 (M1Y 42,1 3NXM7)=08VSCATR(TES(13 N50) o INT(13N50) 3 A2 (M11,2,13NXMT)
1)
AI2(341413M52)=AUI(5,1,13M52)+AU(L1,1,13M52)~ 4.“(An(4 1, I M52)+Au(2.
11,1:M52) ) +6,%A(341,13M52)
BU2(2+1+1)=AU(4s 14 1)=AU(La1yI)=3%(AU(341,T)~ AH(Z 1 I))
AU2 (M11414T)=AU(ME141,1)=AU(MLy1,I)=3x(AU(M50,1, T)=Al1J(MI1y1,1))
AN(2+3,TINXMMR)=A111( 2,43y ISNXMM3)=CC(2,33NXMMI) %
1(AU{2, 5 TINXMM3 ) +A{ 2414 3NXM
1M3) =4 3 (AU(246,13 NXMM%)+AU(2 29 TINXMMI) ) +6 ,%AU(243,13 NXMM3)+AU2(2.
23,1 NXMMB))
TEL1{1:N52)=08VGATHR( AL (M1, 2, 1INXMG) , INT(LING2)3ITFL(13 NSZ))
AN(M] 42,12 NXMQ)—OFVSCATR(TFl(I NE2) o INT(1: NS?).AN(PI 2+ T2NXMG) )
AM(2 ¢N1&y I3 MSO)-AHI(Z,NIA I1:M50)~-CC(24N143 MG () ) 3
LIA(2 N52,T3MG0)=AU(2,N1,I3M
150)=3.,%(AU(2N50,T1:MEQ)-A1)(2,N14, 1:MS50))+A02(2, NIA I.MSO))
AN(242+13:M50)=AU1(242,13M50)=CC(2,23M50)%
1(AU( 2444 13M50)+GM{T)RAII{2,42,
1I'iM50) =4, (AU(? 3,14 M50)+AU(?.1,I M%O))+A. AU(? 2, TMEN)+ALIZ( 242,41
2:M50)) .
AUI(Z,Z,I:NXM6)=AN(-vZoI.NXMA) : o
IF(I.FND.2)GO TN 200 : -
Aul(ZyI.I:M50)=AU1(2.1qI:MSO)-CC(Z.I:MSO)*
1(2.*AU(2,3,I:MSO)—‘R.*AU(Zy?_yI:M‘S
10)+65AU(291413M50)+AU2(2+141:M50))
CONTINUE
AUl(l,Z,I:SXMM)=08VSCATR(TE8(1:N14).INT(I:M14):AHl(].ZwI:NXMM))
AUL{142923iNXMM)=A8VSCATRITFO(1:N14)INT(LINM14) SAIL(L 42,2 NXMM))
AUL(142¢3:NXMM)=0RYSCATRITFO(13NL14) INT(L13N14)IAUL(142,43MXMM))
AUL(192943NXMMI=OBVSCATRITFS (1:NM14) G INTI1INLA) AT (1 42,4 NXMM))
-IF(LTURB:ﬁo.l)Gn TN 204
CALL VEC4
GO TO 205 .
CALI VEC3 . _
CONTINUF - . L
SS(1)=0. '
no 210 N=2,N14
SS{N)Y=(S(N+1)=S{N~-1)) /XX
SS(NJ1)=(S(NJ1+1)-S(NJ))/nY/(? +CURNJ1*§(NII))
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250

260
265
275

280
400
405

420

440
«3]

450

270

SS{M1)==(4,%S({N14)=3,%S(NL)=S(N50))/XX

CALL SHACK

LL=L/500

LL=LL%*500

IF(LL.NE.L)GO TD 450

WRITE(A,400) L

WQITF(ﬁ 405)

CON=2 #TF/ (ROFHVE##35RN)

AN 250 N=1,N1

TE(N)==ZZ%T22( 1 N)%S(N]1/R2

DT1=(4o%T(2,N)=3.%T(1oN)=T(3,N))/TE(N)

CHEK=TK (N ) #=COAN%NT 1

CHNIF(N)=2.%VIS{14M)/SIG(14N)/REXEL*PC(1,N)

CHIN)=CHFK (N)+CHDIF(N)

CE(N)=2.%VIS(14N)%(DU(1,N)=U(1,N)%XCUR(N)/EMNA(T,N))/RF

CR{N) =2 =QFXR (1,N)

WRITE(64420) YBIN)ySIN)oHIS(N)yCHOIF(N) yCHIN) 4CF(M) 4 PU{N),CR(N)
=L/LW

LL=LL%LW

IF(LL.NF.L)GN TN 450

DO 260 N=1,N1

WRITE(6,265)N

WMRITF(64431)

WRTTE(69440) (ZNIMoN) g UM oN) 3V (MyN) 0P EMoND) 9RO (M N) 3 TIMyN) H (M N,

LSH(MyN) yHI (MoN) 4PCIMyN) s VIST(MoN) QFXR (M, N) oM=1,M1)

CONTINUE
FORMAT(/410X,'BODY STATION NO.='.14,/)
FIRMAT (15X e VE=t 15X s VHY g 15X VHEY 14X 410 314X P00 413X, 1 WMIX )
FORMAT(7X+6FE15.6) '
FORMAT(/ 410X, 'ND.OF ITERATIONS=',14)
FORMAT(/ 41Xy 'DIST.ALONG BODY'+3X, 'SHOCK STANDOFF DISTe's3X,'SHNCK

LSPEED' 43X, 'DIFFUSIVE CH',3X, 'TOTAL CH',3X,'SKIN FRICTINN',3X,
L'WALL PRFSSURF',%X.'RAD HEATING!) '

FORMAT(BX F1l0.5,8X, F10.548%, FlO SqAX Fll 7 4X Fll 7 AYQFll Tet& Xy

1FR.544X4F1l1.7Y}

FORMAT(1X,12F10.5) o .
FORMAT (/46X o VZNY 49X g U yOX s "V BX o TP o RX G IRNY,OX,y 1T H,9X, 'H!',09X,

1V SHY 77X, HI'v?Xv'pC'16X,'VIST'97X910FXR')

L=L+1

IF{L.LFE.LMAX)IGOD TO 1

N 270 N=1,4N1

WRITE(A,4265)N

HMRITF(6,4,275) ‘

WRITE(H4280) (CLIMGMeT) yCLIMGNG2) yCLIMING3) +CL{M¢Ny4) ,CLIMyN,5),

1MMIX (Mo N)yM=1,M1)

REWIND LFQ

({4
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e

550
410
AAD
690

NN 550 N=1,N1

n.‘uRI,TF(l-Fﬂ..‘*lO)S(N),TMASS(N).DS('\I).SS(!\.I),_CH(N) :

WRITE(LEN 690 ) {U(MyN) gV(MyN) gP(MyN) g TIMN) JRO(MN) SHIM M) JHM N,
IVIS(MyN) g VIST(MyN) yM=1,4M1) . ,

WRITFILFNA50) (YIL(MgNg1) oYTT(MgNy2) 3 YTL(MGNe3) o YT1IMyN,4),YTLI(MoN
155)sYI1(MgNyb) ¢WMIX(MyN)oM=14M1) , . N
HRITE(LFU,660)(YIl(M.N,7),Y11(M-N.R).YIl(M.N.Q).YIl(M.N,lO)tYIl(M,
INGI1)oYTI1(MyNy12),0FXR(MyN) 4M=1,M])
\"QITF(Lanﬁﬁo)(YI].(MQNQ].B)vYIl(MvNolA)'YI].(MQNQI.B)vYIl('Av“'Qlf‘)v )
IYTL(MoNoeIT) o YIL(MyMglBYYTI1(MgNG19)4M=14M1) _
WRITF(LFENGAA0) (CL(MgMy1) 4CLIMN,2) JCLIMGNGB) GyCLIMGN, &) fCL{M{NI5),
]FQCH(M,N),pC(M,M),,M:]_gle)

CONTINUF

FORMAT(10X45F12.6)

FNRMAT(IXTF15.6)

FORMAT(1X49F1245)

STNP

FND
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SURRNUTINF SHNACK

NDIMFNSTAM A2(14) ,WNF{14)
CNUAMOM/FL/NYIGN1AGNESOWNG24,M]1 4M1 T4 M50 ,M4NMJ1

COMMON/E2 /NXMGNXMY g NXMTZ g NX MG o NXME g MYXMA g NXM? g NX MM
COMMOM/F3/B24RE 4Ty MMa XXy ZZ ¢FMyBETAWRNGZELWELTJJ,yNY
CNMMONM/FS/S(14) 4SS{14),G(14)CHIR(14)US(14)NS(16) ¥N{14).VS5(14)
COMMON/FS/INT(14) s THE(14) 4 TIMP(14) s TEFMP(14),TE(14),TF1(14),TF2(14)
14TE3(14)TR&4(14),TF5(14) ,TFA{14),TF7(14) ‘ ’
CORMOM/FT/U(101414)43V(101,14)4RN{101414),H(101,14)},PC(101,14)
COMMON/CHFOALI/SH{10L,14) s T(101414),P(101,4,14),uMIX(101,14),
1CLI101,14,5)

CAMMON/TRANS/VIS(101,14),TK{14),S1G6(101,14)
CNAMON/FR/BT(1IN1414),FMDA(101414),7NM(101,14)4,R1(101.14)
COMMON/F9/S1(-101,14),SS1(101,14),PNS1(101,14),CI'R1(101.14)
COMMON/FI10/THFC(101414) ,THES(101,14),TV1(101,14),TV2(101,14)
COMMON/FL2/TZ22(101,14),21(101,14),7T73(101,14),T724(101,14)
COMMANM/FL1T/XH2 4 XHE  ALH ALHE y AMH, TF,ROFVF4VISF,4SHF,PF
COMMON/F19/TEL11(14),C124PW({14)FOCANS,FOCH(101.14)
TRIL(1:N1)=02VGATHR(FOCH(MT 4 LINXML) o IMT(LINTI)ISTFLIL(LsMY))
AZ(1eNY I=SSCLINL M/ (14+S(1sNMY IRCUR({YIMYL ))
GIINL)=1.+A2(TtNML)xA2(12M])

G(1:N1 )=VSORT(G(1LINT Y5 (1:N) ))

TEMP (1Ml )=0QRVGATHR(P (Ml 4 1sNXMT ) INT{IsNL JiTFMP{INT 1))
TES(LINL)=TRLI(1:NT)RTFMP(1IN]1) '
TFE(LINL)=(TEMP{1sNL)-PF) /2,
TE(LINL)=(TFS(LINL)=TFA(T ML) )/ (SHFE+TFA(12N1))

26




VHF(1eM1)=(=A2(1sN1)=VS{LIML)+YN(LINL) ) /G (1 M1)
TRLI(1:NM1)=TE(LINL)R(TEMP(]2 Nl)—PF)/(TF(l'“l) 1.)
TE1(13N1)=, VSORT(TEL(LINMI)STFLI(12IM1))
US(LINTI)=UNF(1INI)+TFI(12NL)
TFI(1:3M1 D)=(1e=1o/TF(1INML ))aTFL(1IMY ) /G (1ML )
- TE2(1:M1 )=vS(1l:Ml }=TFI{1:N1l )=:a2(1inl )
TEI(1eN1 Y=yN(lsNl J+TFI1(1l:n1 )
TE6{1sN1I)=TFIL(1sNL)=TEMP(L1eNL)/TR(L2N]) '
TET(1:N1)=TR6( LML)+ (TE2(1LsMIIXTR2(LeNT)+TFI(1IIMII=TEI(12 Nl))/?..
20(M1412NXM])=DRVSCATRITE(LINL ), INT(1INL )SRA(MIy12AXML)) -
U{MT 31 iNXML)=0RVSCATR(TE2{(1:N1 ) INT(1INL (Ml ,13NXM]))
V(Mle 13NXMI)=NRVSCATR{TEI( 1Ml DG INT(1INL )YavV({MLl,y1lINMXM])).
SHIMYL,1:NXML)=0RVSCATR(TEH(L1sN1 )y INT(1:IN] ) 3iSH(ML,1iNXML))
H{M141:NXM1)=Q8VSCATRITET(L1INL )3 INT(1sNM1 )IH(Mly1linXML))
IF(MM,FQ.2)GD TN 70 S :
NS(LNMY )=US(LN]l I=G(1INY )
GD TN 71 ) ' »
TO DS{I:N1 I=(NDS(1:NL I+0US(1:MY I*=G{LIN1 ))/2,.
T1 SELENT )=S(1:N1 Y+NS{LsMY IXTIMP(1eM]1 )
NN 75 N=1,N1
CLIMYL NGB )=XHE*4 ,003/AMH
) CL(M19N94)=50F-6'
| CLIML4N,5)=5,F-A
T CL{MIyNg2)=1-CL(M14Ny3)=1,F-10-1,.F=5
SI(1,M2M1)=S(N)
SS1{(1,NM2ML)=SS(N)
15 DSI(1,M2M1)=NS{N)
IN(L o LeNXM)=S1 (14 1eNXM)H(1e=Z1 (1ol 2NMXM))
FMDA(L ,LINXM) =1 0 +ZN{ 1,1 SMXM)HCHRL (1, L aNXM)
BT{Ly1INXM)=RI(1LeIINXM)+ZN(L 41 INXM)ETHEC(1e13NXM)
RFTURN
END
FND
SURRAUTIME FDNY(NT)
NIMENSTON PE(14)4DNPE(14) BLN(14),RLE(14),11F(14),CUT2(101)
COMMON/FL/NL3N144NEO4NE2,M]14M11,ME0,NJ,NJ1
COMMOM/F2/MXM¢NXML g NXM3 g NXML g NXME ¢ NXMB FMYMD o NX MM . -
COIMNON/F3/HR2 yRE e TWy MM XX 3 ZZ s FMaRETAGRNGFLGFLT4JJdyNY -
COMMON/FT/U(101,14),V(101,14),RN{101,14),H(101,14),PC{101,14)
COMMON/CHFQAL/SH(101,414),T(101,14),P(101,14),WMIX(10G1s14),
e 1C|(101 14,5) :
COMMON/TRANS/VIS(101,14),TK(14),ST16G(101,14)
- COMMON/FR/BT(101,14) 4,FMDA(101,14)7N(101,14).R1(101,14)
o COMMON/FQ/SI(101'14),551(101914),ﬂ51(101,14)qCUR](101.14)
- CnMMﬂN/FIQ/THFC(loquA)9THES(101-14).TVl(lOl.I&)oTVZ(lololh)
S COMMON/FIL/DU(101414),DSH{L101414)4AA(101,14),A8(101,14)
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70

71

73
72

A070
INT?

COMMDN/FIZ/TZZ(101,14).21(101914),TZ3(101.14).TZA(101,14)
COMMNN/F16/HINF REL4RF2,SIGTVIST(101,414)
COMMON/F21/A9(101,14),A10(101414),A13(101,14),AA1(101,14),AA2(10],
114) .

NT1=NT~1

NT2=NT+1

TTVI(141sNXM)=VIS(1413sNXM)/STIG(L1,1INXM)

TV2(141:NXM)I=VIST( Lyl sNXM)RSIG(1e1NXM)/SIGT

A9 (1,1 sNXM)=(1. +TV?(1 13 NXM))*GDSH(I,ISNXM)+U(1.1’NXM)*hU(1 13NMXM
1))

A1O0(le13% NXM)z((SIG(l,I NXM)=1oe+TV2{141NXM)2(STGT—14) )3 eN(1,13NXM)
1-U(1 31 sNXMIRCURTI{ L9y 1SNXM)XRSIG(L1 9 1¢NXM)/FEMDA(T 1 SNXM) )ali( 1,1 SNXM)
AL3(T g LINXM)=(FL=14+TV2{1 42 iNXMIR{FLT=14))%PC{1s]lINXM)
AAT(1ye13sNXM)I=TVL(141sNXM)%(AG(1y13NXM)I+ALO(L 1 eNXM)+ALA(1,15 NXM))
TVI(1413NXM)==2Z%S1(:1g 1SNXM)IRTZ2(L41INXM)/R2
AA2(241INXM3)=({AAL1{(3,1¢ NXM%)-AAI(I 1INXM3))/TV1I(2,1 INXM3)

ND 70 N=1,4N1

XX1=14/TV1I{(14N)

AA2 (L yN)={4 3 AAL(24N)=3,%AAL (1 4N)= AA1(3,N))*xx1

XX1=1./TV1(M1,4N)

AA2 (MY gN)==(4,%AAL(ML1]L4N)=3,%AAL (ML N)—=AAT(M50,N) )%XX1]

CONTINUE '
TV1(142INXM&)TAA2(] 423NXML)+(CURT(142INXMG)/EMNDA(L 2 3NXML)Y+THFC(
114 23NXM&) /BT(L142:NXMG) ) XAAL(142NXMG) ,
TVI(1413M1)=RAA2(1,13M1)+2,/EMDA(]+13ML1)%AAT(L,13M])

TV2(1 41 sNXM)I=VABSITYI(1y1sNXM)STV2(1,413NXM))

NN 71 N=1,N1 ) '
TUL(24N3M11)=(TV2(2,NM1IT1)+TV2(1 NIMIL1) )k Sk{ZN(24,NIMIT)=ZN(]1, N2
1M11))

NN 72 N=1,N1

AA1{T,N)=0.

N 73 M=2,M1

J=M-1

AAL (MG N)=TVL1 (M, N)+AA1(J N)

CaONTINUE

NN 3075 N=2,N1

NN 3070 M=15,M]1 _

CANS=AA1(M,N)/AAL(ML,N)

IF(CNNS.GE.0.,95)GN TN 3072

CNNTIMUE

HLF{N)=ZN(M,N)

HE(N) =11 (MyN)

PE(N)}=P(M,N)

BLD(N)=0,

IF(M.FO.1)60 TN 3075

NN 3073 J=2,M
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. -l() .

A073
anTs

150

100

3116
3115
3137

3130

31135
3110

Ji=J-1 '
RLD(N)-BLD(N)+(2.-(U(J1 N)+U(J’N))/UF(N))4(7N(J N)-7N(J1 N}YY/2.
CONTIMUE

MRITF(6,150)

FORMAT (/410X YROUNDARY LAYFR AND DISPLACFMFNT THICKNESSFS' /)
WRITE(6,100){RLE(N) 4BLDIN)+N=2,N1)

FORMAT (10X, 'B.L.THICKNESS="',F10.5, 10Xo'DI§DIACFMFNT THICKNFSS=1,
1F10.6) ‘

NN 3110 N=NT2,.N1

CUT2(1sML)=10/(1e+5.5%(ZN(14NEML)/BRLE(N) )%%k6)
TVZ2(14NIML)=REZ%RO(1 N3 Ml)*HF(M)kRLD(N)4CHT?(l'N1)/VIS(1 N:M1)
TV1{(1,M)=0.

CUT2(1:M1)= VABS(DU(I.N.MI).CUT2(1.M1))
CUTT=SORT(VIS(1,N)=xCUT2(1))

NO 3115 M=2,M1

CUT=CUTT/SORT(RO(M,N))

UTAU=CUT/RF1 .

VPLUS=V(1,N)/UiTAI

VPLUIS==VPLUS%5,9

APLUS=26,%EXP(VPLUS)

CNPLUS=ZN(M N)I=RO{MyMIXRET/VIS{MNIECUT

ANPLIIS=CNPLUS/API_US

TF{ANPLUS.GT.12.)G0D TN 3116
VISTL=4%ZN{MyN ) (1,-1./FXP(ANPLUS))

GO TO 3115

VISTL= 4%ZN(M,N)
TVI{MaN)=RESXRO(MGN)EVISTLRVISTL/VIS{#HN)2RCHT2(M)

MR=M-—1]

NN 3130 M=1,MR

NVIS=TV2(Me¢N)=TVLI(M,N)

IF(NDVIS.LE.0.)GO TN 2135

VIST(MgM)=TV1(My4N)

M=M+1

MB]=M]- M+1

VIST(M{NSMB1)=TV2(MyNIMR1)

RETURN

FND

SUBRNUTINE SHUBLIM(NL,NXM1,4VF,ROF)

COMMON/F6/INT{14) +THE(14), TIMP(14)yTFMP(14),TF(lé)qTFl(lh).TFZ(IA)

1,TE3(14),TEF4(14),TF5(14),TFA(14),TFT(14)
COMMAN/CHEQAL/SH(101414) yT(101414),P(101,14) WMIX(101414),
1CL(101,14,5)

COMMNN/F23/QFXR(101,124)

COMMON/F30/TMASS1(14), TMASS(14)

COMMON/FA4S5/CH{14),TW1(14) ‘
TE{1:N1)=Q8VGATHR(P (1, LiNXML)y INT(L1sNL}STF{1IM1))

A
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O

TF(1:M1)=VALOGIO(TF(1sN1)sTE(LiNL))

TEL(1sNL)=TE(1:N1)RTF(1INT)
TE2(1:N1)=08VGATHR(CL(1¢ly&tNXML)INT{INML)ITE2(13N1))
TF2(1:N1)=TF2(1:N1)/,925

TE3I(1:M1)=TE2(1N1)=TF2(1sM1)

TE4(1INL)=TEF3(1sN1)xTE2(12NT)

TES(1INL1)=TE4(13N1)*TF2(13M])

TEF6(1:N1)=5552,=201R4 ,%TF2(13N1)+5306R,%TF3(1:M1)=67033,%TF4(1:M])
1423243 ,5%TFS(13n])

TEF7(1:N1)=1798,-12049 ., %TF2(13N1)+30145,%TF3{1: Nl)—%?OAS.‘TFA(] NY)
1412457 TF5(1:N1)

TEMP(13:N1)=322.-2208, *TF?(1°M1)+5?70.*TF%(l:Nl)-%aeo.*TEa(I:N1)+
12097.%TFE5(1:N1)

TWI{(1:N1)=TF6(1: N1)+TF7(1 NL)®TFR(1:2 N1)+TFMP(1'N1) <TFL(1:M1)
TEFE(1:N1)=60.9-190.%TF2(1:N1)+4B2.%TF3(1IN1)=5827,%TE4 (1M1 )+199,3%
1TES5(1:N1) . :
TE7(13N1)=6,10-h4,5%TF2(1aN1)+141%TF3(1:tN1)=141,%TF4(1NL)+5R, A%
1TES(1iN1) ’ '
TFMP(13N1) == 4+ 10, 75TF2(1N1)=20,6%TF3(1 ML )+17,3%TFL(L1sML)=-A, T
LTFS(1iN1)
TFA{LIINL)=TE6(LSNL)+TFT(LINL)=TF{LINT)+TEMP(LINL)*TF1(1IN])
TF6(1:NL)=TE6(1:iN1 )kl ,.F6

TF6(1:N1) IS IN J/KG.
TET(1:N1)=Q8VGATHR{QOFXR(141sNMXM1 ) INT(1sNL)ITE7(12N1))
TET(LINYI)=(o5=CH(L1INY)=TE7(1INL))IRVFRVF
TMASSI(L1NI)=TF7(1sML)/TFA(L1INT)

QETURN

FND

SUBRRNUTINF PDERV

COMMON/FL/NL ¢ N14 NSO GNG2 4M1 ¢M114M50,NJ4NJT
COMMONM/F2/NXMeNXM] g NXMI G NXML g NXME g NXMR g NIX M2 o NXMM

COMMON/F3 /B2 yREGTUW MM g XX ¢ ZZ ¢ FMeBFTAGRNGFLWFLT JJd DY
COMMON/FT/U{101414)4V(101414),RN{101,14),H(101,14),PC{(101,14)
COMMON/CHFEQAL/SH{101414)T(101414)4P(101414)4WMIX(101.14),
1CL(101,414,5)

COMMON/TRANS/VIS(101414),TK(14),SIG(101,14)
COMMNON/FR/BRT(1N1,+14)EMDA(101,14) 4ZN(101,14),R1(10]414)
COMMON/F9/S1(101,14),551(101,14),nS1(101,14),ClIR1{(101,14)
COMMNN/F10/THEC(101414) 3 THES(101514),TVI(101,14),TV2(101414)
CAMMON/F11/DU(101,14) ,NDSH{101,414)430A(101,14),AR(101,14)
COMMON/F13/AU1(101,14,7)+THF1(101,14),THF2{101,14),YAIR(]I01,14).NC
1101014433 A0(101 3144 7) e AM(101431447)43AN(101,414,7).80(101,14,7)
COMMAM/F12/TZ2(101414)471(101414),T773(101,14)+774(101,14)
COMMON/FL146/HINFZREL4RF2,SIGT,VIST(101,14)

TYI(1 41 3NXM)==ZZ%ST(1sLINXM)%TZ2(1,12NMXM)/R2

DULZ2 3 1INXM3)=(U(341sNXMI)=1J{1 41 NXMI3))/TVI(241INXM3)
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)

10

20
70

310)

NSH(2,3 1INXM3) = (SH( 3, 13NXMB)=SH(]1,12MXM3))/TVLI(2,13N¥%M3)

NN 10 1=1,2 o

J=1+2

DCL{24 1o TsNXMZ)=(CL(3,1,JINXM3)=CL(1, 1,1.NXM3))/TV1(? 1iNMXM3)

CONT INHIE _
TV2(1 41 eNXM)=(FL+AVISTILy1sNMXM)STG(T 41 3NXM)RFLT/STGTIARVIS(L 1 tNXM)

1/SIG{1,13NXM)/RF

NO 70 NM=1,4N]

CXX1=1,/TVL(1,4N)

NUCToMI=(4,3( 24N =321y M= 34 N) )5XX]

NSH{T oMY= (4,35 SH(2yN) =3 %SH{14M)=SH(3,N) )kXX]
XX?2=1,/TV1(M1,N)

NUEMYL GNY == (45 IH{MLL gM)=3 30 ( ML gM)—=LH{MBO M) )3 XX2
NSH(ML N)==(4,5SH(MLI14N)=3,%SH{M] 4M)}=SH{MS50,N) }=XX2
nn 20 1=1,3

J=1+2 : :
NCLLLaNGI)=(4 0 CL{2,NaJ)=3e%CL(1aMyaJ)=CLI3,NyJ))RXX]
NDCLIMLGM,T) == (4 kCL(MLL NG J)=3,%CLIMLyNyJ)=CL (M50 4NyJ))3XX2
CNNTINUF

CONTINUF

DO 30 1=1,3

DCL({Lal oI aNXMI=TY2( L1 INXM)ENCL{T o1 4T 2NXM)

A1, 1aMXMY=VIS(1,1sNXM) /REX(DII(141NXM)=1}{1,12 NXM)”CHQI(I 1:NYM)/
1IFMDA(T4L3sNXM)) o
AR(1413MXM)=(1e~Z1(1,23NXM))/ST(1s13NXM) e T e . - -
RETURN . ' :

FND

SHARRNOUTINF VECL

COMMON/FEL/NL NM14JNBOGNG2 (ML M11 4ME0,NIGMT]
COMMON/F2/NXMeMXM] ¢ NXM3 g NXMEL o NXMEG o NXMB ¢ MIXM?P o NIX MM
COMMNN/F3/R24RF g TW MR G XK 4772 s FMeRFTAGRNGFL L FLTyJJeDY
COMMNINZET/U(101¢14)+Y(101+14)4RN(101,14),4,H(101,414),PC(101,18&)
COMMON/CHFOAYL/SH{101414) 3T(101414),P(101,14) ,WMIX(101,14),
1CL{101,14,5)

COMMON/TRANS/VIS(101,14)TK(14),S1G(101,14)
COMMON/FR/BT(101,14),FMDA(101,14),7NM(101, la),Rl(IOI,lé)'
COMMON/FS/S1(101414),S51(101,14).NS1(101,14),C1IR1(101,14)
COMMON/FLO/THEC(1014,14) s THES(101,14),TV1(101,14),TV2{(101,14")
COMMON/FLYI/NUE101,14),NSH{101,14)44A(101414),AR(101,14)
COMMON/FL2/TZ22(101,14),21(101,14),T73(101,14),T74(101,14)
COMMON/FL13/A01(101,14,7),THEL(101,414),THF2(101,14), VAIR(101 14),NC
LL{10141443)0AU{101414,7) s AM(1014144T7)yAN(IN1,14,7),20(101,14,7)
COMMON/FL6/HINMNE RE1LRF2,SIATLVIST(101,14)
LHMMHM/F?I/AQ(101.14).A10(101.14),A1%(101.14),AA1(101 14),A82(101,
114) .
COMMAN/F23/0FXR(101,4,14)
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32

AA( T sNXM)IS(1oa+VISTIT 1 sNXM))AA(L 1 TNXM)

TUL(Lo1sMXMI=ST( 1,1t MXM)EFMNA(L, TENXHIERN( T, 1 INYM)

A1 g1 g1 2NMXM)=TYLI(1,]13NXM)

OU(T 9] g2 MXM)=TYL( 1y L amXt))( 1,1 sMXH)

AMIC(T 9l o 3INXM)=TYLI (141 eMXM)RV (1,1 8MXM)

BU(1 0] g sNMXMYSTYI( 141 eMXM)(H (1 ,13MXM)=P(],] INYM)/PN(1,] tNXMY))

EULT91¢53MXM)STVI(1 g1 tNXM)IECEL (141 43 3MXM)

AU T gL aBINXEH)=TYL( 1 LaNXM) RO (141 s42NYM)

AU 91T MXMISTVLI( a1 eNMXM)RCLIT1 o1 953NXM)

TV2 (1 o1 tNXM)=ST{1alaNXM)AHRN( 14T aNXM)RIT(] ] INXM)

AM{ T glgl sNMXM)=TV2(1,13MXM)

FR(T 9Ll o 23NXM)=TY2({ 1o LaMXH)I( 11 eNXM)I+ST (L1 sNXM)EP (], 1INXM)

AM(Ly1g3INXMI=TV2(1 4 1eNXE)V (1,1 2NXM)

AMA(T 31 g4 INXMY=TY2( 141 tNXp)3H ( 1ol 2AXM)

TAM( L g1y SINXMISTY2(Le LINXM)ECIL (191 433MXM) : .

AM(] gL gBINXM)=TY2( 141 enXt) 0L {1l 43 NXE) :

LM (] g LeTINXM)=TV2( 1 1eMXM)RCL{ 141 453NMXM)

AG (1 2 tNXMA)=FMNA{ 142 NXML)RTHES {1 42 tMNXMA) /RT(1,23NYM4)

ATO(T 42 eNXMA)=ST (142 sNXMLYRTHFEC (1 4¢23NXMA) /BT ] 42 3NXH4L)

BA1(1423NXME)=FMAA{] 423 MXMAYHRN(] 423 NXMA )V (] ,23NXM4)

A13(1 42 MXM&)=AR( 142 MXME)H(NST{1 42 INXME)RAI{1 42,1 IMXME)+S5S1(1,22
INXME) =AM 1 42,1 3MXMa) )=AAL(1,20XM4)

AM(L 2, 13MXMA)=TZ4( 1,2 NXML)RALR(],23NXM4) .

BO(1 4241 SNXMA)=AO{ 1,23 NXF4YRAM( L2 1 IMYMA)+ALO(]1,2MXML)HAAL(L,22
ITMXME)=TZ3(142MXML)AT3(],2NXMSG)

AAD(1 42t NXME)Y=AAT (142 MNXMA)RII(] 423 MXMA)=FIANA (1 4,2 TNXMA)AA( ], 2 1 NXML
1) -

AL3(1,25NXME) =AR( L ¢23NXMA)(NST (142 MXML)EA(]1,42,423NXM4)+551(1.23
INXMG ) AN (192423 NXME))=AA2 (1,22 MXM4) ,

BM(Y 424 23NXMAY=TZ4 (1,2 MXMA)RA1R(] 4,2 ML)

AD(1 42,2 NXML)=AQ(1,23NXML)HAM( 142,23 NYML)FATO(] 4 23NXML)AN2(1,22
TRIXMAY+TV2 (142 NXME)YRCURL (1 42t MXME) 3RV (142 tMXMA)—=S]1 (L e2:3iMXML)ACHR](
21423 NYXML)S AL (1 423INXML) =P (1,23NXME)%ST(]142INXMG)HAG(] 2 INXML )~
FTZ3( 1,2 NXME) AT 142 2NXM4)

A.A?(IVZ:MXMA):[-‘AI(192:NX|V-L)*V( 19?:'\'X?“14)+F"ARA( 1 ,Z:MY_MA)*P(]_,2:[\_IXMA)

B13( 14 2INXMAY=AR( 1,2 3MXMA)={(NST( 1,20 XYML)RAN(],72,33MYM&)+551(1,22
TMXMAYAM(] 32432 MXMG) )=AA2 ({12 INXMA)

AN( 142 ¢3INXMEL)=TZ4(1 42 NXME)RALTR( 142 NXN4)

TUL(142:NX54)=A (e 23 MXME) A 1,24 3IMYMA)+L10(] 42 3MXML)RAAD2 (1,20
IMXMAL)=TU2 (142 tRXMA)HCHRT (142 IMYMA)RII(] 42 3NXME)

AG (1 ¢2432MMXMA)=TYI(1423NXM4) =P (), 72 tNXM4 ) (ALO( L2 3MYia ) FMDA(
23] 47 I NXMAYH+ST (142 MYXMEYRCURTI( 1 42 MXMA) ) =T73 (1 2 INXMA )AL (1,2 MX14)

AA2 (1 923MXML)=LAL (] 42 MXIL)RH(] « 2 SNXMA)=FMNA( T 42 eMX M) (VIS(] 23
16XMe ) /STIG(L a2 tMXMA) /PR ( {1 e+VIST(] 423MYMA)ESTS (1423 MXMA) /STST)R(NS
2H(1 42 NXNMAY=DC( 142 NXMA) )+ (FEL+ELTHVIST(L 42 MXKE)RST (1 ,2INXH4) /ST G
GTYEPCLL a2 NXMA) )+ ] 4 22 MXME) AR ] g 23 NXME)=NFXR (1,2 3NY54)) :




{7

10

- 100

413(1,23 NXbé)-AR(l,? MXAA) (n§1(],2 NXHA)“AH(I 2443 NK1A)+S§1(1 23
INXMG)RAM( 14244 3NXME))=AA2(]423IMXME)

AN( 192 43NXMG)=TZ4 (1o 23NXMG) <A13(1,23 MXMA)

AN(1e2,63NXME)=AT (1,42 NXML)%AM(Ly2y42 NXM4)+A10(1 ? MXM&L)AA2(] 423
INXMG)=TZ3 (192 tNXML)HALZ( 1,423 NXME) :

NN 10 J=5,7 . .

I1=J=-2

K=.)=—b

AA2(1.2:NXM4)Y=AAL(1.22 Nxma)*rL(l.? I'mxna) FMnA(l ? NXM4)°DCI(1 2
LK INXM&G)

A13(1 42 NXMG)=AR (1,2 ‘NXMA)“(HSI(lo? MXM)&AH(I 24 JIMXME)I+SST(1,2
INXMG ) RAM( 1 924JINXMG))=AA2(1,2NXME)

ANM(1 42 o JINXML)=TZ4(1,23NXME) A3 (1,22 MXM& )

AD(1 929 JINXM&)=AQ (1423 NXMEL)HAM( 14242 NXM4)+A10(1,? NXMA)*AA?(I ?.
INXM&)=TZ3(142:MXML)RA13(142NXME)

CONTINUF ‘

RETURNM

FND

SURRNUTINF: VEC?2
DIMFNSTION A20(101)

COMMON/F1 /N1, NlA NS5O M52 4M]14M11,M50, NJ NJl

COMMON/F3/B2 yRESTHy MMy XX 27 ¢ FMeRFTAWRNGFLZFLT4JJy nY
COMMON/FT/U(101, 14),V(10].14)»Rn(101 14)4,H(101, 14).9((101 14)
rnmmnN/CHFoAI/QH(IOI,IA) T(101, 14).P(101,14) WMIX(101, 14),
1CL(101,14,5)

CnMMnN/TRANS/VIS(101.14),TK(14).GIC(101'14)

COMMNN/FQ/8T(101,14) ,FMNA{101,14),7ZN(101,14),R1(101, 14)
COMMON/ES/S1(101+14),551(101,14),NS1(101,14),CLIRL(101, 14)
COMMON/FLL/DUI1INT 414) 4NSH{101,14),AA(101,14),A8(101,14)

COMMAN/F12/TZ2(101414)421(101414),723(101,14),TZ4(101,14) v
CﬂMMﬂﬂ/Fl3/AU1(101 14,7),THF1(101414),THF2(101, 14),VAIR(101 14).0C

1L(10151493)gAU(101414,7)4AM(101414,7)4AN(10L1,14,7), Aﬂ(lOl 14,7)

COMMON/F15/AM0(1014247)

COMMON/F16/HINF, RFI»QF29SIGT'VIST(101’14)
COMMON/F23/0FXR{(101,14)

NG 100 I=1,2

A20(13M1)=S1(1,TesML)kRN( L T2M1)
AMN(14T,13M1)=2,3%A20(1sM1L) U1, TIML)
AMO(LyI1422M1)=A20(13M1)5(P(Ly12ML)/RO(LT2ML)+2.5%U(1, T‘M])4¢?)
AVMO(L T ,43:M1)=AMO(1,T413M1)%V(1,T3M1) -
AMO(]y145tML)=AMN(] 4T, 1sML)%CL(L,T432M1)

AMO(L 4T 4A3ML)=AMO(1,T413M1)%CLILsT443M1)

OMN(Y,T,72 M1)=aMN(14T42311)%CLILsTo5IM])

AMO( 141 443M1)=0MN(1,T,13ML)H(1,T2M1)

820(13 V‘1)"F:M|')A(1 1: Ml)“Pﬂ(l 1:41)
AN(1,1413M1)=A20(1:M1)%V(]1,13M]1)- Aﬂ(lql Ml)*(ngl(l 13M1 )=A11{1,1412
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11 )+SST1(1a13M1)RAMO(141412M1))
AN(T o142381)=A20(1 ML) (11(1413M1)%V(1,413M1)=AA(T,4,13M1)/RN(1,12M1))
1-A8 (14 123mL)5(NST(141sML)%AU(14742MI)+SST(1,1 M1 )HANA(T,41423M1))
ﬂN(lvl.3:M1)=ﬂ?0(l:Ml)*(V(loI:Ml)*V(1,1:NI)+P(1,1:M1)/Rﬂ(lc1:M1))—
LAP (141 3ML)3(NST(1,13MI)A1I(1,414233M))+SST(141M])AMN(1,41,33M1))
AN(1 9] 942l )=020(12M1 )5 (V{1y1sML)aH(1,13MI)=VIS{1,y13mM1)3(
INSH(1413M1)+(FL=14)%PC(1413M1))/STIG(1,41sML)/RF/RO(1415M1)~
TU(L 1ML )xA6(1 41201 )=0FXR (1,12 “1))/Qn(1 13M1))-AR(1,1
23MLIR(DSI(L413ML )81 1443M1)+SSTI (141 MIYRAMN(L,1,45M1))
A20(13#1)=a20(1371 )% (] ,135M1) '

AN(1,1958M1)=82001:M1)%CL(141433ML)=NCL(1,1,1:M1)EMDA(L,13M] )=
IAR(1,1:“1)*(“51(191:M1)*AU(1-195:M1)+SSI(1.12M1) AMN(1,1,5:M1))
AN(]141463M1)=220(13MI)%*CL(Ly14435ML)=NCL(14142IM])%FMDA(L,]13M1 )=
1AB(1412ML)(NSTI(L1a12M1)A(Ls14AIML)+SSTI(1,13ML)AMN(1,1462M1))
AN() 41 47301)=A20(13ML)*CL(191,5:M1)=NCL(141,3IML)%FMDA(],] M1 )—
TAR(T o 13MYYR(NST( 1 1ML )kAU(1,4],7¢ F1)+SSI(1.13M1) <AMOD(141,73M1))

830=ClIIR1(1,41)%S1(1,1)

A0(1,1, 1'M1)—A%O<20(1 13M1 )V (1422ML)+AN(LW], l'Ml)*T73(1

AR(14142:M1)=2,3%8303%(RO(141eM1)% LI, 1°M1)<V(1q].M1)-A6(1
1AN(1,41,23M1):2TZ23(1,41:M1)

BO(191433ML)=A30%(=P(1415ML)+RNO(1413MI)( V(191 sML )V (1,41 sM] )
TU(L,1eMI)U(1418MI)) I H+AN(L 41 ,35M1)%T73(1,13M1)

AD(L91443ML)=A30%(RN(1y1sML)5V(1412ML)=H(T,1 M1 )=VIS{L1,13M] )%
l(DSH(1,12M1)+(FL—1.J*PC(1,1:M1))/QF/SIG(I,I:MI)—U(I.I:ML)*Aﬁ(lyl:
AMI)+OFXR (141 3ML) ) +AN(]1 431 443M1)TZ23(1,13M1)

AO(L41,53M1)=A30%(RN(1,1ML)H=V(1,12ML)%CL{Y,1,33M1)=NCLIT41,15M1))
1+AM{1,1,5:M1)xT723(1,1:M1)

AD(L,1,63ML)=430%{RN(1,1 ML)V ( T 41 2MI)RCL(141443ML)=NCL(1,1,235M1))
1+AN(1,146:M1)5TZ23(1,1M1)

AD(1,1,7:M1)=A30%(RN(1,12M1)%V(1,12M])> (‘L(l 1,5 Ml)—ﬂCl(l 1.3 Ml))
1+AN(1,1,73M1)xTZ3(1,413M]1)

AN(1491413M1)==TZ4(1412MTI)RAN(],1,]135M1)

AN(141423M1)==TZ4(1512ML)%AN(1,1,23M1)

ON(141,33M1)==T74(1,1:ML)xAN(T,1,433M1)

AN(141463M1)==TZ4(1413ML)AN(14]1443M1)

AN(141453ML)==TZ4(1,)1:M1)%AN(T1,41,532M1)

AM(1e146291)==T74(1,13M1)xAM(1,1,62M])

AN(L ¢ 1972M1)==TZ4(1413M1)AM(141,72M1)

PRETURA .

FND

SURRQOUTINE VEC?

DIMENSTON BCL(101,14)

COMBNA/FT/NL G NLA,M50,N52,M], Mll,-‘S(),:\'J NJ1

COMMON/E2 /NXMGNXMYL gNXM3, NXMEG o MYFAR o NX MR o NX KD o NX MM

cnmmnm/pg/ﬁz,QF,Tw,Mm,xx,ZZ.FM,RFTA.QN,ﬁLqFLT.JJ.DY

COMMON/E6/INT(14) s THF(14) o TIMP(14) 4 TEMP(14) 3 TF(14) 4TFL1(14),TF2(14)

3k




b

1eTE3(14) 4 TEG(14),TFS5(14),TFA(14),TFT(14)

CONMANM/ET /U101 414) 4,V (101, 14).«H(1C1,14),H(101,14) PC{101.14)
CnmhﬂM/rHanl/sq(101,14),T(101,1A).P(101.IA) WMIX(101414),

1CL{101,14,5)

CHMMHN/TQANS/VIS(lﬂl.IA)qTK(14)»51%(101.14) :
COMMOM/FR/RT(101,14) yFMNA(101,14)47M(101414),R1(101,14)
CAMMON/FQ/S1(101,16),SS1(101, 14),0S81(101,14),C1IR1(101,14)
COMMANM/ELO/THFC(10)314) ¢ THES(101,14)4TV1(101,14).TV2(101,14)
CONMON/ZEI?/TZ?2(101,14),Z21(101,14),T73(101, 14),T764(101,14) .

CAMMAN/FLIR/AUL (101,14, 7).THFI(101.14).THF)(]01,14),VAIP(101.14).HF

L LT0T o 1692) gAI{10L 14 ¢T) oAM(10L 1447 )9AN(10114,7)AN(101,14,7)
COMYIINZELT/XN? o XHE G AL H  ALHAF y AMH G, TFyRNF,VF L VISFsSHF,PF
CNMON/FLO/TEIL1(14)4C124PU(14),FOCNNS,,FOCH(101,14)
ﬂniﬂM/F%O/TWASSl(]A).T“ASS(14)

RIT RCL

RA(2 41 INXN2)=AIT (2419 13NXM2)/S1{24 1 3MXMP)/FMOA(2, 1.wa?)

U(2 42 tNXMB) =BT (2,2,2NXME) /AT (242,13NMXME)

V(2,1 3NXM2)=AT {241 432NXM2) /AT (24141 80XM2) '
TVI(2,1NXM2)=(11(2, 1:“XM?) (2 LINXM2 )+ (2,1 SNXMP )RV (2,1 3MXM2)) /2,
T2 (241 NXM2)=811 (241 443NXM2) /AN (241,12 MYXM2)=TV1(2.13NMXM2)
P(Z.]'MXM?)-TV7(7,1'MXH?)rQn(?,].NYM?)/(FﬂFH(Z 1eNXM2)-1,).
PW(1:M1)=08VGATHR(P (2,1 3MXMT ), INT(12N] )1 Pu(liml))
P(1,1:MXML)=0RVSCATR(PW(TISNL),INT(LINL)EP (1,1 2NXML))

TE(1:NI)=0RVGATHR (WMIX (14 1eMX#ML ), INT(L ML) STR(LIML))

TEI(LsNT)=PU (LML) RTE(LINTL)/TH/FNCNMNS

AN(1,1eNXML)=NEVSCATRITFL(LINL),INT(L M) SRA( 1, INMXMT))
SHILyLINXM)=FOCH( 11 aNXM) %P (14 1L3NXM) /RO(1 4] 3MYM)
TE2(1:N1)=TMASS{LIN]I)/TELI(1:20M1)
V(l.l:mxml)-anSCATR(TFZ(1°M1).INT(1 M)W (1,1 apXM1l))
TEI(1)=(3.%RN(141)%V({14 L) +FMNA(341)%RN(3,1)5V(341)=RN(1 1)V {)y1)3%

1ZN(241)) /(4 %RND(2,1)=EMDA(2,1))

NN 20 N=24M1 .

TF3(N) =( 3 HFHENA (L gN)HBTI1L o NIERRA( LG NIRTF2(M)+FMDA(RGM)HBT (3N 3%

IRO(3, M)V (34N) ) /(4o REMDA(24M)RT (24 N)ERN(2,M))
CONTINUF

V{2, 1°NXH1)-ﬂkVQCATR(TF%(l'Ml).INT(l NIYsV(Z2,13NMXML)) - .
HOT ol tNMXM)=SH( Ly LanXMIF(II( T3 LaNXMIRI(LyLaNXM)+V (T LINXM)EV (1,1 SNXM
11)/2.

CL{?¢1¢3sNXM2)=ANT(2,1,353NXM2) /AT (2,141 30MXM2)

CLUP2 316 tNXM2Y=AL(2,1,6INXM2)/0001(2,1,1MXM2) .
CL{?¢145tNXM2)I=AIIT( 2,14 TNXM2)/BUL(241,13NXM2)

Ny 10 N=14N1 :
ARC==THMASS(N)RSIG(14MIKRF/VIS(14M)/FI/R2 ﬁl(l.v)<T7/(1,N) <77/2.
CL{1 4N 3)=(CL(2,My3)+ARCHG,F~-A)/(1.+ARC)
CLILoN,4)=(CL(24Ny&)+ARC*,Q9258)/(1.+ARC)

CLIL o™ g B)={CL(?4Ny5)+ARCHk0405) /(1 .+ARC)

35
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CNANTINDF

CLHFF=XHF:4 D03/ ANMYH
ROL(La1eNMXM)=CL(L141+4333NMXM) (T, CILHFF
CLOL o1 e3INXM)=0R8VETRE( CLHFF BCLIL,LsNXM)ICL(L1a 1 32NXM))
HCLLo13NXM)=CL{14144INXM),GT.4925 : -
CL{1,1,4:NXM)=0RYCTRL(0,925 yRCLIL,TENXM)SGL (el sbtNXM))
RCL(1,1eNXM)=CL{L1y1,52NXM) . 6T, 058 i
CLIT41,53NXM)=CAUCTRL (0,050 JBCL (1o LINXH) $CL (1] ,5INXN))
RCLIT g 1eNXM)I=CL{14143INXM)LTeH.F=A
CLIT 3103 tNXM)=0RVCTREL (5 4F=AoBOL (1, 13NXM)SCLIT,1,33NXM))
ROL () o1 3NXM)=CL(1y1442NXM) oLTeBaR=-6A
CL{1ly1y43NXM)=0RVCTRL(5.,F=A4RCL(1,412 NXM)3CL(1eladssNXM))
ACLILy1sNXM)=CL(141453MXM)LTeS5.F~5
CLULal oS tNXMIZORVETRL(G  Emfr e BCLIL o1 sNXM)SCL( 101 G2MXHM))
CL{Y142423MXM)=],=CL(141,y1: NX“)—CI(],I s NYN)-CI(],l 4 IAXM )=
1ICL{L,1453NXM)
RETHRN
FND .
SUBRNUTINF VFCa
NIMFNSTIAN RCL(101,14) _ .
COARPENON/FLI/MI gMIAGNEDZME2 4 MY 4811 ¢ME50 NI LN
COMMON/F2/NXE g NXEL g NXNMT g MXMA § MYME g NX MR G NXMD o NX MM
COFMNN/FR /R gRE TWy MVMig XX ¢ Z7 s FM oy RETAGRNGFL 4 FLT s JJoNY
CNMMON/FE/INT(14) o THF(14) 3 TIMP(14) ,TFMP(14),TF(14),TF1(14), TF2(14) |

1oTF3(14),TF4(14),TFS5{14),TFE6(14),TF7(14)

COMMON/FET/U(L101414),V(101414)4RN(101,4,14),H(101+14)45PCL10Y,14)-
COMMON/CHEQAL/SH(101,14),T{(101,14),P(101, 14),MVIX(10],]A),
1ICL({101,14,5)

COMMOMN/TRAMS/VIS(]101414),TK{14).STG(101,14)
COMMON/FE/BT(101,14) ,FMNA(101, 14)o7N(101.1A)-P](10].]4)
CNAMON/FS/S1(101414),SS1(1N1,14).NS1(101,14),CUIRL(101,14)
COMMOMN/FEIO/THFC(101,14) s THFS(101,14),TV1(101.14),TV2(101,14)
COVAON/FLI2/TZ2(100,14)4,71(101,14),T73(101,414),T74(101,412)
COMMNN/FLZ/AULI(10)4314,7),THF1I(101414),THE2(101,14),VATR(101,14).NC
JLU10T 414423 g AN(101 4144 7) 0 AM(101414,7Y48N(101,14,7),20(101,14,7)
CNMMOM/FLT/XH? g XHE JALH ALHF f AME , TE GRNF 4 VF 4 VI SF,SHF ,DPF
CNAMBN/FIQ/TELILI(14) 4C12,PW(14) ,FOCNNS,FOCH(101,14)
COEMAN/FE30/TMASST(14) ,TMASS(14)

=IT ACL

RN(24L:NXMS) =111 (24313 13MXME) /S1( 2,1 0XMA) /FMDA (2,1 TMYMR)

(2 23NXMRY=ALIT (2424, 23NXMR) /DI ( 242,41 5N¥VR)

V(2 13WXME)=ANT(2,143INXM5) /8117 (2,1,12M%XMET) :
TVI(2,LiNXMS)=(11{ 2 LINXME){ 241 INXME )+ (2,1 INXME )V (2,1 3NXME)) /2,
TV2(2,TINXME)=ANT(2,] 442 MXME) /AT (2,141 ¢NXME)=TVI(2,110XM5)
P24 1INXME)=TY2( 24 1 INXME)RRN(2, 1 IMXME)/(FOCH( 2,1 30XME) =], )"
SH{?2 4 13NXME)=FOCH( 2,1 tNXME )P (2, 18MXME) /RN(2,] tNYMS)
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CL(7.1.B:NXMS)=An1(2.1,6:NXM5)/Au1(2.1,1:MXM5)
CL{2+144iNXMB)=ANT(2,1,63NXM5) /411 (2,141LINXM5)
CL(?.l.S:MXMs)=An1(2,1.7:NXMS)/Au1(2.1,1:was)
H(?,NI:Mll)=2.%*U(2.N14:M11)-2.*u(2,msn:M11)+.5*u(2,M52;M11)
V(Z,N1:M11)=2.5*V(2.M14:M11)-2.*V(2.M50:M11)+,6*V(2.N62:M11)
P(?.Nl:Mll)=2.%*P(2,N14:M11)—2.*9(2.m50:M11)+.s*p(2.N52:M11)
SH(Z.Ml:Mll)=SH(2.~14:M11)*2.6-2.*SH(Z.NSO:Mll)+.6*SH(2.N52:M11)
RM(2,M13M11)=FOCH(2,NL:M11)%P(2,N12MLI1)/SH(2,N]1:M11) .
CL(?gNl,B:MII)=2.5*CL(Z,NIA.%:Mll)-Z.*CL(2.N5ﬂ.?:M11)+.G#CL(Z-N57q
13:1411) : T
CL(Z,Nl,A:M11)=2.5*CL(2.N1A.A:M11)—2.*CL(z.mso.A:M11)+.€*CL(2,N52,
l42M11) :
CL(?le.S:Mll)=2.S#CL(2,N14,5:M11)—2.*CL(2,N50,RtM11)+.5*CL(2,N52q
15:#411) '
TE3(1)=(3.%TMASS(1) FEMNA (341 )%RA(3,1)%V(3,1)=RO(1, )%V (1,1}
LZN(241) ) /(Lo RO(241)EMDA(2,1)) ‘
NN 20 N=2,N1
TE3(N) =(34KFMNA(14M)ERT(14N)*TMASS(N) FEMDA (34N )BT (34N )3
, 1RO NIV (R gN) )/ (L5 FMNA (2 M) ERT(24N)RN(2,4,N))
20 CONTINIF _
V(2,1 :NXM]1)=0RVSCATR(TEZ(LINL) , INT(LINML) V(2,1 3NXM1))
TE(I:N1)£QRVGATHR(MMIX(1.1:MXM1).INT(1:N1):Te(lle))
TE1(1:N1)=08VGATHR(P(2,13NXML)INT(LINI)STFI(1IN]))
TE2(1:N1)=0RVGATHR(P(3,1:NXM1) 4 INT(1INT)STF2(12N1))
TE4(1:N1)=08VGATHR(V(3,13NXMI) g INT{1IN1)ITEA(1IN1))
: TFS(]:N1)=(TMASS(1:N1)*(A.*Tcz(1:m1)-TFA(1:M1))+a,*TFlg1:N1):TFzg,
11:N1)) /3, _ B ' - I
TEA(1:ML)=TF({1:N1)/TW/FOCNOMS
TET(1:N1)=TMASS(1:N1)=TMASS( LML) /TREA(LIN])
PW(1:NMI)=TFS(1:NL)XTFS(LINL) =4 #TFT(1IN1)"
PL{]IM1)=VSORT(PH(TIINL)SPH({LINL))
PW{L1:NI)=(TF5(1M1)+PW(12INL)) /2.
TEL(1:n1)=PW({1:NI)RTFA(LIMDL)
TE2({13:M1)=TMASS{1:N1)/TEL(13N]) :
P(1el:sNXi1)=0RVSCATR(PM(1INL)INT(1IM1) P14 1INXM]))
AN(1 41 :NXM1)=0RVSCATRITFL(LINT) o TNT(1INL) 2RO(L,1IMXH]))
V(1,1 tNXM1)=0RVSCATR(TEZ(1IN1) o FMT(LINTI VT, 13NXM1))
NN 10" N=14M] ‘
SH(1,M)=FOCH(1,M)xPW(N)/TFL(M) : :
ARC==THAASS (M)XSTIG (1 NIZRF/VIS(1N)/EL/B2% SLIT,N)HTZ2(1,N)*77 /2.
CLULoNG3)=(CLI? o Ne3)+ABCHE F=A)/ (1 .+AR0) :
CLIT 4 Ne&)=(CL{2eNg&)+ARCH,Q25)/(1.+48RC)
CLILN,B)=(CL(24NMyB)+ARCEN.05)/(1.+ARC)
10 COMTIMIJF : .
HULelsMXM)=SH( T g LaNXM)+(11{ 1y LaNXM)R(L el sMXM)+V (1a 1 sNUH)ARV (] ,] 2 NXM
)/2. ' : '
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C

OO0

CLHFF=XHF::4 003/ AMH
HOL (1o LaNXMI=CL(141,338XM) ,STLCLREFF

CL{14143INXM)=DAVCTRL CLHEFZROCL (141 3MYXM) I (1,1 4330IX11))
HCL(1a1anNXM)=CL {1y lylsNXM) 3T,,925

CL{141e&tNXM)=02YCTRI (0,925 sRCLI1 4T tNXM)ICL Lol atasNXM))
BCILLL g1 tRXMI=CL (141 453NXM) 2T, 0R
CL{1,1,5sMXM)=0RVCTRIL{0,050 . WRCLIT4LINXM)ICL(Tal,52NXM))
RKCL(Y o1 MXM)=CL T a1 e3sMXM) I TR F=A
CL{L1e143NXM)=NRVETRE(SaF=AsRCLI14)NXM)ICL{1,1,3IMXM))

RCL(TolaMXM)=CL (14l esmXit) JL.ToBoF=A

CL{Y el o tNXM)=0ORVCTRIL(BeF=A ROLIT 1 MXMIICI (141 4423MX01))
SCLLL gL snXM)=Cl{1a1s8MXM) I T.B.F=A

CL{T sl eBINXM)=DSVCTRL( BeF=hoRCI (1, 1 anXYy ) :('.L(lgl.‘:.:‘\'.‘(”))
CLIL el 923X )= =00 (14l ed sMXM)=CL(lale3tMXYM)=CL{lelelit¥e)—
ICL(1e1 45 2NXM)

AFTHRNM

R

SUKRANTIME THERMAO

FRFF FMFRGY, FNTHALPY, AMD SPECIFIC HFAT BY APPROXIMATIMG POLYNAMIALSTHFRROO3N

RFEAL MNLFF

DIMENSTON CPIT1(101,144,1G),ENT(101,414,19)

DIRFENSION RG(101,14)

COMMORM/F2/NX My NXMT g MXM3 g NXMEL o MXMEG g NXMA g NX M2 g MY MM
COMMNNM/FLO/THFC(101414) 3 THRES(101,14),TV1{(101,14),TV2{101.14)
COMPANNM/FLR/ANTI(101,14,7) 3 THFL(101,414),THE2(101,14),VATR(10]1,14),DC

CLILEL01 3 14643) 3 A(I01,14,7) 325101014, 7),AN(1I0L1,1447) 000101 ,14,7)

CNEMANM/F21/A9(101,14),A10(101,14)4.413(101,14),AA1(101,14),842(101,
114)

COMMON/CHEQN/ME Ng NA 4 MN
COMMHN/FHFHAI/SH(lnl 14) ¢ TL101414),P{101,14) ,WIX(101, 14).

1CL(101,14,5)

COMMNON/CHFOA?2 /EH{10)L414,419) MNLFF{10],14,10)

CRuaNti/CHEFRR/ AT (20,3) 4RT(20,3), FI(?H.Q).DT(?O.?).FI(?” 3},

. : FI(2043),51(20,32)
COAmMOM/CHEON/FORT(1014,14419),Y(101,19),X{(101,19),YRLR(]01)
CONMMDON/CHEOH3 /CPI2(101414,19)
FOUTVALFMCF(CPTL(1ale 1) o AUL{Y a3 ol ) ) (FNT(1y1,41),28M(1,1,1))
NESCRIPTAR N4l .NAQ
RIT RG .
CNEFFICINTS ARF INPUT FNR THRFEF TFMDERATHRFE RAMGES, (1) 300K TN
1000K, (2) 1000K TN ANDOK, AND (3) AN00K TN 15000K, ND I
NFMATFS THF SFT NE COFFFICTIFNTS THAT ARE REINS HISEFD, COMBINFE TN
ASSURF SMANTH TRANSITINN RFTWFEFM CACH NF THRFE THRFE TEMPFRATIIRF
INTFRVALS, T IS GEMERALLY 13REATFR THAN ABNNK,

RR=1,387
RGILy1eNXM)=T(l,1MXM) LF.A500,
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£

10

CA13{141:L2)=AA1(),)2L2)%AAT(1,12L2)
1412

ASSIGN DAQAQ{ 1,41 NXi4)
NAG=0RVLCMPRS{TI(1413MXM) RG(1,1INMXM}INAQ)
L1=0QaSLEN(NAGQ) . 7
RGR(1e15LL}=A9(1,1:L1).LF.5500.

ASSIGN NDATLATO[ 141 INXM)
NALI=NAYCMPRS(A9{141:L1}4RG(L,1:0L1)30DAT)
L2=0QSLFN{NAY)

AATI(1,1:L2)=NnALNA]L
AD2(1,1:L2)=DA1%=AA1({1,1%12)

TV?2 (L1 2)¥=valnGg{nal:tvz |

TY? {(1,1:L2)=1.-TVZ2 (1,1:L2)

NO 10 I1=1,NS , .

CPI2()y1,T2L2)=RRA{AT{T42}+BI(I1,42)%NA1I+CT(T,2)%AAL(1,15L2}4+DI(1,2)
1%AA2 (1, 13L2V4+FT1(1,2)%413(1,1:1.2))

FORT 19141 2L2)=AT(T42)% TY2(1elsl2)=eb%RT(1,2)%NAY-CI(T,2)%841(1,1
121 /76.=NDI(T,42)% AA?(l,l L2)/12.=FI{142)%0.05%A13(1,1:L2)+FI(1.2)/
2hAal- GI(I.Z) S \ : _

FNT()ls1l412 =2R#NAL*(AT(I,42)+, S«H](I 2)HNAT+CTI (T 42001 (1,1:0L2)/3
1.+nI(I,2)*AA2(1 13L2)V/6+FT(142)%A13(1413L2)/5.+F1(T1,2)/NAY)

CONT INUF o i : -

BG(1l,1:L1)=49(1,1:L1).GT.5500.

NAL=08VCMPRS(A9({141:1L1),RG(1,1201.1)2NnA1)

L3=0RSLEN(DAL)

AAL{1.,13L3)=NA1%DA]

ABMZ2(1,13L3)=D81%AAT(1,1:L3) . .

A1A(1,130L3)=AAT1(14122L3)5AA(1,1203) . - : e

TV2{1,1:L3)=VALDGINAY: TV2(1.121.3}))

TV2(14120L3)=],= TV2(1,1:1L3}

NN 20 I=14NS

TVi{1,1:L3)=RR=( (A, 5—.001rnA1)~(AI(I'?)+RI(I 2)EDAL+CILT,2)%AAL ()
1o1:L3)+DE(T42)%A82( 1, 2L3}+FT(1,42)%A13(1,)L3))+(,001%NA1=5,5)*%(A]
20I43)+BT(T143)%NALTHCTI(T43)AA (1022 L3)+NT(T43)AA2(1413LA)+FI(T43)3%
3813(1,1:L3))) .

CPTI(1el I L1)=DRYMERG( TV1I(1,1¢L3)4,CPI2(2141,1:2L2),R5(2428L1)
1CPTI1{141,4T21L1)) : ,

FVI{1ls1 L3 )= (S~ (001 % DAI)«(AI(I 23 Tu201,4130L3)= 5%RT([,2)%DAY-
TCT(TZY3AAT(1412L3)/6.=DI{T42)%AA2(1,12L3)/12.=FTI(T42)%,058%A13(1,1
2IL3MHFI(I 2 /NAL=GI{T+2) )+ (,001%DNA]=8, 8} {AT{],3)}% FTY2(1,1:L3)-0,58
BABI(] 43V %DAL=CI(T43)AATI(141:0L3)/6e=NT{TI43)A02(1,130L3)/12.-FT(T43
4)%,05%AYT3 (14131 3Y+FI(T1.3)/NA1=-GI(T43))

FH(LalaT3L1)}=08YMERG( TV1{1,41: L%).FnRT(l I.I.l?).Hl(I 1-|1).
1FH({1,41,712¢ Ll)) -

TYI{141:L3)=R2ENALR((6.5=.001:% nAI) (AI{I,2)+.%*%I(I.7J*HAI+CI(I.2
11RBAT( VeI LR)Y /B3, 4NT{T,2)%AA2( 1,123} /L +FT(T.2)812(1,1350L3)/8,.+
PEILT,2)/DAL)+(.001%NDL1=5.5)%(AT(T43)+e6%*BT{I1,3)=NATI+CT(T43)%801(1,

L2))
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2()

30

50)

%1:L3)/3.+UI(I.?)*AA2(1,1=L3)/A.+FI(I,?)*Alﬂ(lolzLB)/5.+FI(I'?)/
anipl)) )
ANLEF(1eleT L) =NRUYMER G TVI(1e1:L3)oFNT(1eloIsl2),R6G(1,12L1)2
1TMALFF(1410T20L1))
COMTINUFR
AG(1e1tNXM)I=T(141iMXM) GTAB00,
DAL=NRVCMPRS(T(Ly1INXM) ¢HG(1y1NXM)IIAL)
L2=NRS|.FN(DATL)
AAT(1,135L2)=NALDA]
AA?.(191:L2)=nﬂl.’:‘AA1(191:'-2)
A13(1,13L2)=AA1(1,2:3L2)%AA1(1,1:L2)
TV2(1,13L2)=vAalNG(nats TV2(1,1:L2)) “
TV2(1l,13L2)=14= TV2(1le1:L2)
NN 30 I=1,NMS

TYL(1413L2)=RR:E(AT(T43)+RI(T, 3)*0A1+CI(I.%)*Aﬁl(1,1:L2)+ﬂI(I;?)

13%A82(1a13L2)+FT(T,3)A13(1,1202)) _
GPI2(141412sMNXM)=NRYMFRG( TV1(141:0L2),CPI1(1, 1 T:L1)4RG(L, I'NYM).
1CPI2(1414T3NXM))

TVI(le13L2)=AT(T,3)% TV2(1,1:3L2)=o5%RI(T1,3)%NAL-CI(1,3)%A01(]1,]
1:L2)/6.-DI(I.?)*AA2(1q1:L2)/12.—=I(Iq%)*0.0S*A13(1.13g2)+FI(Io?)/
2NDA1I-GI(T1,43) ~

FORT (141, NXMY=DRVMFRS ( TVl(1,1:L2).FH(1.1,I:L1).R%(1.1:MxM):
TFORT(1e1,T sNXN))

TY1(1e13L2)=RRANALIR(AT(TI3)+.5%BTI(T, 2)*0A1+rI(T 3)AAY(1,1301.2)/3.
14DT (T 43)%AA2(1413L2)/4+FT(1,3)%A13(1,1:L2)/5. +FI(I,3)/PAY)

CENT(141, TINXM)=0RVMERG( TV1(1I31¢ L?),MNIFF(I TeTsL1)aB5(1,15MXM)2

IFNT (141, 13NXM))

COMTINNF

TVI(1,13sNXMISVALNG(P (141 sMXM)I S TVI{1,4123N¥M))

NN 50 I=1,NS

FORT(141 9T 3MXM)=FORT(141,I3MXM)+ TVI(1,13NXM)

FH{191 91 3NSENXM)=ENT(1g1 sl iMNSHNXM) : ‘
RETURN THFRNO4?2NO
cuD THEROALRN
SURRNMNUTINFE CHFEM(KTEST)

COMMON/F2/NXMgMXMT g MXMT g NX ML g MXME o NX MR o MXMZP o NX MM e
COMMOM/CHFOAL/SH(101,14),T(101, 14).9(1W1,14)»'”IX(lﬂl-lhiv
1CL(101,414,5)
cnmmnM/Fla/Aul(101.1a,7).TH91(101,1A).THF2(101,14)'VATR(10f~1&)-”f
TL(10T141443) gAUI{10141447) gAM{10L 41447 )oAN{T01,14,7),40(101,14,7)
CORERON/CHEON/NFE ¢ NS NA o NN
COMMON/CHFAN/FORTI101,14,19),Y(101,19),%(101.10),YBAR(101)
COENON/CHEOA2/EH{101,14419) yMALFF(101414,19)

COMMON/TTER/HI(101414) MMIX1(101414) :

COMMON/CHFOC /M4 (19) 4 SYMR(19),44(19, %),chl(6)-ﬂAA(l“1 19,5) .
COMMON/CHEQF/YI1(101,4,14,19)

Lo




c
C
C

OO0

10

20

REAL MW,MOLEF

HI{1+1INXM)=0,

WMTX1(1,13NXM)=0

THFE2(1413NXM}=0,

NN 10 I=1,NS

WMIX1(1elsNXM)I=WMIX1(1,1INXM)+ YIl(lqle NXM)
THE2(1,13NXM)= THE2(1,1:NXM)+ YI1{(1leleI3NXM)2 MW ( 1)

MOLFCULAR WEIGHT OF EQUILIBRIHUM MIXTURE .. CHFO174A0

WMMIX{1g13NXM)=THF2 (1o LENXM) /WMIX1(1y13NXM) -
ENTHALPY OF EOUIL. MIXTURE IN CAL/MOL. DIVIDE BY MIXTURE MAL, WT,
TN GET IN CAL/GM. -

1 CAL/GM = 4184 J/KG,

PN 20 I=1,NS . :
HI(141INXM)=HT (1, 1NXM)+ EH(1e1yT3NXMI®RYTLI(1y1yT3NXM)

MOLEF (19l TaNXM)= | YI1(141,ToNXM)/WMIX1(1,13NXM)
HI(1,13NXM)=HI (14 13NXM)/THE2(1s13NXM)
RFTURN

FND ’

SURRAUTINE  CHFO(KTESTeJdFyM14L 4CRIT)

CHFMICAL FOUILIBRIUM NF MILTIPHASE SYSTEMS RASED ON THE PRINCIPLE CHEQNO30O
NF MINIMIZATION OF ‘THF FREE FNFRGY NF THFE MIXTIHRF CHEQDO040

THE CNNDFNSED SPECIFS OPTINN IS NOT CURRENTLY IMPLEMENTED, - . CHEON110

COMMNN/CHEQAYL/SH(101,14).T(101414),P(101,14),WMIX(101,14),
1CL(101414,5)

COMMON/CHEQA2/FEH(101,4164419) MOLEF(101414, 10)
COMMON/CHEQH3/CPI2(101414,419)

COMMON/CHEQN/NF ¢ MSoNA o NN
COMMON/CHEQC/MN(IQ),SYMR(IQ);AA(19,5)oMHEL(5)yAﬁA(101ql9q5)
COMMON/CHEQOD/FORT(101414419),Y(101,19),X(101,19),YRBRAR(101)
COMMON/ITEFR/HI(101414),WMIX1(101,14)

COMMON/CHFOF/YTI1(101,14,419)

COMMON/CHEOS/SKIP(101)

COMMON/CHEOT/ CUNV(IOI),XIAMRD(IOI).DFIT(IOI 19),F(101., IQ)oDFRAR(l
101) ,HALL(LO1)Y,NDFDL(101)

NIMEMSION BRIG(101)

“RIT BIG '

REAL MM MWEL ¢MOILFF

RCRIT=41xCRIT

MMS=M1:NS

RR=1,987 - _ _

NT=0 _ . _ _ : CHFENO420
SKIP(1:M1)=0, . ' ' :

IF KTEST FO 1 USE MOLE NUMBERS COMPUTED PDFVInnﬁLLY FAR THTS
STATION AS INITIAL GUESS.
NTHFERWISE ,ESTIMATE SPFCIES MALFE NUMBERS FROM FLEMENT
MASS FRACTINANS. - '

L1



IF(KTFST.FQL1)G0 TNH 49

C STARTING ASSUMPTINNM = ATAMS ONLY, NN chPnUNQs_

[

v
50

AL

C LAMBDA AMD DIRECTINMAL DPERIVATIVE (DFNL), AND CONVERGENCF TFEST

107
108

105
106
100

Y(1ls1iMNS)=1,F=-7
Y(1412MI)=CL{]14JF,13ML)/MUWFL(1)
Y(142:M1)=CL{14JF42M1)/MWEL(2)
Y{1,5:M1)=CL{14JF433IM1)/MUEL(3)
Y(1y7:ML)=CL(14JF,43M1)/MWFL(4)
Y(1¢15iM1)=CL{1,4JF 45 IMI)/MWFL(5)
GN TN 50

CONTINUE

NN 42 I=1,NS
Y{1,1:M1)=YI1(1,JF,13M1)
CaONTIMUF

C FREF ENFRGY MINIMIZATION RY STFEPFST DPESCFNT

CONTINUE
NT=NT+1
CALL MINFENG (NS NFoJFyMNS M1 ,L)

XLAMRD(1:iM1)=1,
DFLT(1412MNS)=X(1,13MNS)=Y (1, 13MNS)
nn 100 M=1,M]

CTF(SKIP(M) ,EO,.1,)6G0 TN 105

IFI(NT.LF,R)GO TN 107
IF(NT.GR, 1T ANDNTLEL22)6N TN 107
CALL TEST(M)

‘G0 TN 108

CALL TESTL(M)
COANTINIE

GN TN 100

DN 106 J=1,NS
DELT(M,J1=0,

COANTINUE

C DERIVATIVE FOR GASEOUS SPECIFS.

110

120

130

FI1413MNS)=VARS(NELT(141MNS)IF(1,13MNS))
CONV(1:M1)=0.

NEBAR(1:M1)=0.

N 110 I=14NS .
CONV(1:M1)=F(1,123M1)+COANV{12IM])
NERAR{1:M1)=DFLT(1,1:M1)+NFRAR(1:M1)

MTRIFS=0

CONTIMIF

HAILLIL(L:M1)=1, /(YHAR(1°M1)+X1AMHD(I.M1)>DFRAR(1'M1))
MTRIES=NTRIFS+1

NO 130 I=1,.MS
F(LlyIeMYI)=(Y(1leltML)+XLAMBD(Y:MI)XDELT(1,12 Ml))“HAIL(l M1)
FIleLiMNS)=VAILNG(F()141:MNS)IF(1,1:MNS))

42
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140

200

C NEW

220

350
300

500
600

620

NENL{1:M1)=0.

NO 140 I=1,NS '

F{leT:ML)=NELT(1,1: ML)*(FORT(1yJFo12 w1)+F(1,I.M1))
DFPL(1:sM1)=DFDL(1sML)+F(1,1:M1) ' C ‘
NDEDL < 0, WF ARF GOING THF RIGHT WAY.ON FREE FNFRPY SURFACE. CHEN1220
NOTs REDUCE LAMBDA AND TRY AGAIN... ,
RIG(13M1)=SKIP(1:M1).F0.1.

NFENL(1:M1)=Q8YCTRL(1.E-10,BIG(1: Ml).DFDL(l M1))
RIG(1:M1)=DFNL(1:M]1).GE.1.FE-9

HALL(13M1)=,75%XLAMBD(1:M1)
XLAMBD(1:3M1)=Q8VCTRL(HALL{1:M1),BIG(1sM1)IXLAMBN(13M1))
I11=0RSGE(DFPDL(13:M1),1.,E-9)

IF(II.FO,ML)YGN TO 200

IF(NTRIFES.GT. 16)Gﬂ Tn 600 _ _

GO TO 120 . . ' ' CHEN1290

CONTINUE. . o | | ' » CHEN1330

MOLF FRACTIONS
HALL(13M1)=VABS(DFDL(1sML)IHALL(1:M1))
BIG(1iML)=HALL(1:M1) LT.1eF-9

CONV(1:M1)=08VCTRLIRCRITVBIG(13sML)sCONV(1:M1))

BIG(1:M1)=CONV(1:M1),.LE.CRIT

XLAMBN(13M1)=08VCTRL(0.,BIG(12M1)?2 XLAMBD(I M1))
SKIP{(1:tM1)=0BVCTRL(1.,,BIG({1: Ml).SKIP(l.Ml))
IT=0RSGF(CNNV(1:M1),CRIT)

IF(IT1.FO.M1)GD TO 600

N 220 I=1,NS

VUL TEMLIZY (Lo T ML)+ XLAMBD (12 ML J#DELT (1, 14M1)

IF(NT,LT.50)GN TN 500

WRITE(64231) o

FORMAT(/1X,'NO., OF ITERATIONS EXCEED 50'/)

DN 350 M=]1,M1 .

IF(SKIP(M).FO.1.)G0 TN 350

WRITE(64300)LeJFyMeP{MeJF), T(MvJF)oDFﬂl(M)oCﬂNV(M) XLAMBU(M)
CONTINMUE -

FORMAT (1X s 15¢5X s 105X s 14 05Xy P2t yF124545X 1721 JF13.5,5%, 'DFAL=Y,

TE12.543X,'CONV=",E12.5+3X, "XLAMBD="',E11, S)

GNn TO 600.

GN TO 60 3 4 . ,
CONTINUE ' o o ‘ : © CHEQ1680
N 620 I=1,NS : ' - :
YI1(1,JdF,I3M1)= Y(l I:M1) . . : '
RETURMN ) ’ CHFND2150
END , _ " CHFN02160

SURROUTINE TEST(M)

COMMON/CHEON/NE 4 NS g NA 4 NIN '
COMMNN/CHFOD/FORT(101414,19)3Y(101,19),x(101, 1°)9YRAR(101)

L3




COMMON/CHFOT/ CONV(101)XLAMRD(101),,DFLT(101, 19),F(101 19),NDFRAR (1
101) HALL(101),NFN_{101) :
NO 107 I=14MS
IF(DFLT(M,1).GF.0.,)GN TN 107
IF(Y{MyT)/YRBAR(M) LTele.E=7)GN TN 101
XLAM==Y(M,T1)/NFLT(M, 1)
TF(XLAM.GF,XLAMRD(M))IGN TN 107
XLAMBRND(M)=0,2999999:%xX|.AM
GN 70 107
101 NDELT(M,I1)=0,
107 CONTINUF
: RETIHRN
END
SURRNUITINF TESTL (M)
COMMNN/CHFQN/NE GNS,aNA,NN
COMMON/CHFQOD/FNRT(101,414,19),Y(101,19),X(101, 19) YBAR(101)
COMMON/CHFOT/ rnNV(101),XLAMBD(101),nFLT(IOI,IQ) F(101 19),NFBAR(1
101) ,HALL(101),DFNL(101)
NN 107 I=1,MS _
IF(NFLT(M,I),GF.0.)GD TN 107
XLAM==Y (M, T)/DFLT{(M,1)
CIF(XLAM ,GF XL AMBN(M)Y)IGN TN 107
XLAMBND(M)=(0,993999G9:xX | AM
107 CNNTINUE

RETURN
FND
SUBROUTINE MINENG(MS4NE,JFsMNSyM1,L)

C FIT N-DIMENSIONAL PAJARNLA TN POINT IN FREF-FENFERGY SPACF, WHFRF MIMNEON3O
C N IS MUMBER NF ELFEMEMTS IN SYSTEM. :
COMMON/CHFOAL /SH{101,14) +T(101414),P(101,414) ,WMIX(101,414),
1CL(101,14,5)
COMMON/CHEOQA2/FH{ 101, 14,19) MOLEF(101414,19)
COMMON/CHFOH3/CPI2(101414,19)
CnMMHN/CHFQC/MW(19).SYMR(19).AA(19,S) MNFL(S) AAA(101, 19 8)
COMMON/CHFOND/FNRT(101,14,19),Y(101,19),%(101, 19),YRAR(101),
COMMON/CHFOG/AL(101,6,4,6)4+8B81(101,6)
'CnmmnN/r4FnS/SKIP(101)
NDIMENSION DELTA(101,19, 5)'F(101.1°) NFLT(101, IQ)'BHM(IOI) XYBAR(
1101),R1(101,6,6) .
MMM =ANF+1
UX=36%M]
MNE=M1:NE
MNE1=MMM3:M]
YRAR({1:M1)=0,
N 100 I=1,NS
100 YRAR(1:iM1)=YRBAR(1:M1)+Y(1l,I3:M1)

Ly




C SET UP aAMD SNLVE MATRIX

110

¢ (1)

170

120

KR1{1s.1:606)=0.

nn 110 J=1,4NE

DELTA(L,1.JsMNS)=AAA(]L, l.J MNS )Y ({1,122 MMS)

NN 110 T=1,NS .

BR1(1,J3ML)=DNFLTA(L4T4d3 M1)+BRI(1,J M1)
FRFF FNFRGY - GASFNHS SPFCIES

NO 170 I=1,4NMS
F(1,1tM1)=Y(1,13sML)/YBAR(1:M1)

F(l,12 MNS)-VALnG(F(lvl‘MNS) F(l,.1% MNS))

DN 1RO 1=1,NS :

F(I,I=M1)=Y(1.I:Ml)*(FOQT(1,JF.I:M1)+F(191=M1))

C IMITIALIZF MATRICFS

275

270
7250
310
330
320

4.0}

A1(141413MX)=0,

R1(1l,1,18MX)=0,

Al(1,1,13MNF)= RRl(l.l MNF)

NN 270 J=1, NF -

NN 270 K=1,J
DELT(1912MNS)=AAB(1414JIMNS) “DELTA(l41,K2MNS)
NN 275 1=1,4NS .
Ql(l.J.K:M1)=DFLT(1,I:M1)+R1(11J,K:M1)
RI(14KyJdisML)=RI(1yJoeKIM])

ND 280 J=2 MMM

K=J-1

A1(1y1 4 JIMNFE)=R1(14]1KIMNF)

NN 310 =24 MMM

K=.J-1

Al(lyMMN,J.Ml)-Al(l KeyliMl)

NN 320 J=1,NF

DELT(1,13MNS)=AAA(L41,4J2 MNS)*F(l 1 MN'S )
Rt (1:M1)=0.

NN 330 I=1.NS ’
RH“(1:M1)=DELT(I,I:M1)+RUM(1:M1)
HH1(14J2ML)=BRI({1JsML)+RUM(L1IML)

- RyM(1imM1)=0.

N0 340 I=1,4NS

KU {1sM1)=RUM{1:ML)I+F(1,I3M1)
KRB1 (1 4MMMeIML)Y=RUM(L ML)
CALL EQSOL(MMMGNE,M1)

C  NMFW MOLE FRACTIONS (X)

400

XYRAR(13:M1)=BR1(1,13#1)

ARRI(1,13MNE)=RR1(1323MNF)

NDELT(1413MNS) =0,

NN 390 J=1,NF

nn AOO I=1,NS : .
DFLT(I_I'M 1)= DFLT(I,I M1)+AAA(1 TeJsM1)RRY (1 4J2M1)

MINENQNN




320

410

20

50

40
70

0

AD
200

COMTIMIF

PN 410 I=1,NS
DELT(LoI3MI)=DNELT(lsTsML)+XYRAR(LIM])
X(1e1:tMNS)=DELT(1,12MNS) Y (1,13 MNS)=F (1, 13MNS)
RETHRM

FinD

SURRNUTINF FEOSOL { MMM ¢ ME M1)
COMMAN/GHENG/81(101,646)BR1(1N146)

NTMENSTON U(101+6)9S(101)+TK2(101),UT(101)

ND 200 K=1,,NF

J=K >
S(1:M1)=0.

NN 20 I=K,MMM
S(1:M1)=S{1sMLI+AL(1eTyJiMI)AT(14Tyd3ML)
S(1:M1)=VSORT(S(1:M1):S(13wl))

UL KIML)ZAT (1 4Ky JiMII+VSIGN(SILIIML) AL(1,K4J2 M1)sUT (12 M1))
‘KP1=K+1

Krl=ilsk (MMM=K )

U(L,KPL3KM1)=A1(14KP1lyJsKML)

AL(1 4K od2M1)==VSTAN(S(1tML) 4AL(1,K,yJtML)UIT( LS Ml))
TK2{1:ML)=U(1y,K2sM1)%=S(13sM1)
TK2(1‘M1)-VAH§(TK2(1'M1)'TK?(I:Ml))

JK=K+1

N0 70 JJI=JK,MMM

UT(1:M1)=0.

nn s0 III:K,MMM

NT(1:MI)=UT(LEMLI+U(L TTTsML)*AL(1,I1T4JJ3ML)
NT(1:M1)=UT(L:M1)/TK2(1:tmMm1)

NO 40 I1=K,MMM ' .
A1(1IT4JJsML)=A1(1,1T,JJ¢ Ml)-U(l;II-Ml)*HT(l M1)
CONTINUE

UT(1:M1)=0.

DN 80 T1=K,MMM

DT(1:M1)=UT(1:ML)+0(1,IT¢2 Ml)rBBl(lyII‘Ml)
UT({1:sML)=UT(13M1)/TK2(1:M1)

NO 60 T1=K,MMM

BR1(1,I11:M1)=RRL(1,IT2M1)=U(1, II'MI)*HT(I M1)
CONT INUF ,
BR1(1463M1)=RBR1(1,63M1)/AL(146463M1)
RR1(1,5:M1)=(RR1(145:M1)=A1(1,5,63M1)%kBARL(1, b1 M1))/A1(1 5,53M1)
BR1(1,4:M1)=(BRI(1y43M1)-A1(144,A3ML)*RRLI(1,62:M1)=A1(1,4, 53] )%
1KR1(145:M1))/AL(194443M1)

BRI(1,3:M1)=(RB1(1433M1)= Al(lché:Ml)*BBl(1’6:M1)-A1(19395:M1)*

1HB1(1,5:M1)=81(1,3,43M1)%BR1(1,43M1))/A1(1,3,33M1)
HB1(1423M1)=(RB1(1,2:M1)=A1(1,2,63M1)*BRL(1,A211)=AL(1, M1 )
IRRI(1,5:ML)=A1(1,2,4:M1)%ABR1(1,43M1)-A1(1,2,33M1)% BH1(1,3 Nl))/

L6
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~

1A1(1,2,2:M1)

HHl(l ]-Ml) (RR1I{1,1:M1)=A1(1,41462tM1)%BRL(14A2M1)=AL(1s1,52M] )%
1AB1(1,5:M1)=A1(1s1,42M1)%RR1(1443M1)=01(1,1,32 Ml)kRR1(1,3 M1) -
141(141,23M1)%HR1(1, 22 Ml))/Al(l 1 I.Ml) N

SETURN

FND

SURRNUTINFE RFAD

REAL MW MWFL

COMMON/F1/NLyN144NBO4N52 (M1 4M11eME0,NJoNJ1

COMMON/CHEQAL/SH(101414),T(101414)4P(101,414),WMIX(101,14),
1CL(101,14,5) .

COMMON/CHFQA2/FH(101414,19),MOLFF(101, IA 1°)

COMMON/CHEQH3/CPI2(101414,19)

COMMAON/CHEON/NF NSy NA 4 NN

COMMON/CHFOB/ AT(20,3),81(20,3),C7(20,3),N1(20, 3);FI(20,3)0

‘F1(2043),6G1(20,3)
CﬂMMUN/CHFnC/hw(19).SYMR(1°).AA(1915),MNFL(S) AAA(101,19, 6)
CAMMON/TP3/XMA(20) ¢ XMB(20) « XMC(20) 4 XKA(20) 4, XKB(20) .
NIMENSINON TILWP(6)

TDIMENSTIAN TLW(9)

NATA TLW/5H SI,45H F ¢ 5H Ny5H Ny 5H Cy5H HE,
15H H,5H F=y5H /
NAMFLIST/THERMO/ MU g MEL o NA g ME 4 NIS o NN
MNNM=0O | ' -
MIT=0 : . . ' A ' RFADOOIN
IUMIT=1 - ' ' : ' .
XLFWIS = 0.0
XPRANND=0,0

C IMPHT PROBLEM NAMELISTS

20

55

TR0

120

READ(5, THERMO) ,  RFAD1440
WRITF (6, THERMO) - A
DN 60 I=1,NS . - _ 7
READ(5,901) SYMB(T),(AA(T,J) 0= 1,NE) | o READ1610

DN 55 J= 1,3 ‘ '

REAN (5002181 (Tsd) sBI(Tad) sCT(Tod) oDT(Ted) eET(T+d) s ETLTa J) GI(1,.0)RFAD163N

REAN(54902)XMA(T) yXMB({T) o XMCIT) o XKA(T) 4 XKR(T) _ READLALD
CONTINUE. - ‘ : RFAD1ATO
C THFRMNCHEMICAL PROPERTIES o , L

WRITE(6,919) ‘ P ‘REAN2O0N
NN 120 1=1,NS _ ‘ RFEAD2O1IN
WRTITE(69920) SYMB(T) o (AT (T1,43) sRT(Tod) sCI(T14J)aNT(Tod)oFI(Ted), REAN2020
. FI(Tad)YeGI(T4d)ed= 1,3) '

CANT INUE . READ2OLA

122 WRITF(6,921) . : ' ' '

D0 130 1=1,4,NS RFAN20OAND
WRITF(6,922) SYMR(I), XMA(I),xna(1).XMC(1),XKA(I),XK8(I) REAN2070

W7




C

C

130  CONTINUE
SPFCIFS/FLFMENTAL CNMPASTITINN MATRIX
(THIS LOOP IS KEYEN TO THE C=-H=0=N-HE SYSTEM)’

NN 135 I=1.NF
ILWP(TI)=TLW(]) o
IF(MWEL(T)lLTe27.) ILWP(T)=ThLwW(2)
IF(MWFL(TI)eLTe17) ILWMP(TI)=TILW(3)
IF(MWEL(T)LT15.) ILWP(I)=TLW(&)
IF(MWFL(TI)aLTe13s) ILWP(I)=TILW(5)
TF(MWFL(T)oLTe4.1) ILWP(I)=T1LW(A)
IF(MWFL(T)eLTelel) ILWP(T)=TLW(T)
IF({MWEL(I).LT.0.1) ILWP(TI)=1LMW(8)
TF(MWFL(T).FR.0.0) ILWP(I)=ILW(9)

135 CONTINUF '
WRITF(6,923) TLWP
nn 140 1=1.NS .
HNN 137 J=1,NF :
TE(AA(TLJ).FR.0,) AA(T,J)=0,

137 CNNTINUF

} WRITF{6.924) SYHR( I)J(AA(IQJ) W JE14NF)

140 CONTINUE :

Q)1 FORMAT(A6,4X,6F5.0)

902 ENRMAT(SF14.6)

c19  FORMAT(1H1,34X, ! THERMOPHYSICAL PRNPERTIES — CURVE FIT COEEFICTENTS

JN/766X, V(1) THRERMONDYMAMIC PROPFRTIFSY//4X4'SPECIFS?
'R'leXo'C'qlAXo'ﬂ'114X1'F'91va'F"16Xq'G'/)

. TE15.6,' T=6000K"')
921 FORMAT(lHO/AX"SPECIES'.BOX,'VISCDSITY'qZRYylH*.IZX
A _
922 FNRMAT(1H J6X oAby 4X y3E20.643X, LHE,E1A.H69F2046)
923 FEARMAT(1HO//49X, 'ELEMFENTAL PARTICLES TABLFY/ 42X S
9724 FNRMAT(1IH 443X4A6,1X,AF5.0) ’
NSMFMY=NMSNFRM]
"AAA{1+41.13NMSNFMI) =0,
na 110 I=1,M1
N 110 J=1,MS
N 110 K=1,MF
110 AAA(T,J,K)=AB(J,K)
RRETURN
FNMD
SURRAUTINF . TP
RFAL MOLFF 4 MW
COMMON/FL/NL s M14 ¢NKQZNGD M1emll +MBOLNJ gNJ]
CﬂMMﬂN/FZ/NXM,NXMl,NXMB,MXMA,MXMB,NXMQ,NXMZ,NXMM
CAMMAN/F6/INT(14) ¢ THE(14) ,TIMP(14),TEMP(14),TR(14),

48

W11X, 040 ,14X,

G20 FARMAT(1HO 45X+ A6 43X 4 TF15.6, "' T= 3OOK'/15X,7F15.6" T=1000K" /15X,

JNCANDUCTIVITY!

PECIFS ',6A5)

TE1(14),TE2(14)

REAN20RO

REAN2200
RFADZ2210

RFAN2220

RFAD2230

RFANZ2240
RFAN3S1O
RFAN3SE20D

REAN3A
RFAN3AKO
RFAN3ARAN

REAN3RA0

READ3IARQN

-




O

14TF3(14) 3 TEAL(14)4TF5(14),TF6{14),TET(14)
CUMMDN/FZI/AQ(101.14),A10(101,14),A13(101 14),AA1 (101, la).AA?(IOI.
114)

COMMNON/CHEQAL/SH(101, IA),T(101,14).P(lOl,la),UMIX(IOI 14),
1ICLI101,14,45)

COMMON/CHENA2/FH (101, 14,19) MﬂLFF(IOl 14,19)
LﬂMMﬂN/CHFOH3/CPIZ(101'14'19)

COMMON/CHFQON/NE g NS4 NA 4 NN
CﬂMMnN/CHEOC/Mw(19),SYMB(1°).AA(19'5)quFL(5)9AAA(101 19,5)
COMMON/CHFOD/FORT(101914 19}, Y(IOI'IQ),X(101.19).YBAR(10])
COMMON/TRANS/VIS(101,14) TK(la),SIG(lol 14) . .
(nMMnN/TPB/XMA(?O),XMB(ZO) XMC(?O) XKA(ZO).XKH(ZO) TP
NDIMENSION B1(101,14) : . -

BIT K1

- HERE EH REPRESFENTS VISCDSITY NF SPECIF I.

NN 200 1=1,NS .

FH{1,1,1: NXM)—(XMA(I)+XMR(I)*T(l.l NXM)+XMC(I)“T(1.1 NXM) £ T(1le12
INXM) )/ 0672

R1{1,1sNXM)=EH(1,1,T3MXM),LE.O.

. FH(141,13NXM)=QRVCTRL(1.E-10, Bl(l.l NXM)SEH(1,1,T3NXM))

200

201
C

206

205

CONTINUYE _ . : TP
SPECIFIC HFAT OF MIXTURE : ‘ - :
A9(1,1:NXM)=0,

NnnD 201 1=1,NS .
AG(1,1:NXM)=A9(1,1iNXM)+CPI2(1,1, I NXM)“MnLFF(l 1,7 1NXM)

CONTINUF : TP
HERE FORT REPRESENTS THF THERMAL . CﬂNDUCTIVITY QF QPFCIF ].

NN 206 1=1,NS
FORT(L14ly ISNXMI=(XKA(T)+XKB(T )T (1,12 NXM))/ 0672
CONTINUF TP

WILKF RELATION FNR MIX. VISCOSITY,THERMAL CONMNUCTIVITY AND PRANDTL NO,

VIS(141:NXM)=0,

A10(141sNXM)=0,

Nnag 204 I=1,NS

A13(1,1:NXM)=0,

NN 205 J=1,4NS§S

NDENOM] =2 ,R2:xSORT (1, 0+MU(I)/MH(J))

WJT=SORT(MW(J)/MW(T))

WJI=SORT(WJIT)

BAL(141sNXM)=FH({141,1: MXM)/FH(loloJ NXM)
AAL(Ly13NXM)=VSORT(AAT(1,13NXM)SAAL(Ll,1 NXM))

AAL(Ll .1 sNXM)=1 ,+AA1(1,13NXM)RWIT

AAL(1413NXM)=ABTI (141 tNXM)HAAL(1413NXM)

A13(1413NXM)=A13(1y LiMXM)+MDLFF(141,4J¢ NXM)*AAl(l,l NXM)/DFNOMI
CONTINUF B
VIS(LaliNXM)=MOLEF( 1y lyT3NXMIREH(Lolq TINXM) /AT3 (101 tNXM)+VTS (1415

L9

0290

0720

Q07RO

0rs0n

nann



LINX M) ‘
ALO( 14 1sNXMY=MOLFF (141,13 NXM)rFﬂRT(loqu MNXM)/A13(1,13 NXM)+A10(1 1
1iNXM)

204 CONTINUF ' TP

10

50

TK(1:N1)=08VGATHR(A10{1,12 NXMl).INT(l MI)STK(13:N1))
SIG(1912NXM)I=VIS{LylsNXM)I%AG( 14 1sNXM)/ALO(L,13NXM) /WMIX(1,12 NXM)
RFTHRN o
FND o ' . - . -,Q_:‘ TP
SURRONITINE ATRAD(JF) : S

REAL MW MDLEFMOLEF] ¢y MWEL
CthnN/FS/S(IA).SS(14).6(14)'CHR(14).US(14).n%(lé),VM(IQ) VS(14)
COMMON/FL10/THFC(101,414) 3 THES(101414),TV1(101:14),TV2(101,14)
COMMON/CHFQAI/SH(101914).T(101914)'P(101,14).NMTX(101914)q
1CL(101.14,5)

COtanNN/CHENA2/FH(101414419) yMOLEF(101414,19) _
COAMMNN/CHEQOC/MW(19),SYMB(19),AA(19, S)quFL(S),AAA(IOI 1995)‘
COMMON/CHEQN/NE ¢ NSy NA§ NN : ‘
CNMMON/ TRNV/P?(SI).T?(Sl)oqgﬂ?(lﬁ).MOLFFI(SI 21).P2S,T2S+PFAC ,TFAC
CNMMNON/NORD/OM(51)

COMMNN/PROB/FTA(S51), F(51),BF1(51),RF2(51),TRC(51), TDTP(SI),
LCOMTFL(S51)4CNNTF2{51),P2P2(51)

CNMMON/CTRL/IEZIOQUTPT oMy MITNUIMB, OVLY s RDLY ¢NMP , TIMFT,
o“H”anITPO, MACEQ Iin’ INDSQXLEI»IISq XPRAND
COMMON/ZCANT/IRNINI W INATAP,IDATAR G IDERIIG, IFLUXC 4 TRSKTIP,ISUBLM,
JITRIGR ,MEND,MSTART, NCyMFREQGNINT ¢MINTL 4 NTT4NT7

COMMON/LRAD/IFZ ¢ IRONLY g TMPONGLINES ¢yMF yNETAX,NSP o RNOF 4 UF ¢ XDTIL ¢ XML

1010

1200

COMMON/SMALL/ PUMIT(40),IDGE(6) - ‘ PANTNY AN

COMMNN/GEOMER / GNUM( 14) 4RN
COEMON/CHEQD/OR1(S1)
CNMMON/F23/0FXR(101,14)

NATA P2S,T2S,PFAC,TFAC,LINFS,XMNL/1eslaslonlaslsle/
DATACINGE(J) 4J=146)/20420,17417,2040/
M=JF

MOLEF1(1ls1351%21)=0.

PO 10 I=1,101,2

J=(1+1)1/2

P2(J)=P(]4M)

T2(J)=T(I,M)}

FTA(J)I=TVLI(T M)

IF=

ND 10 K=1,NS _
MOLEFLIJK)=MNLEF(I4MyK)

IM=1F=-1 '
DN(1:IM)=ETA(2: IM)-ETA(L3IM)

NETAX= 25

INERUG=




SSN2(M)=S(M)

: RN=1./30.48

- CALL AERD
CALL ARADPO
Nno 20 N=1,101,2
- J=(N+1)/2

20 OFXR(N,M)=QR1(J)
NN 30 N=2, 100 2
Nll=N-=1
N22=N+1

30 QFXR(NyM)=QFXR(N11, M)+(QFXR(N22'M) QFXR(Nll M))*(TVI(N M)-TV1(N1l1,
1M))/(TVI(NZZ,M)-TVI(NII.M))
RETURN
END
SUBRNUTINF AERD
REAL MOLEF1
CnMMDN/TRNV/P?(Sl),TZ(SI),SSn?(IS),MOLFFI(SI,?I)'PZS.TZS PFA( TFAC,
COMMON/NNRND/DN(S51)
CDMMON/PROB/FTA(SI).F(SI)'BFI(SI),RFZ(SI)'TRC(51)'TDTP(51),
LCOANTF1(51),CONTF2(51),P2P2(51)
CUMMnN/CHFOR/AHV(SO).AHVL(ZS).FPS(S&),FF(%OO).FHVC(SO) FHV(?S),
CFHYM(25),FHVP(25),GAMP(300), GEE(56),,GUP(300),HVL(300),1A(9),
NCRC(20) ND(300) 4NKK{25) 4NUJ(25) ¢ TMSW(50), TMSHL(ZG),XNDL(?OO).
ALPHA(23)qBFTA(7),FIML(ZS,B),FIPL(25.3),FIMC(50.3),FIPC(R0,3).
LFHVS(200) 4NSH(C(25)
COMMON/CHEQR/XNN(51423)4X0(51, 7),NICN(51),YY(51),TFF(51).
.PRES(51),0R(51)+FIMI(51)4FIPI(51),TLCM(51),TLCP(51),BEE(S]),
FMU(SI)'TAUT(SI),DIM(SI) DIP(51)4FIM{(S1),FIP(51),FRM(51),
.FRP(Sl)qFLN(Sl)'FIIM(SI)9FIIP(51)7FIMT(€1).FIPT(SI),LMU(SI),
«SK{51)4NSK(51)4XF(S1),EXPT(51)4XTX(5143),VX(51)
COMMON/AERAD/ NELTA,INREAD K1 4K2¢MAES yNBLP NHYV ,NT4NIC4MIHVC, ARADO19D

NSHV o NXT 4 NY  THC24MINPNT, NTRANS, SF(5) '

COMMUN/CHFnN/NF NS o MA yNN
COMMON/CTRL/IFLINDUTPT M, NIT.NUMB, OVLYvRDLY,NMP,TIMETo
NBODY,ITPOyMACF,I0OPT, INNS ¢ XLFWIS s XPRAND S
COMMNON/CONT/IRNINS, IDATAP,INDATAR,IDFRUG, IFLUXCy IRSKIP, ISHBLM,

" «ITRIGR,MEND,MSTART, NC NFREOGNINT,NINTL NTT,NTZ ,
COMMON/LRAN/IFZ, IRONLY » IMPON,LINFSMF,NETAX,NSR, RnF HF ¢ XNTIL, XMOL
COMMON/SFILUX/0ORT(3),DIFORW, FP FM :
COMMON/OCMX/ OCML ARANN? LD
COMMON/CHEOT/CONV(101), XLAMBD(IOI)aDFLT(lOl 19) ,F(101419) 4DFRAR ( :

- 1101),HALL(IOI).DFDL(IOI) ! _ .
SFMIS=0,0 _ A ARANNISO
NMP =51 o -

. 20 CALL RADIN
CALL TRANSP

51




40

00

201

q02

360

400

401 CONTINUF

ARTEMP=NRI(1)
VX(LiNY)=FIMI(12 NY)-FIPI(I NY)+TLCM(1INY)=TLCP(13NY) i
CALL CODIM{YY VX yNYFTAsQR,HIF)

CALL NDFRIV(ORWBF24IF41414NMP)

RF2(1:IF)=BF2(1:1IF)/DFLTA

OR(1:IF)==0R(12:IF)

IM=1F-1

IM1=1M=1

CONV(1SsIMI)=(FTA(2:IM1)=-FTA(L: IMI))/(FTA(1 IMl)-FTA(Z IM1))
XLAaMBRND(1sIMl)=1. /CONV(I IM1)

NENL(13TML)=1./(1e+CANV(13TIM1))
HALL(13IML)=14/(1.+XLAMBR(13IM1))
BE2(13IM1)=0,5%(NFDL(13IM1)%xBF2(1SIML)+RE2(25IML)+HALL(15IM1 )=
1RF2(3:IM1))

NRI(1)=0R(1)

NRI(2)=0R(IMPNN)

NRI(3)=0R(IF)
NIFORW=1,0-ARTFMP/QR(1)
NIFORW=ARS (DIFORW) -

WRITE(64,40) QRTEMPLQRI(1),DIFQRY
FORMAT(1X 4 'QRTFMP=14,E12.5,!
. F12.5)

IF(INFRUGLFO.0) GO TN 401
WRITF(6,300)
FORMAT(1H1//43X,'RADIATIVE FLUX VS.
o GX326(1H=)'CONTINUUM! 4,54 (1H=) ,*LINF GROUPS',25(1H-))
WRITF(6,901)
FORMAT(1HO,6X,
o-'v4xv'0-
. IX s "FRFEQ, ! y4X 40— Mlmns',ax,'m-PLns',ax,'n Mrmus'.ax,'n-PLus'
. 4X 3 1O=-MINUSY)

NYMX=MAXO (NHV (NIHVC)

DO 400 I=1,NVMX
WRITFE(6,902)

FORMAT(1H )
IF(1.GT.NIHVC) GO TO %60
WRITF(64903) I.FHVC(I)(FIMC(I, J).FIPC(I,J),J 142), FIMC(I:B)
IF(I.GT.NHV) GN TN 400

WRITE(6,904) FHV(I),(FIML(I,J),FIPL(I,J),J—l 2),FIML(I,%)
CONTINUE -
J=tAIDPNT
WRITF(6,905)

QRI(1)=1,F12.5," NIFARW=1,

'ETA ='4Fl6e2yF21.29F16.2,F29.2,F21.2,.F16.2/6X,

<.'4

FIMI(1).FIPT(L),FIMI(J)HFIPI(J) ,FIMI(NY),
TLCM(1) s TLCPUL) o TLEMIJ) o TLCP LI ) s TLCMINY)

FP=FIMI(1)+TLCM(1)
Fm=F121(1)+TLCP(1)

52

FTA(L) ETA(IMPON) yETA(IF) 4FTA(L) ,ETA{IMPON),ETA(IF)
'FREQ

MINUSY 44X '0=PLUSY 44X, 'O=MINUST 44X ' O-PLUS Y 44X, 'O-MINIIS? , ARANNAG

ARANNBAN

ARANDORRN

] ' .ARANDNDAZN
FREOUENCY - AEROTHERM. MODELY//

ARADNTZN
ARADOT30O
ARANDOT 40
ARANDOTSHO
ARADDTAN
ARADNDOTTO
ARANDNOTRND
ARADOTQN
ARANDNRND
ARANORIO




Q03
904

905 .

206

WRITF(6.506) NDFLTA,QRI

FNRMAT(1H+¢13,F8,3,E11.3,F10439F11.3,F10.3,F11.3)

FORMAT(1H+,70XF8434F11,34E10,3,F11.34F10.3,F11,.3)

FORMAT(IHO,' TﬂTAL FL”X"2(511031510.3’{Fll.3114Xy2(51103951003)9
F11.3) :

FORMAT(1HO,* CM,

NELTA='F15.64" RADIATIVE FLUX ='3F15.6!.

S TWATTS/CM==2Y//4X,4125(1H=))

IF(IRONLY.GT.0) GO TN 20 -
RETURN

FND

SURRNUTINE RADIN

REAL MOLEF1,MuW

COMMON/TRNV/P2(51),T2(51),5S502(15), MﬂLFFl(Bl 21) P2S,T2S,PFAC,TFAC

COMMON/CHEQC/MW{19) +SYMB(19),AA(19,5), MwEL(e),AAA(lol 19,5)
COMMNON/CHEQON/NFE 4 NS ¢ NA ¢ NN
COMMON/CTRL/IELINUTPT4 M,

NIT,NUMB' nVLY RDIY NMP'TIMFT9 *

«NBODY, ITPOyMACF,I0PT, INDSXLEWIS ¢ XPRAND

LITRIGR JMENDyMSTART ,

. COMMON/LRAD/TEZ,IRONLY,
COMMAN/PROB/ETA(51) 4F(51)4BEL(51),BE2(51),TRC(51),TDTP(51),

COMMON/CONT/IRANINJ, IDATAP,IDATAR, IDEBUIGy IFLUUXCy IRSKIP, IQHHLM,
NC ¢ NFREQ, NINT,NINTI NTT,NTZ
COMMNN/GEOMER/ GNDUM(14),4RN

IMPNN,LINFS ¢MF ¢ NFTAX  NSR,ROF,UF 4 XDTIL

«CNNTF1(51),CONTF2(51),P2P2(51)

COMMON/SMALL/ DUMIT(40),INDGF(6)

~ COMMON/AERAD/ DNELTAyINREAD K1 ¢K24MAESyMBLP +NHV 4NT 4 NTC,NIHVC,

NSHV ¢ NXT 4 NY 4 THoC24MINDPNT,NTRANS,SF(5)

' COMMON/CHFOR/AHV(SO)9AHVL(25) EPS(56)4FF(300),FHVC(50) ,FHV(25),

«FHVM(25),FHVP(25),GAMP(300),GEE{56),GUP(300),HVL(300),1A(9),

«NCRC(20) 4ND(300)4NKK(25) 4NU{25) 9 TMSW(50),

TMSWL (25) 4XNOL(300),
ALPHA(23)'BFTA(7)’FIML(2593)9FIPL(2593)9FIMC(50v3)yFIPC(50 3),
<FHVS(200) ,NSHC(25)

COMMON/CHEQR/XNN(51423)4X015147), NICN(SI).YY(SI) TFF(Sl)q
«PRES(51),0R(51)4FIMI(51),FIPI(51),TLCM{51),TLCP(51),BEF(51),

SFMU(51)y TAUT(51)4DIM(51),DIP(51),FIM(51),FIP(51),FRM(51),
oFRP(51)4ELN(SL),FIIM(51)4FIIP(51),FIMT(51).FIPT(51),LMU(51),
«SK({51)4NSKI51) 4 XF(51)4EXPT(51)¢+XTX(5143),yVX(51)

CﬂMMﬂN/fHEnT/CﬂNV(101);XLAMBD(101),DFLT(IOI 19),F{101, 19),DFBAR(

1101),HALL(101),PFDL(101)

DIMENSTION EMSW(1),FMSWL (1)

FOUIVALENCFE (AHV,FEMSW) 4 (AHVL,FMSWL)
FOUIVALEMNCE (EMSB.EMSBL) 4 (TMSB.TMSBL)
NAMELTIST/ARAD/ AHV,AHVL s TMSW, TMSWL s NKK 4 TW, NCRC
IF{INREAD.GT.0) GO TN 250

INREAD= INRFAD+1

C1=0.

C3=2.

XMOL

ARADNDRSO

- ARADOQLN

ARANNG20
ARAD
ARANNYS4ND

" ARADN1020

RANTO300

RADIO340
RADTIN3HN
RADIN3AN
RADIN390

" RADIO&TO

RANTIONOA4RD

23




10

20
975

30

Q00
Q01

902

140

250"

an3

160
851

Q50

261

aap

FL1=1.
FLG=1.

NERR=0

TW=1 00

READ(54ARAN,END=20)

YRITE(A,ARAD)

GO TO 30

WRITE(6,975)

FORMAT('1 AFRUTHFRM DATA PACKAGE NOT FOUND')
GO TO 250

CONTINUE ' ,
REAND(5 4900 )NHV ¢NAES,NXT

RFAND(5,901) (GEE(1),1=1,NAES)

REAND(5,901) (FPS{I)y1=1,NAFS)

READ(5,901) (FHVM(I),I=14NHV)

READ(54901) (FHVP(I1),1=1,NHV)

READ(54901) (FHV (I1)4I=14NHV)

FORMAT(4012) '

FNRMAT(6E12.4)

[F(NXI«GT+0) REAND(5,900) (IA(I),I=1,NXI)
RFAND(5,900) (NU(I),I=1,NHV)
[S=0RSSUM{NU(1INHV))

READ(54902) (ND(I), HVL(I)'FF(I)'CAMP(I)yXNOL(I)qGUP(I).I 1,1IS)
FORMAT(12,410X42F12.1,3F12,2)

XNOL(13IS)=1.

NN 140 1=2,1S . : -
IF(HVL(TI)GTHVL(I-1)) 6N TN 140

NFRR=1 RANTNGON
CNANTINUF RANTNG10D
FORMAT (1HO, V=== INME CENTFR FREOUENCY AT '.E9.3.' NUT NOF SFOHFNCF')RA
REAN(5,903) NIRVC RANTINGRN
RFAN(5,901) (FHVC(I),I=1NIHVC) RADTN9QO
FORMAT(2413) v RADT1000
NN 160 I'=2,NIHVC RADINIO2N
TF(FHVC(I).GT.FHVC(I-1})) GO TN 140 RANT 1030
WRITF(6,951) FHVCI(I) RADI1INLO
NERR =1 RANI1INGD
CONTINIE _ RANTINA0D
FORMAT(1HO, '===CONTINIUM FREDUENCY AT ',F9,3', NUT NF SEONENCE') RA ;
MRITF(6,960) . RADTTIILI1O
FORMAT(1H1 60X ,8HTARBLE IT1) RANT1120
WRITF(6,961) PANT1130
FORMAT (AH GROUP 3 BX 9 2HHV 4 12Xy 3HHV+ 411X 4 3HHV =, 10X, THM 37X 3 4HK (1) 46X, -RADT 114N

o SHHV(J) 48Xy 4HF (1) 99X 6HGAM(T) 48X y6HNAL(T)) RAPTI1150

FORMAT(T144F12.3,F1543,F14,3,111,19,F12.3,1P2F14,2,0PF14,3)

54

RANIN540

RADINSTO
RADINOSA0D

"RADTOS90

RADINA?0

RADINOATO
RANDINARD
RANDINAQOD

~ RADINTOO0

RADINTIO
RADIONT20
RADINT3N
RADIOTS0
RADIOT7AO

RANINRLO
RADBINR20

RANDIORTN
RANINARY

. RADTOROD

RADI1170




G63 FﬂQMAT(56X,I?9F12.3,1P2F14.310PF14.3)

170 -

180
200

9k4

965

9R7

210
220
QARf

9A9

250

255

260

©nno180
1C2=I1C1+NU(T)

1C1=0

ICl=1C1l+1

WRITF({6,962)

1=1 vNHV

I.FHV(I),FHVP(I),FHVM(I),NU(I),Nﬂ(]Cl).HVL(]Cl),

FF(ICI)'GAMP(ICI)'XMDL(ICI)

IE(IC1.FR.IC2) GO TN 180

1C3=1C1+1

N 170 J=I1C3,IC2

ICL=IC2
CONTINUE

WRITF(6,964) (1,1=1,20),(NCRC(I
FORMAT(1HL 51X, 'RADIATINON CONTRAOL NUIM
 WRITE(64965)

FORMAT (50X, 'RANIATIVE BNUNDARY
J26(1H=) 43X 425(1H=),

VLINE GROUPS'925(1H=)/2(13X, 'WAVE! 49X,

)'I=1920)

CONDTTIONS # /4% 5 26 ( 1H=) 4 1CANTINUUM Y 4R
PEMITTANC -

oF'910X1'TRANSMITTANCF'73X)/2(SXO'FRE00

. WALL /NUTER BOUND.
NW=MAXO (NHV  NTHVC)
N 220 I=14NW

EMSR=0,0
TMSBR=1.0

WRITF(6.967)

FORMAT(1H

)

IF(I1.GT.MIHVC) GO TN 210
V1=12400,/FHVC(T)
WRITF(6,968) FHVC(T1),V1,EMS!
IF(I.GT.NHV) GNn TO 220

V2=12400,/FHV(T)

WRITF(64969) FHV(T)4V2,EMSWLII

CONTIMUF

FORMAT(1H+4F9.3,F10.,3.F8.3,F1043,
FARMAT (1H+ 461X F10,3,F10.3+4F8.34F

GN TO 260
CONTINUE

IF(IRANLY.FR.0)} GO TO 260
READ(S,ARAD,ENN=255)

G0
IRNNLY==-1
RETURM

CNANT INUF

nn 240 N=1,41E

TN 260

IF(FTA(N),GT.0.5)G0 TN 240

IMPNAN=N

1,2X) /5%, ' (EN)

WRITF(64963) ND(J)oHVL(J)yFF(J),GAMP(J)§

XNOL (J)

BERS'/(45%X,2012))

LENGTH WALL
(A) V451X,V (FV)

J(T) Y EMSB yTMSH{T) ,THSB

) o FMSBL, TMSWL (1), TMSBL

F11.3,F10.3) _
10.34F11.,3,F10,3)

RADIT1RO
RANT1190
RANTINI200
RADI1?210D
RANT1220
RAPTI1220
RANI1240
RANI1250
RANII2T70O
RANI1?2RON
RANI1Z290
RANDIIZ0O0

TRADT1I320

RADI1340

RANT13AN

/OUTER BOLIMD -

_(A)'}

55

RADI1410
RANT1420
RANT1430
RANT1440
RANT1450
RANT14A0
RANT14RO
RANT1490
RANT1500

RANTI&E2N

RANT 1530
RADI1G&4D
RADI1550
PANI1RAN
RANTIISTN
RANILALD
RANT1AR0

RADI1&AN




240

220

305

310

320

340

340

400

440}

CNONTINUF

NI=IF
NY=TF

MINDPNT=IMPQON _
PRFS(1:IF)=P2S*PFAC®P2(1:1F)
TEF(IIIF)=T2S*TFAC*T2(121IF)

YY(1:IF)=FTA(1:IF)

NN 280 N=1,IF -

NICN(N)=N

IF(TWNF,0.0) TW=TEF(1)
NELTA=30,4R=RN&ESSO2 (M)

CONTINUF

C?2=2,0%=DFLTA

nn 340 I=1,1€
TX=11A06.,0/TFF(1)

IRK=0

NCES=0

IRK=IRK+1

NICF=0

XO(I1,IRK)=0.0

HMCFS=NCFS+1

MICE=NICF+1

1)) IMPNON=

TMPNAN=]

XO{T 4IRK)=XO(T 4y IRK)+GFE(NCFS)*FXP(-=FPS(NCFS)*TX)

IF(NCFS.FO.NAFS) GO TN 340
IF{(NICF-8) 320,310,310
COMNTINUE

NN 440 1=1,21

NN 360 J=1.NS

IF(ALPHA(T).FO.SYMB(J)) GO TN 400

COMTINUF
XMM(1,IIE)=0.
GN TN 440

JJd=J

XNM(14T3TE)=T7.3398E21%PRES(LIIIF)EMOLEFL(]1,4,JJTIFR)/TFF(13TF)

CONT INUF

XLAMBD(L1:IE)=VSAORT(TERF(L1:IF)¢XILAMBD(131IF))

CONV(1:TE)=XNN(1,53IF)/(4,83F15= TFF(I'IF)“XlAMRD(l‘IF))
XLAMBD(1:IF)=11606,0/TFF(1:1F)

HALL(13IR)==2 R=XI_AMBD(1:1IF)

HALL(ISTE)=VEXP(HALL(13IE)IHALL(1:IF))
DENDLL12IF)=104xXNM{1,43TF)HALL(L12IR)/XO(1, 1 IF)

HALL(1:ITIE)=1,22%XI_AMBND(131F)

HALL(1IIF)=VEXP(HALL(1SIF)SHALL(1:IF))

ANMEL131631F)=5.0%DFNL(1SIF)*CONV(1SIF)
HALL(1:IF)==,0353«XI_AMBD(1:IF)

[

56

HHALL(L2IF)/X0(14,1¢1F)

RADT1T7AD

- RADIIT7RO

RANI1T790

RANTIRON
RADI1G?20
RANT19A0
RANT1QTO
RANT19RO
PADI1990
RANTIZ2NON
RANT2010
RANT2030
RANI2040
RANI2080
RADI2070
RANT 208N

RANI2090

RANDT?2100
RANI2110
RADIZ?120

RanT12140
RANTIZ2190

RANT 2240
RADI??7O

RANDT 2300




520

550
560

HALL(L1$TEY=SVEXP(HALL(L13IE) SHALL(13TE))
NDEBAR(1:1F)==1.48%XLAMBD(1:IF)

DERAR(1:IE)=VFXP(NDEBAR(1:IE) :NEBAR(LIIE)) = : - :
XNN(1.17:IF)=anV(1:IE)*XNN(1.2:15)*(4.+2.*HALL(1:IE))/(xo(l.Z:IE)
1%#NFRAR(1:IE)) - : '
HALL(13IE)==47540%XLAMHD(131IE)
HALL(1:TE)=VEXP(HALL(13TF)IHALL(1ZIE)) - -
XNN(I,lR:IE)=CﬂNV(1:IE)*XNN(1,14:IE)/(XO(1,4:IE)*HALLﬂI:IE))
HALL(131E)=-1.,250%XLAMBD(13IF) B '
HALL(1:1E)=VEXP(HALL(13IE)sHALL(1:IE) _ o L
XNN(1,19:IE)=4.*CONV(1:15)*XNN(1,12:IE)/(XQ(1.3:IE)*HALL(1:IE))
HALL(131E)=-15.,576%XLAMBD(13IE) o
HALL(1:T1E)=VEXP(HALL{13I1E) sHALL(13IE)) .
XNN(1,20:IE)=HALL(1:IE)*XNN(1.7:IE)/c0NV(1;IE)*(.458+5.1E-4*TEE(1:
11E)-1.43RE-RA%*TEE(LIIF)*TEE(LIIE)) . '

DO 520 J=1,7° - -

XQ(14J31E)=1,./X0(1,J31E)

NENL(L3IE)=1,E=4%TER(1IIE)
DFNL(1:1E)=VALOG(DFDL(131E)sDFDOLI1ZIE))
HALL(1$IF)=0,25%DFNL(13IE) - ‘
HALL{1:IE)=VEXP(HALL(13IE)sHALL(131IE))
XTX(1s13IF)=XNN(1,531F)*HALL(131E)

HALL(1:IF)=0,4A%DFDOL(1:1E)

HALL(1:TF)=VEXP(HALL(131E) SHALL(13IE))
XTX(1423TE)=XNN(1,521E)*HALL(1ZTIE)

HALL(13IF)=0.43%DFNLIL1SIE) =

HALL(13IF)=VEXP(HALL(L3TE) SHALL(L1STE))
XTX(1,3tIF)=XNN(1,5:1F)#HALL(13IF)

DEPL(1:s1E)=VALNG(XNN(1,53TE) sDFNLILIF)
DEDL(1:1F)=0.666T*NFDL(1:IF) 4

VX(13IE)=VEXP(NFDL(LSIE) VX(1:IE))

1F7=0

IF(NETAX.LT.IE) IFZ=NETAX

IF(IFZ.EN.0) RETHRN

NCOL=23 _ , o | :

CALL RADGRD(XNN,FIMI,FIPT,TLCM,TLCP4FMU,BFE,ETA,TEEJREZ,
JNICN,NA NEyNETAX NI ,NMP 4NCNL »1E5 IMPON)

NY=NETAX ' S

MI=NY . ' ,

IF(NE.EO,NA) 6N TN 560 ' - s

nO 550 1=1,NETAX. . ' '
IF(NICN(NI).LE.MIDPNT) 6O TN 560

NI=NI-1

CONTINUF

nO 600 1=1,NETAX

L=NMICN(I)

5T



570

590

500

AND

20

YY(I)=RTA(L)
PRES(I)=PRES(L)
TEF(I)=TEF(L)
VX(T)=VX(L)

NN 870 J=1,NCOL
XNM{ T J)=XNN(L+J)
NO 580 J=1,7
XO(T,J)=X0(LyJ)
NO 590 J=1,3
XTX(IQJ,::XTX(L'J)
TF(L.LFLIMPON) MINPNT=I

CONT INUF ,
RETURN RANI 2760
FND) : : PANT2770

SHRRNOUTINMF QADGRD(ND CNDNySDNGBF2N g SWT o T2NyWTS, FTA,T? sz y,

NA GNMF JNETAX ¢NT GNPy NR 4 IFy IMPOM)
CnmmnN/CHFﬂT/CnNV(IOI),XLAMBD(101) nFLT(101,19).F(101 19), nFRAR(
1101).HALL(101),DFNL(101)
NIMFNSINN R(51)
REAL ND(NP,NR) ¢MDA(1) ¢SPDN(1) ¢SWT(L)oWTS(1)

RFAL T2(1),T2N(1).8F2(1),BF2N(1)§FTA(1)

INTFGER Y(1)

RIT R

SHH(1:IF)=0.

nn 20 I=1,NR

caLL NDFRIVIND{LsI)oNDN,TF41414NMP)
DENL(13IIF)=VABRS(NNN(ISIE)IDFNLILIZIF))
SON{1:IF)=SPN(L:IF)+DNFNL(L1SIE)

CONTIRUFE

CALL NMDERTIV(BE2,WTS,IF,1,1,MMP)

CALL NMDFRIV(WTS,RE2N,IFels14NUP)

CALL NDFRIV(T2,T2NMyIF,1ls1,MMP)
R{1:TF)=BF2(13IF)GTa0,
REPN(1:IE)=08VCTRL(0.,R{1:IF)IBFE2N(13 IF))
WMAX=FLOAT(IE)/FLNAT(NFTAX)

IM=1E-1

ITMl=1mM=1

NMAX=0NASMAX (SNA(2:IM1))
NDENL(2:IM1)=VARS(RE2M( 22 IMl).nFnl( $IM1))
RMAX=QRSMAX(NFNL(2:1M1))
HALL(2:IML)Y=VABS(T2N(23IMLI ) SHALL(23TM1))
TMAX=0RSMAX (Hal I (23IM1)) '
TF(RMAX.LT.1.F=10) RMAX=1.F100
TWTS=1./TMAX

RWTS=1,/RMAX

DL TS=1./DMAX
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70

RO -

Q0

WMTS{1:IF)=1e: - -

WTS(23IM1)=DWTS* snm(z IM1)+RwTS%nFDL(2 IM1)+TMTS*HAL|(2 IMl)
R(l:sIM]l)= NTS(Z IM1) LT.1.0:

WTS(23IML)=Q8VCTRL(1esB(1:IML)2 NTS(Z IMI)) :
WSUM=NRSSUM(WTS(23IM1)) :

SPWT= wSUM/FLnAT(NFTAX)

NU=NFTAX/5

H(I’NN)*NTS(I.MH) LT SPNT 4
WMTS(1sNW)=QBVCTRLISPWT,,B(1:NW)IWTS(13 Nw))

"IF(NA EOLNE) GN TO 70

IF(NI.FQ.IFY GO TN 70
N1=IMPOIN=NW/2
N2 =NU+1

R {LIN2)=HTS (NS N?).LT SPWT

WTS(NLIN2)=Q8VCTRL(SPWT,R(13 N2)sWTSIMLINZ))
COMT.INUF .

SWT(1)=WTS(1) _ . .

NN 80 M=2,1F ‘ .-

S SHT(N)=SWTIN=1)+WTS(N)

CONTINUF

- W= QNT(IF)/FlﬂAT(N:TAX)

Y{l)=1

Y(2)=2

I=3

Y(MFTAX)=1F

NN 90 N=3,IM :
IF(SNT(N)/FIOAT(I).lT W) GO TN 90
Y{I)=n .
I=1+1

CONTIANUF

Y{NFTAX~1)=1M

Y{NFTAX)=IF

IETURN

FND ’

SHRRNAUTINF TRANSP

CALL COMTNZ

~CALL- LINT2

2ETURN

FND

RLOCK DATA AERNRAD . .

CAMMAON/AERAD/ NELTA,INREAD K1 4K2 4yNAES JNBILPyNHY ¢NTNIC4NTHVC,
NSHV ¢NXT 4y NY 4y T4 C2 ¢ MINPNT ¢ NTRAMS 4 SF(5) :

FDMMDN/CHFQQ/AHV(SO).AHVL(?SI'FDS(SA),FF(%OO),FHVC(SO) FHV (2515

JFHVUM(25) FHVP(25),GAMP(300), GFE(56) 4 GUIP{300),HVL(300),TA(9),

SNCRC(20) 4ND(300) NKK(25) yNU(25) s TMSW(.50) 4 TMSHL (25) 4 XNAL(300),

.ALPHA(23),BETA(7)'FIML(2593),FIPL(25o3),FIMC(SO.ﬁ)yFIPC(SOq?)v

.99

“TRANDO20

TRAMOOZD
TRANOOAGD
TRAMOOSKN



«FHVS(200)4NSHC(25)
COMMNN/GHEQR/XNN(51423) 9 XO(5147) 4yNICN(5L) 4 YY(51).TEF(51),
«PRFS(51),0R(51)FIMI(51)4FIPI(51),4TLCM(5]1),TLCP(51),8FRF(51),
SJFMU(S51), TAUT(51),NnIM(K1),NPIP(5]1),FIM{(51),FIP(51)},FRM(51),
eFRP(51)FLN(51)4FIIM(51)4FIIP(51)FIMT(51)4FIPT(51),LMI(51),

e SK{51) ¢NSK(B1)4XF{B5L),FXPT{51)¢XTX{5143),VX(51)
COMMNAN/CONT/IBNINJY, IDATAPIDATARLIDFRIIGy IFLUXC o IRSKIP,, ISIALM,

e ITRIGR yMFND¢MSTART s * NC ¢yNFREDGNINTGNINT] NTT,NTZ
COMMON/LRAD/IFZ yIRNNLY 3 IMPAN,LINFESMFyNETAX ,NSR4RNF 4 IIF, anIl.XMOL

NATA (ALPHA(J),+J=1,20)/AH N+, 6H NeAH N+, AH Ny FHV N12n
. 6H F“,‘.‘H ﬂZ,(\H NZ,F!H Cﬂ,F\H "'296"‘ C?, -FHV n].'%”
. AH CN.6H - Cs6H C+e6H  H,6H NNy 6H ey FHY 0140
. AH N~y 6H H-o 6H C=y6H N2+/ ? FHV 0150

NATA ALPHA(?1)/6H c3/ .

NATA (BFTA(J)sJ=137) / 6H Ny FHV 0170
. AH DyaH Co6H - HebH N+ 4 AH N+ 4 AH C+/ . FHV 01RO

NATA AHV AHVL, TMSW, TMSWL/75%1.0,75%0.,0/ : ) - FHV 0200

NDATA NCRC ¢NKK/20%]1 ,25%7/ : . FHY (0220

DATA INREAD/O/ FHV 0230

DATA IRONLY,IF7,IDEBUG/3%:0/ : .

FND o : B , FHV 0240

SURRNUTINE CONTN2 CANTNO10

COMMNN/AERAD/ NELTAZINREADIK1 K2y NAES NRLP 4 NHYGNT 4NICyNIHVC, . CANTO160
NSHV ¢ NXT yNY 3 TH4C2 ¢y MINPMT 4yMTRANS 4 SF(5) o

COMMnN/CHFﬂR/Aqv(SD)'AHVL(?S),FPS(56).FF(200),FHvr(SO).FHV(?S),

SFHVM(25) s FHVP(25) ,GAMP({300) 4GFR(58A)GUP(300) ,HVL(300),IA(9),

SMCRC(20) 4NNDE300D) 4 NKK(25) yNU(25) s TMSW({RO) 4 THSHL(25) . XMNAL(300),

SALPHA(23) ¢yBRETA(T) yFIML(2543) 4FIPL(2543)FIMC(504,3),FIPC{50,3),

«FHVYS(200) 4NSHC(25)

CNMMON/CHENR/XNM(51423) ¢ XO{5147) +MICN(51),3YY(R1),TFE(51) .,

«PRFS{51)40R(51)4FIMI(51)4FIPI{S1)4TLCM(51)4TLCP(5L)+BEF(51),

SFMU(S1) 4 TAUT(51)4DIM(BL)NIP(S51),FIM(51),FIP(51),FRM(51),

FRP(SI).ELN(SI)'FIIM(51).FIIP(51)yFIMT(Sl),FIPT(Sl).IMU(SI).

e SK(5L1) ¢yNSK(51) 4 XF(51)4FXPT(51)¢XTX{5143),VX(51)

CNMMON/CHEOT/CONV(101) s XLAMBD(101)4DFLT(101,19),F(101,19},DFRAR(

1101) JHALL(101)},DFNL(101)

NIMENSINN TAII(1) » :

FOUIVALFENCF (TAll,TAUT) ) CANTOZ2D0

TW=TFF(1) . : , _ CNNTO210

J=EMINDPNT ) ) CONTO220
NIM{LINY)=0, ' :

NIP(1:NY)I=0,

FIMI(1:NY)=0,

FIPT{1l:NY)=0, .
NN 500 K=1,NIHVC _ , " ©CANTNZ210
CALL MU(FHVC (K) 4NY 4FMUJ) :




210

CALL TRANSA(FMIIgNY)

4FFW=0,0

IF(TY.FR.O. 0) 6N TN 110

RFFW=15R33, TRFHVC (K )%x3/(FXP(11A0A,0% FHVC(K)/TM)-I 0)
CONTINUE
XJM:AHV(K)*RFFN+(1.0—AHV(K)-TMSN(K))*FIP(I)
NEDL (1 :NY)==TAaN(LINY)

NENL(L: NY)-VFXP(DFHL(l MY)SDFDL(L1INY))
FIM(1sNY)=FIM(1: )+x1wannr(1'NY)
TF(K.GTL1) GO Tn ?10

SF(1)=FIM(1)

SF{2)=FIP(1)

SF(3)=FIM(J)

SF(&4)=FIP(.J)

SF(5)=FIM({MY)

CONTIMIE

IF(K.FO,1)G0O TN 350
FHVAVG=0,5%(FHVC(K)=FHVC(K=11))
DIM(LINY)=(FIM(1SNY)+FRM(1INY) ) *FHVAVG

T DIP(LINY)=(FIP(L1:NY)+FRPILIINY) PXFHVAVG

350

SNy

"FIMI(1INY)=FIMI(1sNY)+DIM{1INY)

FIPI(LINY)=FIPI(1:MY)+NIP(LINY)
FRM{1sNY)I=FI® (LMY i
FRP(1:MY)=FTIP(1:nNY) v T
FIMG(Kel)=0TH(1)

FIMC(K,2)=DIM(J)

FIMC(K43)=NTM(NY)

FIPC(K,1)=NIP(1)

FIPC(K,2)=NIP(Jd)

FIRPC(K,3)=NnTIP(NY)

CNNT INMNE

EETHLNM

Faih |
QUIRPNNTIME TSLNV{MeXeY SR o2 4SLReYL SNA)

NIMFEMSTOM X(l)qY(l)oSR(])vD(l) YX(A),YY(S).QIQ(I).YI(l)

YL{1:a)=VALOG(Y (1shiYysYL({L1an))
CALL SLOPO(NZX YL 4SLR4Q)
SR{Lsm)=Y (L sN)==SR({LM)
NN 17 1=2.H
XN=X(I)=X(1I-1)

XN2=,5%XD

XNa=, 25%XD
YS=Y(I)+Y(TI-1)
SN=SR(TI)=-SR(I-1)
YN=4RS(Y(1)=Y(I-1))
T3=2RS5{SN=XNZ2)
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CNAMNTORBN
CNANTORRO
CNNTORQ0D

.CNANTNLN00

CANTN4T O

S CAMT0420

CNANTOAZOD
CAMTOALN
CONTOASBD
CNNTOAAD
CANTNATO
CAMTOARN
CNMTNAGNH
CnNMTO700
CRNMTOTIO

ISLAntz2n

ISLANIKO
TSLRGT AN

SISLANYTO

1SLPO1AN
TSLpNIen
ISLNNZ 50

SISLPO210
A NP




10

30

45

10
11

12

13

14
15

16
17
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TS=ABS(Y(I-1})+YD

TF(T3-.15%TS) 34344

R(TI)=R{I=1)1+XN2%(YS=XDN/be*SN)

G TN 17

YY(1)=YL(I-1)

XXA1)=X(I-1)

RR=0,

N5 J=2,5 :

XX{J)=XX{J=1)+XN4 o

CALL NOGLE (5+XX4aYYsNeXyYLySLR)

TE(ND=1)1141146h '

YMAX=YY (1)

YMIN=YY (5) .

IF(YY(5)=YY(1))T7,7,8

YHMAX=YY(5)

YMIN=YY (1)

nn 10 J=1,5

IF(YY(J)=-YMAX)T,9,13

IF(YY(J)-YMIN)13,10,10

CNMTINUF

NN 12 J=2,5

SSR=({YY(J)=YY(J=1))/XD&

RR=RR+(FXP(YY(J))/SSR)*(1e=EXP(=SSR®XD4))

GD TN 16

SSR=(YY(5)=YY(1))/XD _

TT=ABS(24%SSR&XN)/(YY(5)+YY(1))

IF(TT-.00001)14,15,15

RR=XN2x(EXP(YY(5))+EXP(YY(1)))

GN TN 16

QR-(FXP(YY(S))/QSR)"(1.-FXP(-SSR%XD))
R(I)=R{I-1)+RR

CONTINUE

RETURN

END

SURROUTINE CONIM (XToYIMI+T,ANS,NA)

NIMENSION XI(1), YI(l)oT(l),ANQ(l)

No= NI

IF (N=2) 10,30.45

CONTINUE

ANS(1sNAY=YI(1)

RETURN '

CONTINUFE

CANS = (YI(2)- YI(l)) / (XI(Z) XI(1)) =

ANS(1:NA)=CANS

RETURN

CNNT INUE

(X=XT(1)) + YI(1)

ISLPh0230
1SLDN24n
ISLNO25N
1SLNO?260N
ISLPO270
ISLNO2RN
ISLDO290
1SLDOAOD
1SLNO310
1SLNO320
1SLNDD330
I1SLN0340
ISLPN3SO
ISLDN360
ISLDO370
ISLPO3R0D
1SLNO3AN
IsLnnsoon
ISLND&41O
1SLDO&20
I1SLND043D
ISLhN&4sO

CISLD0ASO

1SLNDsED
ISLNO&TO
ISLDN4KND
1SLNN&9n
1SLN0SN0
ISLNOSIN
I1SLNO520
ISLPORAN
JSLNOKRAND
ISLNOSs0N
ISLNOSAD




50,

70

AN

RO

R 5

S0

100

110

120

140

150

JJ =1

TR

J =1 :

NN 210 TF=1,NA .

X = T(IE) o -
CONTINUE : ‘ : :
CONTINUE

J o= J+l -

IF (J-M) 50,450,120

CONTINUE-

Y = YI(J)

GO TN 200

CONTINUE '

IF (J=2) 85,90,100.

CONTINMUE

V= (YH(2)=YI(1)) / (XT(2)0=XT(1)) % (X=XT(1)) + YI(1)

60 TO 200
CONTINUFE
Jd =1

K .
M . ’ . :
XM2 ABS((YI(J)-YI(M))/lXI(J)-XI(M)))
GO 70 150 ' _
CONTINUF

IF (N=J) 120,110,140

CONTINUE '

1
3

= J=-1
= K-1 _

X2 = ABRS{(YI(KI=YI(M))/(XI{K)=XT(M)}))
GO TN 150 :
CONTINIUF

Y = (YLIN)=YT(N=1)) / (XI(N)=XTI(N=1)) % (X=XI(N=1}) + YI(N=1)

Gn TO 200
CNANTINYF
JJ =0

K
I
L +1
CONTINUF

Al X=XTI(M)

A2 X=XT(K)

A3 = X=XI(J)

X JK XI(J)=XT(K)
XJM XT(J)=XI(M)
XKM = XI(K)=XT(M)
AL = A2/XJK

J=1
K=1
J

" un
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160

170

190

200

210

A3%A2/ ( XKMEX M)
=A1#xAZ/ ( XKMAXJIK)
A2%AY /7 {XIMEXJK) -

S = ALXYI(J)+(1,0=-AL)I*YI(K) .
P1L = CL*YI(M)+C2%YI(K)+C3*YI(J)
IF (JJ.GT.0) GO TO 160

A4 = X=XT(L)

XJL = XTI (J)=-XT(L)

XKL = XT(K)=XI(L)

e NaNe]
W N
nonn

C4 = =AaxA3/(XJIKEXKL)

CS = A2:%A&/(XJIK=%X L)

C6 = A3XA2/ (XKL*XJL)

P2 = Ca4xYI(K)+CS5%YI(J)+Co=YI(L)
G TN 170

CONTINUF

XM1 = ABS{(YI(J)=YI(K)})/XJIK)

IF (XM1+XM2,EQ.0) XMl = 1.0

XK = 1,0-ABS(XM1=XM2)/(XM1+XM2)
P2 = S+XK*(P1-S)

IF (M,LT.K) GO TO 170

XK = P1
PL = P2
P2 = XK
CONT INUF

F1 = ABS(P1-S)

F2 = ABS(P2-S)

IF (E1+F2.GT.0.0) GO TO 190

Y =S '

GN TO 200

CONTINUFR

XN = ApL*F1%P2+(1.0-AL)*F2%P1

NN = AL®FE1+(1.0-A1)%F2

Y = XN/DD

CONTINUF

ANS(IE) = Y

CONTINUE

RETURN

FND - : ,

SUBROUTINE LINT?2 ' ' LINTNOYO

COMMON/AFRAD/ DELTAZINREADGK] ¢K2 ¢yNAES ¢NBLP 4NHV (NTGNIC, MIHVC. : LINTO130
NSHV yNXT ¢y NY s TWyC24MINDPNT¢NTRANS,,SF(5)

(ﬂMHUN/ﬂCMX/ QML LINTO?210

COMMON/LRAD/TFZ y IROMLY s IMPON, LINES ¢y MFoNETAX g NSR4RNF UIFy XNDTIL,y XMOL

COMMON/CHFOR/AHV(SO),AHVL(ZS).FPS(Sbr.FF(ROO),FHVC(SO),FHV(ZS).

«FHVM(25) FHVP(25)+GAMP(300)4GFE(56),GUP(300),HVL{300),1A(9),

«NCRC(20),ND(300) yNKK(25) 4NIJ(25) 4 TMSW(50) , TMSWL (25) ,XNAL(300),
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JALPHA(23) BETA(T),FIML(25,3),FIPL(25, %)qFIMC(SO 3) ,FIPC(50,3),
«FHVS(200)4NSHC(25)

COMMNON/CHEQR/XNN(51423) ¢ XO(5147) ¢yNICNI51) oYY (51),TEE(S1),
«PRFS(51), 0R(51).FIMI(51)vFIPI(51)oTLCM(Sl)qTLCP(Sl) BFEE(S51),
.FMH(SI)qTAUT(h]) NIM{S1)4DIP(51)4FIM(51),FIP(51)sFRM(51),
«FRP(51)4FELN(51),FIIM(51), FIIP(51)9FIMT(51)oFIPT(51).|MH(SI).
CSK(51) 4DSK(51) ¢XF(51)4EXPT(51)4XTX(5143),VUX(51) :
COMMNN/CHEQT/CONV(101),XLAMBD(101)4DELT(101, 19).F(101 19), DFBAR(
1101),HALL(101),NFPL(101)

NIMENSION S{1)yTAUCL) g TMU(L) o XIM{L) o XIP(1)yXIMN(L),XIPN(1)
FOQUIVALENCE (QR.S)'(TAUvTAUT)’(LMUoTMH)y(FRM,XIMn)o

. (FRPyXIPN) o (FIMyXIM)y (FIP4XIP)

FIML(1,1375)=0.
FIPL(1,1375)=0.

CFIM(1:NY)=0.

FIP(1:NY)=0,
CFTIIM(1:NY)=0,.
FITP(1:NY)=0.
NIM{1:NY)=0,
NDIP(13NY)=0.
XIM({1:NY)=0,
XIP(1:NY)=0,
FIMT(1:NY)=0,
FIPT(l:NY)=0.
TLCM(1:NY)=0,
TLCP(1:NY)=0.
XIMO(13iNY)=0,
XIPN(1:NY)=0.

IF(LINFS.FQ.0) RFETURN LINTO&Q0
K2=0 LINTOSR1N
IF=0 ‘ LINTOG20
NO 500 K=1,NHV LINTNS3N
Kl=K2+1 LINTOSAN
K2=K2+Nl}H{K) LIMTNS&0)
NSL=NU(K) LINTNBAN
IF{NKK(K)<FQ.0) TE=IE+NSL LINTOANN
IF(NKK(K).FQ.0) GN TN 500 LINTOALO
REFW=0,0 LINTOALO
IF(TW.EQ.0.,0) GO TO 110 LINTOAS0
TX=11606.0/TN LINTO&AOD
FHV3=FHV (K )2 LINTOATN
KFFW=15833, 7*FHV3/(FXP(FHV(K) <TX)=1.0) LINTOARD
110 CNONTINUE . LIMTOAODN
XJIW=RFFWRAHVL (K) LINTNT0O0
CALL MU(FHV(K) 4NY, FMLY)
CALL TRANSA(FMU,NY) S LINTOT740
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220

250

354

XJUU=sXIW+ (1 e =AHVL(K)=TMSWL(K))RFIP(1)
DEN_(1INY )==TAULI{ 1 INY)

DEDLLLINY )=VEXP(NFNL(LISNY) IDFDL(1INY))
FIMELIINY)=FIM{1INY)+XJWRDFNL(12:NY)
BIM(LIINY)=FIM(13iNY)
NIP(LIINY)=FIP(1liNY)

NK=NMKK(K)

NSHC (1 INSL)=NK
CALL FREQ(K,.CFIL).

L=0

nn 360 JS=14,NSL
NMPPL=NSHC (JS)

IF=1E+]

NN 250 LK=1,NPPL

L=L+1

CALL MULF(FHVS(L),S)
TMUCLINY)=FMU(LINY)+S(12NY)

CALL TRANSA({TMI)I4,NY)

XIWL=XJW+ (14 0=AHVL(K)=TMSWL{K) )%=XIP(1)
DEDL(1INY)==TAtI(13NY)
DENDLLLIINY)=VEXP(DFDL{1sNY)SDFEDL(13INY))
XIM{L1INY)=XIM(IINY)+XJIWLEDFDOL (1 SNY)

IF{LK.GT.1)

DFHV=0,5%( FHVS(L)=FHVS(L-1))

IF(LK.EN,1)GDO TN 220

FIMT(I:NY)=FIMT(1:NY)+DFHV*(XIM(18NY)+XIMQ(l:NY))
FIPT(I:NY)=FIPT(I:NY)+0FHV*(XIP(l:NY)+XIPO(1:NY))

XTHMO(1INY )=XIM{1:INY)
XIPO(L1INY)=XIP(1:NY)

CONTINUE

FITM(L1INY)=FIIM{L1sNY)+XNOL(IF)RFIMT(LINY)
FITP({1:NY)=FIIP(LsMY)+XNNL(IE)*FIPT(1:NY)

FIMT{1:INY)=0.
FIPT(l:NY)=0,

CONTINUE

DIP(LINY)=FIIP(LINY)=CFIL*DIP(13NY)
DIMELINY)=FIIM{1INY)=CFIL*DIM(12INY)
FIIP(1:NY)=0.

FIIM(1:NY)=0,
TLCP(IINY)=TLCP(1:NY)+DIP(]1:NY)
TLCM(1INY)=TLCM(LINY)+DIM(1sNY)
FIML(K,1)=nIM(1)
FIML(KS2)=NIM{MIDPNT)
FIMIL{Ky,3)=DIM(NY)

FIPL(K,1)=DIP(1])
FIPL(Ky2)=DIP(MIDPNT)
FIPL(Ky3)=NIP(NY)
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LINTOTT70

LIMNTOG4N
LINTOQTO
LINTOGRN
LINTOQ9ND
LINTIOONO
LINTIO30D
LINTI040
LIMTINARN

LINT1130
LINT1140

LINT1210

LIMT]53n0
LINTI®AD
LTMT1580
LINT15A0

LINT1I87N

LINT1&8RN




500

CONT INLIF
RETURN

END _ '

SUBRNUTINE MU(HVyNY,XAPNU)

COMMON/CHFQOR/AHV(50) ¢ AHVL(25) ,EPS(56) 4FF(300),FHVC (50)4FHV(25),
«FHVYM{25),FHVP(25),GAMP(300),4GFE(56),4GUP(300),HVL(300),1A(Q),
«NCRC(20) 4ND(300) 4NKK{25) NU(25)4TMSW(50),TMSWL (25} 4XNOL{300),

ALPHA(Z%).BFTA(?),FIML(ZS,B)'FIPL(ZS.B),FIMC(50,3),FIPC(€0,3).
«FHVS(200) 4NSHC(25).

CnMMnN/CHEQR/XNN(51.23)9XO(51,7) NICN(51), YY(Sl).TFF(Sl)o

«PRES(51)40R(51),FIMI{&K1),FIPI(51), TLCM(Sl)qTLCP(Sl) BEE(S1),

FMU(SI)'TAUT(SI).DIM(SI),DIP(51),FIM(51),FIP(51),FRM(Sl)o
SFRP(51)4ELN{51),FIIM(51),FIIP(51), FIMT(SI).FIPT(BI).LMU(SI)y
«SK({51), DSK(SI)'XF(SI),EXPT(Sl)yXTX(Slo%).VX(Sl)

NDIMENSTON XAPNU(1) 4XKT(1),T(1)

FOUIVALENCFE (XKT4NR)4(T,TEE)

ALNGT(N)Y=ALDG10(0)

S0A=T7,25E-16

XMOL=1,0
HV3=1,/HV*x3

XLAM=1,24/HV

NO 1000 I=14,NY

L=1

XKT(L)=R ,62F=5xT(L)

TX=11606.0/T(L) ' ’

BEF(I1)=15R33,7/{HV3X(EXP(HVXTX)-1.0))

A= XNN(1,2)

AN= XNN{I,4)

Al= XNN(I,,5}).

ANZ2=XNN(I,6)

AN2=XNN(197)

ACO=XNNM(TI,8)

AH2=XNN(1,9)

AC2=XNMN(T1,10)

ACM=XNN{(TI411)

AC= XNN(T1,12)

ACP=XNN(T1,13)

AH= XNN(1,14)

ANN=XNN(T1,15)

ANM=XNN(I,16)

ANM=XNN(TI,17)

AHM=XNN(I,18)

AN2P = XNN(I'ZO)

NN=0,

NNN=0,

XOM=0,
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LINTYANOD

CLINTI620
LINTIA3N
Mtl 0040
Mtt. 0080
M)y 0060
Mt} 0070
Ml 00RO

MU 0130
MIE 0140
MU 0160
Mt 0170
My 0190
MUb 0240
Mt 0280
Mt} 0260
MII 0270
MU 0280
Mt 07290
M 0300
Ml 0310
ML 0320
MU 0330
Mt} 0340
MI) 03&N
MU 0360
Ml 0270
M} 03R0
Ml 0390
ML) 0400
MIt 0420
ML 0430
ML 0440




XHM=0, ML
XNM=0, t . M)
NDN2P=0, Ml
XCM=0, . ~ “ ML
NOHS=0. : : Mi)
DNYHS=0. : . S M
NI=0,.
XIN=1,492E+05%(1.=FXP (=HV/. 431))/((XLAMR®G ) (FXP(HY/ ,431)=1,)) . Mi}
13 XM=14,3/XKT(L) . , o v CoMN
XN=13,4/XKT(L) - , M
XI=25,5/XKT(L) S M
DNM=4 ,0+10,0%FXP(=2,38/XKT(L))+6.0%EXP(=3,57/XKT(L)) ML)
NOM=9 g 0+5, 0%FXP(=1,98/XKT(L))+EXP(=4.18/XKT(L)) ' Mt1
nCM=9, 0+5.0*EXP(—1.266/XKT(L))+EXP(-2.68/XKT(L))+5.0*PXP(-A.1R/ Mt
IXKT(L)) Mt
NCPM=6,0+12,0% FXP(-S 33/XKT(L)) . : Mi)
DHMA = 2, +R #FXP(=1042/XKT(L)) : ‘ Ml
CALL ZHV(HV,ZN4IN4Z142C) . MU
XX=HV/XKT(L) } : : MU
FPC=1.0-FXP(=XX) _ MU

CEFTA=13,6/XKT(L)
BFEI=5040,0% HV*HV%HV*FXP(-XX)

IF(NCRC(1)) 600,2541,+,600 : Mt
600 CONTINUE '
[F{HV=0.85) 2540,2540,2541 M

2540 FO3=2,73F-09%AN%XEXP(-14, sa/xxT(L))ala #((EXP(CFTA/1A.)=1.)/CFTA- MU
10.,0625) /7 (DNMk4 =CFTA)

DNHS=FEQ3/(REFI3%],42) M
2541 CONTINMUF ' S M)
IF(NCRC(2)) 601,2543,601 : _ s M1
601 IF(HV-0.85) 2542,2543,2543 : M1

25472 FEN4=2 ,T3F-09x% Aq‘FXP(—CFTA)*B.w((FXP(CFTA/IH )=1.)/CETA-0,0A25)/(NN
1M%4  =CFTA)

NAHS=EN4/ (BEET*1,77) - ' . ML

2543 CONTINHIF : : ' ML
IF(NCRGC(3)) 602,3075,602 _ : ' ' ML

£02 IF(HV=2.23) 3075,3074,3074 _ : M1
3074 IF(HV=4,46) 30732,3073,3075 _ MUY
3073 IF(H4V=3.,35) 30R4,3084,3083 o S Mu
3024 DN2P=(ANZP*I.F-IR)*IO."*(—II 5T6+6, 77*HV 0.91¢ HV**?) : ML)
G0 TN 3075 | M

3083 DN2P=(AN2P#] ,F=19)%10,%% (=49 ,086+0,51623F-02%T(L)=0.23577F=06%T (L )MU
P2 +HV# (304616-0430289E=02%T(L)+0,13644F=0A%T (1 )%%2 )+ (HVK%2 )5k (=4, SMI|
266R440,43903F-03%T(L)1=0,19543F=07%T (I )%x2)) Ml
2075 CONTINUF ) . ' ML
IF(NCRC(4)) AN3,305,603 : M
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0450
N&h0
0470
04RO
0490

O8N0

0550
N560
0570
0680
0590
06400
NA10
0620
NA3(ND
0ALD
0650

0A60

ORTO

0750
0760
0780
n790

NR20
0830

. ORBN0

0RA0
0870
NRR0
QRan
nann
0910
0920
n93n
nNoa4an
0QAN




603 IF(HV-1,22) 305,300,300 e o o . _ ML)
300 XNM=XNM+ANMXx1l . 6F=16 : B . Mt
305 CONTINUE ' ) - , . M)
IF(NCRC(20)) 6600,6600,6601 I , P ' MU
66401 IF(HV=1.25) 660046602,6602 ' MU
6A02 XCM = XCM + 1e4E=-1T*AC*AI/ (4. 83F+15*T(L)**1 S*DCM*FXP(-I 25/XKT(L )My
1)/(6,.)) , o ML
6600 CONTINUF ) ) ' C o MU
IF(NCRCI(5)) 60442502,604° o S M
604 TF(HV=13.,6) 2500,2500,2502 . ’ ' M
2500 IF(HV=0.75) 2502,2501,2501 - o o ML)
2501 1F(HV-1.,3) 6500,6500,6501 ‘ ' . A ML)
6500 XHM = (AHMX]1 ,E-17)%(=4,51+7, IB*HV) o MU
G0 TO 2502 ‘ A : ‘ . ‘ MUl
6501 IF(HV-6,) 6502,6502,6503 S CMU
6502 XHM = (AHM%1,E-17)%(6,765-1.7%HV+0. 1268*HV**2 ) - g oMy
GN TN 2502 S 1}
6503 XHM = (AHM*1,E=17)%(3,5-0, 535%HV+0, ozzs*Hv**z ) SR MU
2502 CONTINUE _ L \ MLy
IF(NCRC(6)) 605, 2510, 605 A . C R S MU}
605 1F(HV-11l,) 2503,2503,2510 ’ MU
2503 IF(HV=1,5) 251042504,2504 o = : M
2504 IF(HV-3,5) 2505,2506,2506 ' _ : - MU
2505 XOM=AOM%6,2F-18 - ML)
GO TN 2510 ' . ML
2506 IF({HV-5,T7) 2507,2507,2508 S - : ML
2507 XOM=ANM*] F=18%(16,16-0.R18%HV) : - . .MU
: GO TN 2510 S R - M
2508 XOM=AQOM%]l ,E~1R*(15,58-0,. 4534HV) g - Mi
2510 CONTINUF S ' Mt}
IF(NCRC(T)) 606,2525,606 - MY
606 TF{HV-13.5) 2511,2511,2525 : : : MUl
2511 IF(HV=-5,0) 2520,42520,2513 S ' M1
2513 IF(HV-6.65)2514,2515,2515 : I ) : Mt
2514 DNO=(AND*1.E-18)%*10, O (=4, 2673+HV*0 6R8267) - _ oM
G0 TN 2525 , o : ML)
2515 IF(HV-10.) 2517,2517,2516 o _ : S : ML)
2517 DNO=ANN*1,9F-18 N _ e : o S oMU
GO TO 2525 e : B MU
2516 NDNO=(ANN%]1,F-18)#*(89,.75-19. 125*HV+1 ,033%HV%%2) . : ML)
GO TO 2525 , , - CoMI
2520 IF(HV=-2.7) 2525,2521,2521 - ' MUY

2521 DNO=(ANO*]1.E- 18)*10.**(—3 4820-0,11509F~ 02*T(L)+O 15699F—-063:T (L )=:kMl)
12+HV%(=2,3744+0,10952F-02*T(L)-0,10099F~ 064T(L)**2)+(HV**2)*(O 575M
269-0,17249E=-03%T(L)+0.13874F-07*T(L)**2)) - - : MU

2525 CONTINUF . .MU
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0970
N9RN
0990
1010

1020

1030
1040
1050
1070
1080
10Q0
1100
1110

1120

1130
1140
1150
1140
1170
1190
1200
1210
1220
1230
1240
1250
17260
1270

1280
11290

1310
1320
1330
1340

“13580

1360
1370
138N
1390

‘1400

1410
1430

‘1440

1480
1460

1470




607
200
<201

202

205

609’

16
4975
4977
4978

5000

611

204
17

613
1305
207
208

1301 NN2=(A02*1.E~18)*10, **(-23 413+0 40509F-0?*T(L) =0.24545F=06%T (L) %3Mly

18

IF(NCRC(8))607, 15,607 ML)
NN=SQAXANXXKT (L) %4 ,5%EXP(XX=XN)*ZN/HVY k%3 M1}
IF(HV=4,22) 15,200,200 ML)
DN=DN*EXP (4422 /XKT(L)=XX) MU
IF(HV-10.8) 15,201,201 ML)
DN=DN+AN*S5 ,16F-1T*FXP(10.,8/XKT(L)- XN)/DMM ML
IF(HV-12.0) 15,202,202 MI)
DN=DN+AN*6 L 4E=1T*EXP (12.0/XKT (L) =XN) /DNM MU
IF(HV=14.3) 15,203,203 ' MU
NN=NDN+AN%*3,16E=17/DNM MU
NnZ=0., MU
IF{NCRC(9)) 609.609 608 ' _ ‘MU
NZ=SQA*AOXXKT(L)%*(8.,0/9. O)*FXP(XX xo)*zn/Hv**a ML)
IF (HV=4.22) 164,204,204 ML)
NZ=NZ*EXP(4,22/XKT(L)=XX) ML)
"NZ=NZ*(0. 1415+0 4295%(T(L)/4000,)) Ml
X3A=HV=4,22 My
NZ=DZ2+6.5F- 18*A0*(8./nnM)*Expt-9 ZR/XKT(L))*(I.—O 09375%X3+. 00586%MU
1X3%%2) Ml
IF(HV=13,4) 16,205,205 Ml
DZ=NZ+A0%3,6E-17/D0OM Ml
CONTINUE _ ML
IF(T(L)-8000,) 5000,4975,4975 MU
IF{HV-3,9) 4977,4977,5000 MU
IF(HV=,01) 5000 ,4978,4978 ML)
NZ=NZ*%(0,1415+0,4295%(T(L)/4000.)) Ml
NN=NN%E (0,86 7+0.168%(T(L)/6000.)) Ml
CONTINUE . ML)
IF(NCRC(10)) 611,117,611 M
NI=4,0%SOAKAT*1433%XKT(L)XEXP (XX~ XI)/HV**B ML
IF(HV=10.8) 174,206,206 Mt
DI=DI*EXP(11,2/XKT{L)=XX) ML
N02=0.,0 Mi
IF(NCRC(11)) 613.18 613 MU
IF{HV=3,) 18,1305,1305 ML)
IF(HV-7.) 1301,207,207 Mt
IF(HV=-9,2) 208,208,18 ML)
NO2=A02%400.0%SQRT(TANH( 0. O975/XKT(|)))*FXP(-TANH(O 195/(2 0% MU

IXKT(L)) )% ((HV-8,56) /0. ROS)*’Z)/Z 687F+19
GO TN 18

MUt
ML

12+HV*(642102-0,10559F=02%T(L)+0,66192F~ =OTHTIL)%%2)+(HY*2) % (=0,416M

2534+0.T1490F=04%T(L)-0.4T7115F- OR*T(L)**?))
NN2=0.0

IF(NCRC(12)) 614,2010,614

£14 TF(HV=6.5) 2550,209,209

70

MU
Iy

MY
M

1500
1510
1520
1530
1540
1550
1560
1570
1580
1600
1610

1620
1630

1640
1650
1660
1670
16R0
1680
1700
1710
1730
1740
1750

1760

1770
1780
1790
1800
1810
1820
1840
1850
1860
1R70
1880
1890
1600
1910
1930
1840
19580

1970

1080
19490



20Q@ 1F{HV=-12,77)210,210,2010 R MLl
210 IF(HV-10.5)211,211,212 ' : MI
211 DN2=(AN2/2,52F+19)*EXP(2. 3026*(-14 871-0.3958h6E=03%T(L)+0.R6911F-0OMI)

17%T (L )#%2+4HV*(~0.99225E-01+0.61168E=03%T(L)=0,41260E=07*T (L )%*2) MU .

24 (HV#%2)%(0.12305-0,48332E=-04%T{L)+0.28363F=08%T (L )*%2))) M1)

GO TO 2010 MU

212 NN2=(AN2/2.52E+19)%*EXP(2.3026%(-39,306+0,71761F=02%T(L)=0,46157F=0MII
16%T(L )% 2+HV%(4,1032=0,T6919E=03%T(L)+0.52442F=0T%xT (L )*%2 )+ (HY=®:2 )M
2%(=0,56T01F=01+0,16228E=-04%T(L)-0, 12761F- OB*T(L)**Z))) M1y

GO TN 2010 ML)

2550 IF(HV-4,5) 2551, 2551.2010 MU
2551 IF(HV=-0.75) 2010,2552,2552 ML)
72552 NDN2=R ,E=20%AN2%10,%%(=1,+2,78%HY=0,819%HV*%2~2 696 /XKT(L))+2.F=-17 M|
L3AN2%10 %% (=174 14+R (93%HYV-1,132%HV*42=3,26/XKT(L)) ML)
2010 DCN=0.0 _ o 7 , M1

TE(NCRC(13)eFQ.0.0R HVeLTo4.27.0RHV.GT.10.60) GOTN 11R
ARG ==245,36 + 4444,9 *XLAM - 31603, *XLAM**Z

. +97915, THXLAM#%X3 — 112317 %XLAM:

ARG = ARG*(2,1272 - 3.7609E-4%*T(L) + 3 6A?F RxT(L)**"

. =1.24E-12%T(L)**3)

NCN = EXP(2.,30259%ARG)/ (1., 49ZES*EXP(-HV*11606 /T(L))*1. 0/

. (XLAMX%5))

ncn=nco*Aco .
“118 DH2=0,0 - ' . M1

IF(NCRC(14))616,119,616 : MUy

416 IF(HV=3,65) 119,222,222 . o : ML
222 1F(HV=25,0) 223,223,119 ' , oo T ML)
2723 IF{HY-15.50) 1023,124,124 - o .M
1023 IF(HV-10.,) 2530,2531,2531 ' M)

2531 DH2=(AH2%1,F=18)%10,%%(-120.73+0.17515F=01%T(L)=0.87CTAF=06xT (L )Ml
12+HV%(17.526-0,24654F=-02%T(L)+0,12097F=06%T (L) ?)+(HV 2 )R =0,A25M)
22T+0,86154E-04%+T(L)=0, 41802F-08*T(L)»r?)) - ML

IF(T(L)=-3000.) 119,9125,9125 ' ' . Mt

91725 NDH2=(AH2%1  F=19)%10.%%(11,513+0,15839F=03*T(L)=0.,117RQF=06*T (L )=x2M1)

14HV#(=1,2534-0413165FE=03*T(L)+0,3126TF=0T*T(L)**x2)+(HV¥x2)%(0,3294M1

11F=01+0,89272F~ OS*T(L) =0.17T775F-08%T(L)*%x2)) +DH2 . MU

GNh TO 119 ' : S Mit
2530 1F(HV=6,2) 2532,2533,2533 o ‘ , ) : M
2533 DH2=AH2%2,5E-118 , MUy

GO TN 119 : ! : . Coe Ty
72532 IF(HV-5.3) 2534,2534,2535 Mty

2535 NDH2=(AH2%]1 F=18)%10,0%%(=207.78+0.55206F=01%T(L)=0,44098F=053T (L )*Ml]
1%2+HVH (66 691 7=-0.17948BF=01%T(L)+0.144T3F~ OSrT(L)*“2)+(HV<<2)*(—€ 37MLUI
?67+0,14587F- OZ‘T(L)—O 118726~ oa«T(L)rﬁz)) : ML

GO TN 119 ' o M1

2634 DH?-(AHZ 1.F= 18)*10 0% (=5,2820-0,27R12E=02%T (L) +0, 2071 5F=06%T (1. ) %ML}
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2000

2010
2040
2050
20A0
2070
2080
2000
2100
2110
2130
2140
2180
2160
z21an

2320
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2340
2350
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2370
2380
2390
2400
2410
2620
2420
2440
2450
24A0
2470
24LRD
2640
2500
2510
2520
2530
2540




174
116

617
C.l..

1#24+HV% (=5,16R7+0,24948F-02%T(L)-0.16031F~ OA*T(L)**2)+(HV**2)*(0 96MU

2

TlTlDﬁwb

364=0,34072E=03%T(L)+0.21180FE=07*T(L)*%2))
Gn 70 119 T

NDH2=AH2%10,0%%(=17,19+0, O62*(HV-16 0))
NC2=0,0 -

IF(NCRC(15)) 617,1204617

CNNTINUE

C2 MOLECULAR BANDS FROM K.SUTTON, 5/78
IF(HV.LT.0.1 «0R, HV.GTebeb) GO TD 470

Vv = HvV

V2 = Vxvy
v3 = v2%xV
V4 = V33XV
u = T(L)

TF(U.,LT.2000.0) U = 2000.0

IF(U.GT.14000.0) U = 14000,0

2 = sk

U3 = yY2%uU o

IF(V.GT.1.9) GO TO 410

C2 RALLIK=-RAMSAY

W = (=2,67556255F+1- +1, 56675833F-34U -1.49681021F=7%12
+4,76786134E-12%113)  +(2.04675773FE+1 -5.,0532626)F=3x%l|
+4,57527045E=T%U2 =1.42849344F-11%U3)*V +(=2.07591403F+1
+5,28626421F~3%1) =4 ,65253699F-T%1J2 +1,4270364TF=11%U3)%V2
+(6.93314515E+0 —1.,96130560F=3%U +1,62901846FE~7*1)2 -
-4 ,B2TB069RF=12%113)%V3 +(=6,67009441F-1 +1.91144134F=43%|)
-1.33821102F=-B%U2 +3,52119926F-13%J3)%V4

NC2 = NC2 + AC2%(10,0%%y)

410 CONTINUF

c

420

MTMCTOID

IF(V.GT.2.6) GO TO 420

C2 PHILLIPS

W = (=2.55010890E+1 +1.7058456RF=3%l) ~1.65264165F=T4%02
+5.32056661E-12%13) +(1.26249681F+1 =3.01906596F~3%l]
+2.7575764TE=T%U2 ~B.69T70R111F=12%113)%V +(=-5.38213934E+0
+1.07838911F=3% -8.74715768FE=R%U2 +2,60010262F=12%1)3)%V2
+(-5.10183000F-1 +3.11595820E-4%U -3.680184B7E~&*UJ2
+1.26878908E=12%1)3)%V3  +(3,69027147F=1 =1.49010770F~&*(I
+1.51951958FE-8%12 —4.978R8511F~13%113)%V4

NC2 = NC2 + AC2%*(10.0%%W)

CONTINUE

IF(V.LT.1.1)6N TO 470

IF(V.6T.3.5)G0.TO 430

C2 SWAN .

W= (+1.13973049F+1 -1.07516873F-2%1 +R.91619111F-T%1i2
-2.486337R9E-11%U3) +(~R.h3964298F+] +2,A343029RFE-25%U
—2.27779293F-6%U2 +6.579769R6E=11%U3)%V +(6.67733145F+1

T2

MUy

Ml
ML}
MiJ

Mt

2550
2560
2570

_ 2580

2600
2610



C

C

+(=1.950R4525E+]1 +5.89471406E-3%) =5,21078797F=7*J2
+1.51363699E-11%1)3)%V3 +(1,90859634F+0 -6.21306TO0AF=4%*1)
+5.55116345E=R%J2 -1,60805289E-12%113)*V4

NC2 = NC2 + AC2%*(10.0%*W)

MmO

430 CONTINUF

IF(V.LT.2.2) GO TO 470
IF(V.GT.4.2) GN TO 440
C2 DESLANDRES=D"AZAMBIIJA
M = (+4.37104134F+2 =1.07172749F=-1%1) +9,134531T4F-h%(j2
-2.69365071E-10%U3) +(=6.,40684147F+2 +1,5124516AF— 1%
~1.31009355E-5%)2 +3,90154018F-10%U3)*V +(3,1RK96463F+2
~7.60914126E-2%) +6,66707T5TTF-6%U2 =1.,9972346TF-10%1)3)%V2
+(=6,T7434932E+]1 +1.64989333F-2%1) —1.4609T3THF—6%1)2
+4.39T00394F-11%113)%V3  +(5.2224304TE+0 -1.30R6CHT5E-3%U
+1417137751E-T%U2 -3.54019661E-12%U3)*V4
PC2 = DC2 + AC2%(10.0%:%u)
440 CONTINUE
IF(V.LT.3.2) GN TO 470
IF(V.GT.6.0) GO TO 450
C2 FOX-HERZAERG
M o= (=1.61270124E+1 =3.24205656F-3%1 +1.65029202F=7%(}2
A ~2.52276490F-12%U3) +(-2,18665136F+1 +7,.6431T8T79E-3*|)
-5.9822843TE-T*U2 +1.67809358E-11%U3)%V +(1.,0271047RE+1
-3.18657710E=3%1 +2.56604310E=7*U2 ~T7.39573553F-12%113)%V2
+(-1.640R4342FE+0 +4.83701438F=4%l) —3,R4919650E-8%12
+1.10330660F-12%13)%V3 +(R,7618A297F=2 -2,504RL294F~5%I!
+1,92781533E-9%U2 =5.40620686F=14%113)%V4
NC2 = NC2 + AC2%(10,0%%W)
450 CONTINUF
IF(V.LT.4.9) GO TO 470
IF(V.GT.5.8) GO TO 460
C?2 MULLIKEN
W = (+1.3016462TE+5 =4,97157720E~1%l) +8,82595591 F=5%112
-3.857749R9E-9%U3) +(=9,71235874E+4 +3,41272251F-1%U
-6.33644218E-5%1J2 +2,R05500665F=9%3 )%V +(2,71169027F+4

MTTMmIO T >

MmO

+(-3.35819639F+3 +8,788A3905F-3%) -1,932R82716F~&*1)2 .
+8.,94390272E-11%0U3)%V3  +(1.55651193F+2 -3, 172QAAR0F = &3]
+8,1R680808F-8#%112 =3,91774199E-12%113)%va
NC2 = NC2 + AC2%(10.0%%W)
460 CONTINUF '
IF(V.LT.5.0) GO TO 470
C2 FREFYMARK
W = (+9.87635453F+3 =2,71103348F+0%1) +2, san7o7snp -4 (12
A —8.,00148084F=9%13) +(=6.91642388F+3 +1.904R9940F+0%(]

TTMI O >

—1.96563652F=2%) +i.72196192F-6*U2 -5+005339R4F-11%113)*V2

-“R,43582112F-2%11 +1.67538464LF-5%J2 =T7,559T45T5F-10%113)xV2
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Jr o

T T

ne? =
L Tl
120 AgM=D
IF(MC
A1R TFE(HV
2726 TR{HV

—

17240
2T+0 4
ITF(HV

229 nCM=N
121 DC=0,

—

TF (NG
~1e IF (¥
127 DC=S8n

207N
12 NC=S0

IF(HY
228 NC=NC

TE(HV

2ve nC=NnC

e (uy
230 0=
122 neP=0

TF(NC
A20 IF (H
120 NCP=~r

GN TN
130 DC=2=F
IE(#VY
221 NCP=n
TF({HV

PR7 NCE=nN
151 COMTT
XAapPNy
1+NN2+
TE(HV

733 nH=6,
GOTn

lailny NH=

1=EYP

Th

~1.7937TA21F=4%112 +5,A5NG2077F=0%113) %V + (1, TUAPAGRRF+3
—4,9928R490F=13%1) +4,719073R2FE=5:112 =] (4REQLTARF =112 )\ 2
+(=2.CAB9AK03F+2 +5,729821462F=2%11 =K,4Q3Q4LKR72F—~AXIID
+1.T3A12T0OTE=103x113)3VR  +{R,BIKLKEASTF+0D -2 RNAGLARNF=3:2]I
+2.3%R9TARLF=T7112 =T7.561834]10F=12:113)%Ve

NC? + AC2:3x({10,0%35eu)
AR

.0
RC(1A)) A13,121,A1% "
=0.8) 12142264224
—-Ae) 1227,1227,121

FAL2F=N33:T(IL)=0,26433F=07xT (I )#%%2))
~2.) 121,122%,1228 _
CN+ACNRLQ (=41 J4b+13 . ToEHV=1 Q4 %HVH%kD)

2C(17)) 619,122,419
V=3,7R) 127,12R,.,12"%

-9,81) 122,228,722¢

+AC#2 2E=1T*FEXP(=2,75/XKT(L})/NCH

-10.,0) 122,229,229 ’

+ACHR BFE=1THEXP(=142A/XKT(LL))/DCM

-11,26) 122,230,230

+LC%9,9FE-17/DCM

RC(1R8}) 620,131,A20

V=15,08) 129,130,130 :

e 3448RF=20%00PRT(L)RFEXP (HY=24,4) /YKT (1) )=7 T /H\ %3
131

-19.03) 131,231,231

CO+6 (RA4F—1T3HFXP (=6, 37%XKT(L))*ACP/DCPM

=24,4) 13142324232

CP+] ,32F=17%aCP/NCPHM

MEF
(LYSFPCH(NM+NZ+NT+X MM+ XCMENCHXMN 2 (DCN+NH2+NC 2+NGM
NM24+NDNO+NN2P )+ XHM+XNAM+NNHS+NNHS ) '
-N,%0)233,233,14057

1450

—12.R/XKT (L)) /HV=%3

A g ZAFR=203 b5 T (1)

Ay
M)
HH
M

P27 NENM=(ACNE] F=18)%10.%5%(=1,39A240,190R2F-03%T (L) =0  LOATRE=075T (L) kit
(AehRT1=0,10144F=025T (1) +0,ANTRIE=0THT (1. )35%2 )+ (HV#ED )k (=2, QNG M

Ml
M
R
Lt
Mty
&
w1

Al

M
wl ]
MY
ST}
[XYR
Wl
[N
Ay
AR
)
A
M
oy
oy
AR
1 1
L)
LEI N
ML
M

w1

) ;.”!

(RIR]
M

PAAYI R
260y
2610
2820
252N
2840
PRE(Y

C2RAN

2870
Jran
2900
261N
a0
2&an
2Q40)
2081
2CAN
AV A
22Ul
2wuan
20000
N5
2AAN
ROV
2OV R (Y
RANAND
TN
208N
PEALSTA
2100

AJ10
2120

2130
) 4an

3] K0
2100
2200
2210



IF(HV=1.A0) 1450,234,7234 ' MILR220

234 Y = DH4+] LTF=15%AHREXP (=12.0/XKT(L) )/ (NHMARHYRRT ) w2230

L IR(HY=3,40) 14560,235,235 oL 3240
235 DH = NH+4 AT75F=]1 5% AHRFXP(=10,2/XKT(L) )/ (NUMAKRHYxT) ~ S 3280

- IF(HV=13,3R)14504236,235h : AL A
234 NH=NE+3 ORF=143xAH/ ( DHMAsHY 3T _ MIE R2T70

1 &80 CONTIMHE ' v ' SN 2PEn

. S XARRUL ) SXAPNII( L) +FEPCRNH S M 32an

=\

TR (HolTe2e2leNRHGTe4.13) 6N TO 1000

AMGEXI_AMRY ,0F+4 )

ANGD = ANGRANG

ANGRAZAMGEAMG? . o . ,
TE(F.3Te301) NE3=1,31141F=16h=1,0AR3GF=]Q%AMGH2  RT42] F=235k
14NG2=2 ,40ALAF =2 TANG3 o : - :
TF(H.LFe341) NC3=1,984695F=16=1,0T008F=]19%ANI+] Q0T TRE=D 3%
18NG2=1,11976F=2T30NG3 ’

AR )=XAPMI(L)+DC3kXNM(T 21)

1000 CONTTIE ; ) : Y A
SRETHRN ‘ ' ' . MET 2200
EHD o ] W 2220
SHRENTINE SLOPO(N,X.YeSs7Z) sLAarpnnN1n
DIMENMSTIAMN Y{1),Y(1),S(1).Z(1) Si1.npnnIn
ITr(Mv=1)9,2,1 SiLngEnnan

T S(2)=(Y(2) =Y (I /{X(2)=-X(1)) SLARNOIRG
$(1)=S5(2) S1LN2NONAN
CG=5(2) SiLnenntn
i 5 T=] M QLoD
TE(T+1=m)R,2,7 SLFrEOG0

7 n=0( QI Fo(] N0
IF‘(I-7)Qv7Qf‘ S'-r‘pﬁ.']”

3 UNT=X(T)=X(T+1) SiLnentan

¥XTT=X({1+1)=X(1I+2)
XTH=X(T+2)=X(1)
AREY(T)/(XOT:=XTN)

A=Y (T+1)/IXOT=YTT)
ACEY(T+2) /7 (XTT=XTN)
GAL=ALNRYTT

AR =AKRXTN

ACC=002YNT

=00

ar=S(T1)

WM=S(1+1)
S(I)=aA=(XTN=XNT)+ARR=ACC(
S(I+1)=ARX(XONT-XTT)+ACC-AA4A
SUI+2)=ACK(XTT=-XTN)+AAA=-ARH

SLNENT2nN
SLMO01 40
SLrn an
SI NNt an
SLOEMYT 0
SLApPN1 26
SiL.apnIan
<rnpnyan
SILNPN2 1N
St NoN2 o0
SLNonan
SLnoN2an
SLNPNYD Ry
SILORN? A0



50

100

IF(TI=2)%44,5
S{T)=.5%(S(T}+00)
S{I)=.5%(S(T1)+18)
xN=X(1)=-X(1-1)
YS=Y(1)+v(I-1)
SHh=S(I)=-S(I-1)
ZAI1)=7(T=1 )+ 0uXN{YS=XN/ASN)
CONTINIE

B ']' [N AR

ISINER] .
SHRRNMNUTIME TRAMSA(TMIILNY)

COMMAM/AERAN/ DFELTA TNREAN K1 gK2 ¢MAFS gNRLP JNHV G NToNTC o NTHVC o

NSHVQNXIQNYC”MQTWQCZQMIDPNTQMTQAMS’SF(5)

COMMANM/CHEOR/AHV (50) f AHVL(25) 4 FPS(5A) s FF(300) 4 FHVC(50) 4FHV(25),
FHUM(25) 4FHYP(25) 4GAMP(300),G(FF(5A)(BIIP(300)HVL(300),TA(9)W
NCHC(20) gNNE300) g MKK(25) ohI(25) g TMSW(H0)  TMSHIL(25) o XNNL(300)
ALPHA(23) yRETA(T) 4FIML(2543)sFIPIL(2543)3FTIMCI50,3)FTRPC(5043),

FHVS(200) JNSHC(25)

COMMON/CHEOR /XMN(B]1 923) 9 XO(5147) 4 MICN(B1),YY(51),TFF(51),
DRES(S1) 4OR(51)4FIMI(51) 4FIPT(51),TLCM(SL)TLCP(51).BEF(81).
FMU(ST) g TAUT(S51)4NIM(B51)4NIP(51)FIM(51),FTIP(S1) FRM(51),
ERP(51) 4FLM{51)yFIIV(B1)+FITIP(S1)4FIMT(81)4FIPT(51)sLM1I(51),

SK(G1)gNSK{B1) 4 XF(B1)4FXPTIBL) ¢ XTX(5193) VX (K1)
DIMFRSTOAM TMEH(1) ,NM(1),0P (1)

FOUIVALFRNCF (DiySK) 4 (NP4NSK)

mYP=iY+1

WY#=piY=1

FIm(1)=0,0

FIP(NY)=0,0

TAUT(1)=0.0

nNo100 T1=2,NY

NYAL=C23(YY(T)=-YY(I=1))

V=TMUO(T)/TWU(TI=]1)

Vi=vy=1

[F(ARS(V1).GT.N.01) GA TN §0

VVIF=V1/24,0
TAUT(I)=(1.0+V1Ix(045+VIFR(V1I=2,0)))=0YALRTMI(T-1)
NIE(T)Y=NYALR( 0 5=VIFx*(4,0=3,0%V1))

NP (T-1)=DYALR(ND,S+V1IF%(4,0=V1))

5N TOH 100 ‘

V3=]1 ., 0/ALNOG(V)

V3N=V3V3

TAUT(T)=VIHVRENYALRTHI(I=1)

i (T)=NYRLR(VR=V1%Y3N/V)
DP(I=1)=NYALA(V1xVIN-V3)

CORMTINIF . .

6

SLApPN27n
SI.ALOY N
SiLNnpn2on
SiLAardRON
S1.NenN21n
SLApPN220
SO0
SLNPNR4N
SLAPN3 &N
SLNOO3IAN
TRAMON]O

TRPAMNTAD

TRAMOAD?TN
TOAMND 20
TRANOD AN
TRAMND LN
TR AN AD

TR ANOPGH

TRANOZRND
TRANMNNRTN
TRANONRDN
TRAMNOARZAN
TEAMNRAGN
TRAMO2AN
TEAMOARTN
TR ANTARN
TP AxtN2QN
TR ANMNALTO
TRAMOAZN
TR ANNL2G
TRoMOLLN T
THANOLEN
TU ANIDYVLAD .



I =Y : TOAMNNLGN

D200 J=2,NY , : TRAMORON
EXOT(T)=FXP(=TANT(T)) . TeAMNET 6
FLM(T)=ALNG(REE(T)/RFFE(I=1)) TRANOEZN
NEMN=TANT(T)=FI_n(T) TRAMARRN
VII=AEE ([=1)==FF(T)=FXPT(T) : -0 TRANNGLN
FIP(T=1)=FI2(I)rXPT(I)+TAUT(T)=VUM/NEN ' ~ TRANOKEN
200 T=1-1 o o ' o C TRARNKAD
NN 300 T=2,MY o TRANNKGH
NEM=ELN(T)+TANT(T) . s 0 TRAMOAON
VIIW=HFFE( [ )=RFF(TI=1)%FXPTI(1) : TRAMOATN
[T )=FIM(I=1)%FXPT(I)4+TANT(T)RVUN/DEN TRAMALDN
300 CONMTIHF : : , : TRANDAZN
TAUT(1)=0.0 . , THAMNAEN
D400 T=2 MY , _ TRANNAAN
DP(T)=TAUT(1) ' ToAMOET D
TAUTLI) =TAUT(T=1)+0P (1) _ , ’ TRANMNALRO
AN COAMTIRMIE _ CTRANMOAGH
SETHRN : ' TRAROTO
TS, » _ ’ ToAMO 71N
SHRROTIME ZHV{HV 7N 7N 71,72C) : : SEAA U AR R
Y =HV ' _ 74V G20
[F (HV=9,82) 1,1,2 , ' A . ZHV 0630
1 7N=0,9G997956-0.,31554R04%X +2.,8248479F=02%X%%? +A,ATTA2RIE=-NRAUX5237HY N0LND
1 =3 ALLERBAF-NR%XE%L +R OGRNAGKF-(4xX5E =T, TORAITLF=(ORNXA +2, 7HV NNEND
P66R133F=063%X %7 ' _ 7 00A0
GNn TN -3 o : 74V 0070
2 IN=(X/FJR? )k : 7H\Y 0nan
% [F (HY=R_,235) &4,L,5 ' ' 7HY QNGOG
4 IhN=1.0001458-0, 41“%5346 X +0.16RN3BQLHX%ED =9, TTQLBTGF =0 2% Xk 74V 0100
1+% IKLAZB TR0 2Xk 4y —S h0N93534F-03%XxxE +4,515535F-04xX5n6 ~1, Aﬂ%S/HV N11G
QLB F=5nXnT : 7v0d N12n0
Gn TN & ' 7HvNTR0
§ ZN=(Y/8.35)%%3 : ' - ' S 7HV ] an
A X=HV/4,0 : ' . . : L 7HVY N1RD
IF (X=AJ.A) T.T7,R : L 7RV 0160
T 21=1.,N003794-0y, ?°647669*¥ +7.505241AF=02%X%%2 =) ,TO029481F-02%X%x%3 7ZHY 0170
143, 2795539F=03%X0k4=2, 1 284AFQFE=04LKXKE 7HM 010
an TN o , o 7HV N1Qn
FOAT=(X/T 37 )5k : ' ' S 7LV 200N
Q@ X=HV ZHV 0210
[F (X=7.37) 25,25,26 . 75V 0220
25 1C=0,997436T4-0,434181223xX +ﬂ.6%12141F —02%X%wR2 =1 ,AQBAVARF=2:2XkEI7HY N2320
144 ,03R5443F~N30XNNRHL=E 42042 LAF=NLXKEE42 , 2121 2A1E=050 X3 A=3 ,RRZKRD THY NP24LN
PABFE=(1T YT ' . ZHV N2R0

GnoTO 20 7RV DYAR

(i



10

2hA
21}

TC=(X/7e57 )53 7HY 0270
SETURRN ‘ 74UV 0280
E A 7RV 02490
FUMCTINON FXP3(X)
IF{(X.GTa0.7) G TN 10
XX = 0D HhsX%X '
FXP3 = 0,5 = X + XX#{0,9227%4 —= 4LNAGB(X)) + Nel AAAAAAT X XX
TETHRN _ »
FXP3 = 0,4%FX0(=1,293:%X) ' =
TRETHRN '
ENN
FUMCTION GAMFX (Ma, SUMNG)
YitIN=0 A25F=13%N&xY /(TT%TT)
Yo=Y NsSRYMI N
YA=Y 2y MM
Fl=YMIN=0O,258:2Y2+0, nR%RA *Y3=ALNG(YMIN)=0,87721A
HAVEY = ] G 2A1F=2 %Xk SHMNGREL/SORT(TT)
RETURN '
F ot
FUNCTINN HWING(L)
EOUIVALFENCE (WNH, ALLPHA)
HEAL C(L) , WNT(&) o PON(4)
NATA (C(I)eI=1,4)/3,4F=h,1,T78F~ =54143F=3,3,8587F~=3/
DATA (PON(TI)y1=144)/4,L258F=-G,3,158]F~ Q4 1.28QF=7,.7.07T2F— K5/
OATA (OT(T),1=1,4)/. DO/HA7..Uhnﬁ1)2,.!aa?A,.nlx)«/
DL&MKDA = FU~AIOHA -
LM = WOT(L )%
TEQM = 2,0
FIDLAZRDAGT.NLY) 6N TN 20
NDLP = PHAN{LYRSNIT( X
CHLAN = SDET(NLAMBRNA)
TERN = 1 ,0+RNMTHSOL AM
TF(NLAEBNAGTLNILP) TEIM = (PLW=NLAMRBRNA) /(DL W=DL_P)skTERY
TFITERIELGTW?240) TERM = 2,0
HWIRG = C(L)/ALPHARR2 & 3 TEM

PETR w

w

NI B

FUMCTTINM HYCORFE(XAZYAGX oY oNY 4N)

OTMFEASTAN X(1)4Y(1)oDY(1)

Yi=zY(N)

fvizie=1

AN 10 T=1,NM

IF(XAJLTLX(I+1)) GO TN 20

CANTInE .
50TN 40

DX=1.0/(X(T+1)=X(1))

T8




30
40

J=1

NA=XA=X(T1)
G=(((Y(I+1)=Y(I))xNX)=DY(I))*
F=(((DY(I*1) “NY (1) )%NX)=2. O‘G)"DX

=(FR{XA=X(I+1))+G)=nA

YA—(H+nY(I))*(XA—X(I))+Y(I)

HYCNRE=FXP (2,303%YA)

QETHRN

i

SUBRONTINE NDFRIV (W24 W2Ny TRy T4KyMMP)

CAMMAN/NORND /DA 51 )

NDIMEMSTON W2 (MMP LK) ¢W2N{MNMP 4K N
TM1=1F-2

WAN(2,T$TML)=(PM( L2 IML)kW2(3,12IM1)/DN(23TM1)=DN(22T¥1)*W2(1, [3Tt1
1Y/DN(12TML) )/ (DN(23TML)+DNELITML) )+ (NIN(23 THL)=PN(13THL) ) 5M2 (2, T3
2TI81)/(NDN(23IMI)=NN{12IML))

W2AN( 14 1)==W2( 1 oI ) (NM(2)+2. D*DN(I))/(DN(1)>(nN(?)+nm(1))) -~ NNFRATIZ0
1 +W2( 2, 1)(NN(2)+DN( L))/ (DN(2)DN(1)) MNFRN] 30
p “W2 (R, T)EDM{L)ZINN(2)(NM(T)+DN(2)) ) NRERNT 40

WPM(TF T )=W2(TF, I ) (DN(IM=1)+2,0% nN(IM))/(nN(IM)“(ﬂM(IM)+nM(1M-1))mncpnlﬁn
1 ) =W2 (TF=1,T)%(DN{IM=T1)+NM{IM)) /(DN IM)xDN(TM=1)) . MDFROTAD
7 FU2(TE=2, T)ON(IM) Z{DN(TM=1)5%(DN( TM)+DON(TIM=1))) MAFEROT 70

DETHRN _ » : MOFERN] RN

FND ' . ' ; _ MNERN] QN

SURROAUTIMF |, ARADPN

COMMDN/SFLIX/ORT(3) sNTFORW,FPyFM
rnMMHN/PRnh/FTA(Sl),F(Hl),HFl(“1)94F?(61).TRr(Sl).THTD(Sl). )
LCNMTFL(51).CNONTF2(51),P2P2(51)

COMMON/CTRL/ZIE,INUTPT oM, NTToMIMR, VLY ¢RDILY (NP, TIMFT.
SNRANY y ITTPIZMACF,TNP T INDS y XLFWIS XPRAND
CﬂhﬂﬂN/CHFOQ/&HV(HF),AHVL(?%),FDK(RA),FF(QOO),rHVC(HO) FHV(?R),
JEHUM(25) ,FHVYP(25),GAMP(300) 4 GFF(56),GIIP(300), HVL(300).1A(3),
.NC?F(?O).Nn(%Fﬂ)'NKK(75).MH(?%) TMSW{B0) , TMSWI (25) «YNAL{(300),
CALPHA(23) 4y BETA(T) sFIML(2543)FIPL(25,3),FTHC(50O, 3)yFIPC(5043),
.FHV§(700)9N§HF(?5)
Cn.MﬂM/CHrOR/YNN(51,23),XQ(51,7),MICM(51).YY(51),TFF(Sl).
CORES{S51),0R(51)4FIMI(S1),FIPI(S1),TLCH(51),TLCP(5]1)RFEE(51), -
CEIII{51) y TAUT(S1) 4 NIM(GLI)4NIP(51)4FIM{BL)FIP(RL)FRM(5L),
FRP(51) 4FLN(51),FITM{51),CTIP(51)FIMT(RL)FIPT(51),LLMI(51),
CSK{B1)4NSKI51) ¢ XFIBL)FXPT(51)4¥TX(51,3),VX(51)

COSMON/LRAN/TEZ G IRDNLY  TMPONGLTNFS gMF ¢ MFTAX G MSR 4ONF G LIF 4 XDT TL o XMOL
COMMNMZAFRAN/ NELTAZIMREANG KT gK2 ¢ MARS g MRILP G NHYGMT 4T, M I=VC,

. MSHVY ¢ NXT oMY o TH G2y MINPNT GMTRANS 4y SF(5)

CONMOM/CHEQN /DR (51) .

TE(M,NFLLIGA TN 500

MRITF(ALQ00)

79



900  FORMAT(1H1, LX,'RANDIATIVE FLUX VS. FREQUENCY = AFRNTHFRM MNNDFEL'/
L30X L VCONTINUUMY 54X, 'LIMNE GROYPS )
WRITF(6,501) FTA(l)’FTA(I“PON)'FTA(IF)'FTA(I).FTA(I”PHV) FTA(IF)
anl Fn%MﬁT(lHo OBXVETAY JF1Ae29F21.29F1A024F29.2.F21.2,F1A.2/AX,'FRFO,
. 1aaX, 0= NINUG',4x,'0 PLUSY 46X, 10= MIMUR',ax,'n PLISY g&X o YO=MTNLIST,
. AX g VERFO 1 44X o 'O=MINLISY 44X 'O=PLUS 44X, 0~ MINHS' LY G VO=PLIISY,
. AX,TO=MINUSTY)
MYRX=MAXO (MHY GNTHVC)
"N &N I=1,4NYMX
WRITE(H,902)
302  FORNMAT(1H )
IF(T.GT.NIHVC) GN TN 3A0

WMRITF(6+903) ToFHVCIT) o (FIMC(I4J) oFIPCIT4d) o d=142) o FIMC(T43) ARAD
360 IF(1.GT.NHY) GO TN 400 ' ‘
WRITE(A,904) FHV(I).(FIML(I.J).FIPI(I.J),J—l 2)4FIML(T43) AL AROT

400 CONTINGIF
J-mlnouT
WRITE(64.905) FIMI{1) oFIPI(1)FIMI(J)SFIPILI) FINTINY),
. TLCM(1)oTLCP(1)2TLCMIJ) o TLCP(J),TLCM(NY)
WRITF(6.906) DFLTA,LORI
WRITE(A,910) '

910 ENRAMAT(1HL,'CANTINUIM SPECTRAL FLUX VS. FREOUENCY'/)
WRITE(5,901) FTA(1)FTA(TIMPON) ,ETA(IF)SFTA(L)FTA(TIMPAN),FTA(TF)
SRF1=SF(1) '
SRF2=SF(2)

SRFE3=SF(3)

SRF4=SF (&)

SAES=SF(5)

NN 4G5 T=1,MYMX
IF(1.FN.1) GN TN 490
SUM=2.0/ (FHVC(1)=FHVC(I-1))
SRE1=FIMC (T, 1)%SUM=SRFIM
SRE2=FIPC(T41)%SHM=SRF2M
SRE3I=FIMC(1,42)%SIIM=SRF3M
SRF4=FIPC(I42)%SI}MA-SRF&4M
SRES=FIMC(143)%S1IM=SRFEM

420 CNANTINILF
SRE1M=SRF1
SRE2#=SRF?

SRE3M=SPFER

SRF&M=SRF4

SREBM=SRFH '

WRITE(A4902) T,FHVC(I),SRF1,4SRF2,SRF3,SRF4,SRF5
908 FNRMABT(1X ¢ I3 4FR,33F1143,F10.2,F11,2,F10,3,F11.3)
48l CONTINUF
500 COAONT INHIF

80




WMRITF(A4.912)

Q12 FNRMAT(IHO 58X, 'RANTATIVF FLIIXs W/CM2Y,/)
ARTTF(ALQ13) (NR(NM)N=1,1F)

Q13 FNRMAT(11(1X,10F13.4,/))
WRITF(A,911)

211 FNRMAT(1HO4133(1H=))

03 FNRMAT(IH+413,F2,3,F11e3+F10.34F11.3,F10,3.F11,.3)

Y04 FOIMAT(1H+,70X4FR,3,F11.3,F10.3,F11.3,F10,3.F11.3) ' AR
ans  FORMATIIHO, 'Y TOTAL FLHX'.2(F11.3vF10.3),Fll.quhxyz(Fll.?,FIQ.B).

. pllo%) '
G0A FNRMAT(1HND ! NELTA='E15.,A,' CM, RANTATIVFE FLUX ='3F15,6A,

cTWATTS/CM==21//4X4125(1H=))

AR1(1:T1F)=0R(1:1IF)

RETIHR ™

“AID .
SURROITINF ERFO(K,CFIL) _ - FREOOOTO
COMMAN/CHEQR /AHV (50)  AHVL(25) ¢ FPS{BA) 4 FF{300) FHVC (50) «FHV(25) .
FHVR(28) g SHVP(25) yGAMP (300) s GEF{RA) JGIHP{3INN) LHVL{(300),TA(9),
SNCRC(20) gNN(30N) ¢ MKK(26) ¢NUI(25) g TMSHM{G0) , TMSWI_(25) XNOL(200),
ALDHA(23) yRFTA(T) o FIML(2543)3FIPLI2R42)4FINC(5043),FTPC(50,3),
CFHVS(200) ¢yMSHC (25) ‘

CNERAN/CHEOR /XMN( 5] 3 23) o XO({B147)4MICM(51),YY(51),TFF(51), .
ePAFS(51) ¢ NR(5T)FIMI(B)) 4FIPT(S1)TILLCHM{BL1)YTLCP(5]1)RFF{E1).
CEMII(BT )y TAUT(SL) 4 NTM(KL)NIP(BY1)FIM(E1)FTIP{51),FRM(5]),
eFRP(B1)4yFILN(SY)oFIITM{RL)4FIIP(B1)4FTIMT(SL) FIPT(S1).L0I(51),
SSK(B1)eNSKIS1) o XF{BL)FXPT{SL) 4 XTX(5143),V¥(51)

CNIBNN/AFRAN/ NELTAIMREAD GKL 4K 2 gNARS MBI P (NMHV  NT GNIC MTHVC, ERENNT =N

. MSHY g NXT g NY g TH G C2, AINPMNT 4 MTRANS 4 SF(5) | .
NTMERSINN AL (2) . ERENRD NN
DATA(AIL(TI)4I1=144)/1.5F=441.5F=3,1.,5F-2,0,058/ : Faenn2in
N=4 _ o , FRFRGOD20
IRY=0O ' FREOOD 40
CEIL=0, FREONY N
Yy =My . FREDND AN
IF(HVLIKL)=FHVM(K)) 30,30,31 FRENND 2N

31 IF(PVI(K?)—FHVD(K)) 32,430,230 FREOND2COH
3() WRITF(N,350) : FREOANRNONG
A5 ENAMAT(L9H oL INE CEMTFR NHT NF GROANP FREOURNCY RAMGF skt ) FREONZ1NO
CaLL FXIT . , FRENNZIPN

372 COARTINGIR . EPFROAN32N)
Xallriz=l JF=0R /(2% YY(MY))_ : FREOMIR4LN

X[ al=t), 1 Xl it /Y My ) FRENNZEDN
[KK=0 ) FREANRTO

NN 850 J=K1,K? E2ENNIKRN
IKK=TKK+1] ’ ' CESEOOLIN

MK =NSHC ( TKK) ' FREONLDN

81




501
00

401

407

N3
4na

408
406

407

4ane
4030

20

22

QL
B

11

XK=NK
WSHC(IKK)=243NK+1
[HT=1

JH=nyY

IF(MN(J)GTolhA) JB=NI
CALL HULF(HVL(J),4SK)
NSK(1)=1.F=0N2/C2
NN IT=1,NY
IF(SK(T)=XMUM) 501,500,500
SK(T)=XMIN

COMTINUF

CALL TSLDV{JB.YY 4SKyXFoDSKPRFS,NOR,T')

TAUC=DSK{(JR )2
IF(GANMP(J)) 400,401,400
IHT=0
GIL=HVL{J)*%2/(9,89RRF12 %

GAMP(J)=A1L(1)*=GTL,
GO TOh 400

IF(K=T4(4) )} 408 404,405

GAMD(J)=AL(2)=GTL
G0N TN 400

IF(K=-TA(1) ) 40T y460A,407

GAMP () =AL(3)%GTIL
GN TO 400

IF(K=TA(2) ) 400,408,400

GA¥P(J)=AL(&)%GTL
CONTINUF

GAX=XNM{JR,5)=GaMP (J)=SORT(1.0+TALC)

GNR=0,9%GAR

GMAX=10.%GAR
IF(THT.FQ.0) GAMP(J)=0,
XF(1)=0,3

TRE(J-K1) 1,20.1
Sti=HV[_ (K1 )=FHVYM(K)
IF{SM=GMAX) R1,81,82
Sni=GRMAX

Gn TN A1
SH=0G8R(HVL(J)=HVYL(J=1))
IF{SM=GMAX )R] ,21.R4
Sk=GMAX

TF(SM=GOR=XK) R0 480,72
FHVS{IRY+1)=HVL (J)=-Sm
NN 11 L=2,MK

LY=L+IRY
FHYS(LY)=FHVS(LY=-1)+SM/XK

82

XNN(NMT 8 )%k ,333)
TF{(K=TA(3) ) 403,402,403

FREON43N
EREOOLLN
FREON4LYN
FRENDSND
EREONGTN
FREODOR2O
FREONR3N
FREONSAD
FRENONSAN
FREQNGAD
FREQORTO

FRENOKQN
FRFOOATND
ERENNADN
FRFENOAZN
FRENNALN
FRFONOAKN
FRENONAADN
FRFONATO
EREQNALN
FERPEANGAN
FRENNTON

CFREANTIO

FREQNT N
FREQNT30
FRENOTLD
FREONTHN
FOEQOTAN
FREGCOTTIN
FRENNTR0
FREOANTON
FREONRON
FREDORAN

FREQORTO -

FRENNPLAN
FoEnnpan
FRENOHANON
FREQNQLON
FREOOGDO
FOEONNGIN
FRENNQLN
FREONORN
FREONGAN
FREONGTN
ERFOOARN

v

L]



’
41

40
L

43
4
45

3
4L

300

150
151

D
—

a0

G
12
ap

Gn TN 151

nn 3 Ji=1,19

SK{JI)=((LeO+XF{J1))enK=1,0)/XF(J1)
NSK{JI)Y={XF(JL)=m2) /IXKEXF(JIL) ({1 0+XF (1) )kk{NK- 1)-(1
INK+1.0)

TF(SK({J1)Y*xGNR/SM=20,)
IF(J1=-1)44,64,43
XF({J1)=XF({.J1)/3.

GN-TN 41

XELJL)=XF(J1-1)+(XF(J1)=-XF(J1-1))/R.

LGN TN 4)
XIL=8¥

TF(ARS({SK(J1)*GNAR/SM=-

CONTIRMIF

WRTITF(My300)

ENRMAT(1H1I10X,10HFRRNR STNP// 4X  4HRNNT,
1X o 3IHNHVY 48X g 1 AHMINM=TMCRFMFNT 45X 4 2ZHSK 43X, 3HNSK))
NN 5 J2=1,20

FRR=XL=SK{J2)*#GNR
XF(J2) e FRR 4K ¢ XL o (ROR G SK(J2) ,NSK(J2)

WRITE(N,100)
2F13.6411X413,6X%,

FOIMAT(
CONT INUE

WRITF (M, 200)
FORMAT (424 FRFOHENCY GRIND ITERATINM

CALL FXIT
FX=XF{J1)
XEF(1)=N.3

DO1HN L= G NK

=L+IRY

FEVS(LY ) =HVIL{J)-GOR=*

CONTINUFE
CONTINIIE
[F(J=-K2)

742147

SO=FUVP (K)Y=HVI_(.)

[F(SP-GMAX)

SP=GMAX
GnoT0 12

12,12,.20

L2447 440

) 100)-0.0001) 6,6,45
XF(JLI+1V=XF(JL)+NSK(J1)a(SM/GAR=SK(.J1))

SP= 8 (HVIL(J+1)=HVIL{.1)).

TF{SP-GMAX)

SP=GMAX

12412491

TE{SP=GNRAEXK) 22,92,R8

HMIK=NK+1

NEK=2%K+1
MIKP=MTK+1
IR1=NIK+IRY

“'Fl?ol‘")

NIN NAT CNANVERGF)

(((1.+FX) s (MK+1=1) =1, ) /FX)

ERFNONCGCN
FRENTINTNO
FRENTNZ20

...... XFOFN1N3N

FRENLO4LN
FPENTOKN
FREATNAN
FoENTOTN
ERENIO2N
EREN)OGN
FOREN] 100
FRENTITN
FRENT1120O
F2E01130
ETZENIVL0
FPENT]RN

RY , QHREMATNNER , 15X, 1HK , 11FEEQT 1A

FRFQOITTD
FREMTIIRND
FREN] 18N
FREN]200
FPENOL21O
FREO1220
FRFEN]1 23N
FRENIDA4N
FRENI 280
FRENT2AND
FREMT 70
FRENY2GN
F2RO13N0N
FREOY 2O
FRENT2DN
FREN]LAZN
FREOYRLOD
FRENT28N
FRENTREN
FPENT3TO
FRENT 28RN
FRFNATAQON
FPEMYLON
FRENL4T0
ERFNY42N
FPEOT4RN
FREM 4460
FRENTAKN
FORCVLAAD

83




13
61
50
X
A3

AP

45

Ne

10

250
251

()

—

FHVS(TI21)=HVL(J)

NN 13 L=NIKP,NFK

LY=L+IRY

FHVS(LY)=FHVS(LY-1)+SP/XK

Gn TN 251

nn 9 Ji=1,19
SK{J1)=(({1s0+XF(J1))*xNK=140)/XF(J1)

DSK(J1)=(XF(J1)**2)/(XK*XF(J1)*(1.0+XF(J1))**(NK-I)—(1.0+XF(J1))**
INK+1.0) _

TF(SK{JL1)®RGNR/SP=20,) A2 462,60

TFE(J1=1) AbL,hbth3

YFIJY)Y=XF(J1) /3.

GOTN AL

XFUJT)=XF(JI=1)+(XF(J1)=XF(J1~-1))/mh.
5N TN 61

XL=S9 .

TF{ARS{SK(J1)IRGAR/SP=1,0)=-.0001) 10.10,A5
YF(JI+1)=XFOJL)+NSK({JL ) (SP/GNAR=-SK(J1))

IF(ARS(SK(J1)=GNR/SP =1.0)-.000101) 10,10,9
CONMTINMUF
XL=SP
GO TN 4
FX=XF(J1)

MIK=NK+1
NEK=2::MK +1
NN 250 L=NIK,NMFK
LY=L+IRY

FUVSILY)Y=HVL (D) +GORE( ({1 4+FX ) (L=MIK)=1,)}/FX)

CAONTINUF

COANTINIIF

I5=NMFK+IRY

CRIL = CFRIL + (FHYS(IS)=FHYS(IRY+1))=XNNL(.))

IRY=TIRY+2:NK+1

CONTINUF

RFTURN

[SAED}

SURRNUTINE MULF(FHVZ,S1) _

G/ CHEDORX /BB [ 50) y AHVL(258) 4 EPS(854) o FF(300) ,FHVC (B50) FHV (25},
SFHVE (25 ), FHVP(25) ,GAMP (300), GEE(BA) 4 GHP{30N),HVL(300),T1A(9),
SMERC(20) ¢ND{3NN) gNKK{265) 4N 25 )Y TMSW(B0) 4 THMSHIL {25) « XNOL(300) ,
CALPHA(23) RFTA(T) 4FIML{2543)4FIPL(2543),FTMC(50,3)FIPC(50,3),
SFHVS(200) yNSHC (25) . .

COMMNN/CHFEQR /XXMM 51 423) ¢ XO(5L,7)+NICMISL)YaYY(R1),TFF(51),
ePRES{S51)40R{(51)FIMI(81),FIPTI(51),TLCM(5]1),TLCP(51),RFF(51),
SFMU{SL1),TAUT(B1),NDIM(51)NIP(51},FIM(BT),FIP(5]),FRM(5]1),
CFRP (51 ) ,FLN(STL)FIIM(81) FIIP(51)4FIMT(51),FIPT(51).,LMI(5]1),

8L

ERENLILATO
EFRENT4LAN
FRENL2QN
FREGTIENN
FRENTIR1IOD
FRF0D1840
FRFN1 &8N
FRFO1860
FREDI®TN
EFRFN1LSRN
FRENO]RAN
FRENILANON
FRENTAI0
FREN1A2N
FRENYA3N
FRENIALD
FRENTARD
FRFO]AAN
ERFOTATN
FRENTARN
FRREN]AGOH
FRENTT0O0O
FRENTT7IO

TFRFEO1IT20

FREN173N
FREOT75N
FREQITAN
FRFO1770
FRENn1780
FRFQ179N
FRENLRON
FRFEOTA1O
FREOLIS20D
FRENT RN
FREN] 240
FREOTRAN




CSK(51) +NSK(51) ¢XF(51) 4EXPT(51) 4XTX(5143),VX(51)

DIMEFNSINN S1(1)4XR(7) . MUILEN220
COMMON/AFRAD/ NFLTAS,INMRFAN K1 K2 4MAES, NBLP ¢MHV ¢ NI ¢ NTC o NTHVC MULFNO230
. MSHV, NXI9NY1TWoC21MIDPNTvNTRAN§ SF(5) :

NIMENMSTAN ALPH(R)RETZ(8),DFEL(8),XI(8),SLA(8B), SLR(R),QHA(R) SHB(R)
]vSLﬂS(q)vSLBS(q)vSHAS(R)qSHBQ(ﬂ) : T OMULFO2A0

NIMENSTNN NILK(7)
FOUTVALENCF (X4A1) _ ‘
nATA(ALpH(J),J=1.8)/0..1.F—A.Z.F—A,A.F-A.R.E-4,1.25-3.1.66-3,2.RE-MULE0?70

13/ , MIJLFN?80
NATA(RETZ(J) 9J=198)/0e95eF=b491.F=342.F=343.FE=3,5. F 34T F=3,1,F=2/
nATA(r)FL(J)QJ lvq)/oo!00790040008’01700169.29.24/ MIILFO"\()O
NATA(XI(J) 0J=108) /0090025905901 9e159e29025043/ MULFO310
NDATA(SLA(J) yJ=1,8)/3.362,3.114,2. 748 2¢30142.00041.,778414580,1,14AMILEDOR20

1/ - MULFO33R0
NATA(SLB(J) 4J= 1.“)/1 RRHy 2418742 248 2.00041.716, 1 ??R 0.9023,0,491MIFO340

1/ - MIILFN350

S NATA(SHA(J) o J= 1 f)/1. 221,.906,.512..0799- 284 4=05224=aT324=,921/ MULEO3AD
DATA(SHR(J) yJ=198)/e6G24eT 960239 e26T9=e0hy— ~e3379v~e537 4= 721/ MUILENRTD
HATA(SLAS(J),J=193)/—1.890F+O3q—3.602E+039-3.337E+03»-1.404F+03. MEHLFO3RD
1=4,161F+024=5.086F+02,=4.633F+02,~2.616F+02/ ' - O MULFD3ON
UATA(SLBS(J)'J=1;3)/8.419E+02~3.036E+02,-8.766F+01,-3.309F+02. MIHLFN400

1—2.q20E+02.-1.990F+02.-1.37OF+02,—1.222F+02/ MULFN&4LID
DATA(SHAS(J)Jd=1, Q) /= 245F+2 9= 1AGE+2 4= o 126F+2 3= e RO4FE+]1 4y~ 7T3RF+1 ,~MIJLF0420O

1.602F+1 3= 469F+1 ¢=o446F+1/ MULFO430
NDATA(SHBS(J)+d=1,4R)/. 140F+2..A4%F+00.- h2AF+] g = TA2F+14=.615F+]1 , = MIJILFO4LL0
146RF+] 4= ¢e353FE+1 4= ,352F+1/ MULFOA4BD
NATA XR/0.207382F12+0.194044F12,0.2239A0F1240,7730425F12, MUTLFOLAD

. 0.207382F172,0.194044F12,0.223960F12/ MIN_EOLTO
DATA PI/3.14159/NILK/44241241443,1,13/ MILLENSRLO
POLY(A,BoC)=A + BXTT + CHTT*TT , MU FNRAN
RLA(AWBC+DyFE4F)=POLY(A4B,C) + ALOGX:POLY(NyE4F) i MHLLEOSRO
GAMLY(A)=8,79F-21: *AI/SORT(TT) * (ALDGLO(0,1875F6%TT)=0,5%ALAGX) MULFNAOD
BALMY (AgBoCyDeF) = A(R2ETT)RR(=C) - ALDGX:EN*(T3) %k (~F) MULFOAZ20
BLINF(A)=A*(1.+Q*SQRT(HDH*F0))*WDH**(-Z.S) MULENKLD
5069PI=SQRT(O.69315/PI)/9065.0 ) CMUHLFOATO
NN 500 I=1,NY . ' MIILEOTO0
X=XNN(T,.5) ’ B _ MUILFOT710
ALNGX=ALNOGLO(X) MULFOT720
S1(I1)=0.0 ‘ ' ' : MULFEOT A0
TT=TEF(I) ' MULFENT L0
TT2=TT*TT : o , MULFO750
Tl=2,62F=5%TT : ’ - MULEOTAOD

X=1.,0/T1 _ . ' MULENT TN
T2=1.,38046T7TF=1A%TT ' MILEOT7RO

T3=1.,0E=4%TT _ _ ML FOT790
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100

105

110

1720

130

140

145

150

1640

vi=vX(T1)

FO=12527F=10xV1
WhHT=C,9098F12/V1
T28N=N,3927AF=10:SDRT(T2)
FHEN=1.5371/ (FHVZ:FHVZRFO)
EHVT=1 ,0-FXP (=FHVZxTX)

Y 400 =K1 4K?

IR=nD(4)

IRK=N128%FLNAT(IK=-1) + 1.0001
TLK=NTLK({IRK)
XP=XNM(I,ILK)*CFF(IK)*XQ(I.IRK)*FXP(-FPS(IK)*TX)
GL=F,953Q7F=13%XPRFF(J)

TFEX=X

IF(IRK=4) 1004106,790
TEX=XTX(I,1RK]

G TN 280
NIH=1000.0*(HVL(J)+0.0001)
WHEZWNHT=ARS (1. /FHYZ=1./HVL(d))
TE(NIN.NF,1019A) G TN 120
IF(WDH.GF,0,0028) GNA TN 110
CALL AGLF(1,WNH AL R, ALPH,SILA,SLAS)

Gy T 380
Q=§Lﬂ(7.9629-%.1?Qﬁ—4.1.24%¢—R.—0.A127,?,QO7F—5,-7.65P—1O)
H=RLINF(3,4F=4)

GNTN 320

IF(NIDJNE,12084) GO TN 140
TE(WNH,GF.N,N1) GO TN 130

CALL NGLF(14WDH B 8 4RETZ,SLE.SLAS)
R=10, 035811,

ST 3”0
Q=9LA(12.95.—R.OTE—A,7.OAF—R.—0.717€,A.767RE-%.—1.72F—o)
RzALINF(L.78F=5)

o TN 380

TE(NMINJNEL127458) G0 TN 145
SAM=GAMLY(10258.0)

S0 TN 300

IF(NINJNFL,1R8]85) G0 TN 140
[F{WDH,GF,0.24) GO TN 150

CALL NOLF(1WNHGREL 42 ¢NFL,SHA,SHAS)

anoTn 320

D ZRALMY (157072454 0F=5,0452,0.11R82,0,57R)
R=RILINF (1 .3F=13)

30 TN 380

IF(NINJNE,?2549) 5N TN 180
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MIHL_FOSENON
MIILFORTO
ML FOR 20
MIJLFOR30O

MITLEOS RN
MIH_FOGRO
MINLFNCGH
ML TR 000
MUOILLF1030
MULFINOAD
MIILF1ITI00
MULFEYIT10
MINLFI120
SIN_FT1 130
MINLLET T AN

L E L 200
MW F1220
MU FT P40
MUHLR1 250
MU R 2A0
MEIH_FT1 270
MITLFL 220
MIL_EY2o0
METLET12320
MUILF1220

I ET1RRN
MU E]2AN
MUILF1370
MU 1220
MULFE1 200
AL FE1 420
MILFY a0
M E] AL
AT WA A
MITLFE T 4010
MEHLF 1RG0

MIIL_FYTE20
PHLF1 530
MIN_ R RLD
MR REN
*.".!H_L‘-‘l [CEAA




170
120

2en

()0

320
3G()
400
“{)

N

J

TF(WNH,GF.0.,3) GO TN 170

CALL NGLE(14WNHHRL,R4XT4SHR,ySHRKS)
R=10,03:%R]

GO TN 380
P=RALMY(2.17+41.0F=4,0,339,0,115,0,2333)
R=BLINF(3,57F-3) '

GO TN 38R0

TF(NINDJNFL,AA0) GO TO 2RO
GAM=GAMLY(1267.0)

GO TN 300

GAM=GAMP { J)=TFX

ITF(GUP(J).LTe1.0) GO TO 300
BIR=0,175%#GEF (IK)RFF(JY/HVL(J) = SORT(SFF(IK)/5HP(J))
GAM=GAM+Q,3T21AF~19% A1 R%XP _ :
UD=HVI_(J)%T280:XR{ IRK)

W2 =)D

FHLS=FHVZ=4VI_{J)

FHILSO=RHLS=FHLS

R=GAM/ (25347, 0= ( FHLSO+5AM5AM))
IF(GAL+GAM,GF.WD) GN TN 390

KRA=R _

H=SNA9P [#FXP (-0,69315%FHIL.SQ/WN2) /N
TFFHLSOLF,WN2) GO TN 390 -

A=AMAOX1 (R,RB)

G TOH 390

H=FHFO%=R

FMUS=SLFHY TR

S1(1)=S1(1)+FMIS

CNMT IMUF

RETHIRA

FND

SUBROUTINE .OGLF({NGXAMyPRM NIIMX ¢ X o Py FM)
DIMENSTON XAM(1) ¢X(1)oP{1)yFM(1),PPM(1)
XDIF=X (MUMX)=X(1)

TF{XDIF.EN.OQ0L)RETHRN

1S=1

nn 14 J=1,M

XA=XA{.))

10=1

1T=1

TR{XDIF(XA=X({TS)))3,7,"

[F(IS-1)64,6,4 '

1S=1S8-1

1T=2

TE(IN=1)2,42,1

1 S:i\!ll.MX .

MII_FYIRQN
MUILF1ADO
MIHLFIATO
MULFL1A20D
MIILLF1A30
MIILELA4ND
MULF)A80

MHILF1ARND

MU FYAQN
MULF1700
MULFELIT30
MITLFL 760
MHLEYITTO
M E1T79N
MIN_ETARTIO
MULF1R70

MIJLE]RA0
MUILF1Q00
MULF1910
MULF1Q2(
MILF1Q90
MHLE 2000
MILFE2070
MILE2020
MU 2040

MU_F2110
MUIILF?2120
MUILF2130
NGLEOOLO
NSLFENON2O0
NGLENOAN
NGLFONSN
NGLEOOAN
DSLFENNRND
NGLEOOAN
NISILFOTON
NELFENTTO
NSILEN1I20
NGLENT RN
NSLENTLD
NELENY SN
NGILFEO AN
NELENLTO
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10
11

1?
13

14

I=1S8S

A=0,

NPNT=Fii(T1)

GO TN 12
BER=P(1S)
NPNI=FM(IS)

GN TN 13

I1S=1S5+1
TFIS=NIIMX)Q,9,5
Th=2
IF(IT=-1)2,2,10
1§=1S-1

I[=1S
OX=1,/7(X(I+1)=X(1))
NA=XA=X(T1)
FiI=FrM(T)

3

H= (FR{XA=X(I+1))+G)%nA
NONI= (H+H+EFMT+FRNANRNA)
PR=(H+FEM(T) )5(XA=X(1))+P(1)
CONT INUR

PRI4(J)=PR

CONTIMIIE

RFTURN

FND)

88

(((P(TI+1)=P(I))==NX)=FEM])=NX
F=(((FM{I+1)=FMI)=NX)=2,%0G)%NY

NELFOT RN
nGLEFNIGN
NGELFEN200
NGLEN2IN
NGLEN220
NGILFN2 20
NCILFEN240
NELFO?280
NGLEN? AN
NGLFN270
NGLFO2 &0
NEILEN2GH
NGILFO30Y)
NELEORTN
NELEN2R2N
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Figure 1.- Physical flow model.
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