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1. INTRODUCTION

The MINIVER computer program (ref. 1) is an automated method of using the
simplistic approach to aerodynamic heating., Prime benefits from using
MINIVER computer code are the flexibility and economy resulting from the
use of a point solution technique. This document describes the changes,
modifications, and inclusions which have been adapted to the current version
of the MINIVER program. Extensive modifications were made to various sub-
routines, and a complete new plot package added. This plot package is the
Johnson Space Center DISSPLA Graphics System currently driven under an
1110 EXEC 8 configuration. This document provides user instructions on
executing the MINIVER program, gives a detailed description of the changes
and modifications made, and provides an extensive desc+iption of the plot
pa~kage.
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2. DISCUSSION

The version of MINIVER which was modified used the cumbersome method of
allowing data to be i:put by use of a data editor subroutine recognizing
location numbers, rather than conventional input techniques. As a result,
any increase in size of an input array resulted in failure to execute the
program. For this reason, the input data method was changed and will be
handled by FORTRAN NAMELIST.

The old subroutines INPUT and INPUTA were completely removed, eliminating
the need for storing all of the input data within an array called W with
fixed 1500-computer word locations. The user is now free to change array
sizes of the input parameters, sith 1ittle or no impact 1n the editing and
execution of the program.

The main subroutine (H800) was extensively modified to handle storing of
generated data in an 1110 UNIVAC-secured file, and a subroutine called
STORED was written to handle this task. The contents of this secured file
can be retrieved later for plotting purposes.

The printed output was handled by the main program H800; this method was
also changed. A subroutine called NEWOUT was written to allow the main pro-
gram to be almost output free.

The subroutine WRINP, which also handles the printing of input data, was
rewritten to accommodate the changes made with the inclusion of the new
input technique.

Another subroutine changed was SETMUP. This routine sets up thick-skin
parameters and writes out the input.

Changes in subroutines TRANS and OPTMYZ were minor and are indicated through
comments cards within the program listing.




Once calculations for a body point have been completed, the user has the
option of plotting the generated data or storing it for later processing.
A routine to perform this task was written, and a complete description is
given in section 10 of this manual. The main program makes a call to the
routine which drives the plot package.
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3. INPUT DESCRIPTION

MINIVER input is basically the same as before modification, but the method
of getting the data in the program has been changed. The 0ld method used

the ENCODE, DECODE technique; the new version uses FORTRAN NAMELIST. The

computer name for NAMELIST 1s DATALO.

Table I shows the input parameters by group, with units and symbols. Two
new columns have been added: program name (the name used in the program)
and array size (the number of computer words currently assigned to that
particular parametar). The array size is assumed to be a single value when
none is shown.

Table II shows the new parameters introduced into the modified version,
not classified under groups or symbols.
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TABLE II. - NEW INPUT PARAMETERS

Program name Description Array size
ICASE Case number
LNGPLT Flag used for plotting. >C long plots
<0 short plots
IHCOPY Flag used for plotting. >0 no plot generation
<0 make plots
IPLTHWE Flag used for plotting whiie in Demand
mode. >0 plot while on Demand
<0 no plot
[FLGOT Flag used for printed output while on Demand
mode. >0 print output data
<0 no print
BOYPNT Body point ID. (Alpha input, 24 characters) 4
TRANME Trajectory ID. (Alpha input, 36 characters) 6
IBPNUM Body point number
[MAXTME Max time used per run ( in seconds)

3-13
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4. PROGRAM EXECUTION

There are several ways to execute MINIVER; the most convenient is in demand
mode, Upon sign-on, type on device:

@START ES35-N06516*LOREN.RUNMIN

Contents of RUNMIN, including the overlay, are shown in figure 1. Notice
the statements:

@AsG,T 9.

If the user wishes to plot the data generated during the run at a later date, he
must save the contents of unit 9 at end of run, as follows:

@COPY,I 9,FILENAME.ELEMENTNAME

Close attention should be paid to the @GADD statements, as these files con-
tain the input data. The user must generate his own input files. It is
obvious that the user will not get plots on the device with a @START command;
therefore, if plots are desired, the IPLTWE (I Want Plots While Executing)
must be set to 1. Plots will be in microfilm.

Another way to start execution is through the QADD statement
@ADD ES35-NO6516*LOREN .RUNMIN

Print output will appear on the screen if the IFLGOT flag is set to 1. The
user may want to skip this procedure; if so, set IFLGOT to O.

A user familiar with demand terminal operation should be able to choose the
better method.

4-1
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5. INPUT LISTING

) :rm'
, TR* 209., DOTCALCe .1, DTEMAXe 10.,
i EntRe

e ere, ik.o. 50.0, 75.0r 1660, 1i6.0, 125.0, 18600, 1750,
.0, 8285.0, @50, .o,

0

IZ+ 040000., RIVO00., 20800S., 163000.. 133000.,
184000., 117000., 110000., 107000.. 104900..
7600., 7800., 500, s700., 909, ,

ALFAOT= §0. $0., 0., Ge., 2.,

6. is.. 18.. 19.,

17.6,  1a..

wreel: Yakcare 36, alsactre 90., GF@Ie 18., ALFACR)
. . . . . . et . . .
i Le 18 < TP

o CRISe .85, RWOMe 10000., CPMe
RAXTRE =308, LI LT 0,
1P uE+9, IFLOOTe1, IWCC: /e0,

SDATAL
Tonsese 1.0,

SOveNT hen 1 iFOT (RIEF (SIPHERE
.zmoa L INCOPY=1,

SDATALO

1CASE-)

BDVPNT=244 (BP) 1100

NTFLAGs 1., RNe 1., 18389, Enlse .85,
OF(1)e 38.. ALFA(L)e so Lt iR i AlPac2)e e,
ARIQ 1., ALFALe 0., AKL221- .180, nsi.n-

AKLEZ2- .217, MWSLP2- .0074, WELPI- .0038

001, ALFA2. “..

ATRE1.0,
BEMD
SDATALO
1CASE-4 .I.'O(l)'. O,ALFA2)0.0,RN=0.0,
.m (BP) 1400
NTFLAG 4 o ELe 41,187, PWI- 1.23, DEL- 1.62, ERNIS- .06,
TRFLAG- 8., QF()e 26., eF(2)e 16., NFFe 2.,

ALFA(L)e0. .”G(l)'t XD

AMRIO- 1., ALFALe 7% ., AKLE21- ‘ir =Ul- 044, ALFAR. 40.,

ALRZ2- 9.53, NSLPi. 002,

MITe 1., ALFAL

PARALR. io... PSlP2. -9.8,  PSLPI- -.462,
mo

SDATALO

ICASE=S,WN-0.0,

BOYPNT-24H (BP) 1780
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6. OUTPUT LISTING

The 1isting corresponds to the input shown in section 5.
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7. PLOT PACKAGE DESCRIPTION

MINIVER plots are generated using the DISSPLA utility routines as currently
operational on the UNIVAC 1110 EXEC 8 operating system at the Johnson Space
Center. All DISSPLA routines were not used to accomplish this task.

Section 7.1 shows the subroutines used and gives a short explanation of the
usage of each. For more detailed information, see the DISSPLA manuals
(refs, 2 and 3). Several subroutines were written to drive these routines,
PLOTLO (the main driver), HNDYLO, DRAWLO, DSMMLO, and PPLOTI. Description and
usage of these subroutines is given in section 7.2. A detailed flowchart is
shown in section 7.3. Output plots are shown in section 7.4.

7.1 USAGE OF DISSPLA ROUTINES

AXSPLT - To obtain rounded axis scaling parameters for units/inch
(i.e., GRAPH type) axis

CALL AXSPLT(AMIN,AMAX,ORIG,STEP,AXIS)

AMIN - Least data value

AMAX - Greatest data value

ORIG - Returns rounded axis origin
STEP - Returns rounded step size
AXIS - Returns rounded minimum axis

BASALF - To obtain desired alphabet
CALL BASALF('STANDARD')

CURVE - To draw a curve

CALL CURVE(XARAY,YARAY ,NPNTS, IMARK)
XARAY - Array containing X-values
YARAY - Array containing Y-values

NPNTS - Number of points to be plotted




IMARK - Frequency of marker symbol

\"

0 Points connected with symbols

0 Points connected. No symbols

0 Points not connected

N

DISSPLA (automatically) allows up to 14 different symbols

ENDPL - To end a plot and create a new physical page
CALL ENDPL(IPLOT)
IPLOT is the plot number

v

0 Summary on printer and plot

0 No summary on either

A

0 Summary on plot only

ERASE - Erase screen contents

CALL ERASE

ERTRAN - To fetch current date and time
CALL ERTRAN(9,DATE,TIME)

The number 9 is required by the system. The other two arguments are
self-explanatory.

GRACE - To set margin around the subplot area (beyond which curves will be
scissored) to an arbitrary value. Default is 0.5 inch

CALL GRACE(GRACEM)

GRACEM - Width of grace margin around subplot area in inches

GRAPH - To set up Tinear axis specified in units/inch

CALL GRAPH(XORIG,XSTEP,YORIG,YSTEP)
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XORIG - Value of X at the axis origin
XSTEP - X step size in units/inch
YORIG - Value of Y at the axis origin
YSTEP - Y step size in units/inch

GRID - To draw a grid in the subplotted area

CALL GRID(IXGRID,IYGRID)

IXGRID - Number of grid lines per X-axis step
IYGRID - Number of grid lines per Y-axis step

HEIGHT - To set character height. Default is 0.14 inch
CALL HEIGHT(HITE)
HITE - Character height in inches

INTNO - To plot an integer (in inches) from the physical origin
CALL INTNO{INUM,XPOS,YPOS)

INUM - Integer to be plotted as a string of digits

XPOS - X-coordinate in inches

YPOS - Y-coordinate in inches

IOWAIT - An interrupt to allow user viewing of display
CALL IOWAIT(IARG)

IARG - Number of seconds of image to remain on screen

LEGEND - Identifies the curves on a plot by their markers as provided by
DISSPLA. The text for the legend must be suppiied in an array
which has been packed with the routine called LINES. The sequence
of the Tines should correspond to the order of use of the markers.

CALL LEGEND(IPKRAY,NLINES,XPOS,YPOS)




IPKRAY - Name of array containing packed lines

NLINES - Total number of curves to be identified

XPOS - X-distance from physical origin to lower left corner of legend,
in inches

YPQS - Y-distance from physical origin to lower left corner of legend,

in inches

LINES - To pack a line of text

CALL LINES(LSTRNG,IPKRAY,ILINE)

LSTRNG - Character string terminated by $
IPKRAY - Pack array to receive the line

INLINE - Sequence number of line being packed

MESSAG - To plot a message string, in inches from physical origin

CALL MESSAG(LMESS,IMESS,XPOS,YPQS)

LMESS - Characters to be written

IMESS - Number of characters in LMESS

XP0S - X-distance from physical origin to start of message, in inches

YPOS - Y-distance from physical origin to start of message, in inches

MIXALF - Refer to DISSPLA manuals (refs. 2 and 3)

NOCHEK - Suppress listing of points out of range. The default option is for
the point out of range listed on the printer.

CALL NOCHEK

TEKEGM - DISSPLA interface with 1110 UNIVAC

CALL TEKEGM(480)
System expects the number 480
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XINTAX - Integer numbering on X-axis
CALL XINTAX

YINTAX - Integer numbering of Y-axis
CALL YINTAX

YAXANG - Angle labels on Y-axis
CALL YAXANG(ANGLE)
ANGLE - Angle from horizontal, in degrees

7.2 MINIVER PLOT ROUTINES USAGE

PLOTLO - The driver routine for the plot package

CALL PLOTLO(TIME,NHFLAG,ARIDEF,ATRE,TZ,ZZ,VZ,ALFAOT,DELTAT,ITHICK,LNGPLT,
TIN,MAXTME ,DEVICE)

Argument in the call statement as defined in section 3.
Subroutines required: DRAWLO,DSMMLO,PPLOTT,HNDYLO
Libraries required : LOCALIB,DISSPLA,PLOT10

DRAWLO - A utility routine which collects DISSPLA routines that are called
several times. The routine was written to avoid numerous calls to
the same procedures.

CALL DRAWLO(XO,XD,XL,Y0,YD,YL,XARRAY ,YARRAY ,NPCINT,IFLAG,IPASS)

X0 - X-origin in inches

XD - X delta increments in inches
XL - X-axis range in inches

YO - Y origin in inches

YD - Y delta increments in inches
YL - Y-axis range in inches
XARRAY - X array to be plotted
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YARRAY - Y array to be plotted

NPOINT - Number of X-Y pairs

IFLAY - To indicate closing of a given frame
IFLAG = 1 One plot per frame

IFLAG = 2 Two plots per frame

IFLAG = 3 First plot of a set of two

IPASS - Not used

Subroutines required: None

Libraries required : LOCALIB,DISSPLA,PLOTIC

DSMMLO - Find minimum and maximum of an array

CALL DSMMLO(NP,A,YMIN,YMAX)

NP - Number of points
A - Array name

YMIN - Minimum value
YMAX - Maximum value

Subroutines required: None

Libraries required : None

HNDYLO - A utility routine to eliminate the calling of the same routines in
the plot driver

CALL HNDYLO(XARRAY,YARRAY ,NP,ILABL,IPASS)
XARRAY - X array to be plotted

YARRAY - Y array to be plotted

NP - Number of x,y pairs

ILABL - Y axis label (36 characters maximum)
IPASS =~ Not used
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Subroutines required: PPLOT1,DSMMLO,DRAKWLO
Libraries required : LOCALIB,DISSPLA,PLOTIO

PPLOT1 - To place a label on the y-axis

CALL PPLOT1(ILABL,ICASE)

ILABL - Label to be used (36 characters maximum)
ICASE - Case number

Subroutines required: None

Libraries required : LOCALIB,DISSPLA,PLOTIO
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H. | 7.3 FLOWCHARTS

1 = giacny

- e OMAX  MAXTME ;
SUBRUUTTNE PLOTLO(TIME, NHFLAG, ARTIEF, ATRE, T2, DELTX MAXTME/10 ORIGINAL P
22,V2,ALFAOT, DELTAT, ITHICK, LNGPLT, TIN, MAXTME, OF AGE IS
DEVICE) ‘ POOR QUALITy
T R RS NO N g
INTEGER DDYPNT, TRANME, DEVICE e & DIVICE ¢ 1‘) _
o |
TR RT NG | ﬂ
PARMETER J1 17, J2 500, J) 32 |
s i CALL TEKEGM(480)
. CALL BASALF('L/CSTDY) '
THE FOLLOWING ARRAYS ARE DIMPNSIONED J2i CALL MIXALF('STANDARD')
TIME1, @K1, REL1, QC1, QCIT,TREFY, TV, L_ !
PE1, CP1, BETA1, ALPIAT, AKLZ1, MFACZY, —
T™va. Qr(2),77T(2),VZ2(%0), rzm).mm(so).
22(30), DELTAT(50) , BOYPNT (4), TRANME(S), -—
1 mur(a0),Lase ( JL_)_.tmuo) |

DEVICE=2

COMMON /LABS/ LABEL
COMMON /DTBUJO/ BDYPNT, TRANME, TCASE, IHCOPY
. COMMON /AXDAT/ XOR, XSTEP, XAXIS

eoon/mm/m TIME1,BETAT, ALPHAY, AXL2Z1,
1,XME1, RFL1,CP1,TW1,TREPY, INITIALIZE MOPS TERMINAL
e'r.rr.m.em INTERFACE, AND BRANCH TO L

COMMON /MAX/QM, BETAM, AKLZN, HFACZM, PN, CPPN, 1 { FROPIR PLACE

i p—

- COMMON /PLOTT/JRCD, IT, NT,NT2, NFT, PCT
COMON_IPT, IDUY, IPAX - 1

' INITIALIZE MICROFILM INTERFACE

AND BRANCH TO PROPER PLACE

[u.t. PLOT LABELS CONTAIN SIX COMPUTER WORD,
( 1) Atitude(re,)

( 2) Velooity(st/sea) =
1 ( 3) Apha (degrees)
“( 4) Laminar Tactors

~\
( 5) Deflection Factors [ 2’9—’2’;’\ ICASE-2 \i??..ﬁo
( 6) Looal Mach Number N Y ,,/ \;

( 7) Reynolds Nuzbers ' 1 NEG

N —— —- —

\

|
( 8) Refae i
(1 9) Loval Pressure(1bf/rt/sq) ' | CAIL AXSPLT(0,0,0MAX,®,0,KOR,XSTEP, XAXTS) '
(10) Cp | | CALL INDYLO(TZ,2Z,NT,1,1) :
(11) Q Dot (Btu/ft-3q-sec) | | GALL WNDYLO(1Z,VZ,NT,2,1) '
(12) T Wall (Deg 1) ‘
(1)) Control Surface Def, (Deg.) [ E—— J e S

y¥s :
. Y ALPHA 0
il Ny Q N
e — "
M | CALL UINDYLO(TZ,ALFAOT,NT, 3,1) I
a = ,
oAk 1N, NO o ] i
\ » - - | -
‘ r \ .
1 YR > 40 !
‘ ITINIT: TIN
|

‘ ‘I A \ 7-8




.
t'.
) |
10)-—--—- (
\ Uy / \1
| 4
| : o e : e e — ;
| CALL DSWGO(IT, Q01T YMIN, YHAK) CALL MNDYLO(TIMEY,NFAC21,1T,8,)) ;
’ | CALL AXSPLT{0.0,YMAX,(.0,YOR, YSTEP, YAXIS) e R el B 4
. CALL PPLLTY(11,ICASE) 28 _ !
| CALL DRAVLO(XOR,XSTEP,XAXIS, YOR, ISTEP,YAXIS, | P e
| DG ,Q01, 11,3, 3) )
CALL LINES(*(T)V (RJAD (E)Q (T)DN. 8%, 174K, 1) TSR el
CALL LINES('(?)¥ (D)ES. (P)§',IPAX,2) | CALL WNDYLO(TDMED,PEY,IT, 9,3)
mwr -1 lL-cm. HNDYLO(TIMEY,CP1,1T,10,3)

CALL LEGEND(IPAX,2,2.5,6.2) ,

CALL DNTNO(ITINIT,).4,6.2) \” )'_""
YES

| ” }

J | CALL m(rmnnmu,n.u,)}

: L — ‘. ‘

CALL HNDYLO(TDME?,TREF1,IT,12,3) &
CALL HNDYLO(TIME1,TREF1,IT,12,3)

|
~ — @ ‘
cA:—;:un(o) r
- —

LIO

' cu.x.mmmmmn,z)) ‘

e

20 — - !
N |
YES
LNGPLT = > r sasl
N < ITHICK # BN e o o |
= N i
cALL mmw(nm,mm n.A;JT_] “rm 2
| CALL MDYLO(TIMKY,TW2,IT,12,3) i
' \ I B
B 8 FALSE m = 1 L |
- — 1DF. e . T e e o
‘ muE RETURN )
CALL mlm.nmm mt rr 6 )) J . {
L . . r “-1 ‘
- —

B
=]

NiFLAG = 1

l NO .

CALL INYLOTIMEL UL, 1T, 7, 3) -]
[._____.- T 7-9




{‘ START

BT W A P P——
| SUBROUTINE DIAWLU(XO, KD, XL, YO, YO, YL, XARRAY, YARRAY , KPOINT, IFLAG, TPASS) '
e iy 4 e

INTEGER  BDYPNT, TRANME -

Wil

= ST -

| DIMENSION XARRAY(1),YARRAY(1),
| IBU¥(200),BDYPNT(L),
TRANME(S), ﬂu(‘o)

o —

- — - ———

‘ COMMON  TPT, IBUF, IPAK
| COMMON /DﬂUJO/ BDYPNT, TRANME, ICASE, INCOPY

——a———— . e — e ‘

i L
;o
y
i
.i
NS .
YES
- s
CALL XTWTAX b
CALL YINIAX ]
CALL YANG(0.0) f
. ;

s
.

[__tu.l. XXLA{“—'

CALL YMO

)
fl
)

| oA GRAPH(XO, XD, YO, YD)

(8
!
l

CALL RNDPL(0) | CALL GRID(2,2) 1
CALL IOWATT(10) | GALL EXTRAN(9,DATE,TIME)
| CAL nEIeiT(0,10) | .
——a | CALL MESSAG(DATE,G,8.0,-0,7) | !
CALL HEIGIT(0,18) |
[""" """" CALL MFSSAG('(T)RAJECTORY §', ' ;
) T 1 100,0.1,7.0) ' {
CALL MESSAG(THANME, 36,1,#,7,0) .
CALL TRAse | CALL MESSAG(MDYINT,24,5.0,7.0) |
CALL WpcorY l CALL METGHT(0,14) '
B L. ] 1 |
] YEs {__. e e |
) ~ NO ' CALL NOCHEX O‘?/"/.
< meoM = 0, " CALL GUACK(0,0) B
P | GALL CUNVE(XARNAY, YANKAY, , G,
\" : NPOTNT, 1) ? ¢?1 .
| ]w l - 0 C’é)\
l 1 1 YUn &
5
Sosnentl IVIAG & 2 meeetd - - « 1FLM ) -'I.. ‘l

: 7-10




| P - e R
- I SUHKOUT INE. DEMMLO - (NP, A, YORT, YLAST)
! ¥ s S ![ POl e P
S r DIMENSION A(%00) J
- |
|
' YORI A(1)
J l YLAST A(1)
¢
DO 10
Kok S NP,  gho oo SR s s S "]
- T
L YORI  AMINY(YORI,A(I))

YLAST  AMAX1(YLAST,A(I))

I
|
[
I
l
|
!
|
[




ch Bamers P s B . ———

e e r——

i
i : ORIg

IN,

L\

Iy

§ e e ah emem e ——— -

! SUMROUTINE HNDYLOCXARKAY, YARMAY, NP, TUAUL, n':.::s)‘f

e

r e

T INTERKK HOYENT, TRANME

DIMENSTON “DYINT(4), THANME(A),LABEL(20,6),
IPAK(40),XARRAY (1), YARRAY(1),
mur(200)

r

RS |

|

e [

COMMON /LANS /LABEL
COMMON/DIBUJO/BDYPNT, TRANME, ICASE, THCOPY
COMMON /AXDAT /XOR, XSTEP, XAXIS

COMMON IPT, IBUF, IPAK

1

CALL FPLOT1(ILABL, ICASE)

CALL DSMMLO(NP,YARRAY, YMIN, YMAX) 1

CALL AXSFLT(0,0,YMAX,6.0,YOR, YSTEP, YAXIS)

1
CALL DRAWLO(XOR,XSTEP,XAXIS,YOR, YSTEP,YAXIS,XARRAY, YARRAY,NP, 1, IPASS) I

GE 1
QUALE Is

D

END
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|

SUNKOUTING PPLOTY( TLADL, I2ASK) J

=

DIMENSION LABEL(20,6), tUF(200),LARF(6), TPAK(40)

5 e et

COMMUN / LAIS / LABEL
COMMON IPT, IUUF, IPAK |

G

|

LASF(J)  LABFL(ILABL,J) j

° END OF LOOP

CALL TITLE{1H ,-1,'(T)IME (()ECONDS$',
100,8.0,6.0)

=
i

D0 10
T BES ey 7




- v——y

—

e =

7.4 PLOTS OUTPUT

The plots correspond to the input listing in section 5.
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11 SUBROUTINE AIRE2 (HGM,T,RHO,P,V)

a1c HeALTITUDE

1C N=LENGTH OF TABLE(SET TO 12 FOR 1959 MODELY
41C HB=ALTITUDE BASE

51C TAB=BASE TEMPERATURE

GLAB=TEMPERATURE GRADIENT

7:C RHOD=BASE DENSITY

8:C T=TEMPERATURE

9:C RHO=DENSTITY

10:C P=PRESSURE

111C V=VELOCITY OF SOUND
12:C G=FRAVITY
13:C GIVEN M,N,HB(1)TO HB(N),TAB(1) TO TMB(N).GLMB(1) TO
14:C GLMB(N),RHOB(1) TO THOB(N)
16:C CONPUTE T,RHO,.P,V,G

16:C

17: DINENSION HB(22),TMB(22),GLAB(22),RHOB(22)

18:C DIRENSION HB(22),TMB(22),GLMB(22),RHOB(22)

19 DATA (HB(I), I=1,22)70.,36089.24,65€616.8,104985.88,154199.48,

a0t 2170603.68,200131.24,259186.36,291153.22,323002.64,354753.29,
a1 2386406.18,480780.86,512045.95,543215.24,605268.39, 728243.79,

aat 3939894.72,1234645.71,1520799.26, 1798726 . 44,2068776.31/

23 DATA (TMB(1),1-1,22)/518.67,28389.97,411.57,2%487.17,454.77,

a4 12%325.17,374.17,469.17,649.17,1729.17,1999.17,2179.17,2431.17,

a6 22791.17,3295.17,3889.17,4357.17,4663.17,4861.17/

26! DATA (GLMB(I), I=1,22)/-3.5662E-3,0.,5.4864E-4,1.5362E-3,0.,-1.0973
an 1E-3,-2.1946E-3,0.,1.6953E-3,2.8343E-3,5.6867E-3, 1.1444E-2,8.635E-3
a8t 2,5.7744E-3,4.061E-3,2.927€-3,2.3811E-3,2.0152E-3,1.6355E-3,1.1011E
291 3-3,7.3298E-4,0./

k1 DATA (RHOB(I),I-1,22)/2.3769€-3,7.0612E-4,1.7082€-4,2.5661E-5,

M 12.7698E-6,1.4735€-6,4.8719E-7,3.8826E-8,6.1508BE-9,9.6511E-10,

32t 21.9071E-16,4.7266E-11,3.5624€E-12,2.248BE-12,1.5592E-12,8.4345E-13,
e x 1 33.0346E-13,6.956E-14,1.2608E-14,3.0599E-15,9.0031E-16,3.0463E-16/

348 DATA N/22/,G0/32.1740485/,RE/20898908. /

35 12 H=(RESHGA )/ (RE+HGN)

36 G-GOX( (RE/(RE+HGN))23x2)

7t DO 1 I-2,N

38 IF(H-HB(I))2,1,1

398 1 CONTINUE

40t GO TO0 S

41: 2 IF(GLMB(I-1))3,4,3
42t 4 RHO=RHOB(I-1)ZEXP(-(H-HB(I-1))%G0/(1716.4827%TMB(I-1)))

43 T=TAB(I-1)

44: GO TO 6

453 3 T=TAB(I-1)+GLAB(I-1)8(H-HB(I-1))

:g: xR)':O-RNOI(I-I)lEXP(-(i.OOGO/(1716.48273 GLMB(I-1)))XALOG(T/TAB(I-1)
48: GO TO 6

491 S T=THB(N)

501 RHO=RHOB(N)ZEXP(~(H-HB{N))XG0/(1716.4827XTMB(N)))

611 URITE(6,1000) H,HGM

S2t 1000 FORMAT (2E14.5)
X 1] 6 U=SORT(1.4%(1716.4827%T))

S4: P=RHO2(1716.48272T)
561 RETURN
1] END




-

1t SUBROUTINE ATMS4 (M, T,DENS,P,SPS)

a REAL LMD

k1) DIMENSION PB(14),21(19),PK(6,5),RHOK(E,3),TK(6,5),THB(
41 114),LMB(14),TB(14)

1 DATA PBASE /6.231001759€E-5/

[ DATA ZI 710832.1,17853.3,28000.,49000.,83004
n X.,9.E4,1.E5,1.1E5,1.2€E5,1.565,1.6€5,1.7€5,1.9E5,2.3€E5,
L X3.E5,4.€5,5.€5,6.E5,7.E5/

9 DATA PK s1.6871582¢€-2,

10 X-1.1425176E-4,-1.3612327E-9,7.3624145E-14,

118 X-1.0800315€-17, 3.30464325—28.-7.991.777E-2.

12 X-8.1046438E- 5.-5 5522383E-9,3.1116969E-13,

131 X-1.6687827€-17,3.8319351E-22, 9.8414277E-1,
141 X-2.6976917€-4,8.5227541E-9, - 3. 9620263E-13,
153 X1.0146471E-17,-1.0264318E-22, 1.14118495E1,
161 X-4.11497477€-4, 1.33664855E-8, -3.59518975E-13,
17: XS.10097254E-18, -2. 89055894E-23, 9. 99324461 ,
188 X-2.58298177E-4, 3. 76139346E-9, -4.20887236E~14,
19t X1.60182148E-19, - 1.92508927€-25/

201 DATA  RMOK 71.3302117€-2,
211 X-8.8502064E-5, -4.2143056E-9,5.951 755 7€-13,
221 X-3.9744789E-17,7.8771273€-22,1.2667122E-1,
an X-1.3373147E-4,2.0667371E-9, 2. 3396109E-13,

au X-3.2562503E-17, 7.9035209E-22, 9.2751266E-1.,
251 X-1.4349679E-4, -2.8271736E-9, 4. 7480092E-14.
261 X1.8863246E-18, -4.2702411E-23/

an DATA  TX /2.9667877€2,-6.7731001E-3,
- 1 XB.4619805E-7,-1.7004049E-10,1.145145E-14,

a0 X-2.489878BE-19,2.6892151E2, 4.3075352E-3,

30! X-8.9159672E-7, -2.8929791E-11,5.0724856E-15,

N X-1.1498372E-19,3.7064557E2, -3.2858965E-2,2.0645636E-6,
321 X-4.3283944E-11,-5.7507242E-17,8.2924583E-21,

33 X2.044798E1,2.97698384E-2,-8.63038789E-7,

348 X1.66392417E-11,-9.3007618SE-17,-4.09005108E-22,
351 X-4.98865953E2,3.92137281E-2,-4.95180601E-7,
36t X-3.26219854E-12, 9.66650364E-17,-4.78844279E-22/

n DATA THB 7/ 180.65,210.65,260.65,360.65,

38 X969.65,1110.65,1210.65, 1350. 65, 1550.65,1830.65,

k-1 XZISO.GS 2420.65, 2590 65,2700. GS/

401 DATA LAB 7/ 3.6-3,5.€-3,10.E-3,20.E-3,15.E-3,

418 X10.E-3,7.E-3,5.E-3,4.E-3,3. 3E- -3,2.6€-3,1.7€-3,1.1E-3,
42: A1.1E-3/

43 DATA PB /.172244361E-4, .315971712€-5,
448 X.774389807€- G..ZGSQ??HIE 6, .535849383E-7,

453 X.391284945E-7, .295911117E-7, .178715656E-7,

463 X.739258171E-8. .200573116E-8, . 430456606E-9,

47 X.117315480E-9, .370198961E-10, . 128115330E-10/
43t Z=H/J.280833

49 IF (2) 5,9,6

S0:C H LESS THAN @ SET TO @

S11 S Z-90.0

Sat GO T0 9

S3: 6 IF (Z-709000.) 9,9.8

541C W GREATER THAN 700000 METERS SET TO 700000
551 8 Z-700000.

S6: 9 N-0
S7t 10 NeN+i
111 IF (2-2I(N)) 40,40,10

69t 40 IF (N-5)20,20,65
60t 20 Z2-232

611 232232

6as 2422322

25-23%22
64:1C STD COMPUTATION FOR TEMPERATURE

.80
86:C H LESS THAN l3“4. NETERS
87t 70 T= TKOL,N)I+TK(2,N)S2+TK(3,N)RZ2+4TK(4,N)IZZI+TK(5,N)&Z4+

68! l?“‘,")‘zs

[ {1 T «Tx1.8

70 GO TO 110

71s 80 IF (N-6) .5 82,85
721C T FOR B83004. THRU 90000.
73: 82 T-180.65%1.8

T4: GO T

0 110
761C T FOR GREATER THAN 90000
76t B85S M=N-6
™ TeTAB(M)+LAB(M)R(Z2-ZI(N-1))
™ T =T21.8

o-14




110 IF (N-5) 130,130,150

™
891C H LESS THAN 83004 METERS

811
g2
83
841

130 CON- 10.0
IF (N-3) 135,135,132

132 CON=9.B0665SE-4

135 P «CON SEXP(PK(1,N)+PK(2,N)SZ+PK(3,N)XZ2+PK(4,N)223+
1PK(S,N)3Z4+PK(6,N)225)
P =Px208.9
GO TO 300

150 IF (N-6)160,160,170

160 P=PBASESEXP((-1.373301523E12%(Z-83004.))/(180.65%
1;63;:22:.;2)3(8344880.083.04.)))

P=EXP(ALOG(PB(M))+(1.373301523E12/(LMB(M)X(6344860.+2)%
1;63;:322.;2](N—1))))thOG(Tﬂl(Hl/(THI(H)O(LHI(H)!(Z-ZI(N-I))))))
300 IF (N-3) 316,316,320
316 DENS=(1.16790729)3EXP(RHOK (1, N)+RHOK(2,N)X2+RHOK(3,N)%
1Z2+RHOK (4, N)XZ3+RHOK (S, N)XZ4+RHOK (6,N)325)
DENS =DENSX.00194
GO TO 360
320 DENS-S.82S5B71E-43P/T
360 SPS=49.021177XSART(T)
RETURN
END
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SUBROUTINE BINTRP(X,Y,ITRBLE,Z2)

21c
31C EXXRRRRERSNES RN SRR S KRR N RSN RRRRERARRAREXR LR RERERRRLLEXZTXEER

4:C
glg THIS SUBROUTINE COMPUTES PRANDTL NO.,LEWIS NO.,AND HSUBD
]
71C SXXRRRXXLEERXXRRERERXREREXAERRSRREXTARRRERRRAATXAXARRRRSARIARRRLIRRTTREER

8:C

91 COMMON/ERRF LG/NERROR

102 COMMON/FFNUM/HSUBD, ALEV

11: DIMENSION XJ(100),YI(26), 2(26,40), A(1040), 21(40,26)

12 EQUIVALENCE (A,ZI1)

131 IFCIFLAG.EG.1) GO TO 9

14 DO 1 Je1,40

151 DO 1 I-1,26

16t 1 2(1,J)-21¢J, 1)

17t 9 IFC(ITABLE.EG.1) GO TO 1@

18: IFCITABLE.EQ.2)G0 TO 20

19: IF(Y.LT.1.E-6) Y=1.E-6

20! M«66 BINT®91S
e1: MM-90 BINTOO20
et N=19 BINTO0RS
23t NN=26 BINTOO30
24: IFC (Y ,LT. YI(N)) .OR. (X .LT. XJ(M) )) GO TO 300 BINTO03S
25: MN=65 BINTO040
26! GO TO 3@ BINTO04S
emn 10 N=1 BINTOOS®
e8: IF(Y.LT.1.E-8) Y=1.E-8

e9: LLEE! ] BINT0OSS
30: N={ BINTO06O
31 NN=10 BINTOOES
k4] IFC (Y .LT. YI(N) ) .OR. (X .LT. XJ(M) )) GO TO 310 BINTOO70
In NN=0 BINT@07S
34 GO TO Je@ BINTOOBO
35: 2o M=4q BINTO08S
36! MM=-65 BINTOO90
3N N=11 BINTO09S
38: NN=18 BINTO100
9 IFC (Y .LT. YI(N) ).OR. (X .LT. XJ(M)) ) GO TO 310 BINTO105
40! MN=40 BINTO110
41: 30 N=N+1 BINTO115
42! DO 40 I=N,NN BINT@120
43 IFC Y.LT. YI(I)) GO TO 5@

44: 40 CONTINUE

451 I=NN BINTO130
468 SO MeN+y BINT@13S
471 DO 60 J=M,Mm BINTO140
48: IFC X .LT. XJ(J) ) GO TO 7@

491 60 CONTINUE

501 K=MM-FMN BINTO150
Si: GO TO 80 BINTO155
Se: 70 K=J-MN BINTO160

§3t 80 ZMIN= Z2(I-1,K-1)+0(X-XJ(J-1)) (XI(J)-XJ(J-1)))8(2(]-1,K)-2(1-1,K-1BINT@165

541 1)) BINTO170

551 ZMAX=Z(T,K-1)+((X=XJ(J-1))/7(XJCJI=-XJ{T-1)))%(2(1,K)=2(],K=1)) BINTO17S

561 ZZeZMIN+((Y=-YI(I=1))/(YICI)-YICI-1)))2(ZMAX-2ZMIN) BINTO180

571 IF((ITABLE.EQ.1).AND.(2Z.LT. 0.))2Z-0.

68: IF((ITABLE.EQ.2).AND.(Z2.LT..5))22=.5

691 IF((ITABLE.EQ.1).AND.(22.GT.12.45E+3))22=12.45E+3

60: IF((ITABLE.EG.3).AND.(2ZZ.LT..678))22-.678

611 IF((ITABLE.EG.3).AND. (X.GE. 24000.).AND.(22.GT..734))22=.734

62! IFLAG=1

631 IF (ITABLE .EQ. 1) HSUBD=22

641 IF (ITABLE .EQ. 2) ALEW=22

65! RE TURN BINTO18S
BINT@190

66t 300 URITE(6,900) X,Y

67! 900 FORMAT(72HO X2x8* NEGATIVE TENMP OR PRESS RATIO LESS THAN 1@-6 IN SBINT@19S5

68t 1UBR. BPINTRP. T-,E12.6,6H P/P@-,E12.6)
69! NERROR=1
701 RETURN

71t 310 URITE(6,910) X,V

BINTO210

72: 910 FORMAT(73HO 332X NEGATIVE TEMP OR DENSITY RATIO LESS THAN 18-8 INBINT@215

73 1SUBR. BINTRP. T=,E12.6,15H DENSITY RATIO-,E12.6) BINT@220
741 NERROR=1
751 RETURN
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DATA (XJ(J),J=1,90)/0.,5400.,5760.,6120.,6480.,6840.,7200.,7560., BINT@230
17920.,8280.,8640.,9000.,9360.,9720.,10080.,10440.,10800.,11160.,11BINTO23S
2520.,11880.,12240.,12600.,12960.,13320.,13680.,14040.,14400.,14760BINTO240
3.,15120.,15480.,15840.,16200.,16560.,16920.,17280.,17640.,18000., BINTO245
419800.,23400.,36000.,0.,3600.,4500.,5400.,6300.,7200.,8100.,9000.,BINTE2SO
59900.,10800.,11700.,12600.,13500.,14400.,15300.,16200.,17100.,1800BINTE255
60.,18900.,19800.,20700.,21600.,22500.,23400.,25200., ©.0 ,3600.,BINTO260
7 4500., BINT@265
8 5400.,6300.,7200.,8100.,9000.,9900.,10800.,11700.,12600.,13500.BINTO270
9, 14400.,15300.,16200.,17100.,18000.,18900.,19800.,20700.,21600.,BINTO27S
122500.,23400.,25200./ BINTO280

DATA (YI(I),1-1,26)/.958E-8, .9SBE-6, .958E-S5 , .958E-4 , .958E-3 BINT@285
1 ,.9586-2 , .958E -1 ,.958 , 9.58, 19.16 ,1.E-6,1.E-4,1.E-3,1.BINTO290
2€-2, 1.E-1 , 1., 1@., 100. , 1.E-6 , 1.E-4, 1.E-3 , 1.E-2, 1.BINT@29S
-1, 1. , 10. , 100. BINT@300
DATA (A(K),K=1,200) 7 O., 1.8E+3, 3.82E+3, 6.0E+3,

1 8.2E+3 , 10.6E+3 , 11,43E+3 , 12.@E+3 , 12.23E+3 , 12.26E+3 , BINT@310
2 J0%12.45E+3 , @. , 1.S6E+3 , 1.621E+3 , 1.779E+3 , 2.138BE+3 ,BINT@31S
3 2.857E+3 , 4.122E+43 , S.98E+3 , B.18E+3 , 10.11E+43 , 11.35E+3 , BINT@320
4 11.96E+3 , 12.23€+43 , 12.35E+3 , 12.40 E+3 , 12.43E+3 , 12.44E+BINT@32S
53 , 23%12.45€+43 , 0. , 1.522E+43 , 1.553E+3 , 1.607E+3, 1.727E+3,BINTO330
61.97E+3 , 2.432€E+3, 3.219E+3 , 4.422E+43 , 6.037E+3 ,7.869E+3 ,9.5BINTO33S
762E+3, 10.8B3E+3, 11.6E+3 ,12.01E+3 , 12.22E+3 , 12.33E+3 , 12.3BEBINTO340
843 , 12.42E43 , 12.43E+3 , 12.44E+3 ,19%12.45E+3 , ©. ,1.411E+3, BINTQ345
91.489E+43 , 1.531E+3 , 1.579E+3, 1.664E+3 , 1.819E+3, 2.092E+3 ,2.5BINTO350
143E+3 , 3.235E+] , 4.215E+3, 5.480E+3 , 6.945E+3 , B8.432E+3 , 9.BINTO3SS
C745E+3 , 10.74BE+3 , 11.428E+3 , 11.85E+3 , 12.09E+3 , 12.23E+3 ,BINT@360
3 12.32€43 |, 12.37E+43 , 12.40E+3 , 12.41E+3 , 12.42E+3 , 4%12.44EBINT@36S
443 , 11%12.45E¢3 , 0., 1.002E+3 , 1.256E+3 , 1.397E+3 , 1.472E+3, BINT@370
S 1.49QE+3 , 1.593E+) , 1.690E+3 , 1.847E+3 , 2.091E+3 , 2.45BE+3, BINT@37S
6 2.979E+3 , 3.683E+3 , 4.580E+3 , 5.649E+3 , 6.831E+3 , 8.039E+3,BINTO38®

R

7 9.145E+3 10.094E+3 , 10.82E+3, 11.36E+3 , 11.72E+43, 11.96E+3, BINTQ38S
8 12.12E+3 12.226+43 , 12.30E+3 , 12.34E+3 , 12.36E+3, 12.39E+3 , BINTO390@

9 12.40E+3 , 12.42E+3,12.43E+3 , 3%12.44E+3 , Sx12.45E+3/ BINTO39S
DATA (A(K),K=201,280)/ ©., .461E+3, .719BE+3,
1 .9597E+3, 1.1B4E+3, 1.322E+3, 1.414E+3, 1.48BE+3, 1.563E+3, BINTO40S
2 1.65BE+3, 1.791E+3 , 1.978E+3, 2.236E+3 , 2.585E+3 , 3.041E+3 ,BINTQ410
3 3.611E+3, 4.304E+3 , 5.102E+3, S.989E+3 , 6.922E+3 , 7.86E+3 ,BINT@415
4 B.754E+3, 9.S5S50E+3 , 10.23E+3, 10.78E+3 , 11.21E+3 , 11.53E+3 ,BINT@420
S 11.76E+3, 11.9SE+3 , 12.08E+3, 12.18E+3 , 12.24E+3 , 12.29E+3 ,BINTQ42S
6 12.33E+3, 12.35E+3 , 12.38E+3, 12.39E+3 ,3312.45E+3, 0. ,BINTO430
? 1.660E+2, 2.869E+2 , 4.483E+2, 6.378E+2 , 8.324E+2 , 1.009E+3 ,BINTQ435
81.1154E+3, 1.269E+3 , 1.364E+3, 1.452E+3 , 1.543E+3 , 1.650E+3 ,BINTO440
9 1.784E+3, 1.954E+3 , 2.169E+3, 2.437E+3 , 2.769E+3 , 3.16BE+3 ,
1 3.636E+3, 4.176E+3 , 4.772E+3, S.431E+3 , 6.125E+3 , 6.840E+3 ,BINTR450
2 7.554E+3, B.238E+3 , B.902E+3, 9.48B3E+3 , 10.01E+3 , 10.45E+3 ,BINTQ4SS
3 10.83E+3, 11.14E+3 , 11.40E+3, 11.60E+3 , 11.77E+3 , 11.9@E+3 ,BINTO46@
43312.45E+3/ BINTO465
DATA (A(K),K=281,360)7 0., 5.466E+1, 9.779E+1,
1 1.611E+2, 2.467E+2 , 3.537E+2, 4.777e+2 , 6.11BE+2 , 7.47S5E+2 ,BINTO47S
2 B.783€E+2, 9.973E+2 , 1.106E+3, 1.207E+3 , 1.303E+3 , 1.401E+3 ,BINTO4B0
3 1.505€E+3, 1.622E+3 , 1.7S6E+3, 1.914E+3 , 2.097E+3 , 2.314E+3 ,BINTQ4B8S
4 2.565E+3, 2.849E+3 , 3.174E+3, 3.53BE+3 , 3.937E+3 , 4.373E+3 ,PINTO490
S 4.840E+3, S.341E+3 , S.B42E+3, 6.365E+3 , 6.890E+3 , 7.417E+3 ,BINT049S
6 7.922E+3, B.397E+3 , B.872E+3, 9.2B6E+3 , 11.60E+3 ,2%12.45E+3 ,BINTES00
7 o. , 17.30 , 31.65 , 53.20 , 83.2 »1.236E+2 ,BINTOS@S
B 1.743E+2, 2.359E+2 , 3.069€E+2, 3.85E+2 , 4.71E+2 , 5.59€E+2 ,BINTOS10
9 6.28E+2 , 7.089E+2 , 8.291E+2, 9.182E+2 , 1.007E+3 , 1.096E+3 ,BINTOS1S
1 1.189€+3, 1.28S5E+3 , 1.3BBE+3, 1.501E+3 , 1.624E+3 , 1.760E+3 ,BINTOS20
2 1.910E+3, 2.076E+3 , 2.259E+3, 2.459E+3 , 2.680E+3 , 2.921E+3 ,BINTeS2S
3 J.179E+3, 3.46E+3 , 3.752E+3, 4.061E+3 , 4.3B7€E+3 , 4.732E+3 ,BINTOS30
4 5.086+3 , 6.80E+3 , 10.5E+43 , 12.45E+3/ BINT@S3S
DATA (A(K),K=361,640) 0., 13.88, 22.48,

37.72 , 59.42 , BB.47 , 1.2S7E+2 , 1.713E+2 , 2.252E+2 ,BINTOS4S
2.865E+2, 3.4B2E+2 , 4.267E+2 , S.026E+2 , S.817€2 , 6.612E+2 ,BINTOSS®
7.414E+2, B.227E+2 , 9.031E+2 , 9.8B79E+2 , 1.074E+3 , 1.164E+3 ,BINTOSSS
1.260E+3, 1.360E+3 , 1.470E+3 , 1.590E+3 , 1.720E+3 , 1.863E+3 ,BINTOSEO
2.016E+3, 2.18B7E+3 , 2.372E+3 , 2.568E+3 , 2.784E+3 , 3.01E+3 ,BINTOS6ES
3.255E+3, 3.513E+43 , 3.785E+3 , 4.07E+3 , S5.6E+3 , 10.5E+3 ,BINTOS70

12.45€6+3, @2%1.35 , 1.125, 1.9 , .93 , .73, .62, .56, BINTOS75
.52 , .500,30x.50, 1.35 , 1.335, 1.172, 1.147, 1.143, 1.051, BINTOS8@
.786, .609, .580, .540, .520, .505,28%.50, 1.35 , 1.346, BINTOS8S
1.233, 1.157, 1.154, 1.130, .998, .750, .610, .578, .541, BINTOS9@
.521, .509,27%.50, 1.35 , 1.355, 1.355, 1.213, 1.167, 1.144, BINTO59S
1.114, .970, .762, .628, .588, ,S574, .535, .519, .59, BINTOGO®
425%.50, 1.35 , 1.355, 1.391, 1.327, 1.227, 1.180, 1.160, 1.10@S, BINTO60S
S .982, .se8, .669 , .605 , .587 , .570 , .53@0 , .518 , .507 , BINTO610
6238.50,281.35,1.404 , 1.405, 1.320, 1.225, 1.196, 1.158, 1.115, BINTO615
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71.019 , .885 , .746 , .652 , .601 , .570 , .567, .530, .515 , BINTe620
8 .507 , .502,2012.50/ BINT@62S
DATA (A(K),K=64:,1000)/ 1.35,1.35, 1.407, 1.437, 1.424,
1.347, 1.265, 1.215, 1.167, 1.131, 1.071, .975 , .86@ , .756 , BINTOE3S
.669, .618 , .584 , .S58 , .540 , .520 , .510, .502 , 183.5, BINTOE4@®
£1.35,1.408 ,1.445 , 1.464, 1.449, 1.404, 1.327, 1.268, 1.235, BINT064S
l§=58. 1.118, 1.059, .979 , .893 , .BeS , .726 , .662 , .618 , BINTOGS®

772 L L4l L .743 ., .739 , .732 ., .724 , BINT@70e
693 . .6B4 . .696 . .710 ..72,.727,24%.734,.77..772,
277 . 772 . LTS8 . 747 . 739 , 732, .724 . .76 , BINTO71@

|

700 , .690 , .69@, .693 , .77 714 , .72S aex 734/ BINTO715
!
|

'QOM&UN*O.QOU‘&KN&
. .
~ ~
8 -~
n
L

.585 , .564 , .531 , .S25 , .518 ,16%.58, .77 , .772 , .732, BINTQ6SS

.7%26 , .710 , .681 , .680 , .690 , .700 , .10 , .718 , .78, BINTO660

.731 ,278. 734, 7, 7R, W50, 736, 734, N7 .683 , BINTO66S

.683 , .694 , .72 , .12, .720 , .726 , .70 .26!.734.-77 ’ BINTO670
»+763 , 739, .734 , .729 , .708 , .682 ,.686 , .697 , BINTOE7S

704 , 712, .19, .729 ,26%.734, .77 , .772, .770 , 747 , BINTOG8O

738 , .734 , 725 , .704 ,.684 , .691 ,.7,.708,.716,.725, l
26%.734, .77 , 773, 7?73, .762 , .744 , .738 , .732 , BINTOE9O

.73 705 , .687 , .689 .703 , 710, .71 +729 ,25%.734, BINTOESS |

’

‘Dh;ﬁ (Q(K)SKOlOOI «1040)/ .?7, 772, 776, 775, .77‘ .
a .

1
64, 753 , 744 , 740 , 788 , 720 . 7M1 ., .6 .691 BINTO72S
687 ., .687, .696 n’l . BINT?730

* . s <704 , 710 , .716 ,» J722, . P .
3162.734/
END




2001

1,
2 IFIRST,DELT
1
2

SUBROUTINE CHEEVY(NSTEP)

DIMENSION ALPHA(2S), S(25), DTEMP(109),G(25),2PLUS(25),2MINUS(2S),

1A{25), B(25), C(as), D(as)
DIMENSION TSAVE(25),RHO(2S), CP(ES) COND(25),22(50)
COMMON/FLUFLD/ PHIL(16),Tu, HJ,REST(34)

COMMON/ THICK/ DTEQ, TDOT, Téo. GC, QGR, HCOUT, EMISS, HREC,

1 DT,CTIME, PL, DTO, DTI, TEQ2

COMPMON/HANDY/ IMAX, DX (25), T(25),MPFLAG(25), NTIUZ,TSYNK,EMISIN,HCIV
TGSF,TIUZ(50),HCIVZ(5@), TGASZ(50), TSINKZ(50), TU! TSINK.TGAS HCIN,

FOﬂﬂOT(lN‘. 13X, J6HEXEINEUTON-RAPHSON FAILED TO CONVERGE,

45H ON A VALUE FOR THE OUTER WALL TEMPERATURE AT, F10.3,

11H SECONDSX:X)

FORMAT(/1H ,SHK(1)=, E10.3,8H DX(1)=,E9.3, 2X, 4HEPSe, E11.3, 2X,

1 6HNSUBC=, E9.3, 2X, SHTREC-, E9.3, 2X, 6HHUALL-, E9.3, /1M

2SHTRECe, E10.3, 2X, 6HTUALL-, E9.3, 2X, SHSTEP., I2)

3.‘. FORN“T(!H.. 13X, J6HIZINEUTON-RAPHSON FAILED TO CONVERGE,

3001

150

175

176
180

gez

903

300
c

45H ON A VALUE FOR THE INNER UALL TEMPERATURE AT, F10.3,

11H SECONDSX3X)

2
FOﬂﬂﬁT (1M ,BHK(INAX)=, E9.3, 2X, 9HDX(IMAX)=, E9.3, 2X, GMEPSIN=,

1 EY.3, X, 3HHCe, E10.3, 2X, GHTSINK=, E9.3, 2X, SHTGAS-, E10.3, @2
2X, SHSTEP=, I2)

FORMAT (/1M ,20X, 17HLAST TEMPERATURES/ (10X, SE20.5/))
COMMON/ERRFLG/NERROR

COMMON/FLAG/ IDEAL

DATA STEVIE/ .4760E-12/

SET INITIAL CONDITIONS.

IF (IFIRST .EQ. @) GO TO 1S5
DT = DELT

IF (NSTEP .NE. 1) GO TO 300

TUOLD = TY

DO 175 I = 1, IMAX

TSAVE(I)=T(1)

CALL STOCK(IMAX,NPFLAG,T,RHO,CP,COND)
IFCIDEAL.CT.®) GO TO 176

CALL MOLIER(HY, PL, 2, TW, 2Z, SS, RR, GR)
IFCIDEAL.GT.®) GO TO 176

CALL MOLIER(HREC, PL, @, TREC, 2Z, SS, RR, GR)
IFCIDEAL.GT.®) GO TO 176

GO TO 180

HUe.243TUY

TREC-HREC~/ .24

HCIN=HCIV

TGAS=TGSF+459.7

TSINK=TSYNK+459,7

IF(NTIUZ.LE.@) GO TO 993

IF(HCIWZ(1).LE.®.) GO TO 901

CALL TBLIN(CTIME,TIUZ,HCIN,HCIWZ,Z,2ZZ,NTIUZ)
IF(ABS(TGASZ(1)).LE..Q001) GO TO 902

CALL TBLINCCTIME,TIWZ,TG,TGASZ,Z,2Z, NTIUZ)
TGAS=TG+459.7

IF(ABS(TSINKZ(1)).LE..0001) GO TO 903

CALL TBLINCCTIME,TIWZ,TS,TSINKZ,Z,22,NTIVWZ)

TSINK=TS+459.7

CONTINUE

QC = HCOUT 2 (HREC - MJ)

QR = ERISS % STEVIE x Tusz4
Q0 - -0R + OC

QI - EMISIN 8 STEVIE % TUISE4 - HCIN x (TGAS - TWI) - EMISIN x

1 STEVIE % TSINKZE4

STEP ONE OF RUNGE-KUTTA INTEGRATION. CONPUTE OUTER AND INNER UALL
HEAT FLUXES USING INITIAL TEMPERATURES AT TIME(1) OR RESULTS OF

LAST SERIES OF CALCULATIONS AT TINE(N).

CONTINUE

CONPUTE COEFFICIENTS OF TRI-DIAGONAL MATRIX OF INTERIOR

TEMPERATURES AT TIME(N+1-/2) USING RESULTS OF PREVIOUS CALCULATIONS

B-1Y
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G(1) « RHO(1) % CP(1) % DX(1)

GOUT « G(1)

ZPLUS(1) = 2.3COND(1)SCOND(2)/(COND(2)XDX(1) + COND(1)3DX(2))

ZRINUS(1)= ©.

FOUT = 2PLUS(1)/G(1)

AC1) = 0.

B(1) = 1. 4+ FOUT X (DT/2.)

C(1) = -FOUT 2 (DT/2.)

D(1) = TSAVE(1) + Q0 - GOUT % DT/2.

ININUS = IMAX - 1

IF(IMAX.EQ.2) GO TO 401

DO 400 I - 2, IMINUS

Izg)l('('i's:!): = 2. % CONDCI)SCOND(I-1) 7/ (COND(I-1)XDX(I) + COND(I)X

lZ;kﬁ(“)- 2. ¥ CONDCI)SCOND(I+1) 7 (CONDCI+1)8DX(I) ¢+ COND(I)%
.

G(I) = RHO(I) % CP(]1) % DX(I)

ACI) = - (DT/2.) & ZMINUS(I)/G(I)
B(I) = 1. ¢ (DT/2.) % (ZPLUS(I) + ZMINUS(I))/ G(1)
C(I) = -(DT/2.) & 2PLUS(I)/G(I)
D(I) = TSAVE(I)
400 CONTINUE

401 ZMINUS(IMAX) = 2. 3 COND(IMAX)SCOND(IMAX-1) / (COND(IMAX-1)EDX(IMA

1X) + CONDCIMAX)EDX(IMAX-1))

ZPLUS(IMAX) = @.

G(IMAX) = RHO(IMAX) 8 CP(IMAX) 3 DX(IMAX)
GIN = GUIRAX)

FIN « ZAINUS(IMAX) 7/ GCIMAX)

ACIMAX) = -FIN % (DT/2.)

BCIMAX) = 1. « FIN % (DT/2.)
CCIMAX) = Q.
DC(IMAX) « TSAVE(IMAX) - DT/2. % QI/GIN

SOLVE FOR NEW TEMPERATURES BY GAUSSIAN ELIMINATION METHOD.
CALL GAUSS(A, B, C, D, ALPHA, S, T, IMAX)

COMPUTE THE DERIVATIVES ASSOCIATED WITH NEW TEMPERATURES.
CALL DRIVEL(DTEMP, G, 2PLUS, ZNINUS, Q0, QI, T, NSTEP, IMAX)

AT STEPS 1,2, AND 3 OF RUNGE-KUTTA, USE LATEST TEMPERATURES TO
COMPUTE NEW OUTER WALL TEMNPERATURE.

IF NSTEP = 4, RUNGE-KUTTA IS COMPLETED. CALCULATE FINAL NODE
TEMPERATURES, WALL TEMPERATURES, AND HEAT FLUXES

IF(NSTEP .EQ. 4) CALL FINALT(TSAVE, DTEMP, IMAX, 4, DT, T)
TNEUT1 = T(1)
LIN = 2 % INAX ¢+ 1

AT STEP 4, USE TEMPERATURE (N) PLUS DERIVATIVE COMPUTED AT STEP 3.

IF (NSTEP .EQ. 3) TNEWT1 = TSAUVE(1) + DTEMP(LIN) X DT
TERM = 2. & COND(1)/ DX(1)

AOUT - EMISS 3 STEVIE

HCOUTI « HCOUT % (HREC-HM)/(TREC-TW)

BOUT = HCOUT] + TERM

COUT = HCOUTI % TREC + TERM ¥ TNEUTI

SOLVE FOR NEV OUTER WALL TEMPERATURE BY NEUTON-RAPHNSON METHOD.

CALL NEUT(AOUT, BOUT, COUT, TW, ICANT)

IF COMVERGENCE NOT OBTAINED, ABANDON CASE.
&.2C




410
420

425
450
900
910

IF (ICANT .NE. ©) GO TO 900

REPEAT PROCESS TO COMPUTE NEV INNER UALL TEMPERATURE.

TNEUTZ = T(IMAX)
IF (NSTEP €0: 3
) TNEUTZ2 = TSAVE(IMAX) T

TERM2 « 2. 2 CONDCIMAX)/ DX(IMAX) ATEPRISARL S &)
AIN --EMISIN 3 STEVIE
CIN 2aIN 3 TSINCERS o

- B TSINKES4 - HCINITGAS - 'I’ERH 3TN
CALL NEUT(AIN, BIN, CIN, TUl. ICANT erTNELTE
IF (ICANT .NE. @) GO TO 910

CORRECT HEAT FLUXES FOR NEU WALL TEMPERATURES

IF (IDEAL .GT. @) GO TO 410

CALL MOLIER (MV,PL,2,TW,22,S5,RR,GR)
IF (IDEAL .GT. @) GO TO 410

GO TO 429

MY - .24 T

CONTIMUE

QC = HCOUT 3 (HREC -

QR « EMISS 8 STEVIE % TUll4

Q0 =« -QR + QC

Ql = EMISIN 8 STEVIE % TUIZE4 - HCIN X (TGAS - TUI) - EMISIN 3
1 STEVIE 3 TSINKEXZ4

TDOT =(TY - TWOLD)/DT

COMPUTE MAXIMUM STABLE TIME AS FUNCTION OF THE INNER AND UALL
EQUILIBRIUM TENPERATURES.

IF (NSTEP .EQ. 4) CALL STABLE(FIN, FOUT, GIN, GOUT, QI, TREC)
IF (NERROR.EQ.1) RETURN

IF (IFIRST .NE. 1) GO TO 450

CALL STABLE (FIN, FOUT, GIN, GOUT, QI, TREC)
IF (NERROR.EQ.1) RETURN

DO 425 I = 1, IMAX

T(I) = TSAVE(D)

IFIRST = @

CONTINUE

RETURN

UKITE(6,2000) CTIRE

GO TO 920

WRITE(6,3000) CTIRE

920 URITE(6,2001) COND(1), DX(1), EMISS, HCOUT, HREC, WJ, TREC, Tu,

1 NSTEP

‘Ugﬁ;s, 3001) COND(IMAX), DX(IMAX), EMISIN, HCIN, TSINK, TGAS,
URITE (6,4000) (T(I), I = 1, IMAX)

NERROR*= 1

RETURN

END
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SUBROUTINE CRSFLU(CFFLG,ELL,ELT,EL,ELNBDA,DSUBO, CORNR, UE, PE,

1RHOE , PU, ALPHA, UDOT, VU, XMACHU, UX)

CONSTANT WIDTH RECTANGLE - IDEAL GAS
CONSTANT UIDTH RECTANGLE - REAL GAS
SHARP EDGE DELTA - IDEAL GAS
SHARP EDGE DELTA - REAL GAS

IF(ALPHA.LE.@.) GO TO 98
NCFFLG=CFFLG+.001
ALPHR=ALPHAZ.0174533
IF(NCFFLG-2) 1,2,10

1 UIQ:;(;‘NS#: +143CORNR/DSUBO 2. 4472 TAN(ALPHR )

W

10
11

12
13

GO

IF(UDOT.LE.O.) UDOT=0.31
EMN=XMACHUSSIN(ALPHR )
IF(EMN.LT.1.) GO TO 3
DUDXD=SORT (2.3 (PE-PU)/RHOE )
GO TO 4

DUDXD= 3.3VUZSIN(ALPHR)
VBAKk=2.3UDOT2DUDXD/UE
IF(NCFFLG.GT.2) GO TO 12
UX=DSUBO/UBAR

VUY-EL/UX

IF(VY.LT.1.E-5) GO TO 98
IF(VY.GT.6.) GO TO 6
ELL-0.58(1.-EXP(-2.3VUY))sUX
ELT=(1.-EXP(-VUY))3UX

GO TO 99

ELL=-0.53VX

ELT-UX

GO TO 99

SHARP EDGE DELTA (SUEEP ANGLE LAMBDA)

IF(NCFFLG-3)11,11,2

ag‘f?al i;.J:!JITM(QLPNR JSTANCELMBDAZ .0174533)
BETA=1.+UBARSTAN(ELNBDAZX.0174533)
ELL-EL/BETA

ELT-2.3EL/(BETA+1.)

GO TO 99

ELL-EL
ELT-EL
RETURN
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SUBROUTINE DETRAL(RN,EL,PHI,ENCL, ENCT)
DIRENSION A(6)

 CONON/FLUF LD/ TINE , P INE RHOINE mcr RMOE , PE, TE , NE , XPUE , UE , RHOO, PO,
170,40, m.auo&'r:‘w mu% TS, NS, M.M.ti.m.m.v.m

WINF,XNUIT xnacw.vu. ALPHA,
Shnoste e FL,TSTL xnusvf. RHOSTT, nsh TSTT, wsrf.mct..mtct s
2,GINF, 6 cAnAS " GAMAO, GU, GARAG, PRL , PR
S ORmON ERRE LorNE

DATA (A(J),J*1,6)7 1.03754, .0043776,-.6187E-4, .96451, .01107,
1 -.B42658E-4/

REL*RHOEZUE ZEL 7 XMUE

THETA=1.570796-PHI2.01714563

IF (PHI.GT.89.) FTR-1.

IF (PHI.GT.89.) GO TO 2

Cel.7(1,43XMACHURE2)
De(1.-C)Z(THETAZS2-THETAZSIN(4STHETA)/72.4(1.~-COS(4.8THETA) )/8)
144 . 3CS(THETARZI2-THETASSIN(2.STHETA)#(1.-COS(2.8THETA) )/2.)
FTR=2.3THETASSIN(THETA)Z((1.-C)SCOS(THETA )332+4C)/SART(D)

F3* (HO-MNJ )/ (HRECL-HUY)

CALL FAVRID(RN,ENF)

PRL-.71

PRT=.71

ENCL=ENFSFTRSF2

UR-0.
IF(PHI.LT.25.) Nei
IF(PHI.GE.25.) R=4
NeR+2
K-9
DO 11 I-A,N
SUR=SUR+A(T ))SPHIZS(K)
KeKe+1
F=SUM
RR=RHOE/2.377€-3
CALL BINTRP(TE,RR,1,HD)
IF (NERROR.NE.®) RETURN
ENCT=.9333RELS2.83(1.0373F )2(1.+.583HD/H0 )SXMUE/(ELSPRT22.667)
S+PRL3:.667

RETURN
END




it SUBROUTINE DINT(XX,XT,¥1,YT1,22, zT.HL.nL.v!.v7a.v: YT3,IL,YE,YT4)
21C  DOUBLE INTERPOLATION SU SUBROUTINE. 1F ILei, THE D INDEPEN
nC VARIABDLE 1S NOT CONSTANT WITH Tut HIS‘I’. «‘l’ut nm OF THE SECOND
41C IS NOT THE SAME AT EACH VALUE OF FIRST.

L DINENSION ztcnt).xt(nl NL), VTl(HL NL), vra(nt NL),YTI(NL,NL)
6 DIMENSION YT4(ML

" IF(22-27(1))802 io:

8 801 IF(IL.EQ.1) GO T 863

o IFCXX, LY. XT(L, t)tco T0 802

10: 803 DO 80O I-1,NL

i L=l

12 LLel-1

1N lr(zz -27(1))902,804,800

141 800 CONTINUE

15t 802 Yi-.2222£+30

16 RETURN

171 902 RATIP=(2Z2-2T(LL))/Z(2T(L)-ZT(LL))

18! IFCIL)1111,1311,111)

191 804 DO 904 J-i, NL
an LNeJ
a1 LLN=J-1
2a IF(XX=XT(J,L))905,906, 904
231 904 CONTINUE
24 GO TO B#2
251 905 RATIO=(XX-XT(LLM, L))/ (XT(LA,L)=-XT(L .5, L))
261 Y1eYTI(LLA,L)*RATIOR(YTIC(LN,L)-YTL(LLA, L))
an Y2eYT2(LLN,L)+RATIOR(YT2(LA,L)-YT2(LLA, L))
28 Y3+YTIC(LLA,L)*RATIOZ(YTI(LA,L)-YTIC(LLA, L))
29t YE=YT4(LLA,L)*RATIOS(YTA(LA,L)-YT4(LLA, L))
0! RETURN

311 906 YieYTI(LA,L)

32 Y2+YT2(LN, L)

n ¥Y3=YTI(LA,L)

k2 L YE=YT4(LR,L)

3% RETURN

36! 1111 DO 913 J-1, AL

n LA=J

n LLAeJ-}

k1 IF (XX-XT(J,L))911,912,913

40: 913 CONTINUE

411 GO TO se2

421 912 Y1=YTI(LM,LL)-RATIPE(YTI(LM,LL)-YTL1(LN, L))
40 Y2+-YT2(LA,LL)-RATIPR(YT2(LM,LL)-YT2(LN,L))
441 Y3+YTI(LM,LL)-RATIPS(YTI(LM,LL)-YTI(LA,L))
451 YE*YT4(LM,LL)-RATIPZ(YT4(LM,LL)-YT4(LN,L))
46! RETURN

471 911 RATIO=(XX-XT(LLM,L))7(XT(LM,L)-XT(LLA,L))

48! Y4=YT1(LLA,LL)*RATIOSCYTI (LM, LL)-YTI(LLM,LL))
49! YSeyYT1(LLM,L)+RATIOS(YT1(LA,L)-YT1(LLA,L))
501 Y1+Y4-RATIPR(V4-YS)

S11 Y4eYTE(LLM,LL)+RATIOS(YT2(LM,LL)-YT2(LLM,LL))
s21 YSeYT2(LLM,L)+RATIOS(YT2(LM,L)-YT2(LLM, L))
s Y2*Y4-RATIPR(Y4-YS)

541 Y4+YTI(LLM,LL)+RATIOS(YTICLM,LL)-YTI(LLY,LL))
661 YSeYTI(LLM, L)+RATIOS(YTIC(LM,L)=-YTI(LLA, L))
56! Y3eV4-RATIPR(Y4-YS)

s Y4sYT4(LLM, LL)*RATIOS(YT4(LM, LL)-YT4(LLN,LL))
€3 YSeVYTA(LLN,L)+RATIOS(YTA(LN, L)-YT4(LLN, L))

[] YE=Y4-RATIPE(Y4-YS)
] RETURN

$1! 1112 DO 918 J-1,ML

62! IF(XX.LT.XT(1,L))GO TO Be@2

[ X1 Ln=-)

84! LLA=J-1

661 IF(XX-XT(J,L))916,917,918

661 918 CONTINUE

671 GO TO 862

68 917 YS-vTi(LA,L)

691 Y7=vT2(LA,L)

701 Y9-vYTI(LA,L)

"M YO-YT4(LM,L)

72! GO TO 1114

731 916 RATIO=(XX-XT(LLM,L))/(XT(LM,L)-XV(LLA,L))

741 YSe¥T1(LLM,L)+RATIOS (YT (LA, L)-YT1(LLA, L))
761 Y7eYT2(LLN,L)+RATIOS(YT2(LM,L)-YT2(LLA, L))
76! YOYTI(LLM,L)*RATIOR(YTI(LA,L)-YTI(LLM, L))
ol YO-YT4(LLAM,L)*RATIOB(YT4(LA,L)-YT4(LLM, L))

) L PA N AN O
o OF POOR Gz ",:\




1114

DO 921 Je1,ML
LA=J

LLAeJ-1
IF (XX-XT(J,LL))919,920,921
INUE

921 CONT

GO TO 8e2

Y4-YT1(LA,LL)

Y6-VT2(LA,LL)

Y8+YTI(LA,LL)

YA=YT4(LA,LL)

GO T0 925

RATIO= (XX=XT(LLA,LL) )7 XTiLA,LL)-XTCLLN,LL
Y4+YT1(LLA,LL)*RATIOB(YTI(LA,LL)-YTIC(LLM,L
Y6-YT2(LLN, LL)*RATIOR(YT2(LA,LL)-YT2(LLA,L
YBeYTI(LLA,LL)*RATIOR(YTI(LA,LL)-YTIC(LLA,L
YA*YTA4(LLA,LL)*RATIOR(YTA(LA,LL}-YT4(LLA,L
Y1=Y4-RATIPR(Y4-YS)

Y2*Y6-RATIPR(Y6-Y7?)

Y3-YB-RATIPR(VB-Y9)

YE*YA-RATIPS(YA-VO)

RETURN

END

))
L
L)
L
L)

—



13 SUBROUTINE DINT1(XX,6XT,Y1,YT1,22,2T,NL,NL)
21C DOUBLE INTERPOLATION SUBROUTINE.

k1] DIMENSION ZT(NL),XT(ML,NL) YT1(ML,NL)

41 IF(22-2T7(1))802,801,801

51 801 IF (XX-XT(1,1)) 805,803,803
6t 805 Yi1-12.7

" RETURN

8t P02 vi-.2222E+30

9t RETURN

10t €03 DO 80@ I-1,NL

118 L=1

12: LL=1-1

13 IF(22-2T(1))902,804,800

141 80# CONTINUE

161 GO 79 982

161 962 "ATIP»«¢ZZ-2ZT(LL))/(2T(L)-2T(LL))

17 & TO *113

18t 804 ° 904 J-1 AL

19: wisJ

20 LLN=J-2

211 IF¢XX-XT(J,L))905,906,904

22t 904 CONTINUE

a3 GJ TO 8e2

24t 995 RATICe=(XX-XT(LLM,L))/(XT(LN,L)-XT(LLM,L))
51 Y1=YT1(LLM,L)+RATIORCYTI(LM,L)-YTI(LLM, L))
263 RETURN

27t 996 Y1-YT1(LA,L)

a8 RETURN

29t 1113 IF (XX-XT(1,L)) 805,1115,1115

30: 111S DO 918 J=1,ML

31 LA=J

32t LLA=J-1

33: IF (XX-XT(J,L))916,917,918

34: 918 CONTINUE

3s: GO TO Be2

36t 917 YS5=YT1(LM,L)

an GO TO 1114

38: 916 RATIO=(XX-XT(LLM,L))/(XT(LM,L)-XT(LLM,L))
39 YS=YT1(LLM,L)+RATIOR(YT1(LM,L)-YTI(LLM,L))
40t 1114 DO 921 J=-1,NML

411 LR=J

423 LLM=J-1

43: IF (XX-XT(J,LL))919,920, 921

44: 921 CONTINUE

451 GO TO 8@e

46: 920 Y4-YTi(LM,LL)

47 GO TO 925

48: 919 RATIO= (XX-XT(LLM,LL))Z/(XT(LM,LL)-XT(LLN,LL))
49: Y4=YT1(LLN,LL)+RATIOR(YTI (LM, LL)-YT1(LLM®,LL))
501 925 Y1+Y4-RATIPX(Ya-YS)

511 RETURN

Se: END
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SUBROUTINE FLOW(FF,ALFA,BETA)
REAL MU, RD , AL , ME

DIMENSION FF(9),ALFA(9),NF(9)
COMMON/FLUFLD/TINF,PINF,RHOINF ,AINF,RHOE,PE, TE, HE, XMUE , UE ,RH00, PO,
1T0,HO, XMUO, RHOU, TU, HU, XRUW, RHOS, TS, HS, XAUS , RHOR, TR, HR, XMUR, U, XNE
2,REL,HINF ,XMUINF,PR,PU, DU, TU, XMUU, XMACHU, VU, HU, ALPHA,

3RMOSTL ,HSTL, TSTL, XMUSTL ,RHOSTT ,HSTT, TSTT, XNUSTT,HRECL ,HRECT, S
3,GINF, GAMAU, GAMAS , GAMAE , GAMAO , GU, GAMAG, PRL , PRT
COMMON/DNSTRN/TD,PD, DD, MD, VD, 5D, HD,AD, GAMAD

COMMON/ FRSTM/TFRSTR,PFRSTH,DFRSTH,MU,UFRSTM, SU,HFRSTN, AU
COMMON/TOTAL” HTOTAL,PTOTAL, TTOTAL,RHOTOT,CTOTAL

COMMON/CYL” HSL,PSL,RHOSL, XRBUSL, TSL,VUSL

COMMON/STAG/PSTAG, RHOSTG, TSTG, XAUSTG

COMMON/FLAG” 1DEAL

COMMON/ERRF LG/NERROR

COMMON/HFLAG/ NHFLAG

DATA PI/3.141592654/

IDEAL-®

DO 8 K=1,9

NF(K)=FF(K)+.001
HINF = .243TINF

CALL HANSEN(XMUINF ,PINF,TINF)
Kel

GINF=1.4
TUTINF
PU=PINF

DU=RHO INF
MU=U/AINF

VU=V

HU=HINF
AU=AINF
GAMAU=GINF
XMUU=XMUINF
PFRSTN=PU
TFRSTA=TU
DFRSTM=DU
UFRSTM=UU
HFRSTH=HU
IF(RU.LT.1.) G
IF(NF(K)-36 )2
CALL PCSU(MU,A
IF (NERROR.NE.®
IF(OFT-1,)10,2
CALL PCSU(MU,AL
IF (NERROR.NE.®) R
IF(OFT-1.)10,20,5
BETA=-90.

GO TO 10
BETA=ALFA(K)

CALL DUNSTH(BETAZPI~/180)
IF(IDEAL-1)30,100,30

IF MACH NO IS LESS THAN ONE, USE MOD. NEUTONIAN AND LAST SLOPE

IF(K.LT.2) GO TO 160
HO=HTOTAL

PO=PTOTAL

RHOO=RHOTOT

TO=TTOTAL

GANAO=GTOTAL

CALL HANSEN(XMUO,PO0,TO)
IF (NF(K+2).EQ.29) GO TO 26
BETAP=ALFA(K+1)3PI/180
K=K+2

IF(K.GT.?) GO TO 2§
IF(ALFA(K)-0.)25,25,22

»OFT,BETA)

1
N
2,0FT,BETA)
N

m~

BETAP=(ALFA(K+1)-ALFA(K+2))3PI-180
IF(BETAP.LT.0.) BETAP-0.

K=K+3

GO TO 27

PE=PU+(PO-PU)SSIN(BETAP %22
CALL MOLIER(ME,PE,1,TE,ZE,SD,RHOE, GAMAE)
IFC(IDEAL.GT.®) GO TO 160 ORIG

IF (HE.GT.HO) GO TO 23 IN
IF (BETAP .GE. PI/2) GO TO 23 op AL p
UE2- (HO-HE )250103. Pogp " TAGE 1.
ALpy
B-32
I —— T ]




ne
(S

a3

24

k] §

33

34

7

UE=SQRT(UER)

AE=SORT (GAMAESGRSZELTE)
XME =UE/RE

CALL HANSEN(XMUE,PE,TE)
GO TO 24

HE=HO

PE=PO

TE-TO

RHOE =RHGO

XMUE = XMUO

RHOSL =RHOE
HD=HU

PD=PU

TD=TU

DD=DU

MD=-MU

VD=uU

SD=SU

AD=AU
GAMAD=GANAU
GAMASL =GANAE
PSTAG=PO
RHOSTG=RHOO
TSTG=TO
XAUSTG=XMUO
GO TO se

DETERMINE LOCAL FLOW CONDITIONS

IF(NF(K).GT.38 ) GO TO 43
IF(NF(K+1:.EQ.14) GO TO 38
IF(NF(K+1)-16) 31,32,36
IF(NF(K+1) -18) 46,34,37
ITABLE=3

GO TO 33

ITABLE=4

CALL PCSVU(NU,ALFA(K+1),ITABLE,OFT,PC)
IF (NERROR.NE.®) RETURN
BETAP=ALFA(K+1)3P1/180
IF(OFT-1.)35,20,34

IF(PC.LT.0.) PC=0.
PL=PU+PCZDUSVUIVU 2.

GO TO 4@

BETAP=ALFA(K+1)3P1/180
PL=PU+(PTOTAL-PU)SSIN(BETAP )X22
GO TO 4@

PSAU=PTOTAL

TSV=TTOTAL

RSU=RHOTOT

DDSV=DD
GDSV=GAMAD
XMDSV=MD
VDSV=UD
ANGLE=P1/2
CALL DUNSTM(ANGLE)
PSTAG=PTOTAL
PTOTAL=PSAV
RHOTOT=RSV
TTOTAL=TSV
SD=SSV
GTOTAL=GSV
HD=HDSV
PD=PDSV
TD=TDSV

8-33




40

42

44
45

DD=DDSV
GAMAD=GDSV
AD=XMDSV
UD=VDSV
BETAP=ALFA(K+1)2PI/180
:L-PUO(PSTAG -PU)SSIN(BETAP 232
0T
PC=ALFA(K+1)
BETAP=0.

PLLPUSACEDUSUUSVL/2.
CALL MOLIER(ML,PL,1,TL,ZL,SD,DL,GANAL)
IF (IDEAL.GT.9) GO TO 100

ZTL=2L3TL

AL=SQRT (GAMALEGREZTL)

IF (HL.GT.HTOTAL) GO TO 41

UL2= (HTOTAL-HL)2S0103.

VL=SORT(UL2)

AL-UL/AL

GO TO 42

HLeHTOTAL

PL-PTOTAL

TL=TTOTAL

DL=RHOTOT

GAMAL=GTOTAL

UL=UUSCOS (BETAP )X22

IF (BETAP .EQ. @.) UL-0.

AL-UL/AL

G0 TO 42

CALCULATE OBLIQUE SHOCK PRESSURE

ULT=WZCOS(BETASPI/180)
IF (ALFA(K+1).GT.BETA) GO TO 43
ANGLP1/180% (BETA-ALFA(K+1))
UL=ULT/COS (ANGL )
HL=HTOTAL-ULSUL/50103.

CALL MOLIER(ML,PL,3,TL,2L,SD,DL,GANAL)
AL=SORT (GAMALZGREZLETL)

ML=UL/AL

BETAP-ALFA(K+1)2P1/180

IF (NF(K+2).NE.29) GO TO 44

CALL PMEXPN(ALFA(K+2),HTOTAL,HL,AL,SD,PL, TL,UL, DL, ML, GANAL)
IF (IDEAL.GT.@) GO TO 109

IF (MERROR.GT.9) GO TO 999

BETAP= (ALFA(K+1)-ALFA(K+2))2P1/180
KeK+3

GO TO 45

KeK+2

IF(K.GT.9) GO TO 5@

IF(NL.LE.9.) GO TO 50

IF (NF (K).LE.®) GO TO 50

PU-PL

TU=TL

DU=DL

HU=HL

AU-AL

vU-uL

AU-AL

GAMAL = GAMAL

PFRSTH=PU

TFRSTA=TU

DFRSTA=DU

UFRSTM=UU

HERS TH=HU

GO TO 1

SUEPT CYLINDER STAG LINE PROPS

CALL MOLIER(HSL, PSL 3 TSL ZSL,SD,RHOSL, GAMASL )
IFCIDEAL.GT. Q) GO

CALL HANSEN(XMUSL, PSL TSL)
USL-UUICOS('ETﬁtPlflﬂ.)

PE=PSL

HE=HSL

TE=TSL

RHOE =RHOSL

XMUE = XMUSL
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S1

AE=SORT (GAMASLEGRITSL)
UE=VUSL

XME -UE/AE

GAMAE =GARASL
PSAV=PTOTAL

TSVU=TTOTAL

RSU=RHOTOT

GSV=GTOTAL.

e
CALL DUNSTM(ANGLE)
PSTAG=PTOTAL
CALL MOLIER(HTOTAL,PSTAG,®,TSTG,2STG,SSTG,RHOSTG, GANSTG)
IF(IDEAL .NE.®) GO TO 100
CALL HANSEN(XMUSTG,PSTAG,TSTG)
HSL=HE
PTOTAL=PSAV
RHOTOT=RSV
TTOTAL=TSV
GTOTAL-GSV
HD=HDSV
PD-PDSV
TD=TDSV
DD-DDSV
GAMAD-GDSV
MD+=XMRDSV
UD-uUDSV
BETAP=BETAZPI/180
GO TO S1

DEFINE BOUNDARY LAYER EDGE PROPERTIES

PE-PL

TE-TL

RHOE=DL

HE =HL

UE-VL

AE=-AL

NE-ML

XRE=ME

GAMAE =GANAL

CALL HANSEN(XMUE,PE,TE)
PO=PTOTAL

HO=HTOTAL

RHOO=RHOTOT

TO=TTOTAL

GAMAO-GTOTAL

CALL HANSEN(XMUO,PO0,TO)
CALL HANSEN(XMUU,”U,TU)
XMACHU=-MU

DEFINE WALL PROPERTIES

CALL MOLIER(HW,PE,2,TU,Z2U,SU,RHOU,GU)
IF(IDEAL.GT.®) GO TO 100

CALL HANSEN(XNUV,PE,TW)
ALPHA=BETAP/P12180

ECKERT REFERENCE ENTHALPY PROPERTIES - REAL GRS

HRECL-ME+0.853UESUE/50103.
HRECT-HE+0.883UESUE/50103.
HSTL=0.58(HE+HU )+0.228 (HRECL-HE)
HSTT=0.53(HE+HU )+0.228 (HRECT-HE)

CALL MOLIER(HSTL,PE,®,TSTL,2ZS,S5,RHOSTL, GARAS)
CALL MOLIER(HSTT,PE,®,TSTT,25,SS5,RHOSTT, GARAS)
IFCIDEAL.EQ.1) GO TO 100

CALL HANSEN(XMUSTL,PE,TSTL)

CALL HANSEN(XRUSTT,PE,TSTT)

IF(NHFLAG.EG.S) GO TO 79

IF (NHWFLAG.EQ.7) GO TO 7@

GO TO 999




DEFINE RHO R , MU R PROPERTIES

CALL MOLIER(MO,PE,®,TSP,ZSP,5SP,RHOSP,GAMASP )
IFCIDEAL.GT.0) GO TO 100

CALL HANSEN(XMUSP,PE, TSP)

RASP «RHOSPXXMUSP

RAE = RHOE S XMUE

RMEE-RASP2(1.85-.85%(RNSP/RNE))

RAY = RHOUE XU

RORMUR-RMEEX(1.6-.68(PMEE/RMY))

ITERATE FOR RHO R

I=1

RAP=RORMUR/ (1.E~13%PE)

IF (RMP-4. )60,60,61
TRGESS=2.21E4SRAPXR(-2.47)
GO TO 62
TRGESS=2.E7SRAPXX(-7.39)

62 IF(TRGESS.GT. BO®®.) TRGESS- 8000.

101
102
103
104
105
106

CALL MOLIER(MR,PE,2, TRGESS, ZRG, SRG,RHORG, GAMAG )
IF(IDEAL.GT.®) GO TO 100
CALL HANSEN(XMURG,PE, TRGESS)
RMGESS =RHORGEXMURG
ERR=ABS { (RAGESS-RORMUR ) /RORFMUR )
IF(ERR.LT..01) GO TO 65
RESID-RORMUR-RMGESS
TRGP2+-TRGESS21 .05
TRGR2+-TRGESSXQ.95
CALL MOLIER(MHR,PE,2, TRGP2,ZRG,SRG,RHORP2,GAMAG)
IFCIDEAL.GT.9) GO TO 100
CALL MOLIER(MR,PE,2, TRGM2, ZRG, SRG, RHORMZ , GAMAG )
I"(IDEAL.GT.®) GO TO 100
PERIVR= (RHORP2-RHORM2 )/ ( . 13TRGESS)
CALL HANSEN(XMURPZ,PE, TRGP2)
CALL HANSEN(XMURM2,PE, TRGMZ)
DERIVM= (XMURP2-XMURMZ )/ (. 13TRGESS)
DERIVe-XAURGEDERIUR-RHORGEDERIUM
RATE=RESID/DERIV
W{S-NGESS-RQW
ol
IF(I.LT.50) GO TO 62
RHOR = RHORG

XMUR = XRURG
TR=TRGESS
oo TO 999

IDEAL GAS FLOW PROPERTIES

Ke1
TU=TINF
PU=PINF
DU=RHOINF
MU=U/AINF
VU=V
HU=HINF
AU=AINF
GARAU=GINF
PFRSTH-PU
TFRSTA=TU
DFRSTA=DU
JFRSTA=VU
HFRSTA-HU

IF(MU.LT.1.) GO TO 159

IF(NF(K)-36 )102,103,106

ITABLE=1

GO TO 104

ITABLE=-2

CALL PCSU(MU,ALFA(K), ITABLE,OF T,BETA)

IF(NERROR.NE.®) RETURN
IF(OFT-1.)107,20,105
BETA=90.

GO TO 107

BETA=ALFA(K)

CALL DOUNID(BETAZP1-/180)




ORIG
op PlNAL PAGE I3

OOR QUALITY
z:g DETERMINE LOCAL FLOW CONDITIONS \
89! IF(NF(K).CT.38 ) GO TO 116
90! IF(NF(K+1).EQ.14) GO TO 126
W1 IF(NF(K+1)-16) 108,109,123

02t 123 IF(NFiK+1)-18) 124,111,125

393t 108 ITABLE-]

048 GO TO 110

395t 109 ITABLE-4

396¢ 110 CALL PCSU(N.OLFMKQ")‘ ITABLE,OFT,PC)

k4] IF (NERROR.NE.®) RET

398 BETAP=ALFA(K+1)2P1/180

098 IF(OFT~1.)112,26,111

400! 111 BETAP-ALFA(K+1)2PI/180

401! PL=PU+(PTOTAL-PU)ISSIN(BETAP X222

402! GO TO 113

403 112 IF(PC.LT.0.) PC=0.

4041 PL=PU+PCIDUSVUSVU-/2.

405! GO 10 113

408: 126 PSAV=PTOTAL

40 TSV=TTOTAL

408! RSV-RHOTOT

409 ANGLE-PI/2

410t CALL DOUNID(ANGLE)

411t PSTAV ‘PTOTAL

41a PTCTAL=PSAV

4“Un RHOTOT=RSV

414 TTOTAL=-TSY

416! BETAP-ALFA(K+1)3P1/180

416! PL=PU+(PSTAG -PU)SSIN(BETAP)322

417 GO 70 113

418t 126 PCeALFA(K+1)

U BETAP=0.

420 PL=PU+PCEDUSVURVU /2.

421 113 IF (PL .GT. PTOTAL) PL=PTOTAL RI

422! ML=SORT(S5.2((PTOTAL/PL)ZX(2.77.)-1.))

423 HTOTAL=0.24XTINF+VZVU/50103.

4241 TT=HTOTAL/.24

425t TL=TTE(PL/PTOTAL )2%.286

426! DL =PL/(GR2TL)

42N AL=49.022S0RT(TL)

428! HL=0.242TL

42901 GAMAL-1.4

430! IF(HL.GT.HTOTAL) GO TO 114

431 UL*SORT((HTOTAL-HL )350103.)

4321 GC T0 115

433t 114 HL-HTOTAL

494 PL=PYOTAL

4361 VUL=VUSCOS (BETAP 1332

436 IF (BETAP .EQ. 0.) VL-0.

43N ML=VUL/AL

438 GO T0 115

439:C

::’lg CALCULATE OBLIQUE SHOCK PRESSURE
[

442t 124 VLT-VUSCOS(BETASPI/180)

443 IF(ALFA(K+1).GT.BETA) GO TO 116

444 ANGL-PI/1B0S(BETA-ALFA(K+1))

446 UL=ULT/COS(ANGL)

446! HTOTAL=.243TINF+VUXVU/50103.

44N HL=HTOTAL-VLSVUL/S0103.

441 IF(HL.LT.0.) GO TO 111

449! TL=ML/.24

450! PL-PDS(TL/TD)223.5

461! DL-PL/(GRETL)

4521 AL~49.023S0RT(TL)

453 ML-VUL’/AL

4541 GAMAL-1.4

4551 BETAP-ALFA(K+1)3P1/186%

466 115 JF(NF(K+2).ME.29) GO TO 117

45N CALL PMID(ALFA(K+2),HL,AL,PL,TL,VL,DL,NL)

458! BETAP= (ALFA(K+1 )-ALFA(K+2))2P1/180

4591 K=K+3

460! GO 70 118

4611 117 K=K+2
462 118 IF(K.GT.9) GO TO 120
463! IF(AL.LE.S.) GO TO 120
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159

160
162
165

167
166

168

163

164

IF(NF(K).LE.®) GO TO 120
PU=PL

TU=TL
DU=DL
HU=HL
AU-AL
WeUL
RU-AL
GAMAU=GAMAL
PFRSTA-PU
TFRSTR=TU
DFRSTN-DU
VFRSTR-W
HFRSTR-MU
GO TO 101

MACH HMUMBER LESS THAN ONE( IDEAL GAS

IF(K.LT.2) GO TO 160
HO=HTOTAL

PO=PTOTAL

RHOO=RHOTOT

TO-TTOTAL

GARAO-GTOTAL

GO TO 162
PO-PUS(1.+.23MUSAU )223.5
HO=HU+UUZVU/50103.
TO=MO/.24

GARAO=-1.4

CALL HANSEN(XMUO,FO,T0)
IF(NF(K+2).EQ.29) GO TO 166
BETAP=ALFA(K+1)3P1~/180
K=K+2

IF(K.GT.7) GO TO 168

IF (ALFA(K)-0.)168, 168,165
BETAP«(ALFA(K+1)-ALFA(K+2))2P1/180
IF(BETAP.LT.0.) BETAP-0.
K=K+3

GO TO 167
PE=PU+(PO-PU)SSIN(BETAP 282
T0=HO/ .24

GCARAO=1.4
TE=TOS(PE/PO)28.286
RHOE =PE/ (GRETE)
RHO0=P0/(32.2853.353T0)
HE=0.243TE

CAMAE-1.4

IF(HE.GT.HO) GO TO 163

IF (BETAP .GE. PI/2) GO TO 163
UE=SORT ( (HO-HE )350103.)
AE=49.023S0RT(TE)

XME -UE/AE

CALL MANSEN(XMUE,PE,TE)

GO TO 164

PE-PO

HE =HO

TE-TO

RHOE »RHOO

XMUE = XPUO

UE=d.
VE-UWZECOS(DETAP )B32

XNE-0.
HSL-HE
PSL-PE
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121

GARAD=GARKU
GARASL=1.4
PSTAG-PO
RHOSTGRNOO
TSTG-TO
XRUSTG=XMUO0
GO TO 121

SUEPT CYLINDER STAG LINE PROPS
VUT=VUSCOS(BETARP1/180)

UN=0.

JE(UT.LT.UL) UN-SQRT(UDEVUD-VTIVT)
EAN=UN/HD
TSL-TDS(1,+.28EMNSERN)
PSL-PDS(TSL/TD)3%3.5
HSLe=.243TSL
RHOSL-PSL/(GRETSL)
CAMASL=1.4

VUSL=UUSCOS (BETAZPI/180)
CALL MAMSEM(XMUSL,FSL,TSL)
PE-PSL

HE-HSL

TE-TSL

RHOE =RHOSL

GAMAE GARASL

XMUE = XMUSL

UE-VUSL

XRE=UT/AD

PSAV=PTOTAL

TSU=TTOTAL

RSU*RHOTOT

ANGLE-P1/2

CALL DOUNID(ANGLE)
PSTAG-PTOTAL
HTOTAL=0.248TINF+USV/50103.
TSTG-HTOTAL/ .24
RHOSTG=PSTAG/ (GRETSTG)
CALL HANSEN(XMUSTG,PSTAG,TSTG)
PTOTAL=PSAV

TTOTAL-TSV

RHOTOT=RSV
BETAP-BETAZPI/ 180

GO TO 119

DEFINE BOUNDARY LAYER EDGE PROPERTIES

XNRE -RE

CALL MANSEN(XMUE,PE,TE)
HO=HTOTAL

PO-PTOTAL

T0HO/ .24

RHOO=PO/ (GRZTO)

GARAO-1 .4

CALL HANSEN(XMUO,P0,TO)
CALL MANSEN(XMUU,PU,TU)

DEFINE UALL PROPERTIES

HU-0.243TV

GU=1.4

XRACHU- MU

RHOM=PE/ (GRETY)

CALL HANSEN(XMUN,PE,TY)
ALPHA-DETAP/P12180

ECKERT REFERENCE ENTHALPY PROPERTIES - IDEAL GAS
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135

MRECL-ME+0.8SSUESUE/S0103.
HRECT-HE+0.883UESUE/S0103.

HSTL *0.SR(ME+HU)+0.228 (HRECL-ME )
HSTT «0.SB(HE+*HU)+0.228 (MRECT-HE )
TSTL=MSTL/.24

TSTTHSTT/.24

GARAS=1.4
RHOSTL-PE/(1716.4837TSTL)
RHOSTT=PE/(1716.48875TT)

CALL MANSEN(XMUSTL,PE,TSTL)

CALL HANSEN(XMUSTT,PE,TSTT)

1IF (NWFLAG.EQ.5) CO TO 150

IF (NWFLAG.EQ.7) GO TO 150

GO TO 999

DEFINE RMO R, MU R PROPERTIES

RHOSP+PE/ (CR2TO)
COLL HANSEN (XMUSP,PE, TO)
RASP = RHOSPEXMUSP
RPE - RHOE 3 XRUE
RREE-RASPE(1.85- .85 (RASP/RAE ) )

RAY-RHOUSXRUY
ROMUR-RMEES(1.60-0.603(RREE/RMY) )
ITERATE FOR RHO R AND MU R

I=1

RAP-RORMUR/(1.E~132PE)
TRGESS-2.21E43RMPIR(-2.47)

GO TO 132
TRGESS-2.E7SRAPE2(-7.39)
IF(TRG!SS.GT.10000.) TRCESS-10000.
RHORG *PE 7 (GRITRGESS )

CALL MANSEN(XRURG,PE, TRGESS )
RAGESS * RHORG EXRURG

ERR=ABS ( (RMGESS-RCKAUR ) /RORNUR )
IF(ERR.LT..01) GO TO 135
RESID-RORMUR-RMGESS

TRGAZ + TRGESS30 . 95
DERIVR«-PE/(GRETRCESSSTRGESS )
CALL HANSEN(XRURPZ,PE, TRGP2)
CALL MHANSEN(XMURMZ,PE, TRGAZ)
DERIUM« (XMURP2-XMURNZ )/ ( . 18TRGESS )
DERIV=--XRURGEDERIVR-RHORGEDERIVA
RATE-RESID/DERIV
Il?{fS'YIGESS-IGT[

“le
IF(1.LY.50) GO TO 132
RHOR =RHORG
XPUR = XRURG
TR=TRGESS
HR=.243TR
GARAG-1.4
RE TURN
END
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2ENTRO0(660),FLP2(20),HTBL(33),ENTROV(20,33),FLPU(

SUBROUTINE MOLIER(H,P,NOPT,T,Z,S,RHO,GAMMA)

NOPT=9 LOOK UP PROPS BASED ON P AND H
NOPT=1{ LOOK UP PROPS BASED ON P AND S
NOPT=2 LOOK UP PROPS BASED ON P AND T
NOPT=3 LOOK UP PROPS BASED ON H AND S
DIMENSION FLP(33,20),H2(33,20),TT(33,20),2T(33,20),GANE( 33.2.),
lENTR0(33.a.).FLP0(66.).HZO(GSO).TTO(GG.),270(650)520252(58.
.
EQUIVALENCE (FLPO,FLP), (H20,HZ),(TTO,TT), (2ZT0,2ZT), (GAMEO,GANE ),
1 (ENTROO,ENTRO)
DATA PO.CPOR.NO SOR,G,R,ALE,RT0,CP/2116.,3.48158,117.346,23.6,

132.2,53.35,2.302585, 33.705, . 23866/

10

11
100

101
1e

20

el

cee

204

205

a2

Je

301

N

40

41

MON/FMG/ lx‘L.lFP
IDEAL=0®

z-’..

GANMA=1.4

IF(12.EQ.33) GO TO S

DO 2 K=1,20

LL=33%(K-1)

DO 2 L-1,33
FLPOCLL+L)=FLPZ(K)
IF(K.EQ.1) GO TO 2
HZOCLL+L)=HZO(L)
CONTINUE

12-33

JZ2-20

DO 1 I-§,IZ
HTBL(I)=HZ2(I,1)

DO 1 J"an
ENTROV(J,1)=ENTRO(I,JZ-J+1)
FLPU(J,I)=FLP(I,J2Z-J+1)
IF(NOPT.EQ.3) GO TO 4@
PL=ALOG18(P/2116.) + 10.
IF(NOPT-1) 10,20,30
IF(H.LT.100.) GO TO 100
CALL DINT(H,NZ,2,27,PL,FLPZ,12,J2,7,TT,S,ENTRO, 0, GAMMA, GARE )
IF(2-.2222E+30)11,12,12

RHO= P/(32.2353.35823T)

GO TO Se

IF(H.LT.08.) GO TO 12

T=H/CP

RHO=P/ (GERZT)

S=(CPORSALOG1@(H/HO)-ALOG1@(P/P0O) )SALE+SOR

GO TO Se

IFP=4

IDEAL=1

GO TO Seo

IF(PL LT.FLPZ(1)) GO TO 22
DO 21 J-2,JZ

IF (PL-FLP2(J)) 2e3,2e2,21

CONTINUE

IF(S-ENTRO(2,J)) 205,204,204

IF (S-ENTRO(2,J-1)) 205,204,204

CALL DINT(S,ENTRO,H,HZ,PL,FLPZ,12Z,J2,7,TT,Z,27,1,GANMA,GANE)
IF (H-.2222€E+30)11,22,22

H=RTOXCPORX10%x2( (S-SOR+ALESALOG1@(P/P0) )/ (CPORSALE))
T=H/CP

RHO=P/ (GXRXT)

GO TO Seo

IFP=1

IDEAL=-1

GO TO &

IF(T,L7.419.) GO TO 301

CALL DINT(T,TT,H,HZ,PL FLPZ 1Z,J2, Z,27,S,ENTRO, 1,GAMMA, GANE )
IF (H-. 22225030 11.31.3

IF(T.LT.®.) GO TO 31

H=CPXT

RHO=P/ (GXRXT)

GO TO 101

IFP=1

IDEAL-1

GO TO Se

IF(H.LT.100.) GO TO 4@i

CALL DINT1(S,ENTROV,PL,FLPV,H,HTBL,JZ,12)
IF(PL-.2222E+30)41,42,42

IF(PL.CT.12.69897) GO TO 44

P=10.23(PL-10.)%2116.
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0)
GO TO 10 ORIGIN
IF(H.LT.0.) GO TO 42 ® pVay
ALP+ (SOR-S ) /ALE+CPORBALOG1@ (H/HO) O0p © 24
P=POX10.S3ALP R .
ToH/CP Uqy . 28
RHO+P/ (GSRET) 7y
GO TO 50

IFP=1

IDEAL-=1

GO TO S0

4 IDEAL=2

5@

RETURN

DATA (FLPZ(J),J-1,20) /6.30103, 6.69897?, 7.0, 7.30103, 7.69897, 8.
10, 8.30103, B.69897, 9.0, 9.30103, 9.69897, 10.0, 10.30103, 10.698
297, 11.0, 11.30103, 11.69897, 12.0, 12.30103,12.69897/

DATA (TTO(L),L=1,204)/ 0., 419., 834.,1616.,2339.,3032.,3478.,
13848.,4025.,4175.,4320.,4468.,4600.,4880.,5148.,5730.,6238.,6565.,
26836.,700S.,7155.,7279.,7380.,7693.,7911.,8100.,8262.,8419.,8568.,
38723.,8900.,9140.,9450., 0., 419., 834.,1616.,2339.,3032.,3517.,
43907.,4130.,4300.,4460.,4600.,4750.,4940.,5260.,5760.,6300.,6705.,
56984.,7195.,7350.,7490.,7596.,7927.,8172.,8374.,8550.,8712.,8878.,
69054.,9250.,9490.,9780., 0., 419., B834.,1616.,2339.,3032.,3546.,
73964.,4224.,4399.,4563.,4708. ,4865.,5060.,5346.,5775.,6350.,6795.,
87092.,7305.,7495.,7648.,7772.,8125.,8388.,8595.,8784.,8950.,9135.,
99324.,9520.,9750.,10030., ©., 419., 834.,1616.,2339.,3032.,3571.,
14035.,4295.,4500.,4669.,4830.,4990.,5180.,5450.,5890.,6450.,6870.,
27218.,7450.,7640.,7790.,7920.,8323.,8604.,8827.,9018.,9216.,9405.,
39594.,9780.,10030.,10350., 0., 419., 834.,1616.,2339.,3032.,3586.,
44100.,4410.,4630.,4815.,4985.,5150.,5340.,5594.,5990.,6498.,6995.,
$7353.,7620.,7840.,8015.,8172.,8597.,8901.,9150.,9378.,9576.,9765.,
69963.,1018¢.,10420.,10730.,0., 419., 834.,1616.,2339.,3032.,3596.,
74150.,4485.,4735.,4930.,5100.,5276.,5480.,5724.,6050.,6580.,7050.,
87470.,7760.,8000.,8190.,8334, ,8811.,9144.,9410.,9648.,9846.,
910060.,10280.,10500.,10740.,11040.,0.,419.,834.,1616.,2339.,3032./

DATA (TTO(L),L=205,400)/3618.,4208.,4555.,4829.,5040.,5240.,54i0.,
15610.,5872.,6195.,6650.,7165.,7596.,7908.,8150.,8355.,8532.,9036.,
29414.,9657.,9927.,10160.,10380.,10590.,10820.,11100.,11400., O.,
3 419., 834.,1616.,2339.,3032.,3630.,4259.,4655.,4960.,5202.,5408.,
45640.,5840.,6066.,6350.,6790.,7250.,7722.,8095.,8360.,8600.,8725.,
59378.,9756.,10060.,10350.,10580.,10800.,11040.,11300.,11580.,
611880., O., 419., 834.,1616.,2339.,3032.,3640.,4300.,4750.,5060.,
75323.,5550.,5758.,5990.,6228.,6505.,6900.,7310.,7830.,8215.,8520.,
88760.,9000.,9630.,10049.,10390.,10660.,10920.,11180.,11420.,
911680.,11976.,12290.,0., 419., B834.,1616.,2339.,3032.,3654.,4314.,
14800.,5150.,5445.,5683.,5910.,6150.,6394.,6650.,7045.,7485.,7966.,
28350.,8680.,8955.,9198.,9864.,10350.,10690.,11000.,11290.,11550.,
311810.,12100.,12380.,12706.,0.,419., 834.,1616.,2339.,3032.,3654.,
44328.,4880.,5295.,5598.,5880.,6110.,6355.,6628.,6900.,7250.,7660.,
S58118.,8550.,8910.,9210.,9468.,10230.,10740.,11150.,11430.,11790.,
612080.,12370.,12650.,12980.,13300.,0.,419.,834.,1616.,2339.,3032.,
73654.,4416.,4945.,5395.,5724.,6015.,6285.,6540.,6808.,7100.,7450.,
87810.,8270.,8695.,9085.,9415.,9702.,10510.,11070.,11500.,11870.,
912200.,12510.,12820.,13110.,13450.,13800., ©., 419., 834.,1616./

DATA (TTO(L),L=401,590)/2339.,3032.,3654.,4455.,4980.,5475.,5839.,
16150.,6450.,6735.,7002.,7300., 7640. ,8000.,8433.,8948.,9245.,9600.,
29900.,10800.,11400.,11880.,12280.,12630.,12970.,13280.,13610.,
313960.,14310., 0., 419., B824.,1616.,2339.,3032.,3654. ,4469.,5010.,
45548.,5976.,6348.,6655.,6950.,7281.,7575.,7910.,8275.,8658.,9100.,
59496.,9865.,10188.,11200.,11880.,12420.,12820.,13270.,13600.,
613960.,14310.,14690.,15080.,0.,419., 834.,1616.,2339.,3032.,3654.,
74483.,5025.,5580.,6080.,6474.,6830.,7150.,7488.,7800.,8140.,8500.,
88892.,9300.,9700.,10070.,10404.,11500.,12260.,1c.10.,13300.,
913770.,14140.,14500.,14880.,15270.,15660., 0., 419., B34.,1616.,
12339.,3032.,3654.,4497.,5038.,5675.,6169.,6580.,6975.,7340.,7686.,
cB008.,B8350.,8740.,9108.,9525.,9930.,10310.,10683.,11840.,12656.,
313280.,13810.,14270.,14700.,15100.,15490.,15890.,16290., 0., 419.,
4 834.,1616.,2339.,3032.,3654.,4505.,5050.,5725.,6266.,6750.,7188.,
57566.,7956.,8300.,8670.,9050.,9450.,9850.,10260.,10660.,11052.,
612290.,13190.,13910.,14500.,15010.,15480.,15930.,16350.,1680¢.,
717229., ©O., 419., B834.,1616.,2339.,3032.,3654.,4515.,5075.,5750.,
86336.,6848.,7220.,7755.,8154.,8540.,8945.,9310.,9720.,10110.,
910540.,10940.,11340.,12630.,13630.,14400.,15056.,15610.,16110./

CATA (TTO(L),L=-591,660)/16600.,17070.,17520.,17980.,0.,419,,834.,
11616.,2339.,3032.,3654. ,4425.,5110.,5774.,6386.,6935.,7440.,7905.,
28352.,8755.,9155.,9573.,9990., 10400.,10846.,11230.,11630.,13010.,
314090.,14940.,15640.,16240.,16830.,17320.,17809.,18300.,18820.,0.,
4 419., B34.,1616.,2339.,3032.,3654.,4425.,5110.,5790.,6440.,7030.,
S57580.,8090..859¢.,9040.,5490.,9905.,10370.,10800.,11210.,11640.,
612060.,13540.,14710.,15680.,16480.,17140.,17770.,18360.,18910.,
719450.,1998¢./
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DATA (ZTO(L),L=1,249)/6%1.0,1.007,1.024,1.049,1.076,1.103,1.130,
11.156,1.180,1.201,1.210,1.216,1.226,1.238,1.251,1.265,1.280,1.296,
21.358,1.422,1.486,1.551,1.617,1.681,1.746,1.810,1.874,1.934,6%1.0,
31.004,1.020,1.044,1.071,1.098,1.124,1.152,1.176,1.197,1.208,1.214,
41.224,1.235,1.248,1.260,1.275,1.290,1.352,1.416,1.480,1.545,1.609,
“1.674,1.778,1.802,1.865,1.925,671.0,1.003,1.018,1.040,1.067,1.094,
$1.119,1.147,1,171,1.193,1.206,1.213,1.221,1.232,1.244,1.2358,1.272,

.
71.0787,1.348,1.411,1.475,1.539,1.604,1.667,1.732,1.795,1.858,1.918,
RG2).0,1.001,1.016,1.037,1.060,1.088,1.115,1.140,1.165,1.188,1.204,
91.212,1.219,1.229,1.241,1.255,1.268,1.283,1.343,1.406,1.470,1.534,
11.597,1.661,1.725,1.788,1.851,1.909,7%1.0,1.013,1.032,1.956,1.6081,
21.108,1.132,1.156,1.181,1.197,1.208,1.216,1.226,1.237,1.249,1.264,
31.277,1.337,1.398,1.461,1.526,1.589,1.652,1.715,1.778,1.840,1.899,
47%1.0,1.012,1.028,1.052,1.076,1.100,1.128,1.152,1.175,1.193,1.205,
51.214,1.223,1.234,1.246,1.259,1.273,1.332,1.393,1.455,1.518,1.582,
61..44,1.707,1.770,1.831,1.891,7%1.0,1.011,1.024,1.047,1.070,1.096,
71.120,1.144,1.1€9,1.188,1.201,1.211,1.220,1.231,1.242,1.256,1.269,
81.326,1.387,1.449,1.511,1.574,1.636,1.699,1.761,1.822,1.880,781.0,
91.010,1.022,1.042,1.063,1.088,1.112,1.136,1.160,1.180,1.196,1.206~

DATA (2TO(L),L=250,502)/1.215,1.226,1.237,1.249,1.2623,1.318,1.378,
11,439,1.500,1.563,1.625,1.687,1.748,1.808,1.867,7%1.0,1.009,1.017,
21.637,1.058,1.080,1.104,1.128,1.152,1.172,1.190,1.201,1.211,1.220,
31.232,1.244,1.258,1.312,1.372,1.431,1.492,1.554,1.616,1.677,1.738,
41.798,1.855,7%1.0,1.008,1.015,1.032,1.052,1.076,1.098,1.121,1.144,
51.164,1.184,1.197,1.207,1.216,1.228,1.249,1.252,1.306,1.364,1.424,
61.484,1.545,1.606,1.667,1.727,1.787,1.844,7%1.0,1.007,1.012,1.026,
71.046,1.066,1.088,1.110,1.133,1.154,1.173,1.188,1.200,1.210,1.220,
81.232,1.245,1.297,1.353,1.412,1.472,1.531,1.592,1.653,1.711,1.770,
91.826,721.0,1.005,1.009,1.022,1.040,1.058,1.080,1.101,1.124,1.144,
11.164,1.180,1.193,1.204,1.215,1.227,1.238,1.289,1.345,1.403,1.462,
21.522,1.581,1.640,1.699,1.757,1.812,7%1.0,1.004,1.007,1.018,1.034,
31.052,1.072,1.092,1.115,1.135,1.154,1.172,1.186,1.197,1.208,1.219,
41.231,1.281,1.337,1.394,1.452,1.510,1.569,1.627,1.685,1.742,1.798,
5721.0,1.003,1.005,1.013,1.027,1.044,1.063,1.081,1.102,1.122,1.140,
61.159,1.174,1.188,1.199,1.210,1.221,1.270,1.324,1.379,1.437,1.494,
71.552,1.609,1.666,1.721,1.777,7%1.0,1.002,1.004,1.012,1.023,1.037,
81.055,1.072,1.092,1.112,1.129,1.148,1.164,1.177,1.189,1.200,1.213,
91.261,1.314,1.368,1.424,1.480,1.537,1.594,1.650,1.705,1.759,7%1.0/

DATR (ZTO(L),L-503,660)/1.001,1.003,1.008,1.019,1.030,1.046,1.064,
11.082,1.098,1.117,1.136,1.152,1.165,1.179,1.191,1.203,1.251,1.3e2,
21.355,1.410,1.466,1.522,1.577,1.632,1.687,1.739,821.0,1.002,1.005,
31.014,1.024,1.037,1.052,1.069,1.085,1.103,1.119,1.136,1.150,1.164,
41.176,1.189,1.235,1.285,1.338,1.390,1.445,1.500,1.553,1.607,1.660,
51.712,8%1.0,1.001,1.003,1.010,1.019,1.030,1.044,1.059,1.075,1.091,
61.107,1.122,1.136,1.150,1.163,1.175,1.223,1.272,1.322,1.375,1.428,
71.480,1.534,1.586,1.639,1.692,9%1.0,1.001,1.007,1.015,1.024,1.037,
81.050,1.064,1.079,1.093,1.108,1.122,1.136,1.148,1.161,1.208,1.256,
91.306,1.357,1.410,1.460,1.512,1.564,1.615,1.665,10x1.,1.003,1.010,
11.019,1.028,1.039,1.050,1.063,1.076,1.090,1.104,1.116,1.128,1.141,
21.187,1.234,1.282,1.332,1.382,1.431,1.480,1.531,1.581,1.630/

DATA (GAMEO(L),L=1,212)/2%1.4,1.390,1.344,1.317,1.295,1.206,1.143,
11.114,1.108,1.108,1.114,1.131,1.169,1.226,1.264,1.238,1.180,1.143,
el.121,1.110,1.103,1.099,1.094,1.092,1.093,1.094,1.096,1.099,1.104,
31.111,1.122,1.138,2%1.4,1.390,1.344,1.317,1.295,1.214,1.149,1.119,
41.113,1.113,1.118,1.131,1.162,1.212,1.262,1.248,1.190,1.152,1.128,
51.116,1.109,1.105,1.898,1.096,1.097,1.098,1.100,1.102,1.107,1.114,
61.124,1.138,2%81.4,1.390,1.344,1.317,1.295,1.220,1.154,1.124,1.117,
71.116,1.121,1.132,1.159,1.203,1.258,1.255,1.198,1.158,1.133,1.121,
81.114,1.109,1.101,1.099,1.100,1.101,1.103,1.165,1.110,1.116,1.126,
91.139,2%1.4,1.390,1.344,1.317,1.295,1.227,1.160,1.130,1.121,1.129,
11.124,1.134,1.156,1.195,1.250,1.261,1.206,1.165,4.140,1.126,1.118,
21.114,1.105,1.102,1.103,1.104,1.106,1.108,1.112,1.118,1.128,1.140,
32%1.4,1.390,1.344,1.317,1.295,1.236,1.169,1.138,1.128,1.125,1.129,
41.137,1.154,1.186,1.237,1.261,1.218,1.174,1.148,1.134,1.125,1.120,
51.110,1.107,1.107,1.108,1.110,1.112,1.116,1.122,1.130,1.142,2%1.4,
61.390,1.344,1.317,1.295,1.244,1.176,1.144,1.133,1.130,1.133,1.149,
71.154,1.181,1.226,1.258,1.227,1.182,1.156,1.140,1.131,1.126,1.114,
81.111,1.111,1.112,1.113,1.116,1.120,1.125,1.133,1.145,2%1.4,1.390,
91.344,1.317,1.295,1.250,1.183,1.151,1.138,1.134,1.137,1.143,1.,155/

DATA (GAMEO(L),L+=213,276)/ 1.179,1.218,1.252,1.236,1.191,1.163,
11.147,1.138,1.131,1.118,1.114,1.114,1.115,1.117,1.120,1.123,1.128,
21.136,1.147,2%1.4,1.390,1.344,1.317,1.295,1.258,1.193,1.161,1.146,
31.140,1.142,1.148,1.157,1.177,1.209,1.244,1.244,1.207,1.177,1.159,
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41.139,1.124,1.120,1.119,1.120,1.122,1.124,1.128,1.133,1.141,1.150,
52%1.4,1.390,1.344,1.317,1.295,1.263,1.201,1.169,1.158,1.146,1.147/
DATA (GAMEO(L), L=277,424)/ 1.152,
61.160,1.177,1.204,1.237,1.245,1.219,1.180,1.169,1.156,1.146,1.128,
71.124,1.123,1.124,1.126,1.128,1.132,1.137,1.143,1.154,2%1.4,1.390,
81,344,1.317,1.295,1.267,1.210,1.177,1.159,1.162,1.152,1.156,1.163,
91.178,1.200,1.230,1.242,1.226,1.201,1.179,1.164,1.152,1.134,1.1238,
11.127,1.128,1.130,1.132,1.136,1.140,1.147,1.156,2%1.4,1.390,1.344,
21.317,1.295,1.271,1.223,1.188,1.168,1.160,1.159,1.161,1.169,1.180,
31.197,1.221,1.236,1.231,1.214,1.192,1.174,1.162,1.141,1.135,1.133,
41.133,1.136,1.138,1.142,1.146,1.152,1.161,2%1.4,1.390,1.344,1.317,

51.295,1.273,1.232,1.186,1.175,1.167,1.164,1.166,1.173,1.182,1.196,
61.217,1.231,1.232,1.222,1.202,1.183,1.170,1.147,1.140,1.138,1.138,
71.140,1.142,1.146,1.150,1.156,1.164,2%31.4,1.390,1.344,1.317,1.295,
81.274,1.238,1.206,1.183,1.172,1.176,1.171,1.178,1.186,1.197,1.214,
91.228,1.232,1.226,1.210,1.192,1.179,1.153,1.145,1.143,1.143,1.145~/

DATA(GAMEO(L),L=425,636)71.147,1.15,1.154,1.169,1.168,2121.4,1.390,
11.344,1.317,1.295,1.275,1.244,1.218,1.195,1.182,1.178,1.178,1.183,
21.190,1.200,1.213,1.225,1.231,1.228,1.218,1.204,1.191,1.162,1.153,
31.150,1.150,1.150,1.153,1.156,1.160,1.160,1.173,231.4,1.399 1.344,
41.317,1.295,1.275,1.247,1.226,1.204,1.189,1.184,1.184,1.188,1.194,
51.202,1.213,1.224,1.230,1.220,1.224,1.212,1.200,1.169,1.159,1.155,
61.155,1.156,1.158,1.161,1.165,1.171,1.177,2%1.4,1.399,1.344,1.317,
71.295,1.275,1.250,1.232,1.211,1.196,1.190,1.190,1.102,1.198,1.205,
81.214,1.224,1.230,1.231,1.227,1.219,1.208,1.176,1.165,1.161,1.160,
91.161,1.163,1.166,1.169,5.175,1.182,2%1.4,1.390,1.344,1.317,1.295,
11.276,1.253,1.237,1.219,!.205,1.199,1.198,1.199,1.204,1.210,1.216,
21.224,1.230,1.232,1.231,1.226,1.216,1.186,1.174,1.169,1.167,1.168,
31.170,1.173,1.177,1.181,1.187,2%1.4,1.390,1.344,1.317,1.295,1.276,
41.254,1.240,1.223,1.212,1.205,1.203,1.2084,1.268,1.214,1.220,1.225,
51.230,1.233,1.232,1.228,1.221,1.194,1.181,1.176,1.173,1.174,1.176,
61.179,1.1P2,1.186,1.192,2%1.4,1.3906,1.344,1.317,1.295,1.276,1.255,
71.241,1.226,1.217,1.213,1.208,1.209,1.212,1.218,1.223,1.226,1.229,
£1.233,1.232,1.229,1.224,1.203,1.188,1.182,1.179,1.180,1.182,1.184,
91.187,1.191,1.196,2%1.4,1.390,1.344,1.317,1.295,1.276,1.265,1.242/
DATA(GAMEO(L),L-637,660)/1.228,1.223,1.22,1.214,1.218,1.219,1.223,
11.228,1.228,1.230,1.233,1.233,1.229,1.227,1.214,1.198,1.191,1.187,
21.188,1.189,1.192,1.195,1.198,1.202/

DATA (ENTROO(L),L=1,204)/ 23.6%,31.56,33.97,36.43,37.92,39.01,
139.88,40.87,41.78,42.65,43.50,44.33,45.16,45.94,46.67,47.33,47.94,
248.50,49.04,49.58,50.10,50.59,51.08,53.05,54.88,56.70,58.46,60. 16,
361.93,63.61,65.22,66.85,68.40,22.76,30.64,33.05,35.51,37.09,38.09,
438.96,39.93,40.84,41.70,42.54,43.32,44.08,44.84,45.55,46.22,46.81,
547.39,48.01,48.41,48.95,49.43,49.93,51.84,53.58,55.32,57.68,58.72,
660.365,62.00,63.58,65.10.66.66,22.07,29.95,32.36,34.82,36.31,37.40,
738.25,39.21,40.11,49.99,41.79,42.57,43.30,44.01,44.75,45.49,45.99,
846.53,47.16,47.56,48.02,48.51,49.02,50.85,52.61,54.32,55.99,57.64,
959.24,60.80,62.33,63.84,65.34,21.37,29.26,31.66,34.12,35.61,36.70,
137.56,38.50,30.40,40.24,41 01,41,79,42.52,43.22,43.02,44.56,45.15,
245.79,46.20,46.79,47.17,47.65,48.12,49.94,51.65,53.31,54.96,56.52,
358.06,59.61,61.10,62.57,63.99,20.46,28.34,30.75,33.21,24.76,35.79,
436.63,37.57,38.43,39.22,40.01,40.77,41.45,42.14,42.82,43.44,44.92,
544.57,45.09,45.55,46.93,46.49,46.93,48.73,50.35,51.98,53.54,55.06,
656.56,58.04,59.6,60.86,62.28,19.77,27.65,30.06,32.52,34.91,35.160,
735.96,36.89,37.72,38.53,39.27,40.00,40.72,41.36,42.06,42.62,43.20,
B843.74,44.23,44.70,45.18,45.63,46.04,47.77,49.38,50.94,52.49,53.97,
955.42,56.87,58.23,59.60,60.98,19.07,26.96,29.36,31.82,33.31,34. 40/

DATA (ENTROO(L),L=205,4908)~ 35.27,36.17,37.01,37.80,38.51,39.2¢2,
139.90,40.57,41.17,41.80,42.37,42.90,43.39,43.86,44.32,44.76,45.17,
246.80,48.42,49.93,51.40,52.87,54.31,55.66,57.0,58.36,59.68,18.16,
326.04,28.45,29.91,32.49,33.45,34.35,35.25,36.08,36.85,37.56, 38.25,
438.88,39.53,40.12,40.64,41.25,41.80,42.30,42.74,43.16,43.61,44.30,
545.61,47.11,48.62,50.00,51.40,52.80,54.13,55.49,56.68,57.90,17.46,
625.35,27.75,30.21,31.70,32.79,33.64,34.55,235.38,36.12,36.81,37.56.
738.13,38.75,39.33,39.00,40.43,40.95,41,42,41.89,42.32,42.72,43.13,
B844.70,46.19,47.62,49.00,50.31,51.64,52.97,54.24,55.42,56.60,16.77,
924.65,27.06,29.52,31.01,32.10,32.96,33.88,34.66,35.4@,36.08,3€.72,
137.37,37.97,38.54,39.11,39.63,40.12,40.60,41.02,41.48,41.88,42.27,
243.79,45.25,46.64,47.96,49.28,50.52,51.80,53.00,54.20,55.32,15.85,
323.74,26.14,28.60,30.09,31.18,32.903,32.87,33.75,34.45,35.11,35.76,
436.35,36.93,37.48,38.04,38.54,39.02,39.48,29.94,40.35,40.75,41.13,
542.60,43.99,45.33,46.65,47.87,49.06,50.26,51.45,52.58,53.67,15.16,
623.04,25.45,27.91,29.40,30.49,31.34,32.26,33.04,33.74,34,.41,35.00,
735.61,36.16,36.69,37.23,37.73,38.19,38.66,39.10,39.50,39.85,40.28,
841.70,43.04,44.35,45.60,46.80,47.98,49.10,58.27,51.35,52.40,14.47,
922.35,24.76,27.22,28.71,29.80,30.67,31.57,32.35,33.02,33.68,34.28~

DATA (ENTROO(L),L=409,612)~ 34.85,35.49,35.92,36.45,36.92,37.40,
137.84,38.27,38.68,39.03,39.40,40.81,42.13,43.38,44,.56,45.73,46.8R,




247.98,49.07,50.15,51.15,13.55,21.43,23.84,26.30,27.79,28.88,29.75,
330.64,31.42,32.10,32.72,33.30,33.87,34.39,34.90,35.40,35.86,36.32,
436.75,37.17,37.57,37.95,38.30,39.65,40.93,42.10,43.27,44.34,45.45,
546.51,47.53,48.53,49.50,12.86,20.74,23.15,25.61,27.10,28.19,29.01,
629.97,30.71,31.39,32.00,32.60,33.15,33.68,34.14,34.62,35.10,35.54,
735.95,36.35,36.77,37.11,37.44,38.77,40.02,41.16,42.27,43.32,44.37,

845.42,46.38,47.36,48.28,12.16,20.
929.25,30.03,30.68,31.30,31.86, 32.
135.14,35.53,35.91,36.27,36.62,37.
244.28,45.27,46.18,47.09,11.25,19.
328.34,29.11,29.77,30.37,30.95,31.
434.11,34.50,34.84,35.19,35.53,36.
542.87,43.79,44.63,45.49,10.55,18.
627.64,28.42,29.06,29.69,30.22, 30.
733.31,33.68,34.05,34.38,34.71,35.
841.80,42.64,43.51,44.30, 9.86,17.
926.95,27.72,28.37,28.98,29.53, 30.

DATA (ENTROO(L),L=613,660)/ 32
136.16,37.18,38.12,39.€4,39.90,40
219.24,21.76,23.19,24.28.25.15,26
329.56,30.00,30.41,30.80,31.18,31

es,22.
41,32.
90, 39.
.54,24.00,25.49,26.58,27.44,
46,31.
77,37,
44,20.
.22,31.68,32.12,32.54,32.95,
93,37.
76,20.
34,130,
.55,32.
.76,41
.03,26
.54,31
435.01,35.96,36.90,37.77,38.57,39.

13,21

76,31

33,40

45,24.91,26.40,27.49,28.36,
93,33.40,33.88,34.31,34.73,
10,40.22,41.31,42.34,43.31,

96,32.41,32.88,33.30,33.72,
90,38.99,40.00,41.00,41.95,
84,23.20,24.79,25.88,26.75,

06,38.05,39.08,40.00,40.92,
15,22.61,24.10,25.19,26.08,
$0,30.95,31.40,31.80,32.20/
91,33.24,33.59,33.99,35.09,
.57,42.37,43.18, 8.95,16.83,
.79,27.44,28.03,28.59,29.160,
.89,32.23,32.54,32.84,33.94,
.12,40.92,41.687

DATA (HZO(L),L=1,33)/0.,100.,200.,400.,600.,800.,1000.,1250.,
11500.,1750.,2000.,2250.,2500.,2750.,3000.,3250.,3500.,3750.,4000.,
24250.,4500.,4750.,5000.,6000.,7000.,8000.,90090.,10000.,11000.,
325300..13000.,14000.,15000./
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1 SUBROUTINE OPTMYZ(M)

:
[}
4:C THIS SUBROUTINE PERFORMS THE OPTIMIZATION PROCEDURE.
H:
]
il CORMON-/ THICK- DYEQ, TDOT, TRE, QC, QGR, ENC, ENISS, HRECOV,
8 t DT, TIME, PL, DTO, DTI, TEQG2
'] CORHON/OPTT/ TOPY,PERCNT,DELO,TI,
101 SIGMA, EMIS, MATL, NMTL, RHOM, CPM, ICANT, IDID
111 COHHON/ FLWFLD/ PHIL(S), PE, PHILIS(1®), TW, PHILUP(3S)
12 DIHINSXON TYM(100), ENCS(10@), HR5(100), TS(160),PS51109),
13 CPHATtto» THAT(10)
i4:1C1003 FORHaTthl S4X,2MHBD, I4,5H RR,13,7H CASE, 147 720X
15:C 139HAERODYNAMIC HEATING ENUIRONMENT “NARY s
16:C 29X, 4HTIME , 4X, 1 THHEAT TRANSFER, 4X,BHREL  "RY,6X, SHLOCAL, 19, 4MWALL
17:C 317X, 11HCOEFFICIENT, 6%, BHENTHALPY ,SX, BHPr  SURE,5X, 1 INTENPERATURE

18:C 4BX,SH(SEC ), 4X, I3H(LBM/FT2-SEC ), 4AX,9H(BTU- LEM), 4%, 9H(LBF /F T2 ) ,6X,

191C S?H(DEG F) 7)
201 2000 FORMAT(1MO, 49X, 29HOPTIMIZATION PROCEDURE RESULT, 1H@, 8x,

el 1 12HAT ITERATION, 13,

221 2 ISH MAXIMUM WALL YEMPERATURE REACHED -,

2 3 F11.3, 34H DEGREES  WITH A SKIN THICKMNESS =+, £11.5,
241 4 8H INCHES./ tH , BX, 27HCOMPLETE TRAJFCTORY UILL BE,
251 5 2HH RERUN USING THIS THICKNESS.)

261 2500 FORMAT(1H®, 77X, 36HTRAJECTORY VILL BE RERUN WITH A SKIN,
an 12H¢ THICKNESS =, E11.5)

=14 1000 FORRAT(1HO, 16X, 37HFAILURE TO OBTAIN CONUVERGEMNCE OF UWRLL,
=41 47H AND OPTIMUN TEMPERATURES AFTER 10 TRIES. CASE,
30: 11H ABANDOMED.)

31t 49000 FORMAT(1HO, SX,22HOPTIMUM TEMPERATURE OF, E11.5,

[

et 1 S1H DEGREES F 1S GREATER THAN THE MAXIMUM LQUILIBRIUNM,
33t e 1SH TENPERATURE OF, £11.5,11K DEGREES F.- 1M , SX,
34! 3 16H CASE ABANDONED. )

351 5000 FORMAT(1IHO, 7X, 23HUITH A SKIN THICKNESS «, E11.5, BM INCHES,,

361 1 35H MAXIMUA UALL TEMPERATURE REACHED -, F10.3,
37t e 10H DEGREES F7 1IH , 77X, ISHUHICH IS VITHIN, F10.3,
38 ) 36H PERCENT OF THE OPTIMUM TENPERATURE.)

30: 6090 FORMAT(1HO, 48X, 32HOPTIMNIZATION - SURPRISING RESULT/

49! 1 1HO, 13X, 29HUITH INITIAL SKIN THICKNESS =, E11.5,

411 2 43H INCHES, MAXINUM WALL TEMPERATURE REACHED =, F11.4,
421 k] 114 DEGREES F./ 1H , 12X, 16M WUMICH IS VITHIN, F?.3,
43 4 S1H PERCENT OFf THE OPTIMUM TENPERATURE. VYOUR CCMPUTER,
441 s 43H CONGRATULATES YOU ON YOUR EXCELLENT GUESS.)

45: 7000 FORMAT(1H®, SOX, 27HOPTINIZATION RESULT - RERUN, 13)

467 8000 FORMAT(1IH@, 7X, 39HOPTINIZATION PROCEDURE WILL BE REPEATED,

471 1 C4H TO CONPUTE & NEV GUESS.)

481 9000 FORNAT(1H®, S1IX, 2SHF TNAL OPTINIZATION RESULT>

49t 9509 FORMAT(IH , 7X, 44NYOUR FRIENDLY NEIGHBORMO ™" _ou.w UTER SUGGESTS/

Se: 1 1M, 12X, 43H(1) LOOSENING YOUR CONVERGEMNCE CRITERIA, OR~
(%] ¢ 1H 12X, 43H(2) IMPROUING, Bv UHATEVER MEANS nualLalLE,.
s21 3 27H VOUR ORIGINAL LOUSY GUESS.
s C
54:C THE FOLLOWING EXECUTABLE STATERMENT TOPT- TOPT + 459.7
551C UAS REMOVED FRCM THE MAIN PROGRAM (HB®@) TO THIS SUBROUTINE
56:C
571 TOPT- TOPT + 458.7
81 IF (M 1) 190, 200, 309
59:C
60:C
61:C SET THE COUNTER, ERROR FILAG, AND EQUILLIBRIUN TENPERATURE TO @.
621C
63:C

41 108 - @

L 1] TEQNAX = @,
[ { 1] ICANT = @
871 RETURN
68:C
89:C
701C SAVE FLOWFIELD PARAMETERS AND STORE NEW EQUILLBRIUM TEMPERATURE
71:C IF IT EXCEEDS PREVIOUS MAXIMUM.
728:1C
73:C
741 200 N - N ¢
761 TYM(MN) = TIKC
76! ENCS(N) » ENC C)
kadl HRS(N) = HRECOU
781 TS(N) = TW
-l PS(M) = PE /]
a0 IF (TRE .GT. TEQMAX) TEQMAX = TRE C%)
81 RETURN
s2:C
83:1C 0046. y




400

550

600
700

750

825

IF THE OPTIMUM TENPERATURE IS LESS THAN THE MAXIMUM
EQUILLIBRIUM TENPERATURE, ABANDON TRY.

NRAX =N
IF(R.EQ.4) GO TO 1000
IF (TOPT .GE. TEQMAX) GO TO 9S@

DETERMINE MAXIMUM UALL TEMPERATURE REACHED.

THAX = @.

DO 400 N = 1, NRAX

IF (TS(N) .GT. THAX) TPMAX = TS(N)
CONTINUE

IF (M .EQ. 3) GO TO 8S@

ITRY = @

ICANT - @

DELNEW - DELO

TDIFF = (ThAX - TOPT)/ TOPT
TDIF2 = (TMAX - TOPT)/(TOPT-TI)

CHECK IF CONVERGENCE HAS BEEN OBTAINED WITH TMIS THICKNESS,

IF (ABS(TDIFF) .LT. PERCNT) GO TO 70@
IF (IDID .EQ. 2) GO TC 750

IF (IDID .EQ. 3) GO TO Se@e

ITRY = [TRY + 1

[F C(ITRY .GT. 25) GO TO See

COMPUTE NEV THICKNESS AND GO THROUGH SIMULATED TRAJECTORY TO
GET NEU MAXIMUN UALL TEMPERATURE.

DELNEV = DELNEW % TDIF2 + DELNEV

TY - TI

THAX = TV

NN = NPMAX - 1|

DO 600 N =~ 1, NM

TWO = TV

HU = 0.24 £ U

QN = ENCS(N) X (HRS(N) - HW) - SIGMA x ENMIS ¥ TUxi4

CALL MATRES(MATL, QN, RHOM, CPM, DELNEW, TDOT, TU, TMAT, CPMAT,
NNTL)

1
TY = TDOT ¥ (TYM(N+1) - TYM(N)) + TuWO

IF (TU .GT. TMAX) THAX = TU
CONTINUE

GO TO See

IF (ITRY .EQ. @) GO TO B8s6e@

TRUR = THAX - 459.7
WURITE(E,2000) ITRY, TMUR, DELNEW
DELO = DELNEW

RETURN

T1 = THAX

D1 - DELNEW

DELO = DELO + TDIF2% DELO

GO TO B82S

T2 = TMAX

D2 » DELNEW

DELO = D2 + (TOPT - T2) & (D2 - D1)7 (T2 - T1)
URITE(6,2500) DELO

DELNEU-DELO

RETURN

IF THIS UAS RE-RUN OF ORIGINAL TRAJECTORY PRINT KESULTS AND
RETURN

|
i
|
|




167t 8S@ TDIFF = ABS(TMAX - TOPT)/ TOPT

158: TDCENT = TDIFF ¥ 100.
169! TRUR = THAX - 459.7
160t IF (TDIFF .LE. PERCNT .OR. IDID .GE. 3) GO TO 855
161: URITE(6,7000) IDID
162t URITE(6,5000) DELNEY, TMUR, TDCENT
163 VRITE(6,8000)
164! ICANT = 1
1651 RETURN
166t B85S ICANT = @
167 URITE(6,9000)
168! WRITE(6,5000) DELNEVY, TMUR, TDCENT
1691 IF (TDIFF .GT. PERCNT) WRITE(6,950@)
170 RETURN
171t 860 TDCENT = ABS(TDIFF) 5 100.
1722 TAUR = THAX - 459.7
173 URITE(6,6000) DELO, TMUR, TDCENT
1741 ICANT - -1
1761 RETURN
176:C
177:C
{;gng IF CONVERGENCE HAS NOT BEEN OBTAINED IM 25 TRIES ABANDON CASE.
)
180:C
181t 900 URITE(6,3000)
1821 ICANT = 1
183 RETURM
184:C
1861C
186:C IF OPTIMUM TEMPERATURE 1S GREATER THAN MAXIMUM EQUILLIBRIUM
187:1C TEMPERATURE, ABANDON CASE.
188:C
189:C
199: 950 TOUR = TOPT - 459.7
1911 TEQUR = TEQMAX - 459.7
~ URITE(S,4000) TOUR, TEQUR
1831 ICANT = 1§
Mc RETURN
]
ig:g URITE OUT ENVIRONMENTAL SUMMARY TABLE
19811000 CONTINUE
1891C URITE(6,1003)(MA(J),J=1,3)
200! DO 1002 K=1,NRAX
a01: TUF=T5(K)-459.7
ge2: URITE(6,1001) TYM(K),ENCS(K),HRS(K), PS(K), TUF

203t 1001 FORMAT(6X,F8.2,3X,E11.5,6X,F8.2,3X,E11.5,4X%,F8.2)
8041 1002 CONTINUE

20651 URITE(E,1604)
206! 1004 FORMAT(1M1)
207 RETURN

208! EMND




SUBROUTINE PCSMU(X,Y,ITABLE,OFFTBL,Z) PCSU00O1
3lc lllllllllllll!llllll!llllllllllltllllllllllllllllllltlltlllll!lll!llll

3C
41C
S:1C THIS SUBROUTINE COMPUTES PC AND S.W. ANGLE FOR A REAL GAS

6:1C
Il B 1120233033 833383033¢¢3303 338333330000 33 038 72333333333 33222322333233234
8:C

\
4
t -1 CORMON/ERRFLG/NERROR
‘ 100 DIMENSION A(6,6,28) , B(1008)
] 11 EQUIVALENCE (A(1,1,1), B(1))
! 12 OFFTBL=0
¢ 131 X3=X
! 143 IF(X.GT. 26.)X=26. PCSU001S
¢ 158 IPATCH=0 PCSW0020
161 IFC X .LT. 1.) GO TO See PCSU002S
173 IF(Y .LE. @.) GO TO 510 PCSU0030
18: IF( Y.GT.60. .AND.((ITABLE.EQ. 2).0R.(ITABLE .EQ.4)))GO0 TO S20 PCSU003S
19t IF ( Y.GT.S5. .AND. ((ITABLE .EQ. 1).0R.(ITABLE .EQ. 3)))GO TO S20PCSU0040
a0 GO TO (10,30,50,70), ITABLE
| 211 10 IF((X.LE. 1.7).AND.(Y.LE.16.))G0 TO 101 PCSWOeSe
eet IF((X.GT. 1.7).AND.(X.LE.2.8).AND.(Y.LE. 32.))G0 TO 102 PCSWOOS55
23t IF (X.LE.2.8) GO TO 52¢ PCSYOOE0
243 IF(Y.LE. 16.) GO TO 103 PCSU@96S
st IF(Y.LE. 35.) GO TO 104 PCSU®Q70
26t IF((X.GT. 3.4) .AND. (Y.LE. 45.))GO TO 105 PCSUOO?S
a7 IF (X .GT. B.) GO TO 106 PCSUORE0
L 28t GO TO S2e@ PCSUe08S
29t 30 IF((X.LE. 1.5).AND. (Y.LE. 28.))GO TO 101 PCSUO090
k1] IF((X.LE.2.8).AND. {X.GT. 1.5).AND.(Y.LE.48.))G0 TO 1e2 PCSWOR9S
s IF(X.LE. 2.8)G0 TO Sc2@ PCSU@100
e -4 IF(Y.LE. 35.)G0 TO 13 PCSU@105S
I GO 70 104 PCSuUe11e
34t SO IF(X.LE. 1.05)G0 TO 500 PCSU@115
35St IFC (X.LE. 1.45).AND. (Y.LE.B.))GO TO 101 PCSue12ce
36! IFC(X.LE. 2.0) .AND.(X.GT. 1.45).AND.(Y.LE. 20.))GO TO 102 PCSue12s
kY4 IF(X.LE. 2.0) GO TO 520 PCSU@130
38: IFC((X.LE.3.5).AND. (Y .LE. 12.))G0 TO 103 PCSUe13S
39: IFC(X.LE.3.5).AND.(Y.LE. 36.)) GO TO 104 PCSUO140
40: IF(X.LE.3.5) GO TO S2@ PCSU8145
41: IF(Y.LE. 20.!G0 TO 105 PCSUe15e
421 IF(Y.LE. 35.)G0 TO 106 PCSW0155
43: GO TO 107 PCSU@160
44 70 IF ((X.LE.1.5).AND.(Y.LE.32.)) GO TO 100
} 451 IF(X.LE. 1.5) GO TO S2@ PCSUG170
! 461 IF((Y.LE.20.).AND.(X.LE.2.8)) GO TO 102 PCSUR17S
i 471 IF((Y.LE.48.).AND. (X.LE.2.8)) GO TO 103 PCEU@180O
] 481 IF(X.LE. 2.8) CO TO S20 PCSU@185
! 491 IF(Y.LE. 24.) GO TO 104 PCSWU@196
: 501 IF(Y.LE. 40.) GO TO 105 PCSUO195
51 GO TO 106 PCSuUecee
521 100 C=(XXX-1)XSIN(.8174533xY)
S3s G=1.4
S41: Cl=((G+1)3C+2)/((G~-1)%C+2)
551 C2+ALOG(1.2+1./C)
561 Z=(1+C1XC2)X(SIN(.0174533xY) )3xx2
S71 RETURN
681 101 IPATCH=1 PCSWU0205
691 GO TO 706 PCSWOR10
80: 102 IPATCH=2 PC5W0215
’ 611 GO TO 70e PCSUe220
62! 103 IPATCH=3 PC5We225
<:' 631 GO TO 7ee PCSUO230
{1« 641 104 IPATCH=-4 PCSWOR235
65: GO TO 7ee@ PCSU®2 40
66t 105 IPATCH-S PCSWUR245
67t GO TO 700 PCSWO25e
68t 106 IPATCH=6 PCSWO255
T reEieee
- Pc
711 IF(X.GT.20.) X=20. R
72 700 CONTINUE
;2! ;P:Tﬁl = 7 X (ITABLE -1) + IPATCH
! 0. PCSUe27S
%! Xi=1./X PCSUR2RO
‘ 76 DO 740 1-1,6 PCSWO285

™m IF (A(1,1,IPATAB) .EQ. @.) GO TO 76@




4

b (1)
\ Oop ~ “AGp
: QUAL IS |
[ Ty

m DO 730 J=1,6 PCSWE295 l

791 IF (A(J,1,IPATAB) .EQ. ©.) GO TO 735 |

80: 2+2 ¢+ A0J,I,IPATAB) & (X18X(I-1)) X (Y$X(J-1)) |

81t 730 CONTINUE PCSU@310 }

823 735 CONTINUE PCSUO315

83t 740 CONTINUE PCSU320

84: 760 X=X3
! 851 IFC(CCITABLE.EQG.1).0R.(ITABLE.EQ.2)).AND.(Z.GE.90.))O0FFTBL=2 ,
g 86t IF((ITABLE .EQ. 3 .OR. ITABLE .EQ.4).AND.Z .GE.1.8)OFFTBL=2 |

87 RETURN

88t 500 OFFTBL-1. I

89: RETURN PCSWO33S

90: 510 URITE (6,511) ¥ PCSW0340

91t S11 FORMAT(S3HO 38333 UEDGE OR CONE ANGLE NEGATIVE OR ZERO, ANGLE=, PCSU@34S |

921 1€12.6,9H DEGREES.)

931 NERROR=1 |

943 RETURN

95: 520 OFFTBL-2. |

961 X=X3

971 RETURN PCSWO365 ]

981 DATA (B(I), I=1, 36) / -.45502295E+3, .41710S8E+2,

991 1 -.2526002E+1, 310., .1954673E+4, -.1441888E+3,

100: 2.1137163E+2,38%0. ,-.261245E+44, .154B773E+3,-.1767171E+2,310.,

1011 3 .1201241E+4,-.4653136E+2, .967671E+1,15%30./

1021 DATA (B(I),1+37,72)/

1031 4 .1562248€+2, -.3610159E+1, -.391B820SE-1, -.2403211E-2,

1041 s 210., -.4861156€+2, .3298S64E+2, -.3057881,

1051 6  .4272396E-1, 210., .2316127E+43, -.7982207€+2,

1061 7 .1808133E+1, -.1520378,  210., -.1535225€+3,

1071 8  .6332171E42, -.2104545E+1, .16028342, 1420./

1083 DATA (B(1), 1=73,108)/

1091 9 .2105304E-1, .1145824E+1,-.1576662E-2, .4145022E-3, .1464391E-3, PCSU041S

1101 1-.1168675E-4, .537745BE+2,-.6947946E+1, .1604501E+1,-.33449885 . PCSWO420

1111 2 .2550358E-1,-.5881141E-3, .2202846E+2, .2210030E+1, .6336085E-2, PCSU0425

1121 3 .73411788 ,-.7901796E-1, .2022837E-2,-.2833321E42, .3004077E+2, PCSW430

1131 4-.4863306E+1,-.1026703E+1, .14236532 ,-.40664526-2, 1250,/ PCSWR43S

1143 DATA (B(1), 1109,144)/ .1264253E+3, -. 1376618E+2, PCSWO440

1161 1 .6486186 ,-.1357706E-1, .121729€-3 , .® . -.122099E+4 , PCSW@445

1161 2 .8141611E+2,-.26783191 ,-.3160076E-1, .1795490E-4, .0 , PCSU@4S@

1171 3 .S419949E+4. -.9224745E+2, -.1777307E+2, .35320902 , .3728116E-2. PCSUO4SS

1181 4.0 . -.1302285E+5, .3071897E+3, .7558936E+1, .1641796E+1, PCSWO460

1191 5-.5539958E-1, .0 . .136BBOGE+S,-.9949971E+3, .B745465E+2, PCSWO465

1201 6-.6093441E+1, .1231502, .0,6%0./

1241 DATA (B(I),I=145,180)/

1221 ? .3767199E+2, - .3462785E+1, .13918317 ,-.1230641E-2, 2%.0 , PCSU@47S

123t 8 .3208977E+3, .3631055E+2,-.1786110E+1, .1748266E-1, 21.0 . PCSUO4BQ

1241 9 .3019779E+4, -.B096098E+3, .2870086E+2,-.25491071 , 2%.0 . PCSW@48S

125: 1 .S964713E+5,-.3507169E+4, .796617SE+2,~-.75989497 ,14x.0/ PCSU049

1261 DATA (B(1),1+181,216)/

1271 2 .5636795E+2, - . 4B26616E+1, .10074503 , PCSUQ495

1281 3 31.0 ,-.2276700E +4, .3522476E+3,-.6491722E+1, 3%.0 ., PCSUO500

1291 4-.1573135E+6, -.34145156+3, .8101909E+2, 3%.0 . .4B4BS7SE+7. PCSWUO50S

1301 S-.1228870E+6, .3798787E+3, 31.0 .-.27780B4E+7,-.2323070E+6, PCSWOS10

131 6 .638SBSBE+4, 910,/ PCSWOS15

132: DATA (B(I1), [+253,288)/ -.98543743E+3 , PCSW@520

133: 1 .14913243E43 , -.38690958E+1 , .78674236E-1 , 25.8 . PCSWes2s

1341 2 .38645046E+4 , -.57054352E+43 , .16@57233E+2 , -.38328927 . PCSWA530

1351 3 2x.0 . -.48B11400E+4 , .72280498E+3 , -.22178436E+2 , PCSWAS35

1361 4 .60628930 , 2%.0 , .20911268E+4 , -.30338782E+43 , PCSUO54@

1373 5 .10199340€+2 , -.31032062 . 14%0./

138: DATA (B(1),1+289,324)/

1391 6 -.46935175E+3 , .74999131E+1 , 62472434 , -.311417536-2 , PCSUOSSe

1401 7 .18999426E-3 ., .0 . .39063672E+4 , -.67BB4265E+2 , PCSWOSSS

1411 8 -.39509797E+1 ., .53B65644E-2 , -.17998610E-2 . .9 . PCSW@S60

1421 9 -.11617541E+5 , .20852209E+3 , .11372642E+2 , -.57256508E-1 , PCSWO5E5

1431 1 .7560B494E-2 , .0 . .15319342E+5 , -.26893756E+3 , PCSWOS70

1441 2 -.16300093E+2 . .22614131 ., -.14359621E-1 , .@ , PCSWO575 4

1453 3 -.74350936€+4 , .12332202E+3 , .94192376E+1 , -.23014992 . PCSWESEe 1

1468 4 .1001293BE-1 ,710./

1471 DATA (B(1), 12325, 360)/ .11409437  , PCSW@SEE

1481 S .96082449 , .26737328E-1 , ~.14371280E-2 , .1998871E-4, 0.,PCSWOS90 1

1491 6 .4593763BE+2 , -.90042812E+1 , .50227665 , -.84683618E-2 , PCSWO595

1501 7.377231316-4,0., .1340588B2E+3 , .28456653E+1 , .31682443 . PCSUR60®

1511 8 -.58037382E-1 , .1292204E-2,0.,-.532710556+3 , .10812230E+3 , PCSU6O5

1521 9 -.11737956E+2 , .56917652,-.93637268E-2,0.,.71874048E+3,

1531 9-.19760540E+3,

1541 1 .20371901€+2, - .89913739, . 14146178E-1,720. / PCSWRE1S

O=%H /




DATA (B(I), 1+361,396)/
1 -.15594696 , +19646023E-2
e -.39856145E+3 , .33147091E+2
3 -.25084113E-3 , .0
4 -.78254B8B2E+1 , .36634463E-2
S -.24399687E+5 , .61013951E+3
6 -.63625578€E-2 , .0
7 -.39312454E+2 , .67556079
DATA (B(1), 1=505,540)/
1 .76334979E-1 , -.28858615E-1
2 -.17324872 , +57850695
3 -.38552517€E-2 , .
4 .55374501 » +41198257E-1
S -.SBITITOBE+] , .14451009E+1
6 .26758654E-2 , .0
7?7 -.57081032E-1 , -,.38821178E-2
DATA (B(I),
81541,576)/ -.78003S25E+1
9 .32248734E-' , 2x.0
1 .16677517 s ~.TP640998E-1
2 -.63689274 , +C0642351E+1
3 .3725798BBE+2 , .S50949779E+1
‘DﬁTh (B(1),1-577,612)/
S .20554818E-1 , -.94399629€-3
6 .60602619 -.11797733
7?7 -.10218654E-1 , -.73096671
820%20.~/
DATA (B(I), 1-613,648)/
1 -.72532363E-2 , .BSB16698E-4
2 -.13170006E+1 , .46623661E-1
3 i:5015365£02 . <CO2SE79BE+1
DATA (B(1),1=649,684)/
4
S -.17074787E-2 , .34558708E-3
6 -.62376658E-2 , -.24418006E-1
7 .22400754E-3 , -.50253790E-S
8 -.42795077€-1 , .14166862E-1
9 -.21585754 , .23410848
1 .23211899E-2 , -.78764006E-4,
DATA (B(I),1+685,720)/
2 -.92395025 s -B4124699€-1
3 2t.0 »  <138B67504E+2
4 -.10356036E-3 , 23.0
S -.10193683 , +38163086E-3
6 -.68065061E+1 , .93235439%€-1
DATA (B(I), 1-721,756)/
1 -.5668103SE-3 , -.20862419E-5
2 -.76300746 » —.74202436E-2
3 .24459979E+3 , -.15727572E+2
4 2x.0 » =+13406721E+4
S -.15132656E-1 , 2%.0
6 -.15772325E+1 , .16819300E-1
7 .S56313B79E+2 , -.14621209€+2
DATA (B(I1), 1-757,792)/
1 -.25370804E-2 , .13539108E-3
e -.13488301E+1 , .65415711E-1
3 -.34125079€-4 , .818572S4E-6
4 -.69538967E-2 , -.17346048E-3
S -.66820358 » +16400213E-1
6 .674B716SE-4 , -.20117242E-S
DATA (B(1),1-793,828)/
7 -.36863924E-2 , .28147493€E-1
8 .40145162E-5 , -.288520B1E-6
9 .2390058SE-2 , -.38088B266E-4
1 -.60699902E-1 , .35755448
e -.20972765E-4 , -.12030029€-5
3 .S51245SS03€E-3 , .64123699E-3
412%0./
DATA (B(1), 1-829,864)/
S .2O0SBOBISE-2 , .243295B2E-4
6 -.10601885 » =.32140365E-1
7 .1137267SE-5 , .30261620E-7
8 .6187838B7E-2 , -.45916596E-3
9 -.31191903E+1 , .31180343
1 .1886178B4E-4 , -.16870681E-6

D

D A

IR

-.61178322€+2,
-.72860442E-5 ,
=.11340648E+1 ,
-.40160813E+3 ,

.16970589E-2 ,

.73181110E+1 ,

. 44471376E+5 ,

.31871982€-2,

-.3321322

.45590165€E-2
-.42637694

«37217119E+1
-.10911688E-1
-.11471143

.26324790E+1

.10453250E-1

<13987730E+1
. 3969581 7E+2

’
’
2.0 .
.
»

D T Y

-.52601560£-1
=.27737S75E+1

-.15378365€E-2 ,
2s.0 .
.55902406E-2 ,
.15437942 »

-.18753880E+1
2x.0

’
-.58180164E-3 ,
-.76598607E-1 .

-.86415987E-4
-.20447315E-4
.16028931E-1
.82196252€-1
-.14439430€-2
-.10090115

LI

220./

-.17560913€-2 ,
-.10416866E+1 ,
-.72141665€E+2 ,
2%.0 ’
«29873349€-3 ,
-.16903622E+1 ,
2x.0 .
.CBB61086E-3 ,
. 42597236 .
.50227256E+1 ,
» 77525364E+4 ,

.16535806E+1
-.20115781E-4
.78221056E-2

12%0./

.6734185S5E-3 ,
.c66011SBE-1 ,
.22862473E-4 ,
-.23011052€-3 ,
+44010028E-1 ,
-.98265109€-5 ,

-63215967 .
-.14960751E-5 ,
.68815643€-2 ,
-12437513€+1 ,
.

.81023376501

.845183605
+20795290E+3

.0
+70631423E-1
-.81840866E+3
7%0./
17676547
[}

.523978S8E-1
- . 21656469E+1

.0
-.76328219€E-1

.10728179
7%0./

-.25321884
-.37004653E+1

-é56l49356t02

.15813941,14%0.~/

-.99252723€E-1

Y DR T

.B0750904E-2 ,

2x.0
-.73038777€E-2

.23500759

.10519039E+2

25.0
.11276257E-2

.64008627E-2
.39771862E-6
- .30534466E-2
.17951074
«39476380E-4
-.92208078E-2

- 19694004E-4
.Cc428194E-1
.52766283€E+1
.10517322€+3
1430./
.92242116€E-1
.21821198E+2
25.0
-.41003694E-2
.1234081BE +1
-.15420009€+3
.42331760E+3
2%.0 /
-.13370942€-1
=.45418744E-6
.15324255€-3
-.72164586€ -1
«11946920E-5
-.52450415€-3

~.B9466173E-4
-.17289645
+49669006E-6
-.53449068E-3
-.244173 47
. 12896508E-5

-. 70699932E-1
+D6900447E-8
-.12387818E-3
-.13636679
-.60268853€E-7
-.22863882E-3

LI S D Y .- LR LY

DR Y

LI S Y

PCSW0620
PCSWe62S
PCSL3630
PCSWO635
PCSUO640
PCSU@E4S
PCSURESe
PCSU@ESS
PCSUOEE6Q
PCSU0E6S
PCSU0E70
PCSWOE7S
PCSU0E8e
PCSU068S
PCSWec9e

PCSU@706
PCSU@705

PCSU0710
PCSU0715
PCSUo7260

PCSUe725
PCSU0730
PCSU9736
PCSU0740
PCSUO745
PCSUe750
PCSU9755
PCSUO760
PCSU0765

PCSU0770

PCSU@79S

PCSU0B0S
PCSU0B10
PCSU0B1
PCSues2




DATA (B(I)
0526546

.66 -3
«19114071E-1
-.41020649€-5
-.28020894E-1
«11520204E+1
-.14726618E-3
-, 79894673E-1
DATA (B(I),
1-901,936)/
+31188659€-4
«22383020E-1

18988440
3 -.27328636E+2
414%0./
DATA  (B(I),
5 .25621404E-2
6 .50126398E-2
7 -.28012410
8 .16344886
END

N0 ~SONawne-

L

*865,900)/ - .29040646E-4 , -.10079196E-3
-.27032806E-5 , .272806906-7 . .0
-114227207€-1 | .8368164%-3 | .87833a46¢-4
0 . -.270241 . 130831374
- Se0006176-3 | 1340493344 |
TN aSeeeet | [ilieenssa. | 9aniessse-3
0 : .uunmn . .1132938E+1
-.63804080E-2 . .J0857083E-3 , 780./
- 11979781E+1 , .11290669  , -.27943283E-2
21.0 . .82003349E+1 . -.74043706
-.22251180€-3 ., 2%.0 , -.52080660E+1
14978321E-2 . -.670995S5E-4 . 23.0
32842271E+1 , -.11826952 . .133150126-2,
1.937,972)/ .20051803E+41 , -.10726581

- . 15091504E-4, 2s0.,- .uoumoa. . 32816330
-.10986433E-3,220.,-.11282639E+3, . 10297273k +2
.23418519!-2.23....“65376102.-.538.4939!01
-.11309532E-2 , 14%0./

4-59

L A Y

LR Y

LI Y




SURROUTINE PMEXPN(PMANGL,MT,HL,AL,SL,PL,TL,VL,DL,ML, GAMAL)
géﬂENS{ON F(4,13),G(4, 13) n(4 13), ENTH(4 13)
AL
COMMON/F LAG/ IDEAL
COMMON/ERRF LG/NERROR
IF(ML.LT.1.) RETURN
Ne12 PMEX @5%
IF(PMANGL.GT.103.2) GO TO 990
IF(PMANGL .LE. 86.) N=N-2 PMEX 065
IFC(PMANGL .LE. 68.8) N=N-2 PMEX @70
IF(PMANGL .LE. 51.6) NeN-2 PMEX 075
IF(PMANGL .LE. 34.4) N=N-2 PMEX 080
IF(PRANGL .LE. 17.2) Ne=N-2 PHMEX @85S
ENeN PMEX 090
15:C
1;:c::tlt DIVIDE P-M ANGLE INTO INCREMENTS XX33x
17:1C
18! PMANG =PMANGL/57.3
19! He*PMANG~/EN
201 1-1
el J=1
221 ACl,J)=AL
23 F(1,J)=HT-HL
c4: 10 G(I,J)=2.3F(1,J)SH/SORT(50103.%F(I,J)7(A(]1,J)X%2)-1.)
25! IFC(I.EQ.3) F(4,J)=F(1,J)4G(3,J)
26! I"(1.EQ.4) GO TO 30
et IFCI.LT.3) FC(I+1,J)=F(1,J)+4.53G(I,J)
283 I=1+1
29t 20 ENTH(I,J)=HT-F(I,J)
J0: GO TO 40
gé: 30 ;(},Jot)-F(l,J)o(G(i.Jloa.tc(a.J)»a.zc(a,J)oG(4,J))/s.
| -
In JeJ+1
4 GO TO 2
351 40 CALL MOLIER(ENTH(I,J),P,3,T,Z,5L,RHO,GANA)
36! IF(IDEAL.GT.®) GO TO 999
I A(1,J)=SORT(GAMAX1716.48X2XT)
38 90 IF(J.LE.N) GO TO 10
39 HL=ENTH(I,J)
40! AL=A(I,J)
411 UL=SORT(F(I,J)%56103.)
42! PL=P
431 DL=RHO
441 TL=T
451 ML=UL/AL
461 GANAL =GAMA
47 GO TO 999

481 990 UWRITE(6,930) PMANGL

;gl 930 EORE?;(E?HO ¥283X PRANDTL-MEYER ANGLE GREATER THAN 103.2 PP ANGLPMEX 325
' 1E-, .

S11 NERROR=1

52t 999 RETURN

S END




P AR ETR————

14 SUBROUTINE PMID(PMANGL, HLOCAL,ALOCAL,PLOCAL, TLOCAL,VLOCAL, DLOCAL,
[ | 1ALOCAL)

N

IR it rtiteotitiosetibectedittoditpintotdddtittbistdtstdsttttossdsssss
114

g-c THIS SUBROUTINE COMPUTES LOCAL CONDITIONS USING THE PRANDTL-MEYVER EXPN
]

=lg PP oo s ieeed bt tttepbidsittbetibtitoeedtittitesitist ittt s sttt tss
]

10 REAL MUSTRM,MLOCAL PNID @05
{3.0 DIMENSION X(26) PNID @10

]
i:lgtllll SET UP CONSTANT TERMS BEFORE ITERATATION 2331%

[}
16 CAMMA=1.4
16! RUSTRA=ALOCAL
17 IF(MUSTRM.LE.1. IRETURN
18: PUSTRN=PLOCAL
191 TUSTRN=TLOCAL
20t Ci=SORT((GAMMA+1. )/ (CARMA-1.)) PMID 015
211 C2-PRANGLZ.0174533
aas C31=SQRT(MUSTRAZSZ2-1.) PMID @25
23 C4=C1BATAN(C31/C1) PNID 035
24t CI=ATAN(CI1) PNID @30
gl CS+=C3-C4-C2

] C6-Cixz2 PRID @45
-4 X(1)=RUSTRN

]
gsgll"l PERFORM NEUTON-RAPHSON ERROR IS LESS THAN OME PERCENT 2533X

]
N DO 20 1-2,26 PAID 060
a8 F'CllM’M(X(l 1)/7C1)-ATAN(X(I-1))+C5 PAID @65
I XX=X(1-1)382 PMID @7
348 FPRIME=CE/(CE+XX)-1.7(1.4XX)
3% XC(I)eX(I-1)-F/FPRINE PMID @80
<, 1] IFC(ABS ((X(1)-X(I-1))/X(I-1)) .LE. .@1) GO TO 4@ PMID @8S
37t 20 CONTIMUE PMID 090
K, L GO TO Se PMID 1@5
z:c 40 AXX=X(I) PRID 110
3:8‘8‘!! COMPUTE LOCAL CONDITIONS 233313

]
431 50 MLOCAL=SGRT(XXXE22+1.)
441 GRINUS= (GAMMA-1. )/2. PRID 120
461 C=(1.+GNINUSEMUSTRASZ2)/ (1.+GMINUSIMLOCALXSE2) PRID 125
46! PLOCQL-MMCI!(WI(M-LH PMID 130
47 TLOCAL=TUS PMID 135
48! ALOCAL=49. oa:soevm.ocau
491 DLOCAL=PLOCAL/(1716.482TLOCAL)
501 HLOCAL=0.24 XTLOCAL
611 VLOCAL »MLOCALZALOCAL PMID 150
581 RETURN PAID 160
631 END PMID 17@

ORIGINAT, pPAtiI IS
OF POOR ¢




11 SUBROUTINE PRINTY
41C  THIS SUBROUTIME PRINTS THICK-SKIN SOLUTION RESULTS.

7" COMMON, THICK/ DTEQ, TDOT, TEQ, GC, GR, HCOUT, EMISS, MREC,
8 1 DT,CTINE, PL, DTO, DTI, TEQ2
COMMON/HANDY / TMAX, DX (

L L 25),T(25),MPFLAG(2S), NTIMZ, TSYNK,ENISIN,HCIV

::l é x".‘na(sn acwz(so) TGASZ(50), TSINKZ(50), TV, TSINK, TGAS, HCIN,
'

18 OMMON, FLUFLD/ PHIL(16), TU, REST(3S)

12 umnon TPRINT(3S)

14¢ DATA STEVIE/ .4768E-12/

162 2000 FORMAT(1MO, 44X, 1OHOUTER UALL, 10X, F21.2/

16 1 (1 , 44X, 13, 17X, F2l.2))

170 2000 FORMAT(1N , 44X, 10HINNER WALL, 10X, F21.2)

188 4000 FORMAT( OH WTC(IV)=E11.5,9H T GAS =~ FD.2,124 T SINK «F9.2,4X,
19 178 (IV)=E11.5,94 TEQ IU-F11.2,11H ST OUTER-E11.5,/103X,

a0 SOHST INMER-E11.S, /52X,

211 ROWEMTM DISTRIBUTION )

a DOSOO I - ImAX

& TPRINT(]) » ‘Nl) - 459.7

84t 500 CONTINUE

- 1] TUPRNT = TU - 459.7

a8: QIN = - EMISIN X STEVIE 2 TUl 52 4 + ENISIN 2 STEVIE 3 TSINK 22X
1 1 4 ¢ HCIN B (TGAS - TUl) ‘
- 1} TUIPRT « TUl - 459.7

- 1] TS = TSINK - 459.7

k1] TG = TGAS - 459.7

N TEQSF ~TEQ2-459.7

M URITE(G,4000) HCIN, TG, TS,Q0IN,TEQGR2F,DTO,DT]

k< 1} URITE(G,2000) TUPRNT, (I, TPRINT/I), I = 1, IMAX)

M URITE(G,3000) TUIPRY

»t RETURN




1:
esC
3
41
St
6!

8:

9:
10:
11:
1e:
13
14:
151
16t
17:
18:
19:

10

30

SUBROUTINE RADEGT(ENC,HR,EMIS,TU,PE,TRE)
CALCULATES RADIATION EQUILIBRIUM TEMPERATURE
COMMON/FLAG~/IDEAL

SIGMA=4.75892E-13

TG=TW

CALL MOLIER(HG,PE,2,TG,22,55,RR,GG)

IF (IDEAL .EQ. ©) GO TO 10

HG= .2345xTG+9.786E-6XTGXTG+943.6/TG-1.57
DHDT=.2345+1.9572E-5XTG-943.6/(TGXTG)

IF (TG .LT. 400.) DHDT=.23866
RESID=ENCX(HR-HG)-EMISXSIGMAXTGXX4

IF (ABS(RESID/ (ENCX(HR-HG))) .LT. .001) GO TO 30
DERIV=-ENCXDHDT-4.XEMISXSIGMAXTGXTGXTG
RATE=RESID/DERIV

TG=TG-RATE

GO TO 1

TRE=TG

RETURN

END
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SUBROUTINE STABLE(FIN, FOUT, GIN, GOUT, QI, TREC
glC..3.l......l‘l.l.‘l.l.ll...lllOl.l.lll.llll..ll..‘l.ll.0.0.!......0..0:

4C THIS SUBROUTINE ESTABDLISHES THE STABLE TIME INCREMENT FOR ]
$:1C THE THICK SKIN OPTION: THE LESSER OF THE TIMES REQUIRED rou
6:C THE INNER AND OUTER WALLS TC REACH THEIR RESPECTIVE

7:C RADIATION EQUILIBRIUM TEMPERATURES FOR THE GIVEN NET MEAT l
=ltc: FLUX AND MEAT CAPACITY. :
]

10:C IF THE STABLE TINE INCREMENT IS LESS THAN 1 SECOND BEZAUSE S

111C THE UALL TEMPERATURE AND WALL EQUILIBRIUM TERMPERATURE ARE $

i2ic VITHIN | DEGREE, THEN THE STABLE TIME INCREMENT IS SET TO0 1 8

l)lg SECOND. :

1S1CE00888500085000080880003833300008388000083000080838008038088000008800808838

16! COMMON/ THMICKs DTEQ, TDOT, TEQ, OC, QGR, MCO, ERISS, c,

7 1 DT, CTIME, PL, DTO, DTI, 1602

18 CW/WDV/IMX,DX(&‘S),T(ES).MFLAG(ZS). NTIVZ, TSYNK,EMISIN,NCIV

191 1,TGSF,TIVZ(50) ,HCIVUZ(SO),TCASZ(50),TSINKZ(SO),TU]I, TSINK, TGAS ,MCIN,

20! 2 IFIRST,DELY

el COMMON/ERRF LC/NERROR

221 DATA STEVIE/ .4760E-12/

231 3000 FORMAT(1NH®, 13X, 3I6MISENEUTON-RAPHSON FAILED TO CONVERGE,

e 1 S3H ON A VALUE FOR THE INNER EQUILIBRIUR TEMPERATURE AT,

251 e F10.3, 11H SECONDS332)

gg-guuuuuuunnunnuuuuutuuuasuuouuonunuunnuu
1 ]

glg STABLE TIME INCREMENT: OUTER UWALL l
1}

30!C"“.“lll“l"l““l““l"lt“““"“u"l“l““lln"“"l""“n

3 CALL RADEQT(MCO,MREC,EMISS,T(1),PL,TEQ)

32 Q0 « QC - OR

N DTO « ABS(GOUT 3 (TEQ - T(1))/(Q0 - FOUT SGOUTE (T(1) - T(2))))

3 IF(DTO.LT.1..AND.(ABS(TEQ-T(1))).LT.1.) DTO =1.0

§:g”““ll""l““"l“““l“""l“"l““""""“l““ll“lll“““

8

gzng STABLE TIME INCREMENT: INNER WALL L
! s

391C FOR ADIABATIC INNER UALL, SET RADIATION VIEW FACTOR AND L

:::‘C: HEAT TRANSFER COEFFICIENT EQUAL TO ZERO. ]

3
42:cuonnonuuuuuuuunuuuuuunuonuuuuuuutuunuo

IF (ERISIN .NE. #. .OR. HCIN .NE. @.) GO TO 10

«- DTI « 1.0E+06

451 TEQ2 - O.

46! GO TO 20

an 10 CONTINUE

48 TEG2 = T(ImAX)

491 AELOZ2 - ENISIN 3 STEVIE

SO' BEQZ = MCIN

51 CEQ2 = AEQ2 * TSINKEZ4 ¢+ HCINZ TGAS

:angnnuuuuluuuuuunuuuululuuuuun“unnnunnuu

]

S4:C FOR INMNER WALL, IF SUM OF RADIATIVE AND CONVECTIVE MEAT L ]

§S1C FLUX 1S ZERO, SET RADIATION EGUILIBRIUM TEMPERATURE TO k3

g_c’:c -459.7 F. ]
1C ]

IF (CEQ2 .EQ. ©.) TEQ2 - 0.
lc.“.‘..lltlll‘l‘..lll'llll.ll...ltll.llll.l.llll'.l...lllll.llt.ll..lll

611C

68:C THE NEUTON-RAPHSON METHOD IS USED TO SOLVE FOR THE l

:312 RADIATION EQUILIBRIURM TEMPERATURE . 3

q s

0‘ncunnunnuunouuluunuuuuunnotlunnuuuuuuunu
IF (CEQG2 .NE. ©.) CALL NEVUT(AEQG2, BEG2, CEQR2, TEOQ2, ICANT)

l‘N IF (ICANT .NE. @) GO TO 910

68 DYI » ABS(GINE(T(IMAX)-TEQZ )/ (FINSGINS(T(IMAX~-1)-T(IMAX))+Q] ))

69! IF(DYI.LT.1..AND. (ABS(TEG2-T(IMAX))).LT.1.) DTI-1.0

70 20 CONTINUE

M DTEQ = ANINL(DTO,DTI)

72 RE TURN

731 910 URITE(6,3000) CTINE

741 NERROR = |

e 1 RETURN

7% END

=006
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1 SUBROUTINE SWCYL2(RN,PHI,ENCL,ENCT)

a1 COMMON/FLUFLD/TINF,PINF,RHOINF,AINF,RHOE,PE, TE ,HE, XNUE , UE ,RH00, PO,
N 1T0,HO, XMUO, RHOU, TV, HU, XHUY, RHOS, TS, HS, XMUS , RHOR, ‘I’R HR, XRUR, U, XNE
4 2,REL, HINF , XWUINF , PR, PU, DU, Tu, XAUU, XMACHU, V'), HU,  ALPHA,

St mnosn HSTL. TSTL. XMUSTL,RIOSTT, HSTT, TSTT, XMUSTT, HRECL . HRECT, S
61 %, GINF, GAMAU, GAMAS , GAMAE , GAMAO, Gy, GAMAG, PRL, PR

7 COMMON/CYL~ MSL, PSL, RHOSL, XMUSL, TSL, USL

8t COMMON/STAG/PSTAG, RHOSTG, TSTG, XAUSTG

91 COMMON/ERRF LG/NERROR

10: COMMON/FLAG” IDEAL

1113 RED=DUSVUS2. SRN/XMUU

12 REL=RED

13: 1 PSU=PO

141 XSV=XMUO

1612 RSV=RHO0

16¢ TSU=TO

17 RUSV=RHOY

181 XAUWUSV = XMUY

19: PO=PSTAG

20 RHOO=RHOSTG

211 XMUO0=XMUSTG

22t TO=TSTG

23t CALL MOLIER(HW,P0,0,TX,2X,SX,RHOW,GX)

24t CALL HANSEN(XMUW,PO,TW)

es: CALL FAYRID(RN,ENF)

261 PRL=.71

27 PRT=.71

es: PO=PSV

et RHO0=RSV

30 XMUO =XSV

k8] TO=TSV

323 RHOW=RUSY

33 XMUY= XBUUSY

34t ENCL=0.7072ENFXCOS(PHIZ.0174)881 .1

35t 10 DUDX-SGRT(2.%(PSL-PU)/RHOSL )/RN

36t RAR=RHOSTTEXMUSTT/ (RHOOXXMUO )

7t ENCT+1.043RHO0X2.8XXMUOXE.23USLES.6SRMREL . BRDUDXEL.2/PRTE2.667
38t S«PRLZX.667

38 99 RETURN
40! END

-69
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SUBROUTINE TINTE(A,A

R e UARIABLES T

R

F,F7,G,GT
ﬂ( IN

BEPENDENT

DECREASING
HENOION hT(l.).lT(l.) CT(10),DT(10),ET(10),FT(10),0T(10)

21C  LINEAR xmc»oumou F

2:0 UM!”LE

st xrm.) ,10

6t 1 !FM-M’(H)B.J.

e Be.222€+30

8 RETURN

91 3 BeBT(1)

10t C=CT(1)

i1: D=DT(1)

T4 E-ET(})

1 FeFT(})

14 G=GT(1)

153 RETURN

16 10 IF(AT(1)-A)2,3,11

17t 4 DO 9 I[=2,MAX

18! LF(A-AT(I))20,18,9

19: 9 CONTINUE

201 GO TO 2

21t 18  B=BT(1)

a2t C=CT(1)

231 D«DT(1)

24t E=ET(I)

25t FeFT(I1)

26! G=GT(I)

e RETURN
e8: 20 RATIO=(A-AT(I-1))/(AT(I)-AT(I-
29 B=BT(I-1) ¢ RATIOX(BT(I)-BT(I~-
k1 CsCT(I-1) ¢+ RATIOS(CT(I)-CT(I~-
N D=DT(I-1) + RATIOR(DT(I)-DT(I~
32t E<ET(I-1) + RATIOB(ET(I)-ET(I~
kx 1 F=FT(I-1) ¢+ RATIOS(FT(I)-FT(I-
4t G=GT(I-1) + RATIOR(GT(I)-GT(I~
IS RETURN

% 11 DO 16 I-2,MAX

I IF(AT(I)-A)20,18,16

38t 16 CONTINUE

39: GO T0 2

40! END

ORr,

AC b

op IAAI

8-74




51

s 8K

100

110
999

lsgggfgzxn: URUNL (TRFLAG, ELTRAN, ELL,ELT,ELTP, PARA1 , PARAZ, ENL, EL, UX,
DIMENSION EMEX(7),RETRX(?7),XX(7?)

COMMON/FLUFLD/TINF,PINF, RHOINF , AINF, RHOE, PE, TE, HE , XMUE , UE , RHOO, PO,
110 HO, XNUO, RHOW, TU, Hi, XU, RHOS, TS, S, XMUS, RHOR, TR MR, XMUR, U , XME

REL, HINF , XMUINF , PR, PU, DU, TU, XMUU, XWAGHU, U0, HU, " ALPHA,

3nuos§L.nsiL TSTL.XMUSTL,RHOSTT,HSTT, TSTT, XMUSTT, HRECL . HRECT,
5,GINE,GARAL, GQHOS GAMAE , GAMAOD, GU.GMQG PRL.PRT

DATA (EMEX(K),K=1,7)70.5,1.0,1.5.2.0,3.5,4.5,5.5 /

DATA (RETRX(K),K=1,7)7 5.30103,5.54497,5.81291,6.0,6.0,6.07918,
1 6.25527/

DATA NX277/

NTRANS = TRFLAG+ . 801

IF (NTRANS .EQ.6) GO TO 60

IF (NTRANS.GT.6) GO TO 70

PARA=PARAL

IF (PARA2.LT.PARAL) PARA=PARA2

IF (NTRANS-4)30, 49, 50

ELTRAN=PARASXAUE / { RHOE SUE )

GO TO 100

ggt¥s«-‘=nna:xnu:/.ss4)xxa/(nuosrL:xnusrL:uc>

1

ELTRAN=2. 26 SPARASPARAEXME SXNE SRHOE 83 . 4XXMUERE1 . 6/ (RHOSTLEXMUSTLE
1UESS.6)3ENL

IF (NCFLG.LE.®) GO TO 100

IF(NCFLG.LT.3) GO TO S1

ELTRAN=ELTRANSEL/ELL

GO TO 100

IFCELTRAN.GT. (UX/2.)) GO TO 52
ELTRAN=-.SSUXSALOG(1.-2.SELTRAN/UX )

GO TO 100

ELTRaN-lOOO.tELTRnN

GO TO 100

CALL EDPARM(ALPHA,PARA)

GO TO S

CALL TBLIN(XME,EMEX,RELG,RETRX, X, XX, NX2)

ELTRAN= ( 10. X3RELG ) *XMUE / ( RHOEZUE )

ELTP-ELT

IF(EL .LT.ELTRAN) GO TO 999

IF (NCFLG.LE.®) GO TO 110

ELT=(EL-ELTRAN)SELT/EL

GO TO 999

ELT-ELTP-ELTRAN

RE TURN

END
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9. MINIVER PLOT PACKAGE ROUTINES

SUBROUTINE PLOTLO(TIME,NHFLAG,ARIDEF,ATRE,TZ,22,VZ,ALFAOT,
1 DELTAT,ITHICK,LNGPLT, ITINIT, RAXTAE, DEVICE , IHCOPY )

DECLARATIVE STATEMENTS

INTEGER BDYPNT, TRANME , DEVICE

PARAMETER Ji+17, J2-500, J3-32

DIMENSION TIMEL(J2),XME1(J2),REL1(J2),QC

TTREF1(J2), TU1(J2),PEL(J2),CP1(J2), BET

3 WFaCZi (J2) QT(2).TT(2), TW2(J2)
RENSION V2(50),7Z(50),ALFAOT(50),22Z

DIRENSTON BDYPNT(4), TRANNE (6), IBUF ( aoo

(J2),eC1TJ2),
2),&”!(.’2).“111(.]2).

+DELTAT(50)
RIEL(BO.G) IPAK (40)

-~
f'v Co b

COMMON/LABS/LABEL

COMMON/DIBUJO/BDYPNT, TRANME , ICASE
CM/&XDM‘/XM,XSTEP XAX1S

COMMON/ARRAY/QC1, TIME]1 ,BETA1,ALPHAL, AKLZ1,
SHFACZ1,XME1,REL),PEL,CP1,TUl, TREFL,QT,TT, TU& QCLT
CMIMXIOHJETM.“LZH HFQCZH PEH CPPH TREFN
COMMON/PLOTT/JRCD, IT,NT,NT2, NFF.PCT

COMMON 1IPT, IBUF, IPAK

SET X-AXIS LABEL LIMITS AND INCREAMENTS

ORAX=MAXTRE
DELTX=MAXTME/10

INITIALIZE PLOTTING DEVICE

DEVICE=1
GO T0(310,320,330),DEVICE

INITIALIZE TEKTRONIX CRT

CONTINUE
CALL ERASE

START PLOTTING
CALL TEKEGR(480)
CALL BASALF(’L/CSTD )
CALL MIXALF (’STANDARD’)
GO TO 340

INITIALIZE MOPS TERMINAL
CONTINUE

INSERT CODING HERE
GO TO 340

INITIALIZE MICROFILM HERE

CONTINUE

CONT (NUE
PLOT REFERENCE PLOTS

IF(ICASE-2) 5, 10, 20
REFERENCE SPHERE PLOTS

CONTINUE 04,[

TINE US ALTITUDE Op pojj], 2

CALL AXSPLT(0.0,0MAX,8.0,X0R,XSTEP, XAXIS) 00/3 < L
9-1
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CALL HNDYLO(IMCOPY,TZ,2Z,NT,1,1)
TIRE VS VELOCITY

CALL HNDYLO(IHCOPY,TZ,VUZ,NT,2,1)
TIRE VS ANGLE OF ATTACK
IF(ALFAOT .LE. @) GO TO 10

CALL HNDYLO(INCOPY,TZ,ALFAQT,NT,3,1) |

GO TO 40

TIME VS QDOT REF

CONTINUE

CALL DSRRLOCIT,QC1T,YMIN,YHAX)

CALL AXSPLT(0.8,YMAX,6.@,YOR, YSTEP, YAXIS)

CALL PPLOT1(11, ICASE)

CALL BLMNK1(9.90,2. 5,5.0,6.2
CALL DRAULOCXOR, XSTEP XAXIS, VW.YSTEP YAXIS,TIMEL1,0C1,17,3,3

1 IHCOPY)

CALL DRAULO(XOR,XSTEP,XAXIS,YOR,YSTEP,YAXIS, TIMEL1,QC1T,17,2,
1 INHCOPY)

CALL LINES(’(T)¥ (R)AD (E)Q (T)EMWP.S$’,IPAK,1)

?:#L l‘.lNES(‘(T)U (D)EG. (F)8’,IPRAK,2)

CALL LEGEND(IPRK,2,2.5,6.2)
CALL INTNO(ITINIT,3.4,6.2)
IF(IICOPY .LE. @) GO TO 99
CALL HDCOPY

CALL ERASE

CONTINUE

CALL ENDPL(®)

GO TO 4@

CONTINUE

IF(LNGPLT .EQ. @) GO TO 3@
LONG PLOT

LANINAR FACTORS

LANINAR FACTORS

CALL MNDYLOCIMCOPY,TIMEL,AKLZ1,1T7,4,3)
IF(ARIDEF .ME. 1) GO TO 26

DEFLECTION FACTORS

CALL HNDYLO(INCOPY,TIME1,HFACZY,IT,S5,3)

CONT INUF
LOCAL MACH NUMBER
CALL HNDYLO(IHWCOPY,TIME1,XNE1,1T7,6,3)

IF (NHFLAG .EQ. 1) GO TO 27
REYMOLDS NUMBER LOCAL/1.0E6E
CALL “/DYLOCIHCOPY,TIMEL1,RELL,IT,7,3)




149: GO To 28

160:C

1518 27 CONTINUE

15a:C

163:C

154:C REFAC

156:C

::’r:c CALL HNDYLO(IMCOPY,TIME1, WFAC21,1T,8,3)

168t 28 CONTIMNUE

189:C

{:’:g LOCAL PRESSURE LBF/FT-SQ

{:g:c CALL HNDYLO(IMCOPY,TIMEL1,PE1,I1T,9,3)

164:C

1685:C C SuB P

166:C

}g:c CALL MNDYLOCIMCOPY.TIMEI,CP1,1T7,10,3)

169:C SHORT PLOTS

170:C

174t 30 CONTINUE

178:C

173:C

{;z:c IF(ARIDEF .NE. 1 ) GO TO 210

{g:g CONTROL SURFACE DEFLECTION PLOT

:g:g CALL HNDYLOCIMCOPY,TIMEL,DELTAT,IT,13,3)

180: 210 CONTINUE

181:C

:g:g Q DOT (BTU/FT-SQ-SEC) PLOT

%:::c CALL HNDYLOCIMCOPY,TIMEL1,0C1,IT,11,3)

}gtg TITLE TUAL (DEG F) PLOT
1

{:gsc CALL HNDYLO(IHCOPY,TIME1,TREF1,IT,12,3)
[

tg’:c IF(ATRE .GT. 0.001) GO TO 236

192:C T UALL (DEG F) PLOT

193:C

{g:c CALL HNDYLO(IHCOPY,TINE1,TU1,IT,12,3)

196 236 CONTINUE

197:C

198! IF(ITHICK .NE. @) GO TO 37

199: GO TO 4@

200:1C

2801t 37 CONTINUE

202:C

203:C TUALL (DEG F) PLOT TuW2

204:C

g:c CALL HNDYLOCIMCOPY,TIMEL,TW2,I1T,12,3)

207t 40 CONTINUE

208! RETURN

200 END
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10. OFF-LINE PLOTTING

Off-line plotting is basically the same as explained in section 4, except
that the data is ready o be plotted and stored in a secured file. The
name of the file contain'ng the runstream is different; it is OFFLPT
(off-1ine plotting) and resides in secured file ES35-N06516*LOREN.

The runstream listing for OFFLPT is shown in figure 2; the program listing
is shown in figure 3.

1:1OFREE TPFS.
218ASC,A ES32-L78771x0LMEDO
3:10USE OL.,ES32-L78771%0LMEDO
4:0ASG,T 9.,F/71/TRK/500
Si10ASG,T TPFS.,F/1/TRK/800
6:1@ERS TPFS.
71@COPY ES35-NO6216XLOREN., TPFS$
81QED,I TPF$.MAP
9:LIB TPFS$
10:LIB DISSPLAXIRY
111SEG MAIN
12tNOT DISSPLAXTRY.QQTKEG
13tIN LOREN.QQGTKEG
14:IN DEMOMA,PLOTDE, MENUPT
1SI1END
16:0PREP
17:@MAP TPFS.MAP,TPF$.ABS
18:8XQT ABS
19:0ADD OL.RTLS-EX,/32779
20:@ADD OL.C1234/DATA
21:0ADD OL.C12345/DATA
c21@8ADD OL.BD3RD1/DATA
23:108ADD OL.DIRECTORY

Figure 2. - Runstream listing OFFLPT.
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Routine name

11

SUBROUTINES USED BY MINIVER

Symbolics available

Source system

or library
H800 Yes MINIVER
AXSPLT No DISSPLA
AIR62 Yes MINIVER
ATMS4 Yes MINIVER
BASALF No DISSPLA
NINTRP Yes MINIVER
CHEEVY Yes MINIVER
CRSFLW Yes MINIVER
CURVE No DISSPLA
DETRAL Yes MINIVER
DINT Yes MINIVER
DINTI Yes MINIVER
DOWNID Yes MINIVER
DRAWLO Yes MINIVER
DRIVEL Yes MINIVER
DSMMLO Yes MINIVER
EDPARM Yes MINIVER
ENDPL No DISSPLA
ERASE No PLOT10,LOCALIB
ERTRAN No LOCALIB
FINALT Yes MINIVER
FAYRID Yes MINIVER
FLOW Yes MINIVER
GAUSS Yes MINIVER
GRACE No DISSPLA
GRAPH No DISSPLA
GRID No DISSPLA
HANSEN Yes MINIVER
HDCOPY No PLOT10,LOCALIB
HNDYLO Yes MINIVER
11-1
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Routine name Symbolics available Source system

or library
HEIGHT No DISSPLA
INTNO No DISSPLA
IOWAIT No PLOT10,LOCALIB
LEGEND No DISSPLA
LINES No DISSPLA
MATRES Yes MINIVER
MESSAG No DISSPLA
MIXALF No DISSPLA
MOLIER Yes MINIVER
NEWOUT Yes MINIVER
NEWT Yes MINIVER
NOCHEK No DISSPLA
OPTMYZ Yes MINIVER
PCSW Yes MINIVER
PLOT10 Yes MINIVER
PMEXPN Yes MINIVER
PM10 Yes MINIVER
PPLOT1 Yes MINIVER
PRINT1 Yes MINIVER
RADEQ Yes MINIVER
SETMUP Yes MINIVER
STABLE Yes MINIVER
STOCK Yes MINIVER
STORED Yes MINIVER
SWCYL2 Yes MINIVER
TBLIN Yes MINIVER
TEKEGM No DISSPLA
TINT6 Yes MINIVER
TRANS Yes MINIVER
VRUNL Yes MINIVER
WRINP Yes MINIVER
XINTAX No DISSPLA
YAXANG No DISSPLA
YINTAX No DISSPLA
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