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FOREWORD

This docuinent was prepared by personnel of the
Lockheed-Huntsville Research & Engineering Center for
the Engineering Analysis Division of the NASA~Johnson
Space Center, Houston, Texas and the Aerophysics Divi-
sion of NASA-Marshall Space Flight Center, Huntsville,
Alabama. The work was i.!erformed under Contract
NAS9-13429 (Mr. Barney B. Roberts, technical monitor)
in support of the Plume Simulation Technology Test

Program.
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Section 1
INTRODUCTION

Scale model testing which requires simulation of the prototype plume
shape generally employs a '"cold flow'' test approach in obtaining the scale
model plume. Air is most commonly used since air supply systems are
readily available at most test facilities. However air does not exhibit the
desired flow properties under all test conditions which then in such cases
necessitates the use of other simulant gases. Freon 14 (CF4) has been
found to exhibit expansion properties similar to those of the Space Shuttle
‘main engines and thus is a candidate for use as a simulant gas in Space

Shuttle scale model test programs.

Previous investigators (Refs. 1 and 2) have found these gases not to
behave as an ideal gas (constant ratio of specific heats, etc.) nor obey the
per‘fect gas law when expanded supersonically. Consequently, analytical
studies which treat the supersonic expansion of these gases should include
the effects of the non-standard equation of state as well as the variation of

specific heat ratio with pressure and temperature,

Following the work of Refs. 1 and 2 FORTRAN computer codes have
been developed to calculate the thermodynamic properties of these gases
for isentropic expansions from given pl‘e.num.condit:ionsf.: Thermodynamic
properties for air are calculated with equations derived from the Beattie-
, ‘Bridgeman nonstandard equation of state (Ref. 1), Thermodynamic properties
for Freon 14 are calculated with equations derived from the Redhch Quang

nonstandard equatmn of state (Ref. 2).

Ut111ty of the programs for use in analytmal prediction of model rocket :
nozzle flow fields was enhanced by arrangmg card or tape output of; the data
in a format compat1b1e with a method-of- charactenstms (MOC, Ref 3) com-
| ‘puter program. The nonstandard equatmn of state programs thus enhance -
the accuracy of the method of characterxstms solutmn of supersomc flow

fields. '
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Section 2

DISCUSSION OF THE NONSTANDARD EQUATION
: OF STATE PROGRAM FOR AIR

The nonstandard equation of state program for air consists of seven
subroutines which perform the necessary calculations to expand air isen-
tropically from given plenum conditions to a given pressure. Plenum tem-
perature and pressure are input to establish an isentrope along which the
expansion will be made. Along this isentrope the program iterates for tem-
perature at points located at pressure increments of DELP, At each point
thermodynamic properties are calculated with equations derived from the
Beattie-Bridgeman equation of state (Ref. 1). The thermodynamic data is
arranged into a format compatible with the method-of- characteristics (MOC)

computer code (Ref. 3) and may be output 6n cards or a FORTRAN tape unit,

The input instructions and description of the input FORTRAN symbols
are covered in the program input section. Interpretation of the output is

discussed in the program output section,
2.1 PROGRAM INPUT

This subsection contains a detailed description of the program input

as follows:

e Detailed input guide o
e Detailed description of the input FORTRAN symbols.



2.1.1 Detailed Guide for Input Data

Card No.1
Format

Column
1-5

6-10
11-15

Card No.2
Format
1- 1‘O
11:20

21-30
31-40
41-50

Card No, 3
Format
1-10

11-20
21-30

16I5 (right adjusffe\\i;)l)

P

Parameter

IWRITE ,/,}}/ '

ITAB
IUNIT

5D10.6

PREF

TREF

SREF

HREF
 EMMAX

5D10.6, 4A6, 111

PTU
TT1
DELP -

Pressure increment at which calcula- G
- t:ons are made, psia : ‘

ILMSC-HREC TM D390169

Identification

0 No intermediate printout
1 Intermediate printout
Number of entropy cuts

0 No output for MOC program

.7 Punched output for MOC program
~ N FORTRAN unit for tape output

for MOC program

Reference pressure corresponding to

‘reference entropy and enthalpy, psia

Reference temperature correspondiéng
to reference entropy and enthalpy, "F

Reference entropy, Btu/lbm-°R,
Reference enthalpy, Btu/lbm

Maximum Mach number to be considered

Plenum pressure, psia

‘Plenum températur e, °F

v
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Card No. 3 (Cont'd)

Column

31-40
41-50

51-74
75

2.1.2

Sym bol

IWRITE

ITAB

IUNIT

PREF
TREF

SREF

immediate case

0 Continue calculations with
new plenum conditions

Input FORTRAN Symbols

Description

This fiag controls the output of intermediate
calculations during the iterative cycle for a
convergent solution. If IWRITE=0, there is
no intermediate printout. If IWRITE=1 inter-
mediate printout will be generated.

This flag determines the number of entropy
cuts calculated by the program. If ITAB=1
there will be one entropy out. If ITAB=2
there will be two entropy cuts. If the thermo-
chemistry data is to be used in a flow field
containing shocks, ITAB should be set equal
to 2.

Thie method of output of the program's thermc-
chemistry data is controlled by this flag. If
IUNIT=0, there is no output generated for the
MOC program. IfIUNIT=7, the output will be
punched on cards in a format appropriate for
input to the MOC. If IUNIT=N (N#0, 7), the

output will be written on FORTRAN tape unit N,

"This variable is the pressure at which the

reference entropy and enthalpy are evaluated.

This variable is the temperature at which the
reéference entropy and enthalpy are evaluated.

A reference entropy for change of entropy
calculations. It has a value defined for air
at a pressure of PREF and a temperature
of TREF, o ' ’

Parameter Identification

PMINN v Minimum expansion pressure, psia

PS Plenum pressure for calculation of
second table, psia

HEADER Gas identification for MOC input

ISTOP 1 Discontinue calculations with

Units

N/A

N/A

N/A

Ppsia

°F

* Btu/lbm-°R
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Szrhbol Description Units

HREF A veference enthalpy for change of enthalpy - Btu/l1bm

cal:ulations. It has a value defined for air
at 4 pressure of PREF and a temperature
of TREF

EMMAX The maximum Mach number which will be N/A
. considered in the calculations of the isen-~
tropic expansion from the given plenum
conditions.

PTU The plenum pressure from which air will be psia
isentropically expanded.

TT1 | The plenum temperature from which air will °F
be isentropically expanded.

DELP The pressure increment for succeeding calcu- psia
: lations from plenum conditions.

PMIN The minimum static pressure which will be psia
considered in the calculations of the isen-
tropic expansion from the given plenum

conditions.

PS Plenum pressure for calculation of a second psia
table of thermodynamic data.

HEADER Identifies the set of computed gas properties N/A

when thermochemistry data is punched on

cards or written on a tape for subsequent

input to the MOC program. The MOC pro-

Ezam compares column for column, this
eader and the gas identification data input

to the MOC while searching a tape file for

the proper set of thermochemistry data.

ISTOP This flag is a run control parameter, If - N/A
. ISTOP = 1, the program discontinues cal-
culations with the immediate set of plemum
conditions. If ISTOP = 0, the program cal-
culates another isentropic expansion with the
' next set of plenum conditions input via card
“No. 3. ISTOP aliows for calculation of isen-
“tropic expansions from numerous plenum
conditions with one computer run.
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2.2 PROGRAM OUTPUT

This subsection contains a description of the output scheme utilized by

the prbgfam and a description of the error messages prinfed out by the pro-
gram, k

2.2.1 Description of Program Data Output

_ The data output of the nonstandard equation of state program for air is
organized into three horizontal lines for each pressure increment at which
calculations are made. Data output includes plenum conditions, local fluid
and thermodynamic properties and local Mach number and temperature

assuming air to behave as an ideal gas.

"The following guide consists of numbered flags on a sample printout
sheet (page 8) which correspond to numbered comments listed below.

1 M ) | Mach number

2 ' R ‘ Gas constant for air, ft-1bm/°R-1b-mole
3 GAMA Ratio of specific heats for air

k4 k T ' Static temperature, OR,

' 5 P o Static pressure, psia

6 A/A* | One-dimensional expansion ratio
T H L | Enthalpy, 1bm

8 | v ‘ : véiocity, ft/sec

9 PGM . Mach number assuminé perfect ga_s"

10 PGT | ‘Temperéture assuming perfect gas; °r
11 - PC ~ Plenum (total) préssure, psia - -
12 TC  Plenum (total) temperature, °R




2.2.2

13
14
15
16
17

ENTROPY
HC

RHO

SS

RHO*U

LMSC-HREC TM D390169

Entropy, Btu/lbm-°R
Plenum enthalpy, Btu/lbm-°R
Density, lbm/ft:3

Local speed of sound, ft/sec

Mass flow per unit area, Ibm/sec-£t>

Description of Program Error Message Output

DUE TO PROGRAM LIMITATIONS, THE PROGRAM IS
ASSUMING MINIMUM PE-=

This statement occurs when the program is
unable to solve for temperature at a presceure
increment. The previous pressure is assumed
to be the minimum expansion pressure..

NO CONVERGENCE AFTER 100 TRIES

This statement occurs when the program is
unable to converge on a solution at a given
pressure after 100 iterations. The quantity
generated by iteration 100 iz accepted as the
solution and the run continued.

ITSUB WILL NOT CONVERGE

This statement originates in subroutine ITSUB
which provides iteration control for any function.
The statement indicates that the program is
unable to converge on a solution.

S e e
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Section 3

DISCUSSION OF' THE NONSTANDARD EQUATION
OF STATE PROGRAM FOR FRIEON

The nonstandard equation of state program for Freon 14 (CF4) consists
of nine subroutines which perform the necessary calculations to expand ¥reon
isentropically from given plenum conditions to a given pressure. Plenum tem-
perature and pressure are input to establish an isentrope along which the ex-
pansion will be made. Along this isentrop= the program iterates for pressure
at points located at temperature increments of DELTT. At each point thermo-
dynamic properties are calculated with equations derived from the Redlich-
Qﬁang equation of state (Ref. 2). The thermodynamic data is arranged into a
forrnat compatible with the method-of-characteristics (MOC) computer code
(Ref. 3) and may be output on cards ¢r a FORTRAN tape unit.

The input instructions and description of the input FOF. TRAN symbols
are covered in the program input section. Interpretation of the output is

discussed in the program output section.
3.1 PROGRAM INPUT

This subsection contains a detailed description of the program input

as follows:

e Detailed input guide, and
o Detailed description of the input FORTRAN symbols,
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3.1.1 Detailed Guide for Input Data
Card No. 1

Format 1615 (right adjusted)

Column Parameter Identification
1-5 | ITAB Number of entropy cuts
6-10 N IUNIT 0 No output for MOC program

7 Punched output for MOC program
N FORTRAN unit for tape 6utput for MOC

program :
Card No.2
Format 5E15.8
1-15 : AZ Constant for nonstandard equation of state
16-30 A3 : Constant for nonstandard equation of state
31-45: A4 Constant for nonstandard equation of state
46-60 A5 Constant for nonstandard equation of state
61-75 © A6 - Constant for nonstandard equation of state
Card No.3
Format SE 15.8
1-15 ' B2 : Constant for nonstandard equation of state
16-30 B3 ~ Constant for nonstandard equation of state
31-45 B4 o Constant for nonstandard equation of state
46-50 ~ B5 -~ Constant for nonstandard equation of state
61-75 B6 Constant for nonstandard equation of state

10



Card No. 4

Format 5E15.8
Column Par ameter
1-15 c2
16-30 e
31-45 C5
Card No. 5
Forniat 5K15.8
1-15 BLIT
16-30 . AK
31-45 ALPHA
Card No. b6
Format 5E15.8
1-15- AL4
16-30 "BL4
31-45 CL4
46-60 DL4

LMSC-HREC TM D390169

Identification: .

Constant for nonstandard equation of state
Constant for nonstandard equation of state
Constant for nonstandard equation of state

Constant in nonstandard equation of state
Constant in nonstandard equation of state
Constant in nonstandard equation of state

Constant used in calculatlon of specific

heat at zero pressure
Constant- used in calculation of specific

“heat at zero pressure
Constant used in cal \.u;atmn of spec 1f1c

heat at zero preebure
Constant used in calculation of spec1f1c

heat at zero pressure



Card No. 7
Format
Column

1-15
16-30

" Card No. 8

1-10
11-20
21-30

31-40
41-50
51-60

Card No. 9

1-10
11-20
21-30

31-40
-41-50

51-74

5E15.8

Parameter

R
AT

TREF
PREF
VREF

SREF
HREF
EMMAX

TO
PO
DELTT

“TMIN

PS

HEADER

LMSC-HREC TM D390169

Identification

Gas constant for Freon 14 (CF4)

Constant used in the nonstandard equation

of state

Reference temperature corresponding to
reference entropy and enthalpy, °p

Reference pressure corresponding to
reference entropy and enthalpy, psia

Reference specific volume correspondmg
to reference entropy and enthalpy, ft3/1bm

Reference entropy, Btu/lbm-°R
Reference enthalpy, Btu/lbm

Maximum Mach number to be considered

Plenum temperature, °F

Plenum pressure, psia

Temperature increment at which calcula=-

tions are made,

OF‘

o
Minimum expan51on temperature, “F

Plenum pressure for calculatlgn,‘of second

table, psia

Gas 1dent1f1cat10n for MOC input

-12



LMSC-HREC TM D390169

3.1.2 - Input FORTRAN Symbols

Symbol Description ' Units
ITAB This flag determines the number of entropy N/A

cuts calculated by the program. If ITAB=
there will be one entropy cut, If ITAB=2
there will be two entropy cuts. If the thermo-
chemistry data is to be used in a flow field
containing shocks, ITAB should be set equal
to 2.

IUNIT The method of output of the program's thermo- N/A
chemistry data is controlled by this flag. If
IUNIT=0, there is no output generated for the
MOQOC program, If IUNIT=7, the output will be
punched on cards in a format appropriate for
input to the MOC. If IUNIT=N (N=0, 7) thz out-
put will be written on FORTRAN tape unit N.

A2 Constant used in the calculation of the non- N/A
standard equation of state. A2 = -2,16259 for
Freon 14 !CF4; in Eq. (Al) of Ref. 4.

A3 Constant used in the calculation of the non- - N/A
standa:d equation of state. A3 = 4,404057E- 03
ior Freon 14 (CF4) in Eq. (A1) of Ref. 4.

A4 Constant used in thz calculation of the non- N/A
' ' standard equation of state. A4 =1.92}072E-04
for Frecn 14 (CF4) in Eq. (Al) of Ret. 4, -

A5 Constant used in the calculation of the non- N/A
standard equation of state. A5 = -4,481049E-06
for Freon 14 (CF4) in Eq. (Al) of Ref. 4.

Ab ' Constant used in the calculation of the non- N/A
standard equation of state. A6 = 5,8388E-07 for
Freon 14 (CF ) in Eq. (Al) of Ref. 4. ‘

B2 7 Constant us ed in the calculation of the non- N/A
‘ standard equation of state. B2 = 2,135114E-03
for Freon 14 (CF4) in Eq, (Al) of Ref, 4,

B3 Constant used in the calculation of the non- N/A
standard equation of state. B3 = 1.282818E-05, -~
for Freon 14 (CF,) in Eq. (Al) of Ref. 4. ’

B4 : Constant used in the calculation of the non- N/A
: : standard equation of state. B4 = -3,918263E-07
for Freon 14 (CF,) in Eq. (Al) of Ref. 4.

13
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Symbol Description Units
B5 Constant used in the calculation of the non- N/A

standard equation of state. B5 =9,062318E-09
for Freon 14 (CF4).in Eq. (Al) ot Ref. 4.

B6 Constant used in thie calculation of the non- N/A
SR standard equation of state. B6 = -9,263923E. 04
for Freon 14 (CF4) in Eq. (Al) of Ref. 4.

cz '~ Constant used in the calculation of the non- N/A
standard equation of state. C2 = -18,94113 .
for Freon 14 (CF4) in Eq. (Al) of Ref. 4,

C3 Constant used in the calculation of the non- N/A
standard equation of state. C3 = 0.539776
for Freon 14 (CF4) in Eq. (Al) of Ref. 4.

C5 Constant used in the calculation of the non- N/A
standard equation of state., C5 = -4,836678E-05
for Freon 14 (CF4) in Eq. (Al) of Ref. 4.

BLIT This constant is'used in the nonstandard N/A
equation of state. BLIT = 0.0015 for Freon '
14 (CF4)

AK This constant is used in the nonstandard N/A
‘ equation of state, AK = 0.00976 for Freon
14 (CF4). ’ i

ALPHA - This constant is used in the nonstandard N/A
equation of state, ALPHA = 6.61199 for
Freon 14 (CF4)

AL4 Constant used in the calculation of speC1f1c N/A
‘ heat at zero pressure. Al4 = 0.0190458084
for Freon 14 (CF )in Eq. (A4) of Ref. 4.

BL4 Constant used in the calculation of specific =~ N/A
heat at zero pressure, BL4 = 3.00892783E-04
for Freon 14 (CF4) in Eq. (A4) of Ref. 4.

CL4 " Constant used in the calculation of specific =~ N/A
heat at zero pressure, CL4 = ~1.30237441E.-07
for Freon 14 (CF,) in Eq. (A4) of Ref. 4.

DL4 , Constant used in the calculation of specific N/A
' _heat at zero pressure. DL4 = 1.96802894E-11
for Freon 14 (CF4) in Eq. (A4) of Ref. 4.

R o Gas constant used in the nonstandard ft-lbm
equation of state. R =0.1219336 for °p .1b 1
Freon 14 (CF4). ‘ : mipmmo’e

14



LMSC-HREC TM D390169

Symbol o Description Units
AJ This variable is used in calculationsyof the N/A

nonstandard equation of state. AJ = 0.185053
for Freon 14 (CF4) in Eq. (Al) of Ref. 4,

TREF This variable is'the temperature at which the °p
reference entropy and -enthalpy are evaluated.

PREF This variable is the pressure at which the psia
reference entropy and enthalpy are evaluated.

VREF - This variable is the specific volume at which ft3/lbm
the reference entropy and enthalpy are -
evaluated. ,

SREF This variable is a reference entropy for Btu/1bm-°R

change of entropy calculations. It has a

value defined for Freon 14 at a temperature
of TREF, a pressure of PREF, and a spec1£1c :
volume of VREF,

HREF This variable is a reference enthalpy for Btu/1bm
change of enthalpy calculations. It has a
value defined for Freon 14 at a temperature
of TREF, a pressure of PREF, and a specific
volume of VREF,

EMMAX The maximum Mach number which will be N/A
considered in the calculations of the isen-
tropic expansion from the given plenum
conditions.

3.2 PROGRAM OUTPUT

. This subsection contains a description of the output scheme utilized
by the program and a description of the error messages printed out by the
program.

3.2,1 Description of Program Data Output

The data output of the nonstandard equation of state program for Freon
~ is organized into two horizontal lines for each temperature increment at which
calculations are'made. Data output includes plenum conditions and local fluid

and thermodynamic properties.

15
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The following guide consists of numbered flags on a sample printout

sheet (pp. 18 ) which correspond to numbered comments listed below.

1
2

10

11

12

13

14
15
16

17
18

19

20

PO

TO

Vo

. CVO

CPO

GAMMA

ENTROPY

ENTHALPY

SPEED OF SOUND

TEMPERATURE
VOLUME
PRESSURE
CSUBV

CSUBP

GAMMA

RHO
ENTHALPY
ENTROPY
SOUND SPEED

VELOCITY

Plenum pressure, psia
Plenum temperature, °r

Specific volume for plenum conditions,
ft3/1bm :

Specific heat at constant volume for
plenum conditions '

Specific heat at constant pressufe for
plenum conditions

Ratio of specific heats for plenum
conditions

Entropy for plenum conditions, Btu/‘lbm-oR

Enthalpy for plenum conditions, Btu/lbm-°R

" Local :spéed of sound for plenum

conditions, ft/sec

Stat?ic température, °R

Specific volqrr;e, ft3/1bm
Static.pressure, psia

Specific heat at constant‘ volume
Speic:ific heat at cqﬁsfént pressure
Ratjio of specific‘ héats

Denﬁsiﬁy, 1bm/ft3

Enthaipy, Btu/ ll?m

Entropy, Btu/lbén-‘?R

Liocal speed of s}yound’, ft/sec

Velocity, ft/s ec
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21 MACH NO. Mach number
22 COMP FACTOR Compressibility factor
23 RHO*U Mass flow per unit area, lbm/ftz-sec

Description of Program Error Message Output

1. ITSUB WILL NOT CONVERGE

This statement originates in subroutine ITSUB which
provides iteration control for any function. The
statement indicates that the program is unable to
converge on a solution,

2. NO CONVERGENCE

This statement originates in subroutine STATE or
subroutine SOLVE. In subroutine SOLVE the state-
ment indicates that the program will not converge
on a solution for the local temperature. In sub-
routine STATE the statement indicates that the
‘program will not converge,

17



ALI'TVND 9004 JI0

81

81 ﬂ&ﬂﬂi'IV%UfﬂEﬂ)‘

i

!

'

‘
1
i
!

@fF PEAATURE,

{ (j?\"‘ T ' . .
1PN P 2ARRNARAR .»’!4?51‘@!1‘.5 2.6357 3020
%, n. 54

g

o - e——

fdvas M, 1657323522 11 “ARFLT an

CNTROAPY= ENT-4a; DYs N, 14P3I7383F a3

PUICN

ATDEG. a@v*- 2 “3=A"a°¢-mr13u.n@cvn= #.17236774E a0
SPEFD aF SniiNFs=

or= ,244886377E 2n
A, KRPBIP=RIC A3

@aue.
@L\ TRNPY

np"s= mc SAMMY

@nsu:’ev.. .. .@f‘ﬂ"ap
! @Muru NG

@er.u\; pv

i
1

.14711514F AT 1, 4250AN06F AR A ASIP49R43

AT A.0A4A5TIAIE A3 A, 3744T4R2E OF M, R47414909F

A,241R1446E A0 N.14X94AR4E
N.54742RQ4F AR M, RIAS5R4Q1F

83 2.13812987F=A1 A 141629075 04.2.16794442F. A3
AT B ARR95119F A A, 632 A99AF AY £, T449CKRITC AT

4.615.12400F
A, 145C3228F

S e s e

X

: @rnuo FarToR

’ b-AQﬁJﬂﬂﬁiE-ﬁl.ﬂ,lSQZiAlﬂE:&l;nﬁllﬂf12235.35.3;1&915iilE.Za,ﬂ;2ﬁ355i2ﬂ5“mﬂ;£.1539522BEmﬂl 2.88324953FE 22 @.92724433E 20,

AN @R.P2112863RAF X

B.8772R52¢ AR 2,85042453F 20
A, 27826018E 2%

a1
N

PR Y EDEIh Lk =...41P.9ﬂ916E_—.9.1 A.145084A5F B4 B,16K77122€ 22.6,23072904E A2 MN,143790411F A1 2, 741RARESE 27 A,79617238F 22
P 10475689F 43 0, SASRSERAIR M M_A1AT725RAE A% £ A2175170F A3 P,A0ARTIRIE M B,R2A47AR4AF A A, T1DASASAE a3
L. 8054a00eE 43 0,45462214F201 2 131272857 04 0.1653853517 02 .0.23599724F po m 14134205F a1 0.89321573F_np 9, 73328542F o 22

-

B i T s

g.14553047F

At o, 6“‘8*9?9F P B.59372TR4E B3 P, 4BT58486C 03

i ey e e e — e

B.R1442761F AR B R2T13421F

LSR5 aaapsF ux;twx.405-1469-15-61-«#.11»4‘sm an.a4 enmzauaaé-w.-u,annsasbﬁ 80 A, 14262464F

02 A, IATE541F A

a1 3.62771344E 30 0,67321571F aa

5.5

.14253A41F

B3 A, ANFAKIIOR 13 A.5792671TF A% N ,RITET646C A3 3,97212400F AP M RIAN4ATA4E

A% #.33747534F 03

et

ﬂ )75““4035 43~4r3443k3735-41—¢q}m638ﬁ44h 34. A, 1624R929K 23 .2,23326257E 02 N, 14170078 A1 N.S57412409F A0 4,616198R9F ag
q 14146967F w1 A, ﬂﬂ“9‘ﬁ“9F P23 A.5AR0544AF B3 2, ‘ﬂ“4°1“7¢ n3 2. 113?69575 At m, P1°13161= RA N,3N814477F 23

T IV S

— [ [T RS e Sas i e e £ ot i e

»1 aaammvf‘ A% A =995r=1a5"-f»1 A,952652030° a3
,q14»1g43&p A ARRQYRBIAE 21 A BRARJUPIE AT

WL ARSI Y N ARG T Feat A WSS ITTEF AR

16194779% 2@ 5.2244747%F @n m.1406R8%2F 2y n.55426745F A 7.5626839aF oa
a_g;ae";?q_ 23 A,11317414F 29 o R1QR01=5: a3 A,/ TYA237Q7E AJ :

FLAEITALrGF e 3, 0PPATISTIE A P L13850832F 61 A, 477R5TIGLF ma #,S17877924F A2

,‘1:?kahg“h Gt A HEATIE 2 A Al 2undbn AT L LETISaANIE 2 S 1P2NATTAR 29 0,321 707725 A% 2, 322837¢298 1%
% . 02 8 p'*1“1t41 *-»: 4 TEAATA Tl AT AT e i AR L, 3 TIZTROR N Y 4 TRATHARL Mg A ZTIRTATJIE AP A _LARKTIJEE N
L SR RS- e ] bais g R 2 O SR SIS T LTSO8 g M LTS IQR AT B2 2 R IUTAPYAR 2R

69106€d WL DIAYH-DSN'I



LMSC-HREC TM D390169

REFERENCES

. Randall, R, E., "Thermodynamic Properties of Gases: Equations Devised
from the Beattie-Bridgeman Equation of State Assuming Variable Specific
Heats," AEDC TR-57-10, Arnold Engmeermg Development Center,
Tullahoma, Tenn August 1957,

. Hunt, James L., and L. R. Boney, ""Thermodynamic and Transport Prop-
erties of Gaseous Tetrafluoromethane in Chemical Equilibrium,'" NASA
TN D-7181, Langley Research Center, Hampton, Va., August 1973,

. Prozan, R, J., "Development of a Method-of-Characteristics Solution for
Supersonic Flow of an Ideal, Frozen or Equilibrium Reacting Gas Mixture,"
LMSC-HREC A782535, Lockheed Missiles & Space Company, Huntsville,
Ala., April 1966,

. Hunt, James L., and Robert A. Jones, "Use of Tetrafluoromethane to Simu-

late Real-Gas Effects on the Hypersonic Aerodynamics of Blunt Vehicles,"
NASA TR R-312, Langley Research Center, Hampton, Va., June 1959,

19



LMSC-HREC TM D390169

Appendix A

LISTING OF THE NONSTANDARD EQUATION
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A MinlNUM Pr ®aplGeid)

TEspal -
I irunelToeuweduniVuTul}

NillimpM

dAvVE(2)meulycTE

CunvEeuulvyu®rt

Ilint=2

loxs}

CUNT InvL sl

CaLL ICALUINRITEIRHUIQANAITINE)

CAFLITIME sk we 1Ll 1GUTVL Y0

203

20

ATincvinged .
IFtRHOeLTeuweuwlGIGOTOL) '

CALCULATION UF REAL GAS MaCh NUMBER AND STATIC TEMPERATURE
ANFACL = JTOL(PTIORI/(PEOKT)I®®((06AN®]| o) /06AN)) T
AMFACZ = Jo/ (Lo (0uAN=]4)/24)

N = ¢

IFLLTitescweldttjmy

CTESRLITRTT)

Hiinl) sDOSUKTLIABS((AMFACI= L) ®ANFAC2))

CALCULATIUN UF TeMPLRATURE

TFAC ® (GeasiUuAN= cloj on (Nilee2)ed)

Tt ® TT3®uT1/TEAC

IFiTbeuTe YOevu) G0 TO 203

Pr = Pe * Gevlvi

Prin » PE

IERRUR » |

U TU 1v0

CONTINVE

TFACSITFAL/JT)I®ed o5 UOKT/KY

AMFACLI=PTI/TFAC N

FuFsPe=aAMFACI

ASAvEsTg

CALLITOUUIFOF o 1EeSAVEOCONY, $0 38R}
IF()loRetWen)GUTOZY ’

IF(lTinceuTe25U)0UTUOO o
IF(lTiMeeLke2)GUTU} : {
LFCABSIXSAVE=TE) sLECe100)00TVR¢ \
GUTUlialoelsls2u0060),luR \
ConTinLe

injel

dane{lq9ye/770ec0)/0el6856]

PLPSF = Pp

AR ® [545.utsselly/y

EvZsShaLimiterd
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g @ovd VIO

v 8003 8

-V

Lo .
USER NS
Uakgy
voszl
wut24d
votzd
w424
U423
wybze
wu2/
CaYav
Lu%al
wu13s
Uunas
[ R
w439
wihvye
Guthy
Oi4sld
Vs
Vused
LLYe
wi44s
T
wiLy?
Guisv
Lussl
0u4sd
LULves
vued
Jdiuse
Coved
Loeld
vusud
Uus0<
wonUuL
Ciesud
Lus0H
wisye
Cusiv
cusil
“uslé
wuald
[PEN ]
Cubes
L3529
wunlb
Gu')-'.
Coal
vudNy
a4l
vunud
a4
DD
wiedaw

wi.oad

193
124
195
1o6e
157
ispe
{29
loye
ieie
o2
ICFL
io4e
1ohe
Lobe
iole
Loue
ioye
piue
1
Vide
i/ 3e
174
1750
170"
177e
1ise
179
180"
jo1*
182
lede
o8N
jese
106
je7e
|bEe
ibye
LYus
iYie
172
I1¥3e
iv4e
IY5e
L76e
1¥ie
iYue
Lyye
Lwie
vl
Luld®
dudv
PR A
Lube
cute
iwle
“ub®

LitnmdSnGL (2K
CAMURSNGL LWAMA).
TeAeSnaeLiTe)
PEasOnGLIPEPSF)
Krnusdhul innul*2ce906/32.174
CropPLas 194 (HNUTLRR®TEA)
ERKwLnnaCH
SosbunT(GanU chR®Teal)
Yelesthgeds .
KAUUSOnub INnV ) *EN2es59 2807607320174
Entjisen2
denil)miRn
QAMZLtl ) =6AMUY
TuTtli=stEn
Pulilimrbae 4y
1050 FORMAT(SELweS)
IFinltg)oLeerl) w0 7O 714
TaugPl = Ze/ZluAnA®] )
AFL ™ Le*ush*(GAMA= o o] (2)2°2
AF2 = (ThuePisaAFl)eolluaMAel o)/ 1GANA=],))
ARATIU = SuTlile/H112)e%2)0aF2)
e TU 745
714 CunTinve .
ARATIU = Jay
715 Cuntinue
ALUCsJieTeoCunny
IFLISeuTeRlGUTVT7Y?
NEQTE(, 017 IML (20 s 4Rk aAMA,TEWPE sARATIO s HLUC, VEL
61F "URMATE MU 3N M®s01205935 ReIEI205,6H GAMA® ,0]1245,3K 1%,012.5
S OMH Peael2e506h AZAORE124593H HEDI2e5430 v®sE1La5)
SO FRMATUIHO»3nM =20209 12 JUX225HMOL e NT L (LOM/LUM=NOLE) = sD1209,/
IOH GAMA= ULl & TE®=, 020y 12048 PE"sL20v12)
WRITE(S ,59)PUMaPOT  PTL 7T 1 ,5L0C HTOT yKHU 455 ,KH0UL
55 FUKMATUIH sonrum ® ,U02uel2,9K00nPGT ™ ,020e 129741 PCRabiZe5, 4% TC®
10012050 vH ENTRUPY® s iZebodp O, D12e5:6H KHU™IEL4€e5,49n S5%,5 1Le50
o/H KRHUSU® L 12¢5)
797 COnNTinVE
IFinlt2)suTetMraklguivive
IF(TEelLToldGouw) U TQ 1%y
eU TO0 1)
60 ConTlinve
nrlTElo465)
65 FURMATIIHO3IRNG COUNYENGENCE AFTEX 100 TRIESe)
MRITLEo gl P TIMEsMLE ) oMbl t20 9T PEsANFACIE
30 FURNAT I IHQy2inF UK JTERATIUN NUMBER ,13, SHML = 40358 SHMg =
1 sl15e8, SHIE = ,Ulbel ,4M Pe®sli5e8,4%n Pil=y012e5)
ARLTELO 490 P aPOToPT Lo TT 1 45LUCHTOT
Guluu
190 CunTinve
lomis+
luk =}
Tapsila
LFUISTurecuwel) G0 Ty 95
IFC1TAL)IFuaTYur il 2
112 sulutilseliSevYvinls
115 CunTinue
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2

@

30

EZ'
® &
L g

a2

»

Quss2  qube
00555 210
wuss/ il
Uussi PR
wub ok &b
Yube/ PR L]
wuhlé Libe
vuald «<low
vysr/ 'cale
vuo il Lloe
wud < PR A
Gueyd Llu®
uo Y cal®
Uuoe s Fryad
vael e Ledv
ey ? Len
Sus s ey
voe2/ Lébe
Uuolv “ile
vue i Leaw
Vuc4e Ly
vuse/ PRIV
Cubby - Lol®
Cuoeni La2e
voese FERL
wuesd PELT
wubdbh PE L
wubse PR
wubbe PR I
vues’ FETL]
buted .. . cave
Yuessl Lty
vubed . FE I
Vubasd PR L]

. Gudel FRFLS
busbeso FRL L]
vuoal . PR
Jusiv L6
Luaizl PR FE]
Cueis e
Lud7d . LY
bue/ PEITRS
“ue/lo dale
wuluv PP
wulud PERE ]
w0 2949
wL/u» £
Vulue FETL I

walol _. P YA
GuZiv P
wu/Z1l Loy

131
132
AT
145
v
13u
151
152

Ly
v

‘218

-~ 210

Y0
-

LNy uF COMPILATION;

RLARTLIS SR LA AN T A X0 13

MRS eUGANYCUNKOTEZLVGAN=Y U0 )

O . - e ———— s —— e ———

IFLIUNIToNER 7 )0UTU L 3L
PVl Tegweviuuiuyy ‘
euTultidisia2iais
WRATECZ 3 IS0 InEAVERy IUF o I TAE | - -
WRITEG /20450 ThD i
9=5LULeCunYN ; Sk R HRIRCEY,
Tt/ i420550) ;
uullltl-lﬂc)t(Lhtdi.‘SNGJD.blﬂ“JlolOTld’n'UliJlOodl]nll
Fusnal t9acsoasi3e7x,0badrsi i)

PunAal lgluebaZagl il (

FunralisB i eb)

Suluiby ! e el iR e g
COuT Inue

wivlislsisclsils

A TECUN T nEAVLK Y (UF 4 Tas

eiTELIuniT AR i, i B AR et R
IsssLuleCunyn '

wREIEl ulj 2550 PR
-nalutauuul:tsnn|uo.£;ncuo.uantcdl.IOI(Jl.Poltdobgaololl
wuTulaYisivYulais ity
CunTinvg

Pli=ry .

Pesrlg x

le=11} il . G el ity o e R
ICLLR]

SAaveiZie jaguy 4 " il e
CUilyee 1u0

ITinL=e SEESANL BRI, Mg IR O L I el
GALLALA;(luRllLoﬂnUothAOsTlNEO

FUuFshnTuT=nx
CALLUITOUBIFUr s TEsSAVESCONVIOUNIBR) . . . .
QUILIHULUIYULI4LEI40UIZI0 4100 s lBR
wRiITELO4415)

FunmAl 129 JISUB wiLlL NUT CuNYVERGE ]

Cunl luue et i eV =
Tli=Te

Llint=g PSR A AL Pl S o R RO
CabLiCaLlInk i IE RHO ,GAMA, ITIME)

imy it hr s it Sbam oot ol 46+
P IPE-LT 22Ul VLIVELP®ID LD

IFIPEaLTolpevbviVeLF®lsui o n i PUCHS R C R
IrtPEeLTolobvulveLPsejuo

Ip (PRl vaitbVULILELPRIR L i I RO Kb (G SRS
Priinunes, 250y

wulueil B

CunTlve

CuUnT lnve 2 R e OB
v

Ll i i e 3 e s ERIR

d LiAnuSTICS,
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Bircovname o

CEOHLS 1TS

Yo, TSVO

“SU LIA =Q2/19/74=13131:24 (0,)

SUBRCUT

STonAaGE

(1Al )
nooy

5TORAGE

neoy
0201
neol
20400 0

g1 @Hvd TVNIDINO

KIrTVAD ¥00d JO

r3i0l
coiol
20101
>'_~:nnl
3100121
el fLag
Lake 8 ok}
coNns
ool Had
regcs
adad B 2 4
207
“ni110
rorse
To11d
RLENE]
2rn
“Sian
LB 8 B
"o 0
~ci112
fori
i L
o d §f .
Slall § -
gl B §
raty?
re 2l
1)

el ol b 4.

INE 1TS5U0

ENTRY POINT 0pg021)

USEDL: CODE(]) 00D230: DATA(C) GOD0O27F BLANK CcOMMON(2) DODDOOO

EATERMAL REFERENCES (BLOCK, NAME)

NERN2S
NEARDS

ASSIGNMENT  (BLOCK, TYPE, RELATIVE LOCATION, NAME)

cecp2é 1oL oool 000164 100L Coo1 000167 1oL
aro0e2 ISL ceol neee71 SaL WL LT 00”007 SOIF
en2122 9L cool nnni3é 75 coot 000142 eoL
2nece2 FOFXCK o070 207021 INJPS goog 1 CO2004 NI

ie
2e
3
4
Se
'Yl
7.
e
9 C
100
1ie
12+
150
14
150
l1ée
17
18e
19
2%e
21
22e
230
240
25
FEL
17.
P
290
ICe

ool

el N N Nl o ) Lol

~

10

3

SUZROUTINE 1TSUO (FOFY,Y,SAVE,CONV,NTIMES,[TINE)

000! 000177
0000 coooti !
cool 000153
0CcO0 p 000004

ThiIS SUBKOUTINE PHOVIDES ITERATION CONTROL FOR ANY FUNCTION

SAVE(4«7)aSTORAGE LOCATIONS FOR X AND FOFX
(CUNV)~CONVERGENCE CRITER]IA
INTIMES)=MAX NUMBER OF ITERATIONS
JOUBLEPRECISIONFOFY Y SAVE JCONV ,FUF X JFOFXCK X
DIMENSIONSAVELS)
FOFXCK=SAVE(S8)
FOFY AND Y ARE DUMMY INPUTY ARGUMENTS
FOFXxmsfFOFY
A=Y
CHECX FOR CONVERGENCE
IFLABS (FOFX)=CONV,LE«D.DR)IGOTO1IC
ITIME CONTROLS THE TYPE CALCULATIUN TO BE PERFORNED

ITIME=] ,FIRST TIME THROUGH

ITIMER2,PDS FIRST TIME THROUGH

ITIMESI NEG FIRST TIME THROUGH

ITIME=Y ,SOLUTION |S BRACKETED

ITIME=S ,SOLUTION HAS CONVERGED

ITIME®S ,SOLUTION #ILL NOT CONVERGE
GOTO(10,30,50,70),1TIME
INIYIALLZE
Niw}
I1TIinEe2
FOF XCX=FOFX
SAVE(R)=FOF XCK
IFIFOFRLT«N,D0)GOTOSO
IFIFF 4L TaD.03)0607TN20
I (5 20 sl b UFR)GUTOLIS
SAVE(2im=].DCeSAVEL2)

120L
S02F
0L
x

17Tso0200
1Tscoa0o
1Tsco400
17500500

17500400
17500800
17500900
1Ts01pCO
1TS01100
1TSc1200

17501500
17TS01400
1Tsci1700
17s01800
1TS01900
17502000
1Ts02;00
17502200
1isoz23o0
17502400
17502500
171502400
11502700

17503000

vool 000041 3oL
000! 000113 S5L
C000 D 0ODCOOOD FOFX
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y00d J0
d v NID1E0

RIITVOD

&1 4oV

8~V

‘0126
Lalall B & 4
o 1 B 1
bedsf 10 2
blel b ¥4
29132
et 2 4
it 1 P 4
ns132
o T ¥
adad & ¥ 4
=553

celng
il g
sl
Tolsd
nrle)
TOENe
enjes
S R

1187
n150
oSl
roisd
)18
Lol 6.
[ Y
23157
noes?
2140
sl

S |
0189
Hn}‘.s
Lol Y
rnts?
nisr0
0212}
nn,yz
3473
o174
a217%
0on176
LIRS B
ug2no
cnz9l

31
32»
33
duse
35
350
37
FLES
39
40
e
42
“ire
qjue
w5
48
47
“Ae
“9e
$e
Sie
520
S)e
S4e
55
She
57
SHe
59
400
bl
62
$3»
au-
450
bbb
670
bR
69
ICe
Tie
72
73
Tue
75
Tée
77

END OF

s

AN

$s

70

8cC
9C
1ec

110

120
501
se2

COMPILATION:

Aex=2,00eSAVE(2)
GoToY0
SAVEL4) =X
SAVE(S)=FOFX
Xma=SAVEL2)
OF ONE VARIABLE
(FOUPX)~FUNCTION WniICH IS DRIVEN TO ZERO
(A)=VARTABLE WHICH IS ITERATIVELY SOLVED FOR
(SAVE)=PROGRAM CONTROL 2
SAVE(2)=x INCREMENT
SAVE(3)=COUNTER DENOTING NTH ITERATION
Gula9en
ITIME=D
IF(FOFX,GY.C,D0)1GOTO70
IFLFOFACK JLELFOFX)GOTOSS
SAVE(2)e=] DT e5AVE(2)
X=Xe2 ,D09SAVEL2)
GotTo9wr
SAVE(&) =X
SAVE(7)=sFOFX
AXmXeSAVEL2)
GoToYe
ITIME=S
IFIFOFX,LT«D.DD)GOTO?7S
SAVE(Y)=X
SAVE(S)=FOF X
GuToAn
SAVELS) =X
SAVE( 7 )=FOFX
PICrk NE® GUESS FOR X ACCORDINgG TO YVPC.CQLCULAVION
XaSAVEIY)=SAVEIS) e ((SAVE(S)=SAVEL4))/(SAVE(T)=SAVELS)))
IFINI,GEJNTIMES)GOTOI00
NisNlel
GoTot120
ITIME=S
GoToi120
ITINE =S
SAVE (4 )=x
SAVE(S)=FOFX
SAVElg)mX
SAVE(7)=FOFX
CONTINUVE
FOKMATIIX,515)
FORMATIIX,49D12e5471X,8D12,5)
Yux i
RETURN
EnD

NO DIAGNOSTICS,

17503300
17503400
175C3500
1TS03400
11s03700
17503800
1TsC3s00
1TS040n00
17594200
171594300
1TS04400
17S04500

171504700

17505000
17505100
17505200
17505300
17595400
17505500

1TS05800
171505900
1TS0é6000
171506100
175046200
17TS06300
1Ts0s400
17506500
1TSC6400
17506800
1Ts06900
171507000
17507100
17507200
17s07300
17507400
17507500

17Tse7700
17507800
1Ts07900
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SFOR,S [TSum,1TSUB

MuD 11A =Q2/19/779=13131:25% (0,)

SURRQUTINE 1TSUB

STORAGE

USED:

ENTRY POINT 00021}

CODE(1) 0002307 DATA(D) 00N0021i BLANK COMMON(2) COOO0DD

FXTERNAL REFERENCES (BLOCK, NAME)

neod
oocs

STORAGE

nd ¥ood a0
Vd TVNIRING

0091
Llalil |
orcy
orcp 1

' Aigas
K @o

ngiol
09101
faict
nosel
?t‘ﬂlcl
O t2i0)
ot Ins
rcies
ool Kol
7106
noi10?
eoto?
0110
oo10
cann
2110
nI510
ro110
ca2119
%110
kol 18 I 4
nnjr2
n5114)
Lt T B B
Co1s
rigse
2817
rryal
crnj2d
ony 2%

NERK2S
NERKDS

ASST GNMENT

roecg2é
109%462
0oT142
To0S2s

1e
2 .
3o
Yo
Se
'L
Te
B
Qe
10
11
12+
130
14
15
160
17
18
19
0.
21
22+
23
240
25
26
i
ine
29
3ne

1oL
asL

8oL
NI

aNaNalal

o aNa ol ol e I o) "

(o)

3o

(BLOCK, TYPE, RELATIVE LOCATION, NANME)

2001 ocoiléY 100L 0001 200167 j10L
ecol 0c0071 SaL co01 oco1ly S5L

cecl 220153 99L Goon 0 007000 FOFX
2000 D °TC39% X

SUBROUTINE ITSUB (FOFY,YsSAVE ,CONV NTIMES,ITINE)

0001 000177 120L
ooot 000122 70L
0000 0 000002 FOFXCK

THIS SUBROUTINE PROVIDES ITERATION CONTROL FOR ANY FUNCTION 17500200

SAVE(4«7)=aSTORAGE LOCATIONS FOR X AND FOFX
iCONV)~CONVERGENCE CRITERIA
INTIMES)=MAX NUMBER OF ITERATIONS
DUUBLEPRECISIONFOFY Y, SAVE ,CONV ,FOF X ,FOFXCK X
DIMENSIONSAVELSB)
FOFXCKk=SAVELR)
FOFY AND Y ARE DUMMY INPUT ARGUMENTS
FOFx=fFOFY
X=Y
CHECK FOR CONVERGENCE
IFLABS (FOFX)=CONV.LE«De)GOTOl 10
ITIME CONTROLS THE TYPE CALCULATION TO BE PERFORMED
ITIME=] ,FIRSYT TIME THROUGH
ITIME=2,P0S FIRST TIME THROUGH
ITIME=I NEG FIRST TIME THROUGH.
ITIME=S ,SOLUTION 1S BRACKETED
ITIME®S ,SOLUTION HAS CONVERGED
ITIME=0 ,SOLUTION WILL NOT CONVERGE
GOTOUL10,30,:5%,70),1TINME
INITIALIZE
Ni=]
1TIMEn2
FOF XCK=FUFX
SAVE(B)=FOF XCK
IFLFOFReLTeNe)GOTOSD
IFIFOFRLTeDs)GNTOTD
IFLFOFXCK oLF 4FOFX)GOTOJS
SAVFE(2)w=]40SAVEL2)

17500300
17500400
1Tsnosoo0

17500600
17500800
17500900
1TS01000
1Ts01100
17501200
17Ts01300
1Tsei1s00
17Ts01400
17s01700
1'TS01800
1701900
17s02000
1Ts02,00
1Tspo2200
17Ts02300
17502400
. 17502500
171502400
171502700
171502800
11502900
17S03n00
1750300

cool
ooo!
0000

000041 3oL
000136 75U
000013 INJPS
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nod

81 @Dy 7y = osmo“o

o1-Vv

Lol I )
nnL27
fmn130
Lodo d B §
"2
r~132
9132
a2
tmiy2
Ll I P 4
Sl T 4
o 1 B
adall i
ne 59
oAy
ol B |
Aol KV 4
rLINd
Ca1ee
Toies
07146
Ll
0150
on)sSs
hn‘\J
noiss
02155
coise
nnis?
onEs?
ra149
el Y ]
0onisd
nniLes
001465
LAl B Y
coLe?
5170
92171
o d I 2
cni7d
carre
noirsS
ouirze
ceir?

- Xmie2,0SAVE(2)
32e GoT090
33e 35 SAVE(4)mXx
INe SAVE(S)=FQFX
35 XsX=SAVEL2)
dbe C OF OME VARIABLE &
37 (4 (FOFX)=FUNCTION %4ICH 1S DRIVEN TO ZERO
JBe C (X)=VARIABLE wHICH IS ITERATIVELY SOLVED FoOR
39 C (SAVE )=PROGRAM CONTROL
4ne C SAyE(2)sX INCREMENT
4l C SAVE(3)=COUNTER DENOTING NTH ITERATION
42 GoTo%0 :
43e SC ITIME=D
q4e IFIFOFXaGTe0,.060TO70
“se IFIFOFXCK L LELFOFX)GOTOS5S
1460 SAVE(2)==],eSAVEL2)
47 Kske2,°5AVEL2)
4ue GoTO09%0 5
49 S5 SAVElS)=x
Bk SAVE(7)=sFOFX
Sie X=xeSAvEL2)
52 GoToY2
53 70 ITIME=Y
S4e IF(FOFXeLTe0.)1G60T075
55 SAVE(4)m)x
56 SAVELIS ) wFOFX
57 Gofoso
58e 75 SAVE(6) =X
59 SAVE(7)=FOFX
60 C PICK NEW GUESS FOR X ACCORDING TO TYPE CALCULATION
LR BO XsSAVE(Y4)=SAVE(S)Ie{(SAVE(S)=SAVEIY4))I/ZISAVE(7)=SAVEILIS)))
620 90 IFINIL.GESNTIMNES)IGOTO100
610 NisNlel
64 GoTo120
650 1C0 ITIME=S
b6 GoTo120
67 110 [TIMEaS
L SAVE(Y)mX
690 SAVE(S)=FOFX
70e SAVE Ls) =X
Tie SAVEL7)=FOFX
T2 120 CONTINUE
73 YuiX
T4 RETURN
75 EnD
END OF COMPILATION: NO DIAGNOSTICS.

-~

17Ts03200
1TS03300
17503400
17503500
17503400
11803700
17523800
17503900
17504000
1TS04200
1TS04300
1TS04400
1715724500
1TSC4400
17Ts04700
17524800
17504900
17TS05000
17505100
17525200
17505300
17505400
17505500
17505700
17505800
17Ts05900
17S0é6nCO
1TSos100
1Ts04200
1715046300
17506400
17506500
1TSCé400
1TS0e&s00
1TS06900
171527000
11507100
17Ts07200
17Ts07300
I1TS07400
17507500

17507700
17507800
171507900
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&1 @OVd TVNIDINO

ALrmvad ¥ood Jo

11-v

WEFUR S [ TERAT,ITERATY
Whu LIA =02719779=13131:28 (0,

SURRQUTINE JTEKRAT

STORAGE vUSED:

CoMmMOnN BLOCKSS

ENTRY POINT 0OND101

CODE(1) CcOOI30: DATA(O) 00ODN70: BLANK COMMON(2) 000000

0203 INPUT  0D2030
CATERNAL WEFERENCES (BLOCK, NAME) .
000N 175u8
000% NERNHZS
0108 NeLUUS
onu? NID2s
LLAT,) NERH)S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
oouy en0oid IcL o001 neoo7l 1Sy 0001 oco05s 20L 0000 060027 25F
2003 0 T929CC6 AO 9903 0 "22014 8 €003 0 o0Colp BO 0003 D 0500°% C
avoe 0 072222 FoOF ooaC | 209026 1IBR oc20 000050 INJPS 0003 D 0O0D2% oOCv
020C D C2°0229 Pa 0Cco93 D 722204 PE 2023 D 002000 pTI 0003 D 000020 R
oCc03 D ANCI26 TE 0003 p C£CONA2 TTI
ngini 1* SUBROUTINEITERATI(PR,TLEFPsE2,EI,RHO,ITINE)
eoInd 20 COMMON/INPUT/PTL 41T ,PE,AD,BO,% ,B,C,R,0GAM,0CV,TE
T L] 3e DOUBLEPRECISIONPR, T ,E1,E2,E34RHO,PA,SAVE FOFJCONVR,PT1,TT1,PE,
fOLOY “e o AUBD,A,B8,C,06AM,0CY,TE
coi10S e DIMENSIONSAVE(8)
noiné b RHU=PR/ (KeT)
oanin? Te loke]
ce110 Be SAVE(2)=,,0n0
ASSS B | 9e Cunve ,nN020C20010C
no12 i0e 10 PASRMOORST (1 ,00+RHOC(EI+RHO®(E2+RHOCEDI) )}
0cH1d i1 FuFaPr=Pa
nose 120 CALLITSUB(FOF yRHO ,SAVE ,CONV,100,1BR)
71115 13 GCTO(10,10,12,10,15,20),18R
eds 3 B 1 14 20 ARITE(6,25)PR R, T ,RHO ,FOF
nny 28 150 25 FUNMAT(IXIBHITSUB wlLL NOT CONVERGE ,P,R:T,RHO,FOF=,5D12.5)
opedl B 1o 1TIME=ICD)
bl B 2 4 170 15 ConTiINUE
TR Lie RETURN
meal 19» Env

N DF COMPILATION: NO DIAGNOSTICS.

0003 D 000012 A

0000 D 000024 CONY
0002 D 000022 OGAM
G000 D 000002 SAVE
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00d J0

RIrmvad u
BI @DVd TVNIOI0

21~V

SF0R,5 PEHGAT FERGAS
wLu LIA =02719/74=133131330 (C,)

SUBRQUTINE PERGAS ENTRY POINT CO007)

STOMAGE USED: CODE(]) 200i05i DATA(O) COO034i BLANK COMMON(2) 0GO020

COMmON BLOCKSS

2003

INPUT 0OC303D

EXTERNAL HREFERENCES (BLOCK, NAME)

0004
000s
020s

STORAGE

0001
0003
0003
orod
ocol

foinl
ogicl
opi0)d
29108
02109
fadls § Rat 3
n2507
nogd
conl
nan2
rolLd
fne
c01s
oolLe
nr120
o121
03122
a0t B 3 |
"8
~n 3129
rop2s
rol12?
rceio

cocCc o

XPLD
DSuUnTY
NERR)S
ASSIGNMENT  (BLOCKX, TYPE, RELATIVE LOCATION, NAME)
ooC%69 I10L oco!l 00015 20L 0003 D 00CO0I2 o 0023 D 000006 A0
o219 B0 0003 D eeco%lé ¢ CooD D NOTDO0S FACTI 0000 D 000010 FACT2
000222 GAMA 0000 D 200004 GMIOG 0007 D 00C00n GMIO2 0000 O 000002 GM1O2]
20C22% OCv occ3d p oceooce P €003 0 COC2OC2 PO 0003 D 000020 R
geson2 vo CoOC D 200012 xM
i SUBROUTINE PERGAS(PM,PTLIERROR,PMIN)
2e DOUBLE PRECISION PM,PT ,PO,TO,P a0 ,B0,A,B ¢ R,GAMA,OCV,T,GN102,
3 IGHI021,GMI0G,FACTI FACT2XM ,FACT]
4o COMMON/INPUT/POTO P, ADBOsAsB C R GAMALOCY,T
S5e GMI102 =(GAMA=L) /72,
b GMIOD2! = [e/GMI02
Te GMIODG = (GAMA«] ) /GAMA
Be 20 CONTINUE
9e FACT! = ((PO/PlesGMIDG)I=1as
Ine FACT2 = FACTIeGMI021
1l XM =ULSGRT(FACT2)
12 FACTY = (J++GMID2eXMee2)
13 T = TOe(1/FACTY)
140 IF(T«GT470.0D2)16G0 TO 10
15+ P = P « (,071D0
Lé» IEKROR = )
17 PHIN = P
168 6O YO0 20
19 10 CUNTINVE
2re L
21 PYT = 1
‘2 HETURN
23 Env

0003 0 o0OODIY B

0000 D 0CODIY FACT)
00o0 000026 INJPS

0003 p 000026 Y

691066 WL DHIYH-DSINT

S

-

-t e e ST Bt e (5 e Sl AL S



END OF COMPILATYION:

B @OVd 'TVNIDIE0

EIrTvad ¥ood 0

1 6 4

NO DIAGNOSTICS,

69106€a WL DAYH-DSI'T



wFOR S SINH,SINH
HSD 1IA =~02/719/774=1313133)1 10,0 3

FUNCTION SINK ENTRY POINT OQDOJO
STORAGE U3ED: CODE(1) COOCD3IYI DATA(D) DODO21t BLANK cOMMON(2) 000000

EXTERNAL FEFERENCES (BLOCK, NAME)

ang) DExP
0004 NERR]S

STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

0030 p oC0OC) EIN C000 D 000005 E2 co0on  00COll INJPS 0000 R OUCGOOD SINMW 0000 D 000001 SNHARG

>
1 ocind 1 FUNCTION SINHIA)
;; naiel 2e DOUBLE PRECISION A ,SNHARG,E1,E2

90104 Je SNHARG = A

°%10% ye E1 =DEXP(A)

coIne Se E2 =DEXP(=A)

acin? 4 SINH = CeS5*(ELI~E2)

R Te RETURN
n0i1l e EnD
END OF COMPILATION: NO DIAGNOSTICS.

PRI —— e
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SI-V

SFURGS JCAL,1CAL
mou LIA =Q2/719/749=1313133)3 (0,)

SUBROUTINE I1CAL

ENTRY POINT cOIL2)

SToRAGE USEDD CODE(1) COLISS5i DATA(D) OD0347{ BLANK COMMON(2) DODO0OO

COMMON BLOCKS?

000y
unos
n20s

INPUT
FACTOR
SCACY

oesc3
0CWie
027074

EXTEMNAL REFENENCES (BLOCK, NANME)

oroe
oro?
onie
021
or12
0713
ool
0015
OC1le

STOKAGE

000}
oro01
2701
9703
0nos
oro0
oeroQ
oceoo
ecoo0
0209
ono0
L Bl L)
onol
nooo
9900

ncand
ne1al
jghod g
A Ehlb |
O Bal |
S

CoocCcCoL=~CQGUCXTOCO

ITERAT
LI
DSItm
NRDUS
LRI EY
N102s
DEXP
XPOD
NEKRR IS

ASSIGNMENT

oooess
enpy2l
oni077
oceeio
eerco
ceni3?
ocnnas

SUIAGUOUSTIC

1
e
A
e
te

1166

4oL
acL

80
CAPF
CAPGN2

1COUNT
JFACIH
Ji
OLAm
RT1
xcrPGgo2

goro
oeol
cood
2¢0co
ceel
occo
0900
coo9
neeo
fo00
oo09
ocoeld
oo0d
000

oo ooOooOooCO

000213 1336

000142 SofF
e01103 9oL
200016 C
C223C74 CAPF)
NNCO6C CAPGO2
922244 cvvie
oCT00% EN2NUM
aeeo24% €3
00C3I0 INJPS
fO0066 JFAC2
0Col”. < KPROP
Ladadad: L B 4 3
orcco2é TE
990542 2

oooo
o003
000S
(LD L
ceoe
oo
ocon
00002
0229
€099
coos
¢nos
00013

CO0OO0OPDPODOOOOOOO

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

00014
ooei7s
oocol2
ooecon
000074
0c2054
oonnldy
nonpl2
oeni2p
oCcn056
002070
oocole
00000n
007002

SUBROUTINE TCALITARITE RO GAMMA,ITINE)

UOUKRLE PRECISION -

$ CAPENZ2,CAPFO2
DUUBLE PRECISIUN EI,E2,E3,6FAC RHO,T1,EA EB,EC,2,CVVIB,CV,CPFAC],
ICPFAC2,CP IPROP ,CAPGNT JCAPGO2,CaPGJFAZI ,JFAC2,JFACI JPROP ,CAPE,

151F

60F

A
CAPE
CAPF2
cP

EA
EO2DEN
G
IPROP
JFALD
KT
PTl
id!

000!
000!
ooed
0000
0000
0009
cooo
o000
goce
0004
0000
0004
ool
ooco

SR AR -R-R-A-R-N-A-R-N-

000442
000501
000004
ocoo1d
oociocod
000050
002036
ceoolo
oooo2é
o0Cc000
000072
000004
ooooz0
000032

XCPGNZ ,XCPGO2 ,EN2NUM EN2DEN ,EO2NUN ,EQZDEN,

1736
451

CAPEN2
CAPF3
CPFACH

EC2NUM
GFAC
1
JPROP
xi

ooo!
cond
ooel
Qoco
0000
0000
gooo0
Gooo0
ooopo0
ooco0
0004
Ooo3
0ogo0
0op0

THE WAME CAPGN]I APPEARKS IN A DIMENSION OR TYPE STATEMENT gUT |S NEVER REFERENCED.

POOO==mOOOOOO

060377

000219
000014
000016
onceed
000052
000040
000020
0001 3%
o0013s
00006
000024
ocoole
ao00000

oL
jor

CAPED2

TAPG
CPFac2

ACPEN2
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91-V

PR

ine

3199

140

8
Te
He
Ge

ile

1ie

12

13

14e

15

16

17

lne

15

Jre

e

22

23

24

250

260

27

ine

25

e

3

32s

33

4

15

36

A7

i

39«

40

qle

42

43

Y4

45

q46e

47

Sae

49

Ene

Sle

52e

S3e

54

55

S5+

$7e

Lue

S9e

eCw

6l

nean

151

20

o

40

ZCAPF 1 ,CAPF 2 ,CAPFI CAPF ,KPROP RT] ,GoPTI ,TT1 ,PELAD,B0,A,8,C,R,06AN,
BOCVTE G114 J1 K1 JT ,¥T RHO ,GAMMA
CUMMON/INPUT/PTL 7T ,PE AD,BO A R, C,R,0GAM,0CV,TE
CUMMON.FACTOR/ZI19J1 K1 4JT KT

COMMON/SFACT/CAPE ,CAPF

UIMENSION RTI(0)sG18)

CALCULATION OF DENSITY

ULITS LF VARTAGLES £ ARE Fleed/ B-HOLE

ULITS OF VARIABLES G A"E [Nee®2/.BF

Ll & BO=(AO/IROTE) )=C/TE®®)

FORMATILIX ,7D12+5)

E2 = AUSA/(ReTE)=HDeB=BO®C/TERe) .

E3) = (BOepeCI/TE®e)

Du 17 1=,

KTIt(l) = ReTEwne]

CONTINUE

Gllde =L I/RTICL)

G(2)® (2.0%F 1ee2=L2)/RTI(2)

GEI)® (Sene(E2=Elee2)=E3)/RTILD)

GEY)® (Banef 1 ee 3+l , 0eE2002+(7a0eE1%02)0(2.00E1002=3,00E2))/RTL(S)
GU3)® Ja e (F20Ed=4 00 E [0l E20%24E1%EJ)*(6,00E1%0))0(2,00E2«E1%%2))
$ /RTILS)

GLOI® (6+Col (100 EL002)0(3,00E2002+2.0%E10E3)*(11000Ej0ey)

s Pl 240%E 100 2-5,00E2)1=2+0%E2022)¢%E30(4,0eE3=73400E1E2))/RTILS)

GF7cC = Jo0

07 20 I=1,6

GFAC ® GFAC + Gll)ePEve]

CUNTINUE

Tk REAL GAS DENSITY IS NOw COMPUTED

CALLITERATIPE ,TELE1 ,E2,E3,RHO1,ITINE)

RuUsHKO1

TreTE

EA=E )

Eu=E2

EC=E)

THE RATIO OF SPECIFIC HWEATS CALCULATION

VIBRATIONAL CONTRIBUTION FOR AIR

IFLITIMEC.£Qe1) GO TO 30O

I=.06856100

IWVIB » ((T704.880C/TEI/SINHIIOE4.9DO/TED) Joe2
. «(1245,2200/TEN/SINHI2049641D0/TE) )02

Cv = OCV ¢ CVYVIB®(6.002¢CoRHO/TE®*]) -(l.ooeooano/z.o-00000|n0002
$/3.C)

CPEACE (1 1enNe2,00C*RHO/TE®*3)0(1.0+BO0*RHO~BO*BeRHONS2Z))0e2
CPEACZ #( 1 o024 E1oRHOSI0*E20RHOSO 24490 EI*RHO#*3)

CP = CVv + 2e(CPFACI/CPFAC2)

GAMMA = CP/CV

GO YO 4¢

CONT INVE

GANMA = 0DGAM

Conrtinut

CALCULATION OF 1PROP

FInGP = (GAMMAZOGAN )@ (] 0+2.00E 1 *RHO*I.0eE20RHOR®2+4,00EJoRHDOe])
T TR ITE QT NINRITE(S,SONITIME E1,E2,E3,0G1J)30%1,6),GFAC,RNOD,
SGAMNA , IPKOP

TR UIVRITE QT aneAND G ITIMEGTY o LINRITE(6,60)CYVIB,CV,CP

69106€a WL DIYH~DOSIN'T



X Lk

nnznl
el B |
rn212
1212
bl 8 I |
128
e £ %
n216

27
'd -‘r-vo

3

> 4
Bt e
-

o
-

32
o
by vy
- -
-~

L
LR A
PR
65
LE R
67
bR
L3
Ire
Tie
720
73
Tue
15.
T4
17
78
T9e
83e
8.0
B2e
Ble
H4e
i5e
860
H57e
BHe
B9
Fooe
91
2
Fie
F4e
G5
Yae
97
Yo
9.
10ne
121
102+
1023
104e
105
104
137
106
109
110
il
112+

113e
B

ENY GF

Cesses CALCULATION OF JPROP FACTOR USING CAPG

Cos

Coe
Con

Coen

65
°

60

L4

60

90

ICOUNT = p

CUNTINUVE

CAPG FOR AIR FROM REFERENCE EQ, 74

CAPGNZ & (4772900771071 14C=DEXP(61I0%«700/T1))
CAaPGO2 = («857,2900/71)/7(1e0=DEXPLY40%2+300/TL))

CAFG = CAPGN2eCAPGO2

JEACE = RHO®(BU={2,00A0/IReTI))a4,00C/Tlael)

JEAC? = HHuUse2e ({3, 00A00A/(240eReT]))=5.04800C/(2+00T1003)=B0eB)
JEACS = Hi0eelde(2,0eanedeC/Tlee)

JPRUP = J,Ce((0GAM=],0)/0GAM)Ie(CA G+JFACI«JFAC2«JFACY)
CALCULATION OF KPROP FACTOR -USING CAPE AND CAPF

CAFPE FHROM REFERENCE EQ. 75

X(VGM2 = CAPGN2/7,.7878800

ALFGO2 = CAPGO2/04.209500

En2nuum = QEXPLACPLND2)

ENZDEN = JoN=LEAP(=61097D0/T1)
EO024uM & DEXP(XACPGLN2)

EJ20FN & J"N=DEXP(=4092,.100/T1)
CAFPENZ ® (LN2NUM/EN2DEN)®e(Ce78788D0)

CAPEO2 ®» (EVU2NUM/EDZ2DEN)®e(0«209500)

CAPE » CAPEN2eCAPEO2

CAPF FrOM RFFERENCE EQ. 38

CAPFIl = RuuelHU*2.,7%eC/T1"el3)

CAPF2 = RHO®e20{(B0eC/T1%e3)~B0esB/2.0)

CAPF 3 = Rpuuee3e2,7e50080C/ (30T}

CAPF sUEXPICAPFI+CAPF2=CAPF])

KPROP = (CAPE/CAFPF )o( ) 0*EACRHO EBOoRHO®®24EC*RHOv*])

IFLIBRITE (GT NIWRITE(S,70)RHO ,CAPG 4 JPROP ,CAPE 4CAPF KPROP
FORMATUIND o37HIN SUBROUTINE ICAL FOR ITERATIOMN NOs LI13,9HE(1=]) =
1230204 124/71H ,9HGLLI=8) ® ,6D2N,12,/1H 6N GFIC=,D20+12,5H RHO®,D20
2:12,7H GAMMA®,D20412,7H IPROP®,n22.12)

FORMATEIHD 71 CVVIB= ,D20e1242X,44 CVe,02p,12.2X,94 CP=,D20,12)
FONMATUIND s SH RHU=,020e12,6H CAPG=,D204i2,7H JPROP®,D20+12,6H CAPE
12,020.1246H CAPF®,020e12+/7H KPROP=,D20e}12)
IFUITIMELEQe I «ANDLICOUNTEQ.1) O TO @O

11 = 1PkuP

Jil = JPRUP

K| = KPROP

IF(ITIME«GT4)) GO YO 90

RHO = PTI/(ReTT)

Ty = 111

EA = BUSIAO/IR®TI))=C/T1%e}

Es = AU®A/(ReT1)=B80eB=B0eC/T1ced

EC = BOeUeC/Twe]

ICUuUNTe]

G0 T 6%

CONTINUE

JT = JPROP

KT = KPROP

CONTINVE

ac Tukn

Enb

COMPILATION: ! DIAGNOSTICS.
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LMSC-HREC TM D390169

Appendix B

LISTING OF THE NONSTANDARD EQUATION
OF STATE PROGRAM FOR FREON 14 (CF4)




| Sl ™1

CONPURAR & 0 87 S &

sk

neih Prushan

- 27707749 =21226248 (Cy)

STuRAGL wSEDLS CoLETL) CCICI78 CATALD) cbslSo: BLANK COmMMONI2) Q202033

FrAErMaL R RRERELCES (LLOGCHr , LAME)D

R )
L
LR 5
B e 8
v
[ £ 9
wild
PSS B 4
g i
Lol
1%
e e
vl ?
e ¢ 3
er o
27
O J
L
viLdS

>,

PR L]
<01
Lol
Celli
PR o] o
LUl

1.0

(.ot
PRatel
L
v.n2
R 2
Jnoe
v r2
Louli
v LGL
L 3 ¢
ok
LG
¥3

€ 0

TukRaGe

oty Har iy dnm o i Gb Mg oW S GE T MBS

STATE
MniaTS
LUk
SOl
LAl
sty
FitS
175uB’
WILTES
LkiLus
RiL2S
Livds
Whnls .
SLAT
LERKZS
hus
tiols

Chet e us

KSTOPS

i e

37

£S5 IGNRENT

gcurré
CLL55%
(ceede
weuee2
ces10?
(eeH23
ccc7ee
ceeliz
(L4746
LLLcos
nLLoe?
Les?72i
CL4734
ceeead
Cun’7d
Coulub
Cta?24l
LLeiraz
JCe7%2
g5 A e A
i ¢ O
Taning
SRR £

16CF

13zL
1524
JCLF
0%
3
4oL
YeL
34
ai
Y
cony
v
(R
FLt
[
(N9
15

]
Pl s
by B

L

i

vd

ueco
cioo
ccot
ctec
tcue
ccco
(cocy
ee2
tre2
cie2
cce2
[ G & ¢
teee
LeEesS
(e
cece
ez
cict
Licc
PR 4 S
| & Al &
(<cC
L WA

T IR I T =PI IPTOIROD

i m——— - ——

ucseLl
cgsitl
gocese
gesict
cesice
L4725
LLe92?
ceicas
gcLeess
gceeis
el
sLe72¢
gLes12
sl
ALY
Lo8751
geecae
Losa721
Cru75%6
P B
Co82492
SLha7%%
TT4Ta?

1c1F
14CF
169L
201F
20¢F
3TCF
4176

0301

GCL0 .

0001
S0so
Lo
coG3
¢231

- 0042

8232
€232
Gove
B BB
G2
[P I
Gl¢d
ellv
w934
G300
FAMP
e SN
chovu
Y

T LA AT BPIXITITIXDD

(BLOCK , "TYFE, RELATIVE LOCATION, NAME)

030515
GL511S
ooe174
oc50142
003773
cus195
0CCe56
0a%016
[ Eeivh B
vico2l
Gusstd
Qu47480
coceld
usosl!ll
w4738
0L4752
9s4731
guu?22
uTY725
Suded
W B
e TS
thE 6 ¢

Tan
T fF

cool
ascn
Quol
Jeoo
Guo0
vl
ouc)
Guu2
ouibe
Juli2
Quul
due0
cui2
Cet0
Qe
Jeid
Juvd
DIMTRT)
LD
PTSlit
S

e

A AL X mm T2 XXTXOD

S

QV0s10 1300
0J5120 148F
CUC473 19uL
00%043 203F.
095122 215F
Gal013 3gd
CoUYsS7 SL

CIGUL7 ALFPHA.. -

60002 AN
C35u05 w2
Q04744 ¥
Ql473% CrO
gasulY ¢5

U04723 EMMAX . .

wul760 canZ
SI9772 wnc
U774 ek
00‘17.‘ J
a9373¢ FOT
Gown2Y &
GeewuS Subhe,
So4227 1alu
Loal8n 9

00LI 000534
00Cl . 000617
0001 000675
U030 005110
U001  0vD272
ULl  CO0710
U00;  ©J0463

udu2 Rk 003020
U002 R 0CJOUVI
0052 R 02006
U002 R 000022
COG R QUN757
UCCO R 004726
00G7 w JULCLO
00GO0 Kk 004764
0CQJ R 034714
UDLD | QU“T7e7
00y 1| 034753
uoL2 R Gacoe2?
WOLY k GIG3BI
e R Gwagdl
UCod R QuYZ2N
V0L K J0U47SS

131
AsIL
7L
204
2526
4o00L

ALY
AS

%

cLH

Cy
pgLTY
ETHAL
AN
HEADER
10F

PREF
Sade
GNLF
To
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2-d

“CU K CC473D vo

R
i
e
ye
te
‘0
7
L.
Ge
 § g
| E 3
le*
13*
‘«.
1%
ie®
17
lae
19
e
H fd
k> »
iae
inT G
25%*
2L
27°
2u"
FA R
3ce
¥ R
32°
A3e
J4q*
35«
6
37
Je
3%°
4o
yle
42
Hae
hye
qhe
-
L i
-

ace

i1ce

ZLc

6l

-8 o

EELC S iLowinlyp 0002 R QUCC30 VREF

COLPUN 22 had AY,A5,86,82,83,849,85,86,C2,C3,C5
COPFUr FLIT AR ALPRAJALY LY CL420LE R AY
COPPCL. TFEF JPREF yVnEF 4 SREF yHREF

CIPELSICLSAVELE) »EMISOC) 2 ZERISIC) 4GAMZIS5CD) ,TOT(500)POTISIC?

SambilbE LN

CLrvbe2iol2407 a2 : . S el L g P

-d
REstl ¢S, 20L 11 TREJUNIT
FChRrsl L1 1)

REFL LT T2 RZ4A30A4,A5,A0

FCHPRTEEEISOL)

Resgtt 1700122483 024,85,80

REnl (L 1020C20C30CY ; 4 AN T
REs L e 1220 L1T AR ALPHA

hE, LIS, 128 )Y rnldClY,00L4

REFL IS 120 IRAY
REil Ly 1) THEF JFREFIVREF ;SREF ¢HREF JEMMAX §

..gg..
Cor vt g
E
o
8
B

REsL L o301 TUPLILELTT,THNIN,PS,HEADER

Futrrlteaf JTeb) 3
BFUTCelToaB)00TLIC2

i)

15=C

Call. STATEIPCLsTUIVO)

CALL PEATSITLIVUICVOICPOGANOD) A R
SGEPELESRITC,vE)

SSELILLLITULvCaGAND)

BLop b EF«ETmALLETOIVO)

coryinet } o
FrILY 2Lt

SLLe=SLsk i e 1 S S
PRILY 2(:"00YO.VO.CVO.C'O.S‘HO.’OSROHOQ’S
FSEn®rLel44,

CFmpOsvC/tReT0)

GALI*1545.2932+174%CF/80001)

ApsgoC

Enmtll=ry 3 A 1
ZERL1ImGASR

Gabzt1)=CAND

Teitl)stO

FCTIL2apSEA

FUFr e ()).)NPO'ol‘5..0*”’5“0)!.’"'o‘.t‘s...s“uﬁ“ RydXy
ALt 15 By bHFT3/7L 393X ¢ 4nCVO=sE1SeB893X ,41CPO=LI54047 .

21 €Lt AR L 158 d N BHENTROPY® ;E15eB8,33X 0 THENTHALPY®,E158,

33X, 18rSHEES CF SCUND™sEL15Se8)

FIItY c0?

FURPRTLZZ)

iy 2C3

FCrp P L2y gl TE FERATUSE 95X 38 v LUME 18439 iPRESSURE 94

TORLELT A G357 pamCovnf o 12X SnGAMMA (74X JUHENTHALP f ynX o 7HENTROP T,

<00 % 0I0774 ZEKR

0231ty SPRELGSA4AvE  UCTT T BX B MACH NDesSAs 11 0CUNP FaLTUN)

FRitY 2if

e A
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