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The National Bureau of Standards' was established by an act of Congress on March 3, 1901,
The Bureau's overall goal is to strengthen and advance the Nation's science and technology
and facilitate their effective application for public benelit. To this end, the Bureau conducts
research and provides: (1) a basis for the Nation's physical measurement system, (2) scientilic
and technological setvices for industry and government, (3) a technical basis for equity in
trade, and (4) technical services to promote public satety. The Bureau's technical work ts per-
formed by the National Measurement Laboratory, the National Engineering Laboratory, and
the Institute for Computer Sciences and Technology.

THE NATIONAL MEASUREMENT LABORATORY provides the national system ol
physical and chemical and materials measurement; coordinates the system with measurement
systems of other nations and furnishes essential services leading to accurate and unitorm
physical and chemical measurement throughout the Nation’s scientific community, industry,
and commerce; conducts materials research leading to improved methods of measurement,
standards, and data on the properties of materials needed by industry, commerce, educational
institutions, and Government; provides advisory and research services to other Government
agencies; develops, produces, and distributes Standard Reference Materiuls: and provides
calibration services. The Laboratory consists of the following centers:
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The Laboratory consists of the following centers:

Applied Mathematics — Electronics and Electrical Engineering' — Mechanical
Engineering and Process Technology — Building Technology — Fire Research —
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THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts
research and provides scientific and technical services to aid Federal agencies in the selection,
acquisition, application, and use of computer technology to improve effectiveness and
economy in Government operations in accordance with Public Law 89-306 (40 U.S.C. 759).
relevant Executive Orders, and other directives; carries out this mission by managing the
Federal Information Processing Standards Program, developing Federal ADP standards
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provides scientific and technological advisory servicer and assistance to Federal agencies; and
provides the technical foundation for computer-related policies of the Federal Government.
The Institute consists of the following centers:

Programming Science and Technology — Computer Systems Engineering.

‘Headquarters and Laboratories at Gaithersburg, MD, unless otherwise noted:
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INTERACTIVE FORTRAN IV COMPUTER PROGRAMS FOR THE THERMODYNAMIC
AND TRANSPORT PROPERTIES OF SELECTED CRYOGENS [FLUIDS PACK]*

R. D. McCarty

Thermophysical Properties Division
National Engineering Laboratory
National Bureau of Standards

Boulder, Colorado 80303

The thermodynamic and transport properties of selected cryogens have been
programmed into a series of computer routines. Input variables are any two of P,
o or T in the single phase regions and either P or T for the saturated 1iquid or
vapor state. The output is pressure, density, temperature, entropy, enthalpy for
all of the fluids and in most cases specific heat capacity and speed of sound.
Viscosity and thermal conductivity are also given for most of the fluids. The
programs are designed for access by remote terminal; however, they have been
written in a modular form to allow the user to select either specific fluids or
specific properties for particular needs.

The program includes properties for hydrogen, helium, neon, nitrogen,
oxygen, argon, and methane. The programs include properties for gaseous and
liquid states usually from the triple point to some upper 1imit of pressure and
temperature which varies from fluid to fluid. Computer listings of the
FORTRAN IV codings are presented. Copies of the programs may be obtained from
either the Thermophysical Properties Division of the National Bureau of Standards
at Boulder, Colorado, or from Walter Scott at the NASA-Johnson Space Center in
Houston, Texas.

Key Words: Argon; computer programs; density; enthalpy; entropy; equation of
state; heat capacity at constant pressure; heat capacity at constant
volume; helium; hydrogen; methane; neon; nitrogen; oxygen; thermal
conductivity; velocity of sound; viscosity.

1. Introduction
Recent technological developments which made possible personal interaction
with large computer systems by reinote terminal has proved to be a real advantage
in situations where immediate response to requests for data are important. This
computer program was developed in response to a need for thermodynamic and
transport property data in an interactive mode. The program makes possible the

* Work sponsored by NASA-Johnson Space Center on Contract No. PO T-6570C.
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acquisition of thermedynamic and in some cases the transport properties of seven
different cryogenic fluids. Those fluids are: hydrogen, helium, neon, nitragen,
oxygen, argon, and methane. A1l of the properties are calculated from empirical
equations which are derived from the existing experimental data via weighted
least squares fit of mathematical models to those data. The reader who is
Interested in the details of the correlations is referred to the sources cited
for each fluid in the sections to follow.

Five of the fluids (hydrogen, nitrogen, oxygen, argon and methane) utilize
the same mathematical model of the equation of state, and four of the fluids
(nitrogen, oxygen, argon and methane) utilize the same correlating function for
the transport properties. No transport properties for hydrogen, or neon, are
given. Using the same functional form for the properties of several different
fluids greatly simplifies the computer programs, since all that is needed to
switch from one fluid to another is a different set of coefficients to the
equations.

The properties of helium and neon are calculated from empirical functions
which are different than those of the other five as well as each other. The
addition of these two fluids represents approximately half of the total Tength
(core storage) of the entire program.

The programs have been written with a dual purpose in mind. As has already
been mentioned the primary purpose is to make available to the user in an
interactive mode, the thermodynamic and transport properties of selected fluids.
The second purpose is to provide the necessary subroutines to the user who has a
very specialized need. Therefore the program has been written in a modular form
which allows the user to extract almost any combination of fluids and
properties.

The remainder of this report includes a section devoted to each fluid and an
additional section describing the general part of the program.

2. Uncertainty of the Calculated Properties
When calculating thermodynamic properties from an empirical equation of
state, one should be aware of certain problem areas where it is difficult to
estimate realistically what the uncertainties really are in a given property. In
the critical region (pc‘i 0.2 o, and Te £ 0,05 T.)» the calculated density may
be in error by several percent, while the calculated pressure or temperature wil)
not be as fnaccurate. Specific heat capacities and the thermal conductivity in




the critical region become very large values and no realistic estimate of the
uncertainty may be made. Saturation boundaries, gas, 1iquid and solid are
potential areas of large uncertainties for derived thermodynamic nropert.ies,
especially heat capacities. In the compressed 1iquid, calculated pressures will
have an uncertainty of several percent. This is a consequence of the nature of
the surface and is in no way the fault of the equation of state.

In cach of the following sections on the individual fluids, uncertainty
estimates will be given for that particular fluid. These estimates have been
obtained from the source documents and do not reflect the potential large
uncertainties of the problem areas outlined above.

3. Computer Routines

The thermodynamic properties produced by the cumputer program listed in
Appendix A are all calculated using a mathematical model of the equat.ion of state
of the fluid and classical thermodynamic relationships. The reader who is
interested in the thermodynamics and mathematics of the problem is referred to
McCarty (1975). Table 1 lists all of the subprograms with pertinent information
for each.,

In general eleven or twelve significant figures need to be carried in the
property calculations to insure no round off errors in the result, and sample
values for checking parformance are included in each of the sections on the
properties of a particular fluid. Performance should be checked periodicelly
when running on a time-share system.

The program, once executed, leads the user through a series of input
requests and the use of the program should be self-explanatory after the
particular system requirements for access and execution are satisfied.

Upper and lower pressure and temperature 1imits have been imposed on each
fluid according to the range of validity as claimed by the original source
document. The lower pressure limit is an indication of where the program fails
due to the limitations of the computer calculations. A1l of the functions reduce
to the ideal gas in the 1imit of zero pressure but because of some terms in the
equation which have very large exponents, the iterative solution for density
fails at very low pressures. Because these models are empirical and cannot be
trusted to give even reasonable results outside their ranges of pressure and
temperature, the user is cautioned not to change the pressure and temperature
1imits originally set in the program.

i R I B S - M VAR P PRI, -
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4. Conclusions

The preparation of this program has demonstrated the utility of maintaining
functional form when modeling properties of several different fluids, Wich a
single functional form, the change from one fluid to another becomes a matter of
switching constants and even more important the addition of more fluids to the
scope of the pruzram becomes very simple,

The author wishes to acknowledge the support of NASA, without which this
work would not have been possible, and in particilar the support and
encouragement of Walter Scott at the Johnson Space Center,
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5. Properties of Hydrogen

The thermodynamic properties of hydrogen are calculated from a 32 term
empirical equation of state. The source of the equation of state is NBSIR 75-814
(Roder and McCarty, 1975). The program allows the option of ortho, para, and
normal hydrogen modifications. The properties for normal and ortho hydrogen are
obtained by changing the ideal gas thermodynamic properties fram parahydrogen to
ortho or normal hydrogen. This changes the derived thermodynamic properties but
does nothing to the PVT surface. Therefore the PVT for all of the hydrogen
options are the same.
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Table 2. Properties and Associated Estimated Uncertainties for Hydrogen

Property A1l Uncertainties in Percent (Except Enthalpy)

Liquid (below Tc)

pressure 5.0
density 0.1
temperature 0.1
enthal py 1

entropy 1.0
Cp 3.0
Cy 3.0
speed of sound 2.0

J/mol

Gas (below Tc)

0.25
0.25
0.25
3
1.0
2.0
2.0
1.0

J/mol

.

Fluid (above Tc)

0.20

0.2

0.2

5.10 J/mol
1

3.0

3.0

1.0

The above are based on the estimated average difference between calculated
and true value, including problem areas as described in section 2,

16
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Table 3. Pressure and Temperature Range for Hydrogen

Temperature range

Pressure range

Fixed Points

Triple Point Temperature

Triple Point Pressure

Triple Point Density-Vapor

Liquid

Critical Point Temperature

Ciritical Point Pressure

Critical Point Density

17

13.8 to 400 K
-434.,83 to 260.43°F
o** to 1200 bar
0 to 17404.5 psia

13.8 K*
-434 ,83°F
0.07043101 bar**
1.0215154 psia
0.0632229 moles/liter
0.007956667 1b/cu ft
© 21429 moles/liter
4.809273 1b/cu ft
32.938 K*
-459,67°F
12.83768 bar
186.19481 psia
15.556 moles/liter”
1.95774 1b/cu ft

*This particular value is used to define the point in the sense that it was
used as input into the program.
**See Section 3 for more detailed explanation of the lower limits of
pressure.
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6. Properties of Helium
The thermodynamic properties cf helium are calculated from a 32 term
modified Benedict-Webb-Rubin equation of state. The source of the equation of
state 15 a paper by McCarty (1973). The transport, properties for helium ara from
NBS Technical Note 631 (McCarty, 1972). Tabular values of the thermodynamic and
transport properties of helium are given in Technical Note 331 and are identical
to those produced by this computer program.
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Table 5. Properties and Associated Estimated Uncertainties for Helium

Property

pressure
density
temperature
enthal py
entropy

Cp

Cy

speed of sound

thermal conductivity

viscosity

The above are based on the estimated average difference between calculated

A1l Uncertainties in Percent (Except Enthal py)
Liquid (below Tc)

10.0
0.5
5
2.0
2.0
2.0
2.0
2.0
10.0
8.0

Gas (below Tc)

0.2
0.2
0.2
1.0
1.0
2.0
1.5
1.0
10.0
8.0

Fluid (above TC)

0.2
0.2
0.2
1.0
1.0
5
o5
5
10.0
10.0

and true value, including problem areas as described in secticn 2.

T
SR
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Table 6. Pressure and Temperature Range for Helium

Temperature range

Pressure range

Fixed Points
Lambda Temperature

Lambda Pressure

Lambda Density-Vapor
Liquid

Critical Point Temperature

Critical Point Pressure

Critical Point Density

2 to 1500 K
-456.07 to 2240.33°F

o** to 1000 bar

0 to 14504. psia

2.1720 K*
-455.760°F
.04963285 bar**
.71986364 psia
.2904484 moles/liter
.72575547 1b/cu ft
36.53426 moles/liter
9.1289672 1b/cu ft
5.2014 K*
-450,.307°F
2.274640 bar
32.990864 psia
17.3987 moles/liter”
4,347485 1b/cu ft

*This particular value is used to define the point in the sense that it was
used as input into the program, the program does not reproduce this number

exactly.

**coe Section 3 for more detailed explanation of the lower limits of

pressure.

21




]

v.0L°222

56069° 1€

1599%° 21

S-wd /bn

K31S03S 1A

eov1° 102

666€9°61

86025°01

N/
A31A1390pu0)

Leuay |

LEV°99¢ET 289€9°ET  2€£68°02 69228°89 196° ¥¥SL

J%q 0001 Pu® ¥ 00E 3¢ 95eyg a(buts

2816° L1 9LTLLY6 0T/€6°6T LO428°t1 81698°8E 6vvve2 v
Jeq GZ€10° T 3@ pLnbLT p3jeanies
$591°001 p2TI0V° €T 9L£21°6€ 9S691°€E 826G°021 6¥vvee v
Jeq GZET10° 1 e Jodep pajeanies
s/uw A-fow/p A-fow/e tow/e b}
K310 |3
A d .
punos J 0 < H dwa)

wny [3H 40j 3SI] IJURUIOJUIJ weuboudd 4a3ndwo) 404 SItyuadoad °f diqey

88.£L0°82

26e22°1¢

020612° ¢

1/ 1ow

A31suaq

22

i
1
[l
1



7. Properties of Neon
The thermodynamic properties of neon are calculated from an 18 term
empirical equation of state by McCarty and Stewart (1965). MNo specific heat
capacities are calculated for neon because the accuracy of the model of the
equation of state does not warrant the calculation. Transport properties for
neon are not available in the form of a mathematical model as is th~ case for
some of the other fluids.
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Table 8. Properties and Associated Estimated Uncertainties for Neon

Property

pressure
density
temperature
ent al py
entropy

= 1 The above are based on the estimated average difference between calculated
' and true value, including prublem areas as described in section 2.

A1l Uncertainties in Percent (Except Enthalpy)

Liquid (below Tc)

10.0
2.0
2.0

20.0

20.0

Gas (below Tc)

0.5
1.0
1.0
1.0
1.0

Fluid (above Tc)

0.5
1.0
1.0
10.0
10.0




) -

Table 9. Pressure and Temperature Range for Neon

Temperature range 25 to 300 K
'414 067 tO 80.33°F
Pressure range a** to 200 bar

1.450 to 2901. psia
Fixed Points

*

Triple Point Temperature % K
-414.67°F
Triple Point Pressure 5102339 bar**
7.4003172 psia
Triple Point Density-Vapor 2528246 moles/liter
.31855482 1b/cu ft
Liquid 61.45071 moles/liter
77.42688 1b/cu ft
Critical Point Temperature 44.40 *
-379.75°F
Critical Point Pressure 26.570R86 bar
385.37775 psia
Critical Point Density 23.93 moles/liter*

30.151 1b/cu ft

*Ihis particular value is used to define the point in the sense that it was
used as input into the program.

**cee Section 3 for more detailed explanation of the lower limits of
pressure.
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8. Properties of Nitrogen
The thermodynamic properties are calculated from a 32 term modified equation
of state taken from Jacobsen, et al. (1973), The same functional form of the
equation of state used for nitrogen ha also been used here for hydrogen, oxygen,
argon and methane The transport properties are from Hanley, et al. (1974).

2
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Table 11. Properties and Associated Estimated Uncertainties for Nitrogen

Property A1l Uncertainties in Percent (Except Enthalpy)
Liquid (below T.) Gas (below T Fluid (above T.)
pressure 5.0 0.3 0.3
density 0.5 0.3 0.2
temperature 0.5 0.3 0.2
enthal py 3.0 1.0 1.0
entropy 2.0 1.0 1.0
Cp 5.0 5.0 5.0
Cy 5.0 5.0 5.0
speed of sound 2.0 .25 1.0
thermal conductivity 4.0 4.0 6.0
viscosity 2.0 2.0 2.0

The above are based on the estimated average difference between calculated
and true value, including problem areas as described in section 2.

28
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Table 12, Pressure and Temperature Range for Nitrogen

Temperature range

Pressure range

Fixed Points
Triple Point Temperature

Triple Point Pressure
Triple Point Density-Vapor
Liquid
Critical Point Temperature
Critical Point Pressure

Critical Point Density

*This particular value is used to define the point in the sense that it was

used as input into the program.

63.15 to 1900 K

346  to 2960.33°F
o** to 1000 bar
0 to 145040. psia

63.15 K*
36 °F
1246399 bar**
1.807749 psia
.2396164 moles/liter
04190847 1b/cu ft
30.57717 moles/liter
54,178504 1b/cu ft
126.26 k*

-232.402°F

34.10034 bar
484 ,5836 psia

11.21 moles/liter*
19.606 1b/cu ft

**See Section 3 for more detailed explanation of the lower limits of

pressure.
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9. Properties of Oxygen
The thermodynamic properties of oxygen are calculoted from a 32 term
empirical equation of state given in NBSIR 78-882 by Weber (1978). The
functional form of the oxygen equation of state is the same as was used for

hydrogen, nitrogen, oxygen and methane. The transport properties are from Hanley
et al. (1974).
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Table 14. Propert'es and Associated Estimated Uncertainties for Oxygen

Property A1l Uncertainties in Percent (Except Enthalpy)
Liquid (below Tc) Gas (below Tc) Fluid (above Tc)
pressure 5.0 0.25 0.15
density 0.1 0.25 0.15
temperature 0.1 0.2 0.1
enthal py 0.5 0.25 0.5
entropy 0.5 0.25 0.5
Cp 3.0 5.0 3.0
Cy 3.0 5.0 3.0
speed of sound 2.0 0.5 0.5
thermal conductivity 4.0 4,0 6.0
viscosity 2.0 2.0 2.0

The above are based on the estimated average difference between calculated
and true value, including problem areas as described in section 2.
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Table 156. Pressure and Temperature Range for Oxygen

Temperature randa

Pressure range

Fixed Points

Triple roint Temperature
Triple Point Pressure
Triple Point Density-Vapor
Liquid
Critical Point Temperature
Critical Point Pressure

Critical Point Density

54,359 to 400 K
~361.8238 to 260.33°F
o™ to 1200 bar
0 to 17404, psia

54,359 K*
-361.8238°F
.001490085 bar**
.021611856 psia
.0003275488 moles/1iter
6.5431796 x 10™% 1b/cu ft
40.81997 moles/liter
81.542780 1b/cu ft
164,481 K*
-181.4242°F
50.42218 bar
731.31190 psia
13.63 moles/liter”
27.228 b/cu ft

*This particular value is used to define the point in the sense that it was
used as input into the program.
**see Section 3 for more detailed explanation of the lower limits of

pressure.
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10. Properties of Argon
The thermodynamic properties of argon have been calculated frum a 32 term
empirical equation of state from Hanley, et al. (1974). The functional form of
the argon equation of state is the same as was used for hydrogen, nitrogen,
oxygen and methane. The transport properties for argon were also taken from
Hanley, et al. (1974).
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Table 18. Pressure and Temperature Range for Argon

Temperature range

Pressure range

Fixed Points

Triple Point Temperature
Triple Point Pressure
Triple Point Density-Vapor
Liquid
Critical Point Temperature
Critical Point Pressure

Critical Point Density

37

83.80 to 400 K
-308.83 to 260.33°F

0**  to 1000 bar

0 to 14504. psia

83.80 k*
-308.83°F
.6890708 bar**
9.9941271 psia
.1015395 moles/liter
.25322653 1b/cu ft
35.40018 moles/liter
88.283522 1b/cu ft
150.86 K*
-188.122°F
48.98050 bar
710.40210 psta
13.41 moles/liter"
33.443 1b/cu ft

*This particular value is used to define the point in the sense that it was
used as input into the program.
**coe Section 3 for more detailed explanation of the lower limits of
pressure.
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11. Properties of Methane
The thermodynamic properties of methane are calculated fram a 32 tem
empirical equation of state by McCarty (1974). The functional form of the
methane equation of state is the same as was used for hydrogen, nitrogen, oxygen,
and argon. The transport properties are from Hanley, et al. (1977).
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Table 20. Properties and Associated Estimated Uncertainties for Methane

Property A11 Uncertainties in Percent (Except Enthalpy)
Liquid (below Tc) Gas (below Tc) Fluid (above Tc)

pressure 5.0 0.25 0.25

density 0.1 0.25 0.25

temperature 0.1 0.25 0.25

enthalpy 1.0 0.5 0.5 |
ehtropy 0.5 0.5 0.5 '
Cp 2.0 5.0 2.0

Cy 2.0 5.0 2.0

speed of sound 1.0 0.3 0.3

thermal conductivity 5.0 5.0 4.0

viscosity 3.0 3.0 2.0

The above are based on the estimated average difference between calculated
and true value, including problem areas as described in section 2.
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Table 21.

Temperature range

Pressure range

Fixed Points

Triple Point Temperature
Triple Point Pressure

Triple Point Density-Vapor

|

{

§

Liquid 28.151i4 moles/liter 3

28.192503 1b/cu ft j

Critical Point Temperature 190.555 K* |
-116.671°F 3

Critical Point Pressure 45,98838 bar :

Critical Point Density

Pressure and Temperature Range for Methane

90.68 to 500 K

-296.446 to 440.33°F
o** to 350 bar
0 to 5076. psia

90.68 K*
-296.446°F
.1174350 bar**
1.70325J7 psia
.01569094 moles/1iter
.015713995 1b/cu ft

667.00507 psia
10.23 moles/liter®
10,245 ib/cu ft

e N

*This particular value is used to define the point in the sense that it was
used as input into the program.

**See Section 3 for more detailed explanation of the lower limits of
pressure.
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Labby 1Rk,

Hiv WHELOME 1o M0 WORLD OF b3 BT CROFLICEEE e 08 7L ORE N D anll fok W1

ERULEA FEEASE Felik 0o
v
WHEN THE PRULGKRAM ABAS FUR A HHULL SELEGTIUNY EHIER THE ol PRUFE LRI NLMBER
AN INAPPRUPK LA MUMBER WILL TERMINAIE THE FRUOGKAM
WHEN 1HE FRULEFAM ASKRS 1 UK A FRESSUREr DENLLIYY Aol
TEMFERATURE s ENIER ANY O UOF THE THREE ANV A O FUK I1HE THIFW,
THE URLER MUSTE ist by Dele ANL UNE UF THE IHREE MUST BE V.
1F ALL [(HREE AKRL U THE I'KUUGKAM ASNS tORK A NEW HLUITD
I YOU ARE AINIERESIED IN A DEFINIIEUN OF THE VARIUOUS
MOLLF LCATLUNS F HYUROGEN ENTER A 1y LF NOI LHTER & 0O
v 0
Lt YUU ARE INTERESTEL IN THE SOURCES OF 1THESE FRUGKAMY
ENTER A 1 LIk NUT ENTER A O,
¢ 0
SELECT A FLULID FROM THE FULLUWING LIST
FAKA HYDRUGEN=1 i
NOKMAL HYDKUGEN=10
URTHU HYUDROUGEN=11
HEL1UM:=L
NEUN=J
NI TRUGE.N=4
UXYULN- S
ARGUN=6
ME THANE =/
TERMINATION=8
v 4
THE RANGE OF TEMPERATURE FOR NITROGEN IS 63.15 TO 1900K
W1TH PRESSURES TO 10000 BAR
DO YOU PREFER ENGINEERING UNITS OR METRLE UNITFS %
ENTER A O FOR ENGINEERING UNITS OR A 1 FOR MEIRIC
7?1
DO YOU WANT SATURATION PROPERTIES ?
ENTER O FOR YES OR 1 FOR NO r
7?1
PO YOU WANT A SINGLE POINT OR A TABLE OF PROFERTIES
ENTER A O FOR A SINGLE FOINT OR A 1 FOR A TARBLE
1
ENTER A PRESSURE» A STARTING TEMPERATURE» A FINAL
TEMPERATURE AND A TEMPERATURE INCREMENT» IN BARS» DEGREES 1
Ks AND IN THAT ORDEK
? 1051009200910
PRESSURE DENSITY TEMP H 8 Cp cv S SOUND CONL V1isc
BAR MoL/L K J/ZMOL J/7MOL-K J/7MOL-R M8 MW/M-b Ml P ~m=S
10,00 24,6342 100,00 ~2032.40 P4.64 bHA4,36 26423 61675 98G3 7.3
10,00 1,3149 110,00 2731,63 140,55 40,17 23.18 194.20 12./77 7947
10,00 1.1452 120,00 3111,38 143.85 36,25 22,33 208.92 13.34 B
10.00 1.,0226 130,00 3462.67 146,67 34.19 21.85 221.53 14.07 P19
10.00 9282 140,00 3797.88 149,15 32.94 21.56 232.83 14.73 P75
10,00 18523 150,00 A4122.94 151,39 32,12 21,36 243,20 1%5.4/ 103.4
10.00 « 7894 160.00 4441.,10 153,45 31,55 21,23 252,87 16.23 109.2

10.00 + 2360 170,00 4754,35 155.35 31,13 21.14 261.98 1/.00 114,9 ‘
10.00 +6901 180.00 5063.95 157.12 30.81 21.07 270.64 17.76 120.6
10.00 + 6499 190,00 5370.75 158.78 30.%56 21.02 278,93 18,53 126.1
10.00 +6145 200,00 85675.36 160,34 30,37 20,98 286.88 17.29 151,95

ENTER A FRESSURE» A STARTING TEMFPERATURE» A FINAL
TEMPERATURE AND A TEMPERATURE INCREMENT» IN BARS» DEGREES
Ky AND IN THAT ORDER
? 0909090
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SELECT A FLULE FROM THE FOLLOWING L 1S

FARA HYNRUGE N-=1
NORMAL. HYLIRUGEN- 10
URTHO HYLROGEN-=11
HEL LUM=2

NEON= 4

NI IROGEN- 4
OXYGEN: %

ARGON=

Ve THANF =/

7]
EXb1,

TERMIMALLOM Y
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Appendix 2

Program Listings
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PROGRAM FLULDSCINFUT=1300UTPUT)

NIMENSTON GCI2) yUP(R)
COMMONZDATAZGoRe GAMMO Y P s DT FLCY P TRy ICCy TTRy TUL » TLL o FUL» DEC
COMMON /CONT/Z1F

COMMON/CRIT/ZEMyEOR s RMy TC o DGy X o FC B I

100 FORMAT(R HIs WELLOME TO THE WORLD OF FLULD FROFPERTEES, 1F YOU ARE NOT

INOT FAMILYIAR WITH (HE 'POGRAM FLEASE ENTER A O %)
FRINT 100
READ 10101
IFCTWEQ.O)CALL TNPO
101 FORMAT(L1)
99 PRINT 102
FRINT 104

102 FORMAT(X  SELECT A FLUID FROM THE FULLOWING LIST®R)

104 FURMAT (% FARA HYDROGEN ¥/ R NORMAL, HYDROGEN=10%/ % ORTHO H
1YDROGEN=11%/% HED TUMa - % NE NS/ % NITROGEN=4%/¥ OXYG
2EN=GK/% ARGON=6X/ X rt. THANE = 2%/ %

4 TERMINATION=3X%)
READ %Xy IF
GO TOCLr29394955069799999999910911) 9 IF
1 CALL DATA PH?
GO TO 13
2 CALL DATA HE
GO TO 99
5 CALL DATA NE
GO TO 99
4 CAlLL DATA N2
GO YO 13
S CALL DaTa 02
G0 TOLS
6 CALL DATA AR
GO TQ 13
7 CALL DaTA CH4
60 10 13
10 CALL.  NH2
G0 TO 13
11 CALL OH2
GO TO 13
13 PRINT 105

10T FORMAT(x LO YOU FREFER ENGINEERIND UNITS OR METRIC UNITS ox

1/7% ENTER A 0 FOR ENGINEERING UNITS OR A 1 FOR METRICX)
READ 101,10
FRINT 106

106 FORMAT(Xx DO YOU WANT SATURATION FROPERTIES 7X

1/% ENTER 0 FOR YES OR 1 FOR NOX)
REAL 101,10
PRINT 107
107 FORMAT (X DO YOU WANI A SINGLE FOLINT OR A TABLE OF FROPERTIES ka3
1/7% ENTER A 0 FOR A SINGLE POINT OR A 1 FOR A TABLEX)
READ 101,1V
21 [F(ICJEQ.0)GO TO 30
LFCIVLWERLL1YGO TO 40
22 TFC(IULEQ. 0G0 TO 19
FRINT 103
READ XoF oDy T
P=F/1,0132%
GO TO 20
1?2 FRINT 108

108 FORMAT(Xx ENTER PRESSURE IN LE/SQ IN» DENSITY IN LE/CU FT» ANDIX

1/% TEMPFERATURE IN DEGREES FX)
READ XyFoDly T

F=F/14,695949
D=D%16,01846371/EM




1IFCT.EQQ0.0)60 TO 20
T=(T-324)/1.8+4273,1%
20 IFCFWLE.O.0)G0 1O 14
103 FORMAT(Xx ENTER FRESSURE IN HARy DENS1TY IN MOLES/LITERy AND TEMPER
1ATURE IN KELVINSX)
IFCILE.0.0)GO 10 17
IFCTLE.O.0NG0 TO 12
GO 1O 22
12 IF(FJLEJOWORVDWLEL0.0)GO 10 99
T=FIND TCFo0)
CALL LIMITS(P»ToIL)
IFCILLLELOXGO TO 22
60 TO 16
17 LF(TJLEJO.ORWHWLE.O)GO TO 99
CALL LIMITSC(FsTyIL)
IFCILLWLLE.O)GO TO 22
D=FIND DCPeT)
GO TO 16
14 TF(DJLEO.OLORVTLELOXBO TC 99
P=FIND P(DsT)
CALL LIMITS(F»T+IL)
IF(ILLLLE.OYGO TO 22
16 CALL REPROCFsDIs Vo IUs IV ICy IF» TFoDELT)
60 1O 22
30 FRINT 109
109 FORMAT(Xx D0 YOU WANT SATURATED LIQUID OR SATURATED VAFPORX
1/% ENTER A 0 FOR LIQUID OR 1 FOR VAFORX)
READ 101,1F
IF(IV.EQ.1)G0 TO 40
FRINT 111
111 FORMAT(X DO YOU WANT TO ENTER WITH TEMPERATURE OR FRESSURE X
1/% ENTER O FOR TENMFERATURE OR 1 FOR PRESSUREX)
READ 101,11
IF(IT.EQ.1)60 TO 35
211 IF(IUEQ.1)G0 TO 31
112 FORMAT(X ENTER A TEMPERATURE IN DEGREES FxX)
PRINT 112
READ X»TI
T=(TI-32,)/1.84273.15
IF(TWLE.0.,0)6U0 TO 99
GO TO 33
31 PRINT 113
113 FORMAT (X ENTER A TEMFERATURE IN DEGREES KX)
READ %, T
33 IF(T.LE.0.,0)G0 TO 99
IF(T+GT TCCLORTLLTLTTFIGO TO 34
P=UFNC(T)
IFCIPLEQ.O)P=F4,00001
D=FIND D(FyT)
CALL RE PROCFsD»ToIUs IV IC TPy TFyDELT)
G0 TO 211
34 PRINT 114,TCCs TTP
114 FORMAT(X YOUR INFUT TEMPFERATURE IS OUTSIDE THE RANGE OF THEX
1/% SATURATION TEMFERATURES FOR THIS FLUID.X
2/% TC=RsF6.29% TTP=XsF6.29% TRY AGAINX)
60 TO 211
35 IF(IULEQ. 160 TO 36
PRINT 11%
115 FORMAT (X ENTER A PRESSURE IN LE/SQ INX)
READ %XsF1
IF(PIWLE.O.0VLY TO 99
F=F1/14,695949
GO TO 37
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36 PRINT 116
116 FORMAT(F ENTER A PRESGUKLE AN BARX)
REAT %yl*1
IFCPLLE.0.0080 1O 9v
P=Pls1 O1 304G
A7 IFCPWUBTWFCC ORI SLTWHTFIGO TO 38
Tk AN TVCF)
P=YFENCY )
IFCIFVEQa O F=F+,0001
Dissp INIY TiCH o [
CALL RE FPRUCKHFo Do To LUy IV LGy IR e TH 9 LIELTY)
GO TO 4%
38 PRINT 11729FCCyHTP
117 FORMAT (X YUUR LINPUT FREGSSURE L[S OUTSIDE THE RANGE OF SATURATIONX
1/7% FRESSURES FOR THIS FLULD, %
/% FC=XsFE 39X PIF=¥yF6,99% TRY AGAINX)
GO 10 3%
40 IFCICWEQ.1)GO TO S0
IFCIULEQ. 160 TO 41
FPRINT 118
118 FORMAT(x ENTER A STARTING TEMFERATUREs A FINAL TEMPERATUREX
1/% AND A TEMPERATURE INCREMENTy IN DEGREES F AND IN THAT ORDERX)
REAL Xs TSy TFyDELT
IFCHELT.LELO.0)GO TO 99
TO=(13~324)/1.84+273,1%
TF=(TF-32.)071.84+273,1%
DELT=IELT/1.8
IFCTS LT TIP.ORTE.GT.TCCIBO 1O 45
IFCTFWLTSTTRFWORLTFLGTLTCLIGU TO 45
GO TO 42
41 PRINT 119
119 FORMAT(X ENTER A STARTING TEMMERATURIE» A FINAL TEMPERATUREX
1/7% AND' A TEMFERATURE INCREMENT 1IN KELVINS ANDI IN THAT ORDERX)
READ X2 TSy TF2DELT
IFC(DELT.LE.Q0,0)G0 TO 99
IF(TS LT TTPJORTSGBT.TCCIBO TO 45
IFCTFLWLTWTTPLORMTFWGTL.TCCIGO TO 45
42 T=T8
P=UPN(T)
IFCIPJEQ.0.0)P=F+,0001
D=FIND DCFyT)
CALL RE FROCFyDsToIUsIVeIC»IP»TF2DELT)
GO TO 40
45 FRINT 120»TCC»TTI
120 FORMAT(X EITHER YUUR STARTING OR FINAL TEMFERATURE IS QUTSIDEX
L/7% THE RANGE OF SATURATION TEMFERATURES.X
2/7% TC=XsF6+29% TTP=XyF&.2¢X TRY AGAINX)
GO TO 40
S0 IF(IULEQ.1)60 TO S1
FRINT 121
121 FORMAT (X ENTER PRESSUREs STARTING TEMFPERATUREs FINAL TEMFERATUREX
1/7% AND A TEMPERATURE INCREMENT» IN LEB/CU FTy DEGREES Fo AND INY
2/7% THE AROVE ORDERX)
READ XoFI»TSeTFDELT
IFCRELTWLE.0.0)GO TO 9%
P=PI/14,695949
- Ta(T8-324)/1.84273.15
- TF=(TF-32,)/1.84273,15
‘ RELT=DELT/1.8
CALL LIMITS(FsToIL)
IFC(ILLLEOXGO TO S0
CALL LIMITSC(F»TFIL)
IFCILWLELOXBO TO S0

: v
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122

B0 TO 52

FRINT 122

FORMAT (X ENIER A PRESSUREY A STARTING TEMPERATURE» A FFINALX
1/% TEMFERATURE AND A 1t MPERATURL. INCREMENT, IN RARS» DEGREESK

2/7% Ky AND IN THAT URDERX)

100

101

102

103

N

3

READ XoP Lo TSe IF o DELT
IFCDELT1L4,,0,0200 T0 97
Tars
P=R1/71,0132%
CALL LIMLTSCRy T LL)
IFCLLLE.OHUO TO %0
CALL LEMITS(PyTF2LL)
JECILLLELOIGY TO 9O
=F INIY (P 1)
CALL RE FROCFyD» Ty lUs IV LCy TR THYLELT)
60 TO %0
CONT INUE
STOF
END
SUBROUTINE DATA ET
PRINT 100
FORMAT (% ETHANE I8 SCHEDULED TO BE ADDED TO THE FLUIDSX
1/7% PACK IN THE NEXT FiSCAL YEARX)
RETURN
ENTRY DATA PR
PRINT 101
FORMAT (% PROFANE I8 SCHEDULED TO BE ADDED TO THE FLUIDSX
1/7% PACK AFTER FY78x)
RETURN
ENTRY DATA NH3
FRINT 102
FORMAT (X AMMONIA IS SCHEDULEU TO RBE ADDER TO THE FLUIDSX
1/7% FPACK DURING FY78%)
RETURN
ENTRY DATA SH
ENTRY DATA S0
PRINT 103
FORMAT (% THE SLUSH PROGRAMS WILL RE ADDED TO THE FLUIDSX
1/7% PACK IN FY78%)
RETURN
END
SUBROUTINE RE PROCPsDyToIU»IV»IQsIF» TFyDELT)
DRIMENSION G(32)2VF(9)
COMMON/DATA/G ok y GAMMA Y UF » DTP 2 PCCYyF TPy TCCy TTR» TUL » TLL » FUL
COMMON/CONT/IC
COMMON/CRIT/ZEM EOKsRM2» TCyDC o X2 PCy»SIG
N=500
IFCIV.EQ.O)TF=T~1,
PRINT 100
IFCIULWEQ.0)GO TO 1
PRINT 102
GO TO 2
PRINT 103
PRINT 104
CONTINUE
Do 10 I=1sN
IFCI.EQ.1)G0 TO 3
D=FIND D(FeT)
H=ENTHAL (FV
S=ENTROP (D, T)
W=8OUNDC(D» T )
CPP=CP(I1»T)
CW=CV(Ds T)
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a=F%1,0132%5
IF(IV.EQ.0)GO TO 21
IFCICJEQ 1 .ORICEQ.10.0RIC.EQ.11)60 TO 20
IFCIC.EQ.9)G0 TO 20
THaTHERM(DY T)
V=YISC(DT)
PRINT 101+QsDsTeHrSsCPPICUVIW THoV
GO TO0 9
20 PRINT 101+QoD+ToHrSyCPFyCVVW
60 TO ¢
101 FORMAT(FB.2¢FB.49F9.29FP4s21FBs202F 7, 20FBe29F7.29F 74 1)
100 FORMAT(® PRESSURE DENSITY TEMP H S CF cv
1 SOUND COND VISCx)
102 FORMAT(% PAR MOL/L K J/7MOL  J/7MOL ~K S/M0L~K
1M/8 MW/M-K MIG/CM=58)
103 FORMAT(% LB/SQ IN LB/CU FT UEG F BTU/LB BTU/LB~F
1 F/8 BTU LB/FT-S%)
104 FORMAT (%
1 FT-HR-F E+7%)
21 H=H/(2,324445%EM)
8=8/(4,184001%EM)
CPP=CPP/(4.,184001%EM)
CUV=CUV/ (4.,184001%EM)
W=W%3 . 280840
PO=PE14,495949
DO=DREM/16.01846371
TO=T%1.8-459,47
IF(IC.EQ.1,0R.IC.GT.8)GO TO 22
TH=THERH(D» T)%, 0005768176
V=VISC(D» TIX, 00671946897
PRINT 105,P0sDOsTOsHsS»CFFICUVsWs THV
105 FDRNAT(FS.10F80392F9027FB.2'2F7.3rF8.09F7.4rF7.3)
GO TO 9
22 PRINT 1019P0sDO»TOsHsS»yCPP»CUV el
9 T=T+DELT
IF(T.GT.TF+,01)60 TO 11
IF(IQ.EQ.0IP=UPN(T)
IF(IP.EQ.0)P=P+,0001
10 CONTINUE
11 CONTINUE
PETURN
END




. SUBRUUTINE DATA CHA
DIMENSLON G(32)9VUP(9)GI(11)
DIMENSION BV(9)sBT(9)oFV(4)9FT(4) 9 EV(B)IET(B)
DIMENSION A(20)
COMMON/SEN/BETAXO»DELTAYELY L2y AGAM
COMMON/CF1ID/GI
COMMON/CRIT/ EMy EOKy» RMs TCr» DC» X » FCr» 816
COMMON/DATA/GeRrGAMMAIVF s DTF s PCCHFTH TCCy TTPo TUL» TLL»FUIL» LCC
COMMON/DATAL/BVsBToFVsF ToyEVIET
COMMON/ 1SP /N »NUW » NWW
COMMON/ SATC/A» TPV
NWW=0
PRINT 100
100 FORMAT(® THE RANGE OF TEMFERATURE FOR METHANE IS 90,68 10 S00 KX
1/% WITH PRESSURES 10O 350 BARY)
N=0 $ NW=0
EM=16.042 ¢ EOK=148., $ RM=4,101E~-08 ¢ TC=190,555
DC=0,1627 ¢ X=1,7124 ¢ PC=45.95 ¢ S16=3.68
X0=0,164 $ BETA=0,355 ¢ DELTA=4,352 ¢ E1=2,03 ¢ E2=0,287
AGAM=1.190
FARAME 1ERS FOR TRANSFORT
FPROPERTIES - HANLEY ET. AL. JOURNAL
OF FHY, CHEM. REF. DATA VOL 6 NO 2
1927
> DATA SUBROUTINE FOR METHANE
GU(1)=-2,090974/942E42
BV(2)=2,6472692181E+2
BV(3)=-1.4728175613E+2
GV(4)=4, 7167401921 +1
GV(S)=-%,4918721 789E40
. GV(6)=1,2199792872L 40
_ BY(7)=-9,62799355746E -2
GU(B)=4,.2741516570E-3 ’

caooc

e

BV(9)=-8,1415307247E~0%
=; B1(1)=-2,31476213125E+5
GT(2)=2,1904610575E+5
6T(3)=-8,61809/3719E44
GT(4)=1,4960986936E+4
BT(5)=-4,7306603177E+2
BT(6)=-2,3311779643E42
BT(7)=3,778439075YE+1
B1(8)=-2,3204806092E+0
: BT(9)=5,3117637687E-2
r EV(1)=-1,0350606586E+1
- EV(2)=4,2903609488E -2

: EV(3)=1,7571599671E4+1 :
EV(4)=6,1276818706E43
EV(5)=2~3,0193918656E+3
3 EV(6)=1,8873011594E+2
5 EV(7)=1,4529023444E42 1
- EV(8)=0,162 {
FU(1)=1,6969859271
FU(2)=~,13337234608
, FU(3)=1.4
i FU(4)=168,
- FU(4)=168,

_ FT(1)=~,252762921
\ FT(2)=,3343285931
g FT(3)=1,12

F1(4)=168, ‘
4 ET(1)2-7,0403639907 ‘
' a ET(2)=,74421462902
5 ET(3)=12,319512908

%)



ET(4)=2,22097585016 +4
ET(5)=-8,8525979943 +,
ET1(6)=72,835897919
ET(7)=-2,9706914540 !
ET(8)=0,168

FARAMETERS FUR THERMUDYNAMIL
FROFERTIES - MCCARTY» CRYOGENL® S
VOL 14 NO 5 MAY 1974 AND GOOLWIM
NB8 TECH NOTE 653 AFKIL 74
R=,08205616

GAMMA=z-, 0094
GI(1)=~1,8044/50507E+6

Al 1)= + 1836032441 36E+02

Al D)= -, 182553840603E-01

Al 3)= 2866238071 78E +00

Al 4)=  -,106005894683E+02

Al H)= 016715762243 2E403

AC 8)= -, 15556917321 7E403

Al 7)= +106609415022E403

Al B)=  ~,341087933790E+02

Al 9)= +9732036734526401
A(10)= ~,388410018388E+0%

Al(11)= 2 S295734547 71E. 40
ACLL)=  ~-,2910/%304738E +0.?
A(13)= + 9833076474761 +01
All4)=  ~,4637276532186E +00
Al15)~ + 7944441096221 -04
ACl6)=  -,392314821657E-01
AC17)= + 728820880748E +0u
All1Y)=  -,6258218153145E+01
A(19)= + 295561390641 +0°
AC20)= - 7639704649504F L0

GI(L)=7,7426666393E44
GI(3)=-1,3241658759411 4
GI(4)=1,5438149595F +1
Gl()==5,14 790050522
BI(6)=1.90917.196E-4
Gl(7):=~6.,55%01749343/1.-8
HBlidr=--6,74900%61 /7140
Ay, 3E 4
GIC10)=61(11)=0

1U=298,15

HO=191946.,1
GI(10)=HO~HI(TU)

T10=300.

80=186,4854941
Gl.11)=80-81(¢(TQ)

G( 1)= -,18702799768%-01
GC 2)=  ,103387108009E+01
GC 3)= -,155387625619L 402
G(4)=  ,772311478544E407 f
B¢ )= -,377103300895E+0%

GC 6)= ,846B18843475E~-03

GO 7)= -,496415884529E +00

B¢ 8= ,869909352414L+02

G 9)= -, 322821592493E405

G€(10)= ~,395843026318F-04

BC11)=  ,266772318035E-01

G(12)= ~,304010057839E+01

G(13)=  ,191584507536E-03

B(14)= - ,195587933458L -08

G(185)=  ,607479967879E+01

G(16)= -,529609525984E -03




G€17)=  ,152264206004F-04
G(18)= ~-,109952182842E-01
GC19)= 1913965499296 -03
G(20)=  ,3864700037446E+0%5
@(21)= ~,157930982612E407
G(22)=  419%2701449401E+03
(G(23)=  ,165996081629E+07
6€(24)=  ,603051146711E+4+00
G(29)= ,376485162808E+02
G€(26)= ,126593680622E-02
G(27)= -,343570032513E402
G(28)= -,540945094139E~05
6(29)= ,185622284663E~02
G430)=  ,77078697924%E-08
G(31)= ~,2868683186%50E-05
G(32)=  ,372376961647E~04
DTP=,2815114381423E+02
DTPV=,1590041545160E~01
VP(1)=4,77748580
VP(2)=1,76065363
VP(3)=~-,56788894
VFP(4)=1,32786231
VP(5)=1.5
UP(6)=,1158993
VP(7)=90,68
VFP(8)=190,555
VUP(9)=0,0
TCC=VFP(8)
FCC=VPN(TCC) %1,01325
PTP=VF(6)%1.,0132%
TTP=VUP(7)
TUL=500.
TLL=TTP
PUL=350.,
DCC=10.23
RETURN
END
SUBROUT INE DATA N2
DIMENSION G(32)sVP(9)»GI(11)
DIMENSION GV (9)98T(9)2FVC(A)9FT(4)1EV(B)1ET(8)
DIMENSION A(20)
COMMON/CRIT/ EM» EOKe RM» TC» DCy» X » PCy» SIG
COMMON/SATC/A»DTPV
COMMON/DATAL/GVyBToFVrFToEVIET
COMMON/SEN/BETA»XOsDELTAsELr E2s AGAM
COMMON/DATA/GyRyGAMMA»VF o DTP 9 PCCoPTP» TCC» TTP» TUL » TLL » FUL » DCC
COMMON/CPID/GI
COMMON/ 18P /Ny NW s NWW
NWW=0
PRINT 100
100 FORMAT(X THE RANGE OF TEMPEKRATURE FOR NITROGEN IS 63.15 10 1900K%
1/% WITH PRESSURES TO 10000 BARX)
N=0 § NW=1
EM=28.016 ¢ EOK=118, $ RM=3,933E-08 § IC=126,24
DC=,3139 ¢ X=1.67108 $ PC=33.98 § S1G=3,54
X0=0,164 $ BETA=0.3%5 ¢ DELTA=4,35%2 ¢ E122,17 ¢ E2=0,287
AGAM=1,190
PARAMETERS FOR TRANSFORT
PROPERTIES FROM HANLEY ET. AL,
JOUR. PHY. CHEM. REF DATA VOL3» NO 4
1974
GV(1)=-1,8224240000E+42 $ GV(2)=1,9915327374E+2
GV(S)=-9,1542324494E4+1 $ GV(4)=2,3255484059E+1
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BVU(G)=~3,6307214220 GV(6)=3,6457506811E~1
BV(7)=~2,22618808176~2 GV(B) =7, 8053904895E -4
GV(P)=~1,1894029104E~5

GT(1)=-2,0029573972E+4 ¢ BT(2)=4,9765746684E+3
0T(3)=8,0188959376E+3 ¢ GT(4)=-5,50227146808E+3
GT(5)=1,5363738965E+3 + GT(6)==2,2974737257642
OT(7)=1,9360547346E+1 ¢ GT(8)=-8,5677385748E-1
0T(9)=1,55646709356~2

EV(1)=2~9,8255690362 ¢ EV(2)=2$,7156092139E-001
EV(3)=1,6094611148E+001 ¢ EV(4)=3,695408615BE+003
EV(5)=-8,08896801180E4+002 $ EV(6)=6,8464435640E+001
EV(7)=-2,1241135912 ¢ EV(8)=0,315
FV(1)=2-1,1217739623 ¢ FV(2)=0,32912317244
FU(3)=1.,4 & FV(4)=118,

FT(1)=,53875666637 ¢ FT(2)=,061027911104
FT(3)=1.2 ¢ FT(4)=118,

ET(1)=-2,9402951255E+1 ¢ ET(2)=3,7201743333E+1
ET(3)=-3,9013509079E+1 ¢ ET(4)=-3,1826109485E+1
THERMODYNAMIC PROFERTIES FROM

NBS TECH NOTE 648 - DEC 77

JACOBSEN ET. AL.

R=8,20539E-2

BAMMA=~-,0056

GI(1)= ~0,73%210401157252€ 03

GI(2)= 0.342239980411978E 02

GI(3)= =0:5576482845467620E 00

GI(4)= 04350404228308756E 01

GI(S)= =0.17339018%5081005€~04

GI(4)= 04174650849766463F--07

GI(7)= ~0.356892033544343€- 11

GI(8)= 0.100538722808834E 01

GI(9)= 0.335340610000000E 04

T0=298,15 & $0=191,502 ¢ HO=8669.0
GI(10)=6I(11)=0

BI(1C)=HO-HI(TO)

GI(11)=80~-SICTW)

G( 1)= 2:136224769272827E-02
G¢ 2y~ 0.102032469908591E 00
G 4= ~04243900721871413¢ 01

B¢ )= 0.341007449376470E 02
G¢ S)= =0+422374309466167€ 04
G( 6)= 0.105098600246494E-03
G( 7)= =0,112594826522081E-01
G( 8)= 0.142600789270907E-03
B( 9)= 0.184698501609007E 0S5
G(10)= 0.811140082588776E-07
G(11)= 0,23301164%5038006E-02

6(12)= =0.507752586350988E 00
6(13)= 0+485027881931214€E~-04
G(14)= ~0+11365676411%5364E~02
B(15)= ~0.707430273540575E 00
G(16)= 04751706648852680E~04

6(17)= ~0+111614119537424E--05
G(18)= 0.368796562233495E-03
G(19)= =0.201317691347729E~05
G(20)= ~0.149717444755949E 05
G(21)= =~04119719240044192E 06
G(22)= =0.975218272038281E 02
B(23) = 0.5%4639713151823E 05

B(24)= =0.179920450443470E 00
Gy25) = =0,256582926077184E 01
G(L6)=~ ~0,413707715090789E-03
6(27)= ~0+256245415300293E 00
56




G¢a8a) = ~0e1242223737400463E-06

GCR9 )= 0+103556535840165E -04

G(30)= ~0:938699166550303E-09

G¢(31)= ~0. 75741541 2839596E~-08

AC 1) ~,158453465507E4+02

R( 2)= 14191386911423E-01

Al 3= -,101945371660E4+01

Al 4)m v134763743799E402

AC 5)=  ~,109930399087E+04

Al &)= + 92551803549 7E4+02

Al 7)3  -,996233831320E +02

A( B8)= +100104366710E40.4

AC 9= =, 201857937398E4+02

A(10)= 1 900076998647E+0).

AC11)= + 28698112034 7E402

A1)z = ,216767601780E+02

AC13)= +A496558226471E401

A(l14)= 21830792847 7E402

A(1S)=  «,126493309807E400

A(l18)= +2415441884633E401

Al17)=  -,245256871794E+02

A(18)= +9359252071246402

A(19)=  ~,3609382514632E4+02

A(20)= + 7857453271989E401

6¢(32)= 05853671 72069521607
VP(1)=25,1113192094 ¢ VRF(2)=6.,482667539E~1
WE(3)=~1,5108730916E~1 ¢ VF(4)=7,4028493342F -1
VP (S5)=1.5 ¢ UP(&)=,124 ¢ VP(7)=63.15 ¢ UP(8)=126.26
VP(9)=0,0

DTP=.3097717741477E42

DTPV=,24282208%710E-1

TCL=VF(8)

PCC=VPNCTCC)I %1 ,01325

PTP2aVUF(6)X1,01425

TTP=VYP(7)

TLL=TTP

TUL=1900,

FUL=10000,

pec=11.21

RETURN 8 END

SUBROUTINE DATA AR

DIMENSION G(32)»UP(9)y6IC11)

DIMENSION BU(P)»BT(9)»FV(4)»FT(A)yEV(B)»ET(B)
DIMENSION A(20)

COMMON/SEN/BETy »X0» DELTAYELly E2» AGAM
COMMON/SATC/A»DIITPY

COMMON/CRIT/ EMy EOK» RM» TC» DC» X » PCy» SIG
COHﬁON/DATA/GvRoGAHHAOVP'DTPOPCCvPTP'TCCvTTP:TUL'TLL'PULvDCC
COMMON/DATAL/GV»BTsFVFTHEVET

COMMON/CPID/GI

COMMON/ISF/N s NW s NWW

NWW: 0

N:z0 ¢ NW 1

EM=39,948 ¢ EON=15%2,8 ¢ RM=3,669F -08 $ TC=150.725
DC=0,533 ¢ X=1,7124 ¢ PC=47.9083 ¢ 816=3,297
X0=0,183 ¢ BETA=0.355 ¢ DELTA=4,352 $ E1=2,27 $E2=0,287
AGAM=1,190

TRANSFORT FROPERTIES

FROM HANLEY ET., Al

Jo PHY. CHEM. REF DATA VOL 3

N 4 1974

BV(1)=6,11454727687E41

BV(2)=-1,039439031 2642
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GU(3)=6.799461 46196 +1

GV A)=-2, 0546509 380E 41

GV(5):4,00939501 .48

GV(6)=-4,7202671093€ -1

GV(7)-3,179527542%E-2

GV(8)~1, 14290683 7HOF -3

GV(9)51.80430105926-

GT(1)%6.,2777208742E43 & BT(2)5-9,6096376637E+3

G71¢(3)~5,88087549191E+3 ¢ GI(4)=~1,A9209263206+3

GI(5)=3,48086571437642 ¢ G1(6)=-3,H0167686193F +1

61(7)=2,5207283167 % GT(H)=~9,1098744478E-2

GT(9)=1,3990842942¢ -3

EV(1)=-1,0010993993E+1 ¢ EV(2)=2,06946857126-1

EV(3)=1,60291451226+1 ¢ EV(4)=1,1717461351E+3

EV(5)=-5,4995898780E+2 ¢ EV(6)=4,0136071933F+1

EV(7)=3,9870122403E+¢1 $ EV(H)=,537
FUC1)=1,4653652433 ¢ FVU(2)=2-0.77487424965

FU(3)=1,4 8 FVU(4)=152,8

FT(1)=2,24142i0327 ¢ FT(2)=,075696234255

FI(IH=1, $ FT(4)=152,.8

ET(1)=~2,4116686960¢ +1

ET(2)= 3,0694859C71E+1
ET(3)=2,2956551674E+3
ET(4)= ~3.5559415840€+2

TRANSPORT PROPERTIES FROM
HANLEY ET. AL+ J. PHY. CHEM. REF
DATA VOL 3 NO 4 1974 AND
GOSMAN ET. AL. NSRDS MON 27 1944
R=,08205616

GAMMA=-~, 0055
GI(1)=61(2)=G1(3)=0
Ci(4)=GI(9)=2.5
GI(S5)=6I(6)=6I(7)=0
6I(8)=0

BI(10)=GI(11)=0

T0=87.28 ¢ S0=129,1786 ¢ HO=9504,8916
GI(10)=HO~HI(TO)
GI(11)=80-8I1(T0)
G(1)=3,4342657242351E-3
6(2)=5,78570346681387E~-2
G(3)=-2,6982470812264E40
G(4)=1,6481655285291E+2
G(5)=-1,2849472420416E+4
G(6)=-3,2636490894484E~4
G(7)=2,4629470190841E~1
G(8)=~6,9585445697842E+1
B(9)=1,9196156939788E+4
6G(10)=1,6603909805594E~5
G(11)=-1,0860316345366E-2
G(12)=3,323175900488SE+0
6(13)=22,1776361947053E-5
G(14)=5,1615085812771E-3
BG(15)=~1,1366705407293E+0
G(16)=-2,9018517616885YE~4
G6(17)=3,7898289698060E -4
G(18)=1,1030489790987E-3
G(19)2-1,4674092942955€~5
6G(20)2-1,1479610716179E+4
G(21)=-3,9393312963830E+5
G(22)=~9,9620084307336E+1
G(23)=-1,8575347046011E+4
G(24)=-2,9393483871136E~1
G(25)=1,6408588086762E+1
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GOIEYS 4,084/, 740 W 4%, - g
GEL 207 D00BHL2000/7 1649 768 +0
GOVH) - S, 0749 42000094010F 7
GL9) 208187400072 062k -4
Gr80) D HAA//41HD02F 10
Be31) &, 30082,00864834F -4
GOCRDIY =0 .00074134409346F 4
NC 1) 00K 37778400

Al ) + 1510400418461 +00
Al 8- e O/4HAA 381 D8F +01
Al 4+ e 3001 268044061 402
AL Y9) HNURYY LA R04L 0,
Al &) C 2 A0H24 /7486406400
At 7Y « 1042680664511 404
Al it T8 R AN WA B TV
(2 LA LD, SO Lo
ATLOY AR R ARV YA T Y
RN R SALTaall el to

ALl AT AY PHANYYLE 4o
At 4)- s LOOLW 29000 a0 Fy
At L4 76820084 G0 $0 0

ACID)Y s - 8649803681951

Alla = s Adsan i, T30L O

AL/ ~,14482 14440448 oy

AvlY) - 160193847000k 40!

AC1Y) = ~,23088H46388.'L40L

AC20) = 4653184588871 +01

UPC1)= 404191115051 ¢ URCO) 1. 191080019
V(31 =3,40/632834E -1 & V() -4, 950580024 1F |
VECS) =10 & UF{6) -0 6B00L & UH()=B3,80 ¢ UF(H) - 150 .86
VH(9)=0,0

DTP=,3540027619188L 402

LTPV=,102922/70,0: 829

FRINT 100

100 FORMAT(R THE TUMFERATUKE KRANGE FOR ARGON 1S 83.8 10 400 Kx%

1/7% WLTH PRESSURES 10 1000 KaKK)
TCC~=VH(8)
PCC=VUPNCIEC)I %1, 01325
FTIP=VUF(6)%1.01 30
TTE=VUP(/)
TUI.=400,
TLL=TTF
FUI =1000.,
DCC=13,41
RETURN $ END
SUBROUTINE DATA 02
DIMENSION G(42)9VF(9) 13111
JIMENSION GUCP)sGBT (D) 0FVeAisl TCA)sEV(B) s T(H)
DIMENSLON AC20)
COMMON/SATC/A»DITPY
COMMON/DATAL/ZGYsBT9FVek L yEVET
COMMON/SEN/HE TA» XU»DELTAYELY E2y AGAM
COMMON/CRIT/ EM» EOKy RM» 10» LCe X » FU» SI6
CUNNON/DQIA/GvRvBRHHAvVPvUlPoPCCoPlPofCUy1lP'TULvllLvPULvDUU
COMMON/ ISF/Ns NWe» NWW
COMMUN/CFPLD/GT
NWW=0
N=0 ¢ NW:=1
X0=0.183 8 BETA=0.355 ¢ DELTA=4,352 ¢ E1=2,21 & E2=0,247
EM-31,9988 ¢ EOK=118.0 ¢ RM:3,H896E-088 TC=154,%75
DC=0,4362 ¢ X=2,210636 ¢ FC:49,770 ¢ S1G=3,4387
AGAM = 1,190
TRANSFUORT FPRUPERTILIES
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FROM HANLEY ET. AL,
vaL 3» NO Ay 1974
BV(1)=~7,7076378593E+1 ¢ GV(2)~08,2801254201E+1
GU(3)m-2,4468758003E+1 o GV(4)=2,14104360243
BVU(5)=3,7851049522E-1 ¢ GBV(6)=-1,04872160906~1
GV(7)21,1134441304E-2 ¢ 0UV(D)I=-5,346760937576-4
GV(9)=1,0279379641E-5
GT(1)=~2,0395052193E+5
GT(3)=~1,2014175183E+5
GT(5)5-5,4244239598E+3
BT(/7)=~-3,2054821539€E+1
GT(9)m-1,4610986820E-2
EV(1)=-1,2152387017E+1 ¢ EV(2)=-3,1421728994E~1
EV(3)=1,8201161448E+1 ¢ EV(4)s2,7390429525E+2
EV(S)n-2,749095694BE4+3 ¢ EV(6)=2,4340689647E+2
EV(7)=1,1911504104E+2 ¢ EV(B)=,435
FV(1)=24,3526515153 ¢ FVU(2)= -2,03612638/8
FU(3)=1.,4 ¢ FV(4)=100,
FT(1)=,3060 $FT(2)=,2785
FT(3)=1.12 ¢ FT(4)=100,
ET(1)=-1,2310400765E+t ¢ ET(2)=1,6799504261E+1
ET(3)=-2,9944878721E43 ¢ ET(4)=4,7350508788E+2
THERMODYNAMIC FROPERTIES
FROM WEBER - TO BE PUBLISHED
R=8,20539E-2
GAMMA=~,0056
Gl(1)= =0.,498199853711943E 04
GI(2)= 0,230247779995218E 03
GI(3)=  -0.345565323%10732¢ 01
GI(4)= 0.352187677367116E 01
BI(S5)=  ~0,435420216024420E~04
GI(s)= 0.134635345013162E-07
GI(7)= 0.162059825959105E-10
GI(8)= 0+103146851572565E 01
GI(?)= 0.223918105000000€ 04
6I(10)=6I¢(11)=0
TO=298.15 8 HO=8682., ¢ 80=205.037
GI(10)=HO~HI(TOD)
G(1)=  =,4308768468E~-03
G(2)= +197959109SE+00
G(3)=  -.4143014968E+01
G(4)= +18534654396E+03
Gud)=  =,1270637452E+05
G(6)= «1534388737E-04
G(7)= +1326068945E-02
G(B)=  ~,0199275123E+01
G(9)= +4705445127E4+04
6¢10)= +4728198017E-06
G(11)= +2430408198E-02
G(12)= -,1896759615E+00
G(13)= ~-,6887067207E-05
G(14)= -,61328851B0E-03
G(15)= ~-,18365184694E+00
0(16)= 2 2575663871E-04
B(17)=  ~,2415604546E-06
gaia)= +14386808B31E-03
6(19)=  ~,1703915986E-0%
B(20)= -,2353705917E4+0C4
G(21)=  -,22717076469E+06
6(22)= -,275381547iF+02
G(23)= +927764872%405
G(24)= -,4114926B856E-01
G(25)= +1982233262E401

BT(2)72, 4080141 707E+5
GT(4)=3,295494919E+4
GT(6)=5.4734065540E+2
GT(8)=1,07%53572103
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G(26)=  ~, 1239651142603
B(27)= ~,4322500664E+00
G(2BI~ ., 2443207666E-07
G(29)=  +1328704370E-04
@(30)% ~.1146313812E-09
B(31)=  =.1021169305E-07
G(32)=  ,2334998237E-06
61(11)=8C-8ICTO)
AC e S81394753076E+402
Al 2)a  =,490241196133E-01
Al 3w +168328893252E+01
Al 4)s  =,325161223396E+02
Al 5)=  550300989872E+03
Al ) =.510968506115E+03
Al 71 4 315091559049E+03
Al B8)s  -,232566659258E+02
A( 9)=  ~,488425479359E+02
AC10)=  =,150624217523E403
AC11)=  +280441603851E+03
A(12)a  =,176693896861E+03
A(L13)=  +403247747449E402
AG14)=  252198688365E+01
AC15)=  -,136098316472L-01
: ‘ AC16)=  +28231¢159403E+00
: : AC17)= -, 286645905341E+01
i AC18)=  +617024212284E+01
: A(19)=  -,810220795462E+00
A(20)=  =,279601068969E+00
UF(1)57.568956 $ UP(2)=5,004836 ¢ UP(3)=-2,137460
UP(4)=3.454481 ¢ VP(5)=1,514 ¢ UP(6)=,0014606
; UP(7)=54,359 ¢ VP(8)=154,581
v UP(9)=0,0
:a DTP=,4081997364372E402
3 DTPV=,3318894767078E-03
E ‘ PRINT 100
: . 100 FORMAT(%X THE TEMPERATURE RANGE FOR OXYGEN IS 54,359 TO 400 i*
5 1/% WITH PRESSURES TO 1200 BARX)
; TCC=VP(8)
v PCC=VUPN(TCC) %1 401325
N PTP=UP(6)%1,01325
FTP=VP(7)
TUL=400.
5 TLL=TTP
p PUL=1200.,
v DCC=13.43
N RETURN $ END
SUBROUTINE DATA P H2
DIMENSION G(¢32) VP (9)sBIC11)
DIMENSION GV(9)»GT(9)9FV(A)»FT(4)9EV(B)1ET(8)
DIMENSION AC20V)
N COMMON/SATC/A»DTPV
5 COMMON/CP1D/BX C
- COMMON/CRIT/ EM» EOK» RMs TC» DCs» X » FC» SI0 '
; ‘ COMMON/DATA/GsRsGAMMA»UP s DTF» FCCyPTRy TCC» TTPy TUL» TLLPUL» DEC 5

COMMON/DATAL/GVsGTrFVPFTIEVSET
COMMON/FPARA/PERCEN
COMMON/ISF/N

N=1

¥ GO TO 1

" ENTRY N H2

o : N=2

60 TO 1

A ENTRY O H2




N=3

6aag 14 1
ENTR & H2
N=4

Go 10 1t
ENTRY b He
Nraty

1 LONI INUE

« NO TRANSFURT FPROPERTLIES FOR HYDROGEN
M THERMOUYNAMLIL 'ROPERTLES FRUM
t RUDEK AND MCCARTY IR 245-814 AN
L IR 74-3Y4%7
R=, 082006616
UAMMA~, 004}
UC 1) 4,614387759L54E -4

BC D) a 4,233164596086k -2
BC 3)  =~5,096556226403E 1
GC ) - 2,928059738269E 40
GC O - 2.987609147211E+1
GC 6) = 1.,883148601410F~4
GO 70 =-1,300254954639E-3
GC 8) = 3,0165044317016-1
BC 9) = 5,093705560851E+1
G(10) = 1.,973828324919E~7
G(11) = 2,858492039828E~4
G(1d)  =-2,208279239123k~2
G(13) B2, 257481136 764E~6
G(14) = 2,414272349746E-5
G(15)  =-1,695713398598E~3
G(16) =-5,393676391275E-7
G(17) = 3,998955244328E -9
G(18) = 1,142457561274E~4
G(19)  =-1,252566225894E-8
G(20) =-4,917861934882E+1
G(21) =-1,585666017368E+2
G(22)  =-1,901602946272E -1
G(23) = 9,198020862500E+0
G(24) =-3,180455518810E-4
G(25) = 1,191057791926E-3
G(26) =~3,791352773225E-7
G(27) =-3,9083377699095E-5
G(28)  =-1,2345108%54688E-10
G(29) = 1,950266293499E~9
G(30) =-2,3803439171096~13
G(31) =-4,073576608192E-13
AC D)= +P16617720187E4+02
AC )= -, 179492524446E400
B AC 3= +454671158395E401
- Al Q)= -,65B8499589788E4+02
Al S)= +734466804535E403
AC 6)=  -,682501045175E4+03
Al 7)= +631783674710E4+03
AC B)= -, 5394088/73282E+03
Al 9= +430923811783E403

- AC10)= -, 30029573881 1E+03
¢ A(11) +156567165346E403
; AC12) = -, 504103608225E402
e AC13)= 072070692651 4E4+01
L All4)=  -,123944440318E403
H A(1S)= +140334600142E+0)
& Al16)=  «,211023804313E4+02

A(17)= 0 17325462281 76403
ACIB) = . .4842945B0871E403

62




ACLY)= 13BEIPIELIHNE +0.3

AC20)= =, 235774161015E400

GC32) = 8,801304930//7k-1%

VF(1)54,09300134164

VF(2) =2, 80810925813

VF(3)==0,065546121656 7

UF(4)=1,%59%14449374

VP (5) =1, 5814454428

VF(7)5148.8

VF(6)20,0695

VH(8)=32,9 38

VF(9) =0

DTF=,38214208945438E+02

DIFV=, 6322296353698E- 01

EM=2,01594

FRINT 100
100 FORMAT (X THE TEMFERATURE RANGE FOR HYDROGEN 1§ L3.H4 TU 400 KX

1/% WITH PRESSURES TO 1200 BARX)

TCC=VP (8)

FCC=VFN(TEC) X1,01325

PTP=VUP(6)%1,01525

TTP=UP(7)

TUL=400.,

TLL=TTP

FUL=1200.

DEC=15,556

RETURN

END

SUBROUTINE FROFS(PPyDDsTT)
THE 32 TERM EQUATION OF STATEs INPUT IS DENSITY(MULES/L),
TEMFERATURE(K)» OUTFUT (FF) I8 FRESSURE IN ATMsOR DE/LL IN
LITER-ATM/MOLE OR DP/UT ATM/K OR S»HsOR CV AT ONE | LM11 OF
INTEGRATION

DIMENSION X(33) f

DIMENSIUN B(33),6(32)

EQUIVALENCE (EsX)

COMMON/DATA/G» Ry GAMMA

COMMON/1/E

DATACID=1)

DATACIZ=1)

1 CONTINUE
IF(IZLLE,OXGU TO 2
12=0

2 CONTLINUE
D=DD
P=FF
T=TT
GM=GAMMA
D2=DXD
D3=D2%D
D4=D3XD
DS=04XD
De=DSkD

. D7=D6XD

L D8=D7XD

: 19=DERD

[10=09%D

<) D11=D10K%0

=) D12=011%D |
D13=D012%D

TS=8QRT (1)

T2=TXT

18=T2XT
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100

102

101

200

TA=T3H]
rS=TAKT
FREXP (GMAD2)

60 TO (10002009 30¢ 1400950006009 700) 4K

ENTRY FRESS
ENTRY FOR PRESSURE» INFUT IS8 DENSITY

AND TEMF, IN MOL/L. AND Ky OUTFUT IS IN ATM,

K=
GO TO 1

CONT INUE

BC 1)s=02XT

B( 2)=D2K%TS

B( 3)=D2

BC 4)=D2/T

B( 5)=D2/T2

B( 6)=03%T

BC 7)=D3

B¢ 8)=D3/1

BC 9)=D3/T2
B(10)=D4XT

B(11)=D4

B(12)=D4/T

B(13)=D5

B(14)=D&/T
B(15)=D6/T2
B(16)=D07/T

B(17)=D8/T
B(18)=08/T2
B(19)=D9/T2
B(20)=D3XF/T2
B(21)=D3XF/T3
B(22)=DSKF /T2
B(23)=DSXF/T4
B(24)=D7%F /T2
B(25)=D7XF/T3
B(26)=D9XF/T2
B(27)=D9%F/T4
B(28)=D11XF/T2
B(29)=D11%F/T3
B(30)=D13kF/T2
B(31)=D13XF/T3
B(32)=D13%F/T4
IFCIDGGBT.0)G0 10 102
B(33) 2P-RXDKT

RETURN

P=0

M=32

DO 101 Isl,M
P=P+B(I)XG(I)
*=P A RKDKT

PP=p

RETURN

ENTRY DFDD

PARTLAL OF PRESSURE WITH RESFECT TO
DENSITY - SEE FRESSURE
ENTRY FOR UNITS

e

GO 10 1

CONTINUE
F1=2, 00KF XGMXD
F21=3,000KFKI'2 + 1%k03
F22=5,000%FXD4 +F1X15
F23=7,000XFXD6 +F 1 kD7
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202

201

300

F24=9,0008F k08 +F1KD9
F25=11,00KF¥DL0+F 1011
F26=13,00%F K01 2+F1K013
BC 1)m2,00K0KT

B( 2)=2,00%D%TS

BC 3)=2,008D

B¢ 4)=2,00K0/T

B( 5)=2,00KD/T2

BC 6)=3,00KD2K T

B¢ 7)=3,00%D2

E( 8)=3,00%02/T

B( 9)=3,00K12/T2
B(10)=4,00KD3XT
B(11)=4,00XD3
B(12)=4,00XD3/T
B(13)=5,00%04
B(14)=6.00KD5/T
B(15)=6,00KD5/T2
B(16)=7,00%D6/1
E(17)=8,00KD7/T
B(18)=8,00K07/T2
B(19)=9,00%08/T2
B(20)=F21/T2
B(21)=F21/T3
B(22)=F22/T2
B(23)=F22/T4
B(24)=F23/T2
B(25)=F23/73
B(26)=F24/T2
B(27)=F24/T4
B(28)=F25/T2
B(29)=F25/T3
B(30)=F26/12
B(31)=F26/T3
B(32)=F26/T4

M=32

IFCID.GT.0)60 TO 202
B(33)=P~RXT
RETURN

P=0

DO 201 I=1,M
P=P4+B(I)KG( L)
PeP+RKT

PP=p

RETURN

ENTRY DPDI

FARTIAL OF FRESSURE WITH RESPECT
TO TEMPERATURF - SEE FRESSURE
ENTRY FOR UNITS
K=3

GO TO 1

CONTINUE

X¢ 1)=02

X¢ 2)=D2/(2,00KTS)
X¢ 3)=0

X¢ 4)=-D2/T2

X¢ 5)=~2,00KD2/13
X( 6)=D3

X¢ 7)=0

X¢ 8)=-D3/T2

X¢ 9)=-2,00%D3/T4

B
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X(10)=D4
X(11)=0
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302

301

400

X120 o=[4 /]
X(133=0

X(14) =~/ 12
X(15) 2  OOKDE/ T 3
X(16)==07/12

X(17)e-T,/T2
X(18) -2, 00MDH,/ (3
X(19)m~2,00KL9/T 3

X200 :=2,00KDSKF /T8

X(21) =3, Q0KDIKF /T4

X(2i2) 52, QOKUSKF /T3
X(23)=~4,00KD5KF /T8

X(24) 52, 00KU7KE/ T3

X (25) %3, Q0KL7XF /1 4
X(26)5=2, 00KIGKF /T3
X(27)=w4 ,00KLPKF /T
X(28)==2,00KD11KF /T3
X(29)=~3,00XD11XF /T4
X(30)=~2,00K[13KF /T3
X(31)=~3,00K013KF /T4
X(32)=-4,00KD13KF /TS
LFC(ID.GT,0)60 TO 302
X(3Z)=PP-RXD

RETURN

P=0

DO 301 L=1,32

=P 4G L) KXCT)

PP=P+RXD

RETURN

ENTRY DSDN

FARTIAL OF ENTROPY WITH
RESPECT TO THE G COEFFICIENTS
K=4

60 TO 1

CONT INUE

§=50-RXLOGF ( DXRXT/PO0) + (DSDN(D)~DSINCO) ) %101 4325 +CFOS(T)
B1=F/(2.00XGM)
82=(FXD2-2,00XG1 )/ (2, DOKGM )
G3=(FXD4~4,00%G2)/ (2, 00KGM)
GA=(FXD6-6400%G3)/ (2, 00KGM)
B5=(FADB-8,00XG4)/ (2, 00KGM)
Bo=(FXD10-10,00XGS) /(2. 00KGM)
X( 1)=-D

X( 2)=-0/(2,00XTS)

X( 3)=0,D0

X( 4)=+D/T2

X¢ 5)=2,00X0/T3

X¢ 6)==D2/2,00

X¢ 7)=0.10

X¢ 8)=D2/¢2,00XT2)

X¢ 9)=D2/T3

X(10)=-03/3,00

X(11)=0,D0
X(12)=D3/(3.00KT2)
X(13)=0.,00
X(14)=DS/ (5, 00KT2)

X(15)= 2,00KD5/ (5, 00KT3)
X(16)=D6/C6.00KT2)
X(17)=D7/(7.,00KT2)
X(18)=2,00K07/¢7 . 00KT3)
X(19)=D8/(4,00XT3)
X(20)=2,00%G1/T3
X(21)=3,00%G1/T4
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X(u2)=2,00%62,14
X(23) =4, 00862/ 15
X (24) = 00KGE/ T3
X(25)=3,00K63/ (4
X(26) =2, 00KGA/ 14
X(27)7=4,00%64/ T4
X (28)=2, 00065/ T3
X(29)=3,00K65/ 14
X(30)=2,00K66/ 14
X(31)53,00%66/T4
X(32)=4,00%K66/Th
IFCIU.GTL OGO TU 402
RE TURN
402 P=0
DU 401 I=1s32
401 P=P+GCIINX{L)
PP=f
KE.TURN
ENTRY DUDN
c TERMS NEEDED FOR ENTHALFY CALCULATION
K=t
60 TO 1
500 CONIINUE
c H=HO+ ( | KDSDN(D) ~DSDNCO) Y%101 , 3254 (DUDN(D-DUDNS0) ) %101, 3254CFOHCT)
c +(P/D~RKT)%101.325
G1=F/(2,00XGM)
G2=(FADO2~2,00%G1)/ (2, 00%6M)
G3=(FAD4-4,00KG2) / (2, 00KGM)
G4=(FXD6~6,00KG3) / (2, 00KGM)
G5= (FXDE-8+00XG4) / (24 00KGM)
B6=(FXD10-10,00%XGS) 7 (2,00%XGM)
X¢ 1)=DXT
X( 2)=DXTS
X¢ 3)=D ]
X¢ 4)=D/T
X( §)=D/T2
X¢ 6)=D2KT/2,00
X¢ 7)=D2/2,00
X¢ 8)=D2/(2,00%T)
X¢ 9)=D2/(2,00%T2)
X(10)=D3XT/3.00
X(11)=03/3.,00
X(12)=03/(3,00%T)
X(13)=D4/4,00
X(14)=D5/(5.00%T)
X(15)=D5/(5.,00%T2)
X(16)=Db6/(6400KT)
X(17)=D7/(7,00%T)
X(18)=D7/(7,00KT2)
X(19)=D8/(8,00XT2)
X(20)=61/T2
X(21)=61/13
X(22)=62/T2
X(23)=62/T4
X(24)=63/T2
X(25)=63/13
X(26)=64/T2
: X(27)=64/T4 ‘
» X(28)=65/T2
4 X(29)=05/T3

t X(30)=66/T2
), X(31)=66/T3 |
' X(32)=G6/T4 |
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502
501

600

602
601

B iatd

IF(ID.GT,0)G0 TO 502
RETURN |
FP=0 §
DO 501 Im1,32 !
‘SP4G(I)AX(I)

PPup |
RETURN H
ENTRY TLWDT :
TEMP., TIMES THE PARTIAL OF

ENTROPY WITH RESFECT TO TEMF.,

K=é

GO T0 1

CONTINUE

CV=CVO+(TDSDN(/)~-TDSDN(D) ) %101 ,325

Gis=sF/(2,00%GM)

G2=(F¥D2-2,00%G1)/¢(2,00%GM)

G3=(FXD4-4,00862)/(2,00%XGM)

GA=(FXD6~6.,00%G3)/(2,00%GM)

G5=(FXD8-8.008G4)/(2,00%6M)

G6=(F¥D10-10.00%XG5)/(2,00%GM)

X(1)=0

X¢ 2)=2-D/(4,00%TS)

X(3)=0

X( 4)=2,00%D/T2

X¢ 5)=6.,00%D/T3

X(6)=0

X(7)=0

X¢ 8)=Dp2/T2

X< 9)=3,00%D2/T3

X<(10)=0

X€(11)=0

X€12)=(2,00%D3)/(3,00%T2) 1
X(13)=0
X€14)=2(2,00%D5)/(5.00%T2)
XC15)=(6,00%XD5)/(S5.,00%T3)
X(16)=D6/(3,00%T2)
XC17)=(2,00%D7)/(7.,00%T2)
X(18)=(6.,00%D7)/(7.00%T3)
X(19)=(3.,00%D8Y/(4,00%T3)
X(20)=6,000%61/T3
X(21)=12,00%G1/T~
X(22)=26,000%G62/T3
X(23)=20,00%62/75
X(24)=6,000%G3/T3
X(25)=12,00%63/T4
X(26)=26.,000%G4/73
X(27)=20.00%G4/TS
X(28)=6,000%65/T3
X(29)=12,00%65/T4
X(30)=6.,000%66/7T3
X(31)=12,00%64/T4
X(32)=20,00%66/TS

IFC(ID.GT.0)B0 TO 602

RETURN

P=0

DO 601 I=1,32

P=P+G(I)%X(1)

PP=p

RETURN

ENTRY DF2D2

SECONI! PARTIAL OF PRESSURE WITH
RESPECT TO DENSITY SQUARED

K=?7




B

GO TO 1§
700 CONTINUE
F1=2, kF XKGMRD
F1252,8F 1XGMXD+2 o SFBGM
F212m3  BFLRD2+3 K2 MLRF $F 128D34F 183,802
F222=5 MF 1804 45,84 ,XDIAF +5 LAKF L +F 128DS
F232=7 BF1RD6+7 4 X6 RDSKF 47 . XDOKFLI+F12%D/
F24229 ,4F 18D+« %8 . XLU7%F +9 « XDOKF 1 $F12%D9
FR52m11 s XF 1010410, 831, MDP%F+11 ,4D1OKFLI+F12%D1L
262213, %F18012413,912,8D11%F +13 . KD128F14F 12%013 )
B(1)=2,%T $B(2)=2,%T8 ¢ B(3)=2, '
B(4)s2,/T & B(S5)=2,/T2 ¢ B(6)=6.,8DXT
B(7)=6.%D ¢ B(8)=6.,%D/T ¢ B(9)=6,%D/72
BC10)=12,%D2%T ¢ B(11)=12.%D2 ¢ B(12)=12.%D2/T
B(13)=20.%D3 ¢ B(14)=30,%D4/T ¢ B(15)=30.%D4/T2
B(16)=42.%DS/T ¢ B(17)=56.%D6/T ¢ B(18)=56,%D6/72
B(19)=72.,%D7/T2 ¢ B(20)=F212/T2 ¢ B(21)=F212/73
B(22)=F222/7T2
B(23)=F222/T4 $& B(24)=F232/T2 ¢ B(25)=F232/13
B(26)=F242/T2 ¢ B(27)=F242/T4 ¢ B(28)=F252/72
B(29)=F252/T3 ¢ B(30)=F262/T2 ¢ R(31)=F262/T3
B(32)=F262/T4
M=32
IF¢ID.GT.0)G0 TO 702
B(33)=PP
RETURN
702 P=0
DO 701 I=1»M
701 P=P+B(I1)XG(I)

E T T

PP=P

RETURN

Efed

FUNCTION VPNC(TT)
(o CALCULATES VAFOR PRESSURE IN ATMOSFPHERES
(N FOR AN INFUT TEMPERATURE IN KELVIN

DIMENSION G(32)sVF(9) 1
COMMON/DATA/Gs Re GAMMNA» UF

T=TT

X=2(1,~UP(2)/T)/(1.~-VUP(72)/VFP(8))

UPN=VUP (S)REXP (UP (1) XX+UP (2) XXXX+UP (3) XXXKI+VUP (P ) XXKR4+VF (4) XXX

1(1.-X)%XRVP(5))

RETURN

END

FUNCTION FINDTV(POBS)

c ITTERATES THE VAFOR FRESSURE EQUATION

c FOR A TEMFERATURE (¢ IN KELVIN)

C GIVEN AN INPUT PRESSURE IN ATMOSPHERES
COMMON/DATA/GsR»GAMMAY VP » DTP
DIMENSION G(32)sVP(?)

T=VF(8)
DO 7 I=1,10
P=UPN(T)
IFC(ABS (P-PORS)~.000001%F0OBS)B8r6
6 CONTINUE
CORR=(FOBS~F)/DPOTVF(T)
7 T=T+CORR
8 CONTINUE
FINDTVY=T
RETURN
END
FUNCTION CVCDYT)
c CALCULATES SHECIFIC HEAT CAFPACITY
c AT CONSTANT VOLUME FOR AN INPUT
69
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acooaoc

100

101
102

10
i1
20

10

i1

OF DENSITY AND TEMPERATURE IN MOL/ZL AND K
DATA(R=B,.31434)

OB O

CALL TRSDICCDy DRy TT)

pu=0

CALL TDEDTCCO DI TY)
CVU=CPICTTIHCCO~LIINL0L, 305
cv=(CV~R

RETURN

END

FUNCTION FINL D(PeT)

ITTERATES EQUATIUN UF STATE

FOR DENSITY» GIVEN PRESSURE

AND TEMFP. IN ATM. AND KRELVIN., IF
LTTERATION FAILS TRY USING
FUNCTION CALLED FIND M

DIMENSION G(32)sVUP(9)
COH"ON/DATA/G'RvGAMthUPvUTPoPCUoPTP'TCCvTTPvTULvPULrDCC
TT=1

IF(TT.GT.VF(8))I60 TO 100

IF¢ P.GTUPNC(TTYIGO TO 101
po=SATV(TT)

60 TO 102

PC=PCC/1,01325
X=(1e1/7¢PRXFPCIIRFH. 7/

DD=P/ (RKT1%X)

IF(F/PC BT 20 s ANDTZUFCE) LT 2, 5)DD=DTP
GO TO 102

DR=SATL(TT)

CONTINUE

Lo 10 1-1:50
IFCDDLE.O.O.ORID.GT 50,260 TO 11
CALL PRESS(FFLDTT)
IF(PPL.LEL.0.0)GD TO 11

P2=PP

IF(ARS (F~F2)~1E~7%XF)20,2091
CALL OFDDCHPYyDBITT)

DF=FF

CUORR=(P2~F)/DF

IF(ABS (CORR)=1.E-7XDD)20+20+10
DD=D0-CORR

CALL REGULAC(P»DD»T)

FIND Di=DD

RETURN

END

SUBROUTINE REGULA(FIsDD»TT)
ITTERATES EQUATION OF STATE FOR DENSITY WHEN FIND It FAILS
DIMENSION G(32)»VP(?)
CONMUN/DATR/G!R»GAMMAvVPVDTFOPCC9PTP9TCCQTTP'TULvTLLQPUL!DCC
T=TT

Papl

n2=0

IF(TLTLTCCHIGO TO 10

DO=DCOXRTCC/T

60 TO 20

PFP=VPN(T)

IF(PL.GT.PPIGD TO 15

DO=SATV(T)

0o 11 I=1,.i50

CALL PRESS(FOsDOrT)

IF(FPOLGE.FIGO TO 12
DO=004+ . 0001 %100

70
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12
13

14

140
15

16

17
18

21

30
31

G0 10 42

Dlspo

CALl, PRESS(PLsD1yT)
WWOPLLTFIGO TG 14
IFCDLLE s o IXPTFIGO TO 42

no=ny

2 (P1-FP)/F

IFCZoLTe 122341

IFCZeBT o eD)2%4 7

Ni=p1-2%D1

60 TO 13

CALL FRESEC(PODOLT)

DO 140 I=1»50

D=0y

P3Pyl
IFCARSC(P-1'1) o LT+ 2 00001%F)IGO TO 40
PR=p-P1

D1=014+<D1-D0)%XP2/(P1-FO)
IFCABS(D-D1) JLE. . 00001%11)GO TO 40
IFCABS(P=P1) LT+ Q05XF)D2=F IND M(FoTo[1L)
IFC(N2.6T+0:0.ANDD2,LT S50, D1=D2
D2=0

CALL PRESS(P1sD1,T)
IFCPOWGT.P+ANDPL1.GT.PIGO TO 120
IFC(POJLTP.ANDFL.LTFIGO TO 120
GO TO 140

PO=P3

DD

CONTINUE

60 TO 41

DO=8SATL(T) {
0O 16 I=1,10

CALL FRESS(FODOsT)

IF(FPOLLEWIGO TO 17

DO=D0- , 0001 %XD0 ‘
GO TO 42

D1=no

CALL PRESS(P1sD1,T)

IF(D1.GE.S50.,360 TO 42

IF(FP1L.GT.P)GO TO 14

DO=D1

Z=(P-P1)/F

2=72410

IF(T/TCC LT+ 460221,

IFCZJLTe1402=1,

IFCZJGT94)2=9,

Di=D1+.01%D1%Z

GO0 TO 18

CALL PRESS(FOsDO»T)

IF(P.LE.FOIBO TO 30

D1=DO

CALL PRESS(P1yDi»T)

IF(FP1.GE.F)GDO TO 14

IF(D1,GE«S50.)60 TO 42

DO=D1

2=(P-PL1)/F

Z=7%10

IF(Z,.Tel1)2Z=1

IF(Z.GT9) 229

Di=D1+.1DI%RZ

GO TO 21

n1=00

CALL FRESS(P1sD1»T)

n
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IF(P1.LEPIGO 10 14 hay
IFCDYLLE, + 1XFTP)GO TO 42
po=p1
Z=(PY-FP) /P
2wZ¥10
1F(Z20.701 )21
IF(Z.GT+9)2m9
DiaDl~,1%D1%Z
G0 TO 31

40 DDh=N1}
RETURN

41 PRINT 101sF»7T/D

102 FORMAT(® REGULA FAILED AT PuXol 7,2+% AN TakyF7,2)

101 FORMAT (R DENSITY LTTERATLION FAILED AT PsXeF7,20% AND TakeF /7,2y
1/% DENSITY RETURNED ISXsE17.8)
RETURN

42 PRINT 102+P»T
RETURN
END
FUNCTION CP(DsT)
CALCULATEY SPECIFIC HEAT CAPACITY
AT CONSTANT PRESSURE FOR INPUT OF
DENSITY AND TEMPERATURE IN MOL/L AND K
CFP IS IN JOULES/MOL-K
CVEE=CV(D»T)
CALL DPDTC(OFTsD»T)
CALL DPDD(DPDyD»T)
CP=CVEE+(T/ (DXX2)RCDFPTRRD) /DI k101,325
RETURN
END
FUNCTION DPDTVFCTT)
CALCULATES THE DERIVATIVE OF FRESSURE
WITH RESFPECT 10 TEMFERATURE AT
SATURATION. INPUT L[S TEMP. IN Ky OUTPUT IS ATM/K.
COMMON/DATA/GsRy GAMMA VP
DIMENSION G(32)»Ui"(9)
T=TT
IF(TTL.GT.VF(8))G0 TO 1
X={1.=VUP(2)/T)/C1=VP(7)/VF(8))
DXDT=CVPC7)/TRR2)/C1.-VP(7)/VP(8))
OPDT=VUP (1)KDXDT+2+ KVF (2) KXKDOXDTHVF (3) X3 XXRK2KDXDTH+VP (4 ) %
11 =XIRRVP (S IRDXDTHVP (AIRXKCCL o =XIRKCVF(5) -1 4 ) I RVP (SR ~DXDT)
DPDT=DPDTRVPN(T)
DPDTVP=DPDT
RETURN

1 DPDTVFP=0
RETURN
END
FUNCTION FIND MC(PsTeDID
ALTERNATIVE FOR FIND Dy INPUT IS
PRESSURE IN ATMsr T IN KELVIN AND
DENSITY IN MOL./L. INPUT DENSITY
I8 A STARTING VALUE FOR ITTERATION
OF EQUATION OF STATE FOR SOLUTION FOR P AND T
TTeT
DO 10 I=1,50
CALL PRESS(FF»DDsTT)
PRupp
IF(ABS (F-P2)=1.E~7%F)20920y1
1 CALL DPDDCFFsDDsTT)

Dp=pp
CORR=(P2~F)/DP
[=Dh
72
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by

PR )

(W

C
C

a0a0n

10

)

10

11

1F (ABS (CORR) - 1,E-78D0)20y 20910
DD=HD-CORR

FIND M0

KE TURN

FIND MDD

R TURN

END

FUNCTION ENTHAL (PoDis T)
CALCULATES ENTHALFY FOR INFUT UF
PRESSUREs DENSITY AND TEMF. IN
ATM.» MOL/ZL ANIN Ko OUTFUT 18 IN
JOULES/MOL

K=, 0B205616

D1y

T T

CALL DSDN(SD DDy 11)

CALL DUDNCULIs DDy TT)

D=0

CALL LGUNCSO» 1T TT)

CALL DUDNCUOs LIS TT)

ENTHAL : TR (ED-80, %101, 3254+ (UD-U0) X101 s 325+HI(T)+(FP/D-RXT)IX101, 325

RETURN

LND

FUNCTION ENTROF (D T)
CALCULATES ENTROPY

FUOR AN INFUT OF DENSITY AND
TEMF, IN MOL/L AND K. OQUTRUT IS IN
JOULES/MOL--K

R:2, 08206616

Dn=n

Tr=T

CALL DSDNCSDyDLOTT)

nn=9

CALL DSDN(SOsRLTT)
ENTROF=(SD-80)%X101 . 325~-RRALOG(IRRET)I X101 . 325481 T)
RETURN

END

FUNCTION SATL(TT)

CALCULATES THE DENSITY 0OF THE
SATURATED LIQUID AT TEMF.» T IN KELVIN,
OUTPUT I8 IN MOL/L.

DIMENSION AC20)

DIMENSLON G(32),VFP(9)
COMMON/DATA/G Ry GAMMA» VP y DTF s FCCyPTF» TCCoy TTPy TUL» TLL s PUL » DCC
COMMON/SATC/A»DTFV

K=14

KK=7

G0 TO 10

ENTRY SATV

K=1

KK=13

IF(TWGE.TCCIGD TO 20

TuTT

ITT=7T¢C0
IFCETTHL T oL T4 2T=XTT
Xa(T=-TCCI/ (TTP-TCC)

D=A (K RALOG(X)

N0 11 I=2»KK

KN+,

M=

TF (MM GE +5)MM=MM+ 1
D=D+ACRIRCL o ~XKKC(MM-5)/34))
IFAKWLT«14)G0 TO 12
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C

G
C

1

2

-

3

DaLCCHEXF CL) R (T F-DOEC)
GO TD 14 .
D-BCCHEXP O X CDTPV-RICE)
SATL=D
IFCTTTHL-TT LT oL OIBATLSI-CH-DECIYRCTT-T)
RETURN
BEATL=DCC
RETURN
END
FUNCTLON SOUNDICL 1)
CALCULAIES THL SPEED OF SOUND
FOR AN IMFUT OF DENSITY AND TEMFP.
IN MOL /L AND KELVIN., QUTKFUT I8 IN
METERS/SECOND.,
CUMMON/CRIT/ZW
GALL DPRDCDFy D T)
SOUND=CCCH D T ZCVCDy TYIXRDPRLOLIZE /W) KK W5
RETURN
END
FUNCTION VISC(DDyT)
RETURNS VISGCUSITY IN (G/CM-S)XKE+Sy
T IN Ky D IN MOL/L
COMMON/CRIT/ZEN
D=DERKEM/ 1000,
VISC=DILVITIHFDCVCDy TYHEXCESV (D T)
RETURN
END
FUNCTION THERMC(DD»T)
RETURNS TC IN MW/M-Ky T IN Ky D IN MOUL/L
COMMON/HAN/CR» TCI
COMMON/ISF/NyNW
COMMON/CRIT/ZEM
D=DDXEM/1000,
IF(NW.EQ.0 ) GO TO 3
CR=CRITC(D»T)
THER=DILTC(TIHFRCT(D» T)XRL100 +EXCEST (D TI+CR
TCI=THER~CR
THERM=THER
RE TURN
CR=CRITC(DY T) .
THERM=DILTC(TIHFRICT(D» TIHEXCEST (N T)4+CR
TCI=THERM-CR
RETURN
END
FUNCTION EXCESV(IT)
CALCULATES EXCESS V!'SCOSITY
COMMON/DATAL/BVGTeFV»FTHEVIET
COMMON/ISF /Ny NW
DIMENSION GVUC9)»BT(P)1FVC(A)9FT(4)»EV(B) L1 (8)
R2=DEKC o S)RC(D-EV(B) ) ZEV(B))
R=DXKC,1)

X=EVC1)+EV(2)XR24EV(B)KRHEV Q) KRL/CTRTI HFEV(S )RR/ TRRCL oS +EV(S) /T

1+EV(7)XR2/T

X1=EV(1)+EVCH) /T

EXCESV=EXF (X)-EXF (X1)

RETURN

ENTRY EXCEST

CALCULATES EXCESS THERMAL CONDUCTIVITY
IF(NW.EQ.O ) GO TO 3

R=Dk( 1)

X=ETCI)FET(2)KRIETCEIRR/TRK (L S HETCA) /T

X1=ETC1)4ETC4) /T

EXCESV=(EXF (X)~EXF (X1))/10,

RETURN
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SR IERCOIRCC-R)ICEII /1T )
Walk®C, 1)
Xl TCHVHET O RRAFET CRIRREE T CAYRRI/CTRTY HE CLOIRRZTRECL A HE T CAI/T
TR TC/ WD
ALl ST Chr
EXCESYEXE X~k XF (X1)
KE TURN

M
FUNCTEON FDCV Dy ()
v FIRST DENSLTY LORRECGTLON
L FOR VISCOSITY AN VHERMAL CONBUGTIVEITY

COMMUNZDATATL/GYs Gl b Ve FToFYSET

WIMENSTON GUCPI v () v bV A 9 F 1A s EVCB) o1 T (1)
FRCY=FVO RV IRV ~ALOGCTZFVCA)Y ) YRR ) kD
ket TURN

ENTRY FDe

FUCY 2 FTOIYET O R CE TR ~ALOGCTZF T4 )Xk ) %D

RETUKN

END

FUNCTION ChRLTC(Dy 1)
¢ CALCULATES CRLTICAL ENHANUEMENI
(™ FOR THERMAL UCONDUCTIIVITY

COMMON/CRIT/Z Eriy EOKe RMy TC» DCy X » POy §10G
COMMON/CHECK/ZDELL DELT 2 DS TARy TS TAR
COMMON/HIM/EFSTyCPCVIRRR» AK T
COMMON/ZISF/Ns NWy NWW
. C O ING/CM3 » T IN K
- L OUTFUT UNITS ARE MW/M.K
- AV=6,0225E+24 $ RBR=1.38054E-16
DELTD=ARS (D-DCY/DC ¢ DELT=ARS (T-TC)/TC
G CALCULATE DISTANCE FARAMETER
R (RMER2 oS5 KCDRRO o EBIKCAV/EMIRKO, 5
4 R=RX(EQOKKKO . 5) XX/ (TRRO +5)
I RRR=R
y GENERAL  EQUATION
OX=0%1000.0/EM
CALL DFUTCURTyDX»T)

(w1

C DPFOT IN ATS FER DEG.

DPT=DETRL . O132SE46
C DFDT NOW IN DYNES FRR LEG

CALL DFDDCDPDOs DXy T) ]
C  DFID UN ATSs MOL/L

DED=DPDKCL 0L 325E4+6) K (1000, 0/EM)
COPDD NOW IN DYNESs GM/UM3 1
IFC DPDWLTL0.0) DIFD=1,0

P4 VIG=VISCDXy IIX(1,0E-08)

h C  VISCOSITY IN GM/CM.S

A IFC(DELDVEQ, 04254 ORy DELLLLT. 0.25) 8910

o 8 IF(DELT.EQ.0,025, ORs DELTILT.Z4025 ) 9y 10

A 9 COMPRES=SENG(D»T)

= GO TO 12 |
& 10 COMFRES:=1,0/ (CDXDET) XKO .5 1
i 12 EX=BKKTRK2K COF FRK2 ) KCOMPRES

L EXB=RECCBRKRTIRKO o5 K CIKKO 5K CAV/EM) XKO o 5)

CRIT=EX/ (EXBKA,OK3,14159%V1G)

C  PUT IN DAMPING FACTOR
BOD= ( (D-0C) /1C) k4 |

i BT ((T=TC) /TC) KK |
= FACTSEXF (~18,66XBTT - 4,25KBDD)

: DELC=CRITAFACT/100, 0 ?
CRITC=DLELC ‘
AK T=COMPRESXCOMERES
EFST=RXRKEKKTK (AVRD/EM) KAKT
! EFSI=EFSINKO .S }
s 15




wd

C

c

COaOo

c

CALG CP-CV

CPCV=TY(DFTHE2) KAK T/
RETURN
END
FUNCTION SENGCIT)
HSCALED EQUATION OF GTATE FOR CRITILAL REGION
LOMMON/CRIT/ EMy EOKy RMe TCo» DGy X 0 Py 8IG
COMMON/BEN/RETAYXO0 DELTAVEDL y Edy AGAM
UOHHON/CHECN/DELDvﬂELr-DSTﬁNvTSIAR
USTAR= D/IC % TSTARST/TG
BET041,/RETA
XXHELT ZDELIRKEE T()
AGEAGAM-1 40
BET2u0 2, 0RBETA
AGBEAG/BE T2
DEL1GDEI.TA~1,0
AGEE= (AG~BETR) /RET2
XXQu XX+ X0 /X0
XXB:XXORKEBE T2
HRAK=1,0 + E2KXXH
BRAK1=BRAKKXAGE
HaE1 XY XOKBRAK
HFRIM=(E1/X0) BRAKL + (AG/XO)*EI*EQ#(XXB)#(BRQK**ABBE)
RCOM= (DELDXXDEL L)X (DEL TAKH - (XX/BETA)XHPRIM )
RCOMF=1,0/(RCOMKDISTARKKS)
RCM=RCOMF/ (PCK1,01325E406)

RCM IN DYNES

10

RCM=ROMXO , 5

SENG=ROM
RE TURN
ENL
FUNCTION DILV(T)
GlVES DILUTE GAS VISCOSITY AND THERMAL
CONDUCTIVITY FOR AN INFUT TEMP., IN
RELVIN, OUTPUT UNITS ARE SAME AS
THOSE IN VISC AND THERM
COMMON/ ISF/N»s NWy NWW
COMMON/DATAl/GU:GT'FvoFTvEUyET
DIMENSION GU(?)QGT(?)9?0(4)vFT(4)vEU(9)9ET(B)
SUM=0
TF=TRKC(1.,/3,)
TFF“T**(“40/30)
DO 10 I=1,9
TFF=TFFXTF
SUM=SUM+GV (1) XTFF
IF(NWW.EQ.7) GO TO 9
DILV=SUMX1000,
GO TO 11
DILV=SUM
RETURN
ENIRY DILT
TF=TRRCL/3,)
TFF=TXR(-4,/3,)
SUM=0
DO 20 I=1,9
TFF=TFFXTK

DILV=8UM

RETURN

END

FUNCTION CFIT)

CALCULATES IDEAL GAS THERMO FROPERTIES

16




C FOR ALL FLUIDS EXCEFT H2. INPUT I8 IN

C KELVINy OUTPUT I8 IN JOULESy MOL/L AND K
COMMON/CPID/GC1L)
COMMON/18F/N
IF(N.NE.0)B0 TO S
K=1
1 UsG(9)/T

EU=EXP (1)
18+1.,/T%%4
GO TO (293+4)9K
CHI=G(IRUXUXEL/ (EU-1,)%%2
[0 10 I=1.7
TS=TS*T
10 CPI=CPI+G(I)XTS
CFPI=CrI%8,31434
RETURN
5 CRI=CPOCTsN)
RETURN
ENTRY SI
IF(NJNE.O)GO TO 6
K=2
6o T2 ¢
3 CPI=GluracU/(EU-1,)~-ALOGI1.-1./EU))
1‘6(1)*TS#T/3.”G(2)*TS*T*T/2.“G(3)/T+G(4)*ALOG(T)+G(5)*T+G(6)*T*T/2
2.+G(7IKTARI/ 3.
CPI=CFI%8.314344G (11)
RETURN
6 CFI=CPOS(TIN)
RETURN
ENTR NI
[F(N.NE.OIGO TO 7
K3
GO 70 1
4 CPI=G(8)*U*T/(EU‘10)‘G(l)/(Qo*T*‘)“6(2)/T+G(3)*ALOG(T)+G(4)*T
146G (SIKTRT/2,4GCOIKTRRI/ 3. +G(7)IKTEKA/ 4,
CP!'=CPIXB8,31434+G(10)
RETURM
7 CPI=CPOH(TN)
RETURN
NI
FUNCTION CPOCTION)
DIMENSION T(58) yCPF (S8 »CPN(S83 »CRO(S8) »CPE(S8)
COMMON/PARA/FERCEN
CALCULATES TDESL GAS SFECIF1C HEAT INOR H2 BY INTERFOLANII'G
DATA TAKEN FROM RF 1932y UNITS OF THE TABLES ARE  CAL/MIL DEG S,
UNITS OF OUTFUT ARE JOULES/MOL DEG K. THE INDEX N DETERMINES THE
SFECIESFORF N=1sFARAHYDROGEN» N=2 NORMAL» N=J ORTHO» N=4 EQUILIE
N=5 SOME ORTHO-FARA 1IXTURE SFECIFIED BY COMMON /FPARA/ »PERCENT
RANGE 9F TEMP IS FROM 10 TO S5000K.
DATA(T=
1 10400 12009 14009 16009 1800’ 2000' ?5.09 30009 3500' 4000' 4500’
2 50,0y S5.0r 60,09 6509 70.0¢ 75,00 80,0 85.09 20,09y 95:02100.0»
310500!11006911500'12000'12500913000'13500914000'14500’15000'16000’
417000!18000'19000’20000!21000'22000’23000’24000'25000'26000’27000’
5380.09290009300.09650o0940000!5000096000'700.rlooo‘,lﬁoooOQCOOo'
AH30004 9400049250004
DATAC(CFE(TI)»I1+1958)=4,968 14.9688494,97A4795,01153+5,07451+5.208
1105o&$50896o81282'7087989’8¢6061399oOO?ﬁl7900800598o93278’8065894v
28.3$6069800120/,70710099704416970Q1109'/¢0185896.85857!6073557,606
3303b06053553!6¢4690496042003!6.3340396¢36151'6.34603'603375306.340
40196.545//96.57376960413’6o45925,6¢50975'6056059606)9506065724’

]

ocooo oo

/ 6:69296.73436.77196.80496.830
SE BSE 16 B77296,89906.99006.97896,99397,00997.03697.201997.720984195
7




68,8999 434097, /748)

LATACCHO-
14o?63040V6904o9&8’49968v4'969040968v4o?va40968’4.968!409&8940969!
240V68040968'4o968'4o969r4.9/2’40975!40981v40990!5.002'50018vﬁo039v
Ty ObAr 5 OV 5, 12995 169959.21395,261 050 31395,36905,45795,48795,612
45,741 19, 86815,992964109r6,21916.320964411v6,49396.%556606.609164684
b e 7309647731 6.80816:91706.96204,.99397,00997403b97:21907.72008419%
8. 85999 .34299.748)

BATACPE =
14.90814.96814,.96814.968+4.96874,.96894,96894,90894.969914.97294,983»
25, 00695.080¢5, 1149520795 32895.47595.64695.82506.038606.24596,454
36.659996+8%5497 0370742039 7:35197.48097.59097.68197.75317.80797.870
47 .,88397,85897.80897.74297:66707459107451627:44597.38097.32297.2700
57,005, 7,18897,15297,05097.01096.99897.01097403797.21997.72098,159
658 .89599.342+9,.748)

DATA(CPN=
14.,96814.96894,96814,96894.968+4.968r8,96814.96894.968r4.96914.972s
D4.97714,98895,00595.02995.06195.10005,14795.,20195,261+5.325¢5.393»
35.463953.53415.60695.67795.748+5.81695.88295.94716.008+16.067+164177
44.027696+436696+44616.51796.58116,63896.687¢6.73196.76916.802+6.831,
56¢85596.87616.89418.95006.97496.99397:00997.03697.21997.720984195
68.85999.342,9.748)

GO TOC(192¢39495) 9N
1 CHO=ATKINT(TI»CFFsT»S8s SINES»01)%4.184

RETURN
? CFPO=ATKINT 'TIsCPNyT+58y AsyNES» . 01)%4.184

RETURN
3 CPO=ATRKINTC(TIsCPOyT»58r 6yNESy.01)%4.184

RETURN
4 CPO=ATKINTC(TIYCPEYTyS8y 6sNESs» . 01)%4,.184
RETURN
TUF=TI+.S
TUN=TI-+5
HUF=CFPOH(TUP ,S)

HON=CFOHCTING S)

CFPO= (HUP-HIN)

RETURN

END

FUNCTION CPOH(TIYN)

DIMENSION T(S8) +HF(S58) sHN(5H8) s HO(HB) yHE(S8)

COMMON/FPARA/FERCEN

CALCULATES THE ENTHALFY OF THE IDEAL GAS FOR H2 BY INTERPOLATION

UATA TAREN FROM RFP 1932y UNITS OF TABLES ARE CAL/MOL
UNITS OF OUTPUT ARE JOULE/MOL.. THE INDEX N DETERMINES THE SFECIES
SPECIESFOR N=1»FPARAHYIROGEN»N=2 NORMAL» N=3 ORTHOs N=4 EQUILIF

=5, 80ME ORTHO-FARA MIXTURE SFECIFIED EY COMMON /FARA/»PERCENT

RANGE OF TEMF I8 FROM 10 TO SOO0OK.

DATACT =
1 1000’ 1.’ (\9 1400' 1600, 18,0 20009 ‘:2':‘.00! \3000! 3500' 4000’ 4?’!00!
2 G040y S'JQO’ 6000’ 65009 7000, 75009 80‘09 8500’ 90009 9500710000'
3105%.09110.05115.0¢120.09125.09130,09135,09140.09145,09150.09160.0»
4170:09180.05190:09200,09210.,09220,09230,09240.09250.092604u927040y
5280,09290,092300,00350,09400.09500,0960049700,9100049150049200049
o HE0004 9240004950004
2 DATA (HN=
o 1 303,67y 313,60y 323,54y 333,48y 343,419 353,35, 378,179 403,03y
1 407,86y 452,71y A77,56 502,43y 527,34y 552,32 577,400 602.62y
X 428,02 653.64r 67951y 705,66 732,13y 758.92 786,069 813,50
o 4 841,409 869,61y 898,17 927,08y 956,33 965.9191015,8091045.99»
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G1107.2201169,4991232,7191296.7891361.6001427.1091493,20910549.84)
" H1626.9391694,4491762,.3001830,4891898,9191967.:97220364439238.7474,
N 22/30,94y3429,4604129.5194831.6696966.23910697.2014679:29
i B23240.9932345.941895,) 1
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coooaa

s e SEE ZEms = v

Bh AP s

1 PPeHnBy  Hiwebly AV G .49y U9 Ay YR 86 124,200 149,04y
D 1A 88y 198,28 203,61 2ABLEHY 278070 290011y A 90 S0 0
38,20y A06.01y 434,71 464,38y 499,099 H26.849 LNY6Ly LYAA1
4 608,18y 663,75y 700,14 787,238y 774,929 HLB, 10y BL1.69r BIOAQ,
5 96,049 1047849 1126,5801204,93912682,69¢1359,74014364089 111,064y
&138&.5ov1660.49!]7&3.9911806.”5»lﬂ/9.4?919ﬁ1;4/v?0?$.1hy3A//.859
PR7ID AT BADD 2494129 AB Y ARZL 6B 6966 410697, 291467900y
BI3280,P93234% . 9418902

uArACHL:

1 A86.83r S9H.27r 408,20 418,14 428,07y 438,01, 462,84y AH7.6%y
D B0, Hdr 537,37y 562,21 S8B7.05y 611,89 636,73 661,571 68B6.4Y
T 2410025, 736418 761,11 786,09 811,14y 836,28, 861,04y 886,93,
4 917,49y 938,235y 964,18 D90.3791016.80010435,5191070.5091097,78¢
51153.2791210.,04y1268,0991327.,3991387.9191449.5691512,2691070.93y
61640.4671705.7691771.7491858.33!1905.41r1972.94-2040.8692$84.38y
V2731 45293429 , 51394129 ,5294831,6696966.23910697.291467942y
823230.9932345,941895.)

UATA(HE=

1 49.868y 57,62y 69.:57y 7956y HP.66s 99.96r 127,509 159412
2 195,77 236,90y 280.97y 326424y 371,33y 415,35y 45736 498,74y
3 538,05 57%.93y 612.569 648.13y 682.82y 716,78y 750.14y 783,03y
4 815,54y 847,769 879.77y 21163y 943,40 P75.,1191006.801038.52
6110201191166.03r1230.3991295'2391360.58v1426‘4391492076v1559.55v
61626'7591694.3291762;23v1830.4391898.88:1967.559?036.4?!2582 74y
/2730.9493429.46:412?.5174831.66,6966.2391069702:14679.3:
B23230.,923234%5,241895.)

GO TOC1s2938949%5) ¢N
1 CPOH=ATRKINT (TIvHF 2 T258y &H9NES» 01)%4,184

RETURN

2 CPOH-ATRKINT(TIsHNsTo58s 69NES»,01)%4,184
RETURN

I CPOH=ATRKINT(TIsyHUsT+58r osNES» . 01)%4,184
RETURN

4 CPUH=ATRKINT(TLIyHE»T+5HBs6 sNES» . 01)%4,184
RETURN

% PERCE =PERCEN /100.
CROH=(ATKINT(TL HOs To 58969 NES» sOLIX(L . ~FERCE O+
TATRINTC(TIvHF s To 58969 NESy Q1 IRPERCL k4,144
RE TURN
END
FUNCTION CFOSCTIeN)
DIMENSION T(60)9SF{L0) »8N(E0) +1S0(H0) 9 8BE(H0)
COMMON/FARA/FERCEN
CALCULATES THF ENTROFY OF THE 1DEaL GAS FOR H2 BY INTERFOLATING
DAKEN FROM RP 1932y UNITS OF THE TABLES ARE Cal./MOL DEG he L
UNITS OF OUTFUT ARE JOULES/MOL DEUG K. THE INDEX N DETERMINES THE
SFECIES s FOR N=1yPARAHYDROGENs N=2 NORMAL s N=3 ORTHO» N=4 EQUILTRE
N=%y SOME ORTHO-FARA MIXTURE SFECIFIED BY COMMUN /FARA/sPERCENT
RANGE OF TEME I8 FROM 10 TO SO000K.
DATAC(T:
1 10,09 12,09 14,0y 16:0r 18,09 20,0y 25,09 30,0y 3L:0s 40,0 44,0y
150,09 5%5.09 6009 65.0r 70,09 75402 80409 85,00 90,09 9050010040y
3105.00110.00125,09120,09125.09130,09135 0r140.05145.09120.09160.00
A170.09180,09190.09200.05210,00220409230,09240,09250,0926C40¢27040y
5280.09290009300o09350‘09400009450.09500.09550.09600.0v/00.leUO.o
6150049200049 2000,94000,4 95000,
DATACSEH -
UTL.2014912,120¢12,886913.54, +14,135914,658210474691646729174438y
[18,1009 I8, 6088919, 214919.693920,135920,948920.938921,310921 .66y
N0, 017997, 356920 6889 003,014,28,.334923.648928.95/924.260904,057
474 . 888900 1A%, 4109259, 681925,2459 26,4051 926,90 D20879927.802
LR 0L e /A e 13,9309 09 (268 9 086,29, 88993041779 30.400v 30 /10y
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S

+3

B ¢

630,7699314212932,305933,244934,069+34.8069v35,473936,082937.16%5y
7394¢701942,720945,007+51,221953.839+85,969)

DATACS0=
Li5,0B81,16.486917.:20291749169184501919.024920,133921,038921,804,
Q224468923,003913,876924,050024,482924.880925,248925,591925,912y
3264 21592645G000260771927.:0299274275927.512027.739027.95689284,170y
428,375928,075928.769928.758929.143929.502929.846930,1779130,498
530.808931.109931,401931,684931,9658932.225+¢32,484932,735¢32,979y
633,216933.446934,505935,4329344253136.989037.656938,26%5+394348y
741.884944,903+47.190951,221,53.839+55.969)

DATA(EN::
11546079164512917,278917.942918.5279192.080020,159921,064921.,830,
222,494923,079923.603+124,078+24,513924,914925.288225.638925,969y
326+283926.582,26.868927,143+27,407927.663927.911+268,151+28,384,
428.611928.832929,047929.2869129,461929.856130.234930,595930,942,
U31.274931.594931,.901932.197,32,483+»32.756,33.025,33.282,33,531»
733:772934,005935.073936.003+136.825+37.561+38,228,38.836939,920y
742,450945.475947.762951.221953.839+955.969)

DATA(SE=
111,215-,12.120,12,887913.554514.149914.692+15.918917.069,18.196»
219+294920.331921.285922,145,22,911923,592+24,198+24,740,25,229,
325.674926,080926,4859264804927.129927.435+27.724927,999+28,260y
428.310528.750928.980929,203,29.418929.828+30.,216»30.584+30,934
3314269931.591931.899+,32.196932.482,32,758233.024,33.282,33.531
6334772934.005935.073936.003+36.825+37.561+38.228,38,836939.920
742445594354475947.762951.221+53,839,55.969)

GO TOC(192s39495) 9N

CPOS=ATKINT(TI»8FyT»60y» 6sNES».01)%4.184

RETURN

CPOS=ATKINT(TIsSNsT+»60r A6sNES».01)%4,184

RE TURN

CPOS=ATKINT(TI+S0yT+60y 4sNES».01)%4,184

RETURN

CPOS=ATKINT(TI+SEsT»60r &6INES»01)%4,184

RETURN

FERCE =PERCEN /100,

CPOS=CATRKINT(TI»S0sT»60s69NES» s01)%(1 . ~FERCE )+
1ATRINTC(TI»SPyTr4096sNES» 01 )XFLRCE ) %4,184

THE EXFRESSION FOR THE ENTROPY OF EQUILIBRIUM H2 IS INCORRECT,

THE ENTROFY OF MIXING MUXT RE ADDED TO MAKE IT COMPLETE

RE URN

ENL

FUNCTION ATKINT(X» YMAT 9 XMAT s NELM TS » NMAX + NESSY » ACRCY)

THIS PROGRAM HAS BEEN CHANGED S0 THAT THE OSCILLATING NATURE OF

THE MATRIX TO BE INTERFOLATED EXISTS ONLY AT THE UFFER END OF THF

TABLE

THIS ROUTINE WILL TAKE INFUT MATRICES OF UP T0 999 ELEMENTS EACH,

ARRANGED S0 THAT THE X MATRIX(XMAT) IS IN EITHER ASCENDING OR
DESCENDING ORDERySELECT NMAX OF THESE FOINTS»yCHOSEN SO THAT
SUCESSIVE X VALUES OSCILATE AROUT THE VALUE OF THE ARGUMENT X
UNLFSS THE ENDS OF THE XMATRIX INTERFERE (IN THIS CASE THE
OSCILATORY NATURE IS LOST BUT THE FROGRAM WILL STILL FEFRFORM AN
INTERFOLATION) » INTERFOLATE ON THESE NMAX FAIRS OF DATA RY

AN OSCILATING VARIABLE FOINT AITKEN INTERFOLATION ALGORT THM
EFTHER UNTIL THE FERCENTAGE CHANGE IN THE INTERFOLANT IS LFES3S
THAN THE AURCY ARGUMEMT (THE ARGUMENT NESGY INDICATES THF

NUMBER OF THE POINT JUST BEFORE THE LAST ONE CHECKED) OR UNTILL

C THE NMAX FOINTS ARE ALl USEN. IT IS SUGGESTEDR THAT NMAX
G HL LESS THAN 10y ANI OF COUKSE LESS THAN NELMTS. NELMIS
(M INDICATES THE NUMBER OF ELEMENTS TN XMAT OR YMAT.
C [ NESSY IS ZERU YT INDICATES THAT THEY INTERFOLATION REQULREMEN)
v HAS NOT BEEN SATILEFTED. LB NESSY I8 1 TT MEANS THAT THE VALUE OF
C X LIES OUT GLDE THE KANuE UF XMAT,

80

{

e




NIMENGION YMAT(299)r XMAT(999) v A(21+20)
100 FORMAT(42HINTERPOLATION REQUIREMENT NOT SATISFIED(X=yE16.891H)/33H
1LAST 2 APPROXIMATIONS OF Y ARE(Y=,E146.891HrvF16.8¢1H))
200 FORMAT(HGHTHIS REFRESENTS AN EXTRAFPOLATION OF THE XMAT MATRIX(X=y
1E16.891H) /33HNO CAL.CULATION HAS BEEN PERFORMED)
300 FORMAT (24HNELMTS I8 LESS THAN NMAX)
400 FORMAT (20HNMAX IS LARBER THAN 20)
IF (NMAX-20)71971 969
69 PRINT 400
ATKINT=0.0
RETURN
71 IF (NMAX-NELMTS) 75975973
73 PRINT 300
ATKINT=0.0
RETURN
75 CONTINUE
C FIRST TWO SUCCESSIVE VALUES OF THE XMATRIX THAT STRADDLE THE
c VALUE X WILL BE SOUGHT
JJ1=NELMTS~-1
DO 20 I=1,4U1
DIF1=X~XMAT(I)
BIF2=XMAT(I+1)~X
IF(DIF1)16915916
13 ATRINT=YMAT(I)
NESSY =NMAX
RETURN
16 IF(DIF2)18+17,18
17 ATKINT=YMAT(I+1)
NESSY =NMAX
RETURN
18 RATIO=DNIF1/ NIF2
IF(RATIO)20520+19
19 IMID=I
GO TO 32
20 CONTINUE
AT THIS FOINT ONE COULD PRINT THE FOLLOWING STATEMENT
WRITE QUTPUT TAPE 6+200sX
NESSY=1
ATRKINT=0.0
RETURN
32 CONTINUE
c NOTE THAT RATIO IS POSITIVE IF THE TWO POINTS STRADDLE X
o REGARDLESS WHICH IS LARGER ]
JJII=IMID
JUP=IMID
SJON=IMID
IF CIJIENMAX~NELMTE+1)98958,102 i
98 D0 201 J=1r,NMAX
JII=IMID+I-1
ACLy D) =XMAT (D)
201 A2y NI=YMATC(JID)
GO TO 203
102 DO 41 J=1»NMAX
Jd=A/2
JOE=J-2%.4.0
G JOE IS O IF J IS EVEN AND 1 IF J IS ODLD
IF(J-1)35+40+33
33 IF (JOIN-1)349 36934
34 1F C(JUP-NELMTS) 35937+ 35
35 IFCIOEYZ7» 36037
36 JUF=JUF+1
NNNCNIT S !
GO TO 40 ‘

co
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37

40

41
2038

0A(JIRI=(ACI~1sKI=ACI-L s J=2)IRK(X~A(Lr-2))/CAC1IKI~A(Ly J~2))
1 +ALd=1yd-2)

-

LR AR

1
11

12

14

| {iy

JON=JUN-1

JJ S UN

Gu 1O 40
ACLrJY=XMAT CIUD)
AC2r J)=YMAT G
CONTINUE

NNN-=NMAX+1

0 & =39y NNN

Le=d-1

L0 O K=l NMAX

J I8 THE COL 'MN HUMKER
K IS8 THE ROW “UMBER

IF(R-L)Y392y3

IFCARSCCACIPLI=ACY LyL~1))/ACJ9 L) )~ACRCY/10040)79793
CONTINUE

CONTINUE

CUNTINUE

NESSY=0

AT TH1S POINT ONE COULD PRINT OUT THE FOLLOWING STATEMENT.
WRITE OUTPUT TAPE 69100 Xy ACNNNy NMAX) » ACNNN-1 y NMAX~1)
ATRINT=R (NNN» NMAX)

RETURN

NESSY:=J-1
ATRINT=ACJsL)
RETURN

END

SURKUUTINE. LIMTIS(PsT1L)

UIMENSION G(32) sVFP(9)

LUMMUN/DATA/Gy Ry GAMMAYVF s ITF o FCU e PTI s TCC» TTF 9 TUL y TLL » FUF
LEAF 6T PURGO 10 10

LECT BT fULLORTLLTL.TLLIGO TO 12

LL=1

RE TURN

FRINT LlslFUF

FORMAT (X THE LNPUT FRESSURE [S OUT OF THE RANGE OF THIS EQUATION X

L7k THE KANGE FUR THIS EQUATIONS 1S FROM O TO XsF6.0s% BARK)

1L=0 1
KE 1LUKN

FERINTD 13y 1Ll s TUL

FURMAT (X THE INFUT TEMFERATURE T8 0UT OF RANGEX

17% THE RANGE FOR THIS EQUATION 18 FROM XeF6.29% TO XeFb.0s% KX)
1IL=0

Rk TURN

L'Nu

SURFULTINE DATA NE

PRINT 1O

FORMALCk THE TEMFERATURKE RANGE OF NEON I8 2% TO 300 KELUINX
. & WIHTH FRESSURES TO 200 BARX
J2E YUU MAY ENTER THIS ROUTINE WITH ANY TWO UF THE VARTARLESX
L/7% Foll UK Ty aAND O FOR THE THEIRD » FOR SATURATION ENFFR WITHX
A7% FITHER F 9k Ty AND O FOR THE OTHER TWO »1F YOU WANT %

sk 10 CHANGE FLULOS ENTER O FOR ALL THREE INFUT VARTAKLESX)

T 44,4

|"( J(:.':Iq
FHE D
TSR T I
3o,
N SN
tet 2o, 133
FRINT 104

82




2
S R A el

i

S e L]

.

I

L .

B
N3
B

e o N T v

«-

it

W

°
ST

2
o

..

.
i

R

® < .
LLe
R e

°.
— e

Vg i

100 FURMAILCLL)

Lo FURMATOR T YO WANT ENGINEERING UNTIS UR METRIL UNTIS vk
To# EMTER @ O FPOR ENGINEFRING UNLTS OR A 1 FuUk METRIGK)
Lrd . H3TA N
Al 102 LU

P2 TSt Gaoantg ') A8
RINE 103
Jond RO T EX FNTER FRESSURE LN HORy DENSTTY IN MOLESZ) TTERe ANDU TEMI'HR
TATURL IN KELVIMSH)
J4 REAGL %eHoLivd
Fapt s L1 3240
w1y L9
18 #RIMT 106
196 FURMAT (K ENTER PRESSURF IN LB/SQ INy DENSLITY N LE/CU BT ANDIX
1/% FEMEERATURE LN DEGREES FX)
KEALU XoFolind
Pl /14, 4690949
W 1K16.01846371/7EM
P T w0000 T 12
Tl 820 /1.84273.15
1Y CONTINUE
IF(FLLELO.0)G0 TO 14
TF(DWLEO.0B0 TO 13
IFCTLLELO.0)G0 TO 12
6O 10 21
12 IFCFWLE.O+QORDWLELO. OGO TO 15

T=FNOTNE (P21
IFC(FeGT PULORWTWGT o TULWORTLLTSTLLIGO TO 25
GO TQ 16

13 IF(T.LE.040.0RFLE.0,0)G0 TO 15
IF (P4 BT PUL ORSToBT o TULLORLTLLTLTLLIGO TO
131 D=FNUDNECFsT)
60 TO 16
14 IF(D 1E,0,0.0RsT+LE+0,0)60 TO 15
P=FMIPNE (I T)
IFCF BT PULWORLToBT o THL (OR ToLT.TLL)GO TO 25
16 H=ENTHNL (FoD2T)
S=F NTRNE (D9 T)
PF=FK1 01325
IFCIULER.0)GO TO 23
FKINT 1009PFsDsTsHsS
100 FURMAT (K PRESSURE=XsF7,2s% BARs DENSITY=KsF7.4sk MOLES/LLITERs TEX
LKMPERATURE=X9F 6429 % KELYINK
2/% ENTHALFY=KsF9, 20 % JOULES/MOL » ENTROFY=XKsF6,2¢% JOULES/MOL-KX)
60 0 17
23 FO=FK14,695949
TU=THL 8-459,67
DU=DKEM/16.01846371
HO=H/ (224 5124445 KEM)
S0=S/ (44184001 KEM)
FRINT 1015F0s00» T0yHO» S0
101 FORMAT (K PRESSUREXsF 10, 39% LE/SA IN» DENSITY=XsF10.4s% LR/CU X
1/X TEMPERATURE=XsF8.20 % Fy ENTHALFY=XyF9,20% HTU/LEX
D/ ENTROFY=KyFéo 20k BTU/LE-FX)
GO 10 18
15 JE(FJLE 4O, 04AND, 1, LEL0,0)00 TO 2
1ECF.GTL0,0Y60 TO 20
LECT BT TE 0K ToL T4 TTFIGO Tu 22
FEUENNECT)
109 FORMATCF DO YOU WANT SATURATED LIQULU OR VAFORX
L/ ENTEK A | FOR UAPUR OR A O FUR 1 IQUIDX)
FKINT 109

*g
w

83




Lt T

.
Y

2 g

Y
E
Y,
3
M
i,'
i

BPSRI |
oot

AV ety

i

e e ke ST i e
B L TLE

3

READ %o IP
IFCIF BT 0IP=P~-,0001
IFCIPWEQ.OIP=P+. 00001
60 TO 131
20 LF(PWGTFCYG0 TO 22
T=VPTENE (F)
FRINT 109
READ Xy IF
IFCIP BT O)PoP~40001
IFCIFJEQeO)P=F+.00001
GO T0 131
22 PRINT 107
107 FORMAT(X YOUR INFUT FRESSURE OR TEMFERATURE IS OUT OF RANGEX
1/7% OF THE SATURATLON CURVEs TC=44,4y PC=26.89r T TRIPLE=2%.%
2/7% TRY AGAINX)
GO TO 17
21 RETURN
25 PRINT 108
108 FORMAT(X YOUR INPUT TEMFERATURE OR FPRESSURE IS OUT OF RANGEX
1/7% TEMP MUST BE BETWEEN 25 AND 300K AND FRESSURE EBETWEENX
2/7% O AND 200BAR» TRY AGAINX)
GO TO 17
END
SUBROUTINE DATA HE
FRINT 105
105 FORMAT(X THE TEMPERATURE RANGE OF HELIUM IS 2,177 TO 1500 KELVINX
1/7% WITH PRESSURES TO 1000 BARX
2/7% YOU MAY ENTER THIS ROUTINE WITH ANY TWO OF THE VARIARLESX
37% PsD) OR Te AND O FOR THE THIRDs FOR SATURATION ENTER WITHX
4/% EITHER P OR Ty AND A O FOR THE OTHER TWO » IF YOU WANT X
G/7% TO CHANGE FLUIDS ENTER A O FOR ALL THREE INFUT VARIABLESX)
TC=5,201
FC=2,245
TTP=2,17
FUL=1000.
TUL=1800,
TLL=2,177
EM=4,0026
FRINT 104
104 FORMAT(x [0 YOU WANT ENGINEERING UNITS OR METRIC UNITS 7x
1/7% ENTER A O FOR ENGINEERING UNITS OR A 1 FOR METRICX)
READ 102, IU
102 FORMATC(IL)
17 IFC(IULEQG.0)GO TO 18
PRINT 10+
103 FORMAT(X ENTER FRESSURE IN BAR» DENSITY IN MOLES/LITERs AND TEMFER 4
IATURE IN KELVINSX)
24 READ XoPoDi»T
F=F/1.0132%
GO0 TO 19
18 PRINT 106
106 FORMAT(X ENTER FRESSURE IN LE/SR INs DENSITY IN LHE/CU FT ANDX
1/% TEMPERATURE IN DEGREES FX)
REALD XsFsDeT
F=P/14,69594Y
D=hk146.,018446371/EM
IF(TWEQ.0.0)G0O TO 19 '
Ta(T-324)/71.84273,15 :
9 CONTIMUE
JF(PLLECC.0)GO TO 14 !
IF(DILE.O.OGO TO 13
FFOTWLEOQ.0)GO 10 12
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Go 10O 21
12 IFCPLE«O O ORWDWLELO.0)B0 TO 15
T=FNDTHE (P o L)
LFCP BT oPUL ¢ORs ToBT o TUL sOR s TW LT TLLIGOD TO 2
GO 10 16
13 IFCTLEO O ORFPLEQ.0YBO TO 15
IFCP BT oPULsORsToBT o TUL +ORWT LTS TLLIGO TO 2%
131 D=FNDDHECR»T)
GO TO 16
14 FFNLEOOORVTWLELO.O)BO TO 15
FaFNDIFHECD T)
IFCPaBToPULWORSTBToTULJORWTWLTLTLLYGO TO 25
16 H=ENTHHEC(DyT)
S=ENTRHE (DY T)
W=GOUNHE (DY T)
CPP=CFYECDYT)
CUV=CUHE (DY T)
TH=THERHE ([y TIX100,
VaYISCHE (D T)
PP=F%1.01325
IF(IULEQ.0)GO TO 23
FRINT 100sFPFPsDsToHsSsCPPICUVsWs THI Y
100 FORMAT(X PRESSURE=XsF8.29% BARy TENSITY=XsF7.49%X MOLES/LITER. TEX
1AMPERATURE=XsF7.29% KELVINX
2/% ENTHALPY=XsFP.29% JOULES/MOL» ENTROPY=XsFA.2¢sX JOULES/MOL-KX
3/7% CP=XeF7.2¢% JOULES/MOL~Ky CVU=XsF7.2¢% JOULES/MOL-KX
4/7% SFEED OF SOUND=XsF8.2y%X METERS/SECK
S9/7% THERMAL CONDUCTIVITY=XKsF7.29% M WATS/M~KX
6/7% VIGCOSITY=XsF7.2¢9% MICRD G/CMaSK)
GO 10 17
23 PO=FX14.695949
TO=TXK1.8-4%59,67
DO=DXEM/16.01846371,
HO=H/(2,3244., ,XEM)
S0=8/(4.184001XEM)
CPPO=CFP/(4.184001%XEM)
CVWWO=CVV/(4,184001XEM)
WO=WX3, 260840
THO=THX,.000578176
V=V, 0067176897 {
FRINT 101sF0sD0»TOsHO»SO»CHFPO CUVO» WO THO » VO
101 FORMAT(X FRESSURE=XsF10.3¢%X LB/SQ IN» DENSITS?RsF10.49% LE/CU FTX
1/7% TEMPERATURE=XsF8.,29s% F» ENTHALPY=XsF9,29% RTU/LEX
27% ENTROFY=XsF6,29% BTU/LEB-FX
3/7% UP=XsF7.3s% AND CV=XsF7,39% BRTU/LR~FX
4/7% SPEED OF SOUND=XsF8.1% FT/SECX
S/7% THERMAL CONDUCTIVITY=¥sF7.29% RTU/FT~HR~FX
6/7% VISCOSITY=XKeb7,.2¢% LB/FT-8 X E47%)
60 10 18
15 IF(PLEQQ-ANDTWLELOL.OXB0 TO 21
LF(F.G6T,0.,0)G0 TO 20
LFCTLGTTCLORWTWLTLWTTREIGO TO 22
Fa=UFNHE (T)
FRINT 10v
READ %Xe TP
IFCIFJGTOIP=F—~,00 41
IF CIFPWGE.IF=F+,00001
109 FORMAT (X [0 YOU WANT SATURATED LIQUID OR VAFORX
17% ENTER A 1 FOR VAFOR OR A O FOR LTOUTDX)
GU TO 131
20 [FCPWGTLWFCIGO TO 22 !
FsUFTEHE C(F)

o
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FRINT 1aYy
READ ¥y IP
FECIFoGT 4Ol , 0001
IF CIPWBELIP=F+, 00001
6o 7o 131
e PRINT 1o/
107 FORMATY® YOUR INFUT PRESSURF OR FEMPERATURE 16 O OF RANGE %
1/7% OF THE SATURATION GURVEs JCa%, 001 PGy d /%y V TRIPLE =0, 177K
L7% TRY AGAINX)
6O 10 17
21 RETURN
2o FRINT 108
108 FORMATC(K YOUR INPUT YTEMFERATURE 1K FRESSURE I8 OUT UF RANGE %
17% TEMF MUST BE BETWEEN 2,177 AND 19%00K AND FRESSURE RE TWHENX
7% O ANL 1O00OBARY TRY AGAINX)
GO To 1/
END
SUBROUTINE INFO
FRINT 2
2 FORMAT (X WHEN THE PROGRAM ASKS FOR A FLULL SELECTYIONY ENIER THE AR
IFROFRIATE NUMRERX
2/% AN INAFPRUFRIATE NUMBER WILL TERMINATE THE FROGRAMX )
FRINT 1
1 FORMAT (X WHEN THE PROGRAM ASKS FOR A PRESSURE s DENSITYs ANDX/X% T
1EMPERATUREy» ENTER ANY 2 OF THE THREE AND A O FOR THE THIRD.X/% TH
2E ORDER MUST BE Fy Dy Ty AND ONE OF THE THREE MUST BE 0. %
3/7% IF ALL THREE ARE 0 THE FROGRAM ASKS FOR A NEW FLUIDX)
FPRINT 110
110 FORMAT(X IF YOU ARE INTERESTED IN A DEFINITION OF THE VARIOQUSX
1/7% MODIFICATIONS OF HYDROGEN ENTER A 1s IF NOT ENTER A Ox)
READ %,IC
IFCIC.NE.1YGO TO 111
CALL H2 INFO
111 PRINT 112
112 FORMAT(X IF YOU ARE INTERESTED IN THE SOURCES OF THESE FROGRAMSX
1/7% ENTER & 1 IF NOT ENTER & OX)
READl XIS
IFCISEQ.1)CALL SOQURCE
RETURN
END
SUBROQUTINE H2 INFO
FRINT 100
100 FORMAT(X THE HYDROGEN MOLECULE IS MADE UF OF TWO HYDROGEN ATOMSX
1/7% THERE ARE TW0O POSSIBLE RELATIVE ORIENTATIONS OF THE NUCLEARX
2/7% SFIN OF THE ATOMS IN A& MOLECULE OF HYRROGEN, I.E. THE SFINSX
3/% MAY BE IN THE SAME DIRECTION (ORTHO) OR IN OFFOSITE DIRECTIONSX
4/% (FARA). THE RELATIVE AMOUNTS OF ORTHO ANII FARA HYDROGEN INX
G9/% A SAMFLE OF EQUILIBRIUM HYDROGEN IS TEMPERATURE DEFENDANTX)
FPRINT 101
101 FORMAT (X AT ROOM TEMPERATURE EQUILIBRIUM HYDROGEN IS 75 FERCENTX
1/7% ORTHO AND 25 PERCENT PARA AND IS CALLED NORMAL HYDROGENX
2/% AT 20 KELVIN EQUILIBRIUM HYDROGEN 1S 99.8 FERCENT FARA.X)
RETURN
END
SUBKCYTINE SOURCE
FRINT 100
100 FORMAT(X THIS FROGRAM WAS WRTITIEN RY ReDle MCCARTY AT THE NATIONALX
1/% BUREAU OF STANDARDS IN BOULDER COLORALO UNDER A CONTRACT WITHX
2/% THE JOHNSON SPACE CENTER IN HOUSTON TEXAS, THE NASA CONTRACTX
3/7% MONITOR AT JSC IS WALTER SCOTT. THE DOCUMENTATION OF THEX
4/% FROGRAM I8 IN FREFARATION AND IS FLANNED' A8 A JOINTX
B/% NASA-NES FUBRLICATIONX)




b TURN
kN
FURCTLON FNDUHE CP Lo §)

CosOLYES (HE HELIUM FUUALIUN OF STATE FOR DENSLTY IN MOLZL LTER

cCoaoo

tif

YENM A PRESSURLE AN ATMOSPHERES AND A TEMPERATURE IN DEGREES K
bl g

R A

AT T He2260 10 6

FM1001

EECT LT 1% v bM=bMEl TCT)

LECEMW LT o650 10 30

LFCT BT 1004000 TO 1

HUAD 2449+ (T, 2014)%1, 76

LEAPWLTPCIGO TO )

FMs200,4(T-H.20%12,31

D217 0 3994 CAPM-FC) / (FM-PCHL L ) I K2 . 33%17 4 399
so o 7

g (12,0001

[F(TOLTe402060 TO 7
VEVIRB(T)
KT=0,0820558XT
F1=RT/F

=1/ (FL4VR)

G0 TO 7

6 IFCPWLTWVPNHECTYIGO TO 2

THE.
THE
IN

ENT

[8=446,184+(T~2,3%4,02

DL=RSATLATIXI000./74,0026

DEL=D8~-1IL.

Pa=PMELT(T)

IFCP.GT.FMIG0 TO 30

D=DL+DELXF/PM

ng 10 I=1+50

PR=FNDPHE(Tty T)

IFC(ABS(F~F2) =1, E-7%F)20,20+8

DP=OFDOHEC(D, T)

CORR=(F2~F)/DF

IFCABRS(CORR) =1 E~7%11) 20920910

D=0-CORR

FNRDHE =

RETURN

FNGDHE =D

RETURN

FNIIHE =0

RETURN

END

FUNCTICON FNUFHEC(ODRSTT)

MAIN EQUATION OF STATE KOUTLIH FOR HELIUM?

INFUT LS DENSITY IN MOLES/LITER AND TEMPERA TURE
DEGREES Ky THE OQUTFUT 1S PRESSURE s IF/DLs DF /DT yENTHALFY »
ROFY AND CV IN ATMOSFHERES AND JOULES

DIMENSION A(26)sRB(2794)

CUMMON/TDEX/TD

DOATACTIN=0)

DATACCH(L) p 1=82s108)

1 5.988310109£~9¢w4.96530591875~7;~3.8116033499F~6o5.63116713
13&-5,~1.48306918288"493.0596174335E~4v-3.39081902246~491.962408024
22&“4r1‘5527899/125*5v“3o6110403503E*5:“1.0839/88073E“5:4o972810121
37Em5!1‘9581451095“59m4'1496408965“49“5.74657728995*49*4¢3470945634
4ﬁ~$ym6.8383889924E~Ly«9.13824742&5&"2,?.7106954908E~2;~1.362796778
qu~3,2.50/6753388*3,7.9041608815&*2:«1.4024724318£~4y~8.8278987249
GE-7e Ly 7336410358E~6y-2,5%454187855E -6y 0. 0005)
UAIA((B(I)sluﬁﬁval)v~1.4&02193348FM894.1721791119E~/9~2.3326553?71
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10

11

1E=/714,0B5G11088E-71 1090056 7964E -5 ¢ -5, COLOPED775E ~5s 1, 1512765043
QE-Ay -1, 2539BAB207E-41 1,9661IB06BAE 491, ¥ 1DI9I666F 4y, 30510008 43
BE-Av=9 4 6456473P1E~Ar~3,6027 735292E~5101, 60799A65LEE -39 -2, 7441 763615
AE=21, 14739506957 1~ 43593448380 1. 3447956078 -1, 7040375125y , 9026267
5404005, 68756441115-39~1,44301 466256193, 37400 74051F ~391 , 075420 L 216
SE=6v -4, 5264622308E -5y 3,859 7IBBHAAE -5y~ 0005)

DATACCBCI) » 1=28y54) rmd 20874546268 81 44 452985441 3~ 751, 0246150954
LE~G9805254608956E~5 ) ~2 4 5163069255E 49 3, D87 7709285E -4y - | 060195756
QE~4y-1,0687738074E 49 -8, 2120950632651 , 415901697k -4y 1, 47265630701
AE-39-20618359941E-392,0461501117E~ir1,2/746996288E -3 -2, 0272929583
BE-2y7,4648036615E~2y~ 417217964521+ ,51053439758 -, 401 78202497
6426829864632 7,906601204E-3y - 8,939 3405656E 2y, 15076580053
720 6882494327E-61~3 379431 6835E 50~ 2, 4495951 19EE -Gy - ,0005)

DATACCRCI) yI=1927)=

A ~1,5096862619E-716,4640898904E-7 94, 136235736 7E-5y
1-3,7910190353E~4 91, 3806454049E~3 92, 508541 2058E 352 4 369 7560 398E -3
29~9.5726461066E-413,7405931828E~5s~6,4103220333E 4
31.8579366177E~317,4007984606E~411,4792568148E-4y -3, 25313554 77E~3
41.9518739286E~2y~, 10571617135, 33164944449~ 51130022535,
534 9940004906E=1y~, 1555524447114 ,906264031E-3 12, 61480043772y
63,4221685545E-25,4159662622E 6114068780677 7E -5 -8, 9484651 B69E—6 »
7-.,0025)

KP=1

GO TO
ENTRY
KP=2
GO TO
ENTRY
KP=3
60 TO
ENTRY
KP=4
60 TO
ENTRY
KP=5
GO TO
ENTRY

10
DPOTHE

10
LPon HE

10
ENTRHE

10
ENTHHE

10
CVHE

KF=¢
K1=0

KH:=1

K=1

KK=1

K4=1

IF(IDLNE.0)BO TO 20
IF(TTJGE.15,)60 TO 20
IF(TT.GT.10)60 TO 30
IF(DD.GT.17,3987)60 TO 40
L1

T=TT

D=DL

B0 TO (9510092005300+4005500)KF
D2=DD

D3=02XD

D4=D3KD

US=D4XD

GAMMA=R (274 1)

EX=EXF (D2KGAMMA)
EXD3=EXKD3

EXDG= EXXDS

M1

N= 1

AN LSRN 8 N=N+1




w

100

102

103

101

it 104

ACH: A(N-1)/T & N=N+1

Do 2 I=1sé

D

AN DGRTRRC 75-F 1/744)
NN+ 1

DO 3 I=1v4

b L=

AN =DAXTRR (L 5-F 1)

N=N+ 1

DO 1 l=1y8

Fle]
ACNI=DERTRRCL  S-F E/72,)
NN+l

CONTINUE

DO 4 I=1,3

Fl=l

AN =EXDEKTRKCT o ~F 1)

NN+ 1

00 % I=143

Fl=]

ANIFEXDESKRTRRCL o ~FT)

N=N+ 1

N=N-1

I=M

P=0 I
Do 15 J=1sN

P=P+R(Jr TIRACY)

=4, QB8205T8KDKTX (L . +VIRR(T)IXI)
IF(RH.LT.1)60 TO 413

GO TO(S50+50930940)K

D2=DXD

N3=n%k%x3

D4=N3k

DG=p4%n

De&=DSKD

T2=TKT

T3=T2XT

T4=TXk%4

M= I

GAMMA=R(27 M)

EX=EXF (D2KGAMMA)

N=1

R==, 0820558

AINI=0,0 $  N=N+1
ANI=(~1,)RDI6/T2 ¢ N=N+1
DO 102 I=1+6

Fl=]

AN =DSKTRRC 4 7E“FI/840 -1 )X 75-F1/74,)
N=N+1

00 103 I=1+4

Fl=]

AN =DAKTRRCL o 5-FL/1e~1.)KC1,85-FI)
NN+ 1,

Lo 101 1=1,8

Fl=1

ACNI=IARTRRCL o 5—F 17201 IRCL S~F [/24)
N=N+ 1

DO 104 [=1,3

Fl=x

AN =EXRDIRTRKCL s ~F 11 0% (L o~ L)
N=N+1

pY 10% [=1.3

89




FLot

AN SEARDLR AR, - b L1000, 1)
10Y M=NtL

MeN- L

oo

o trh el eN
0 P ot dnC I RHC Jepm)

FoREREIR T AV LIRBCT 2 RIS TRUHUT ] 2 kN

1M

GU TUOCLOY 0 A0y A0 IR
D00 Ll

(RS TS 31

HETEIKE 3]

IR ) 3]

M:

GAMMA.-K (D /oM

Xk XE O R GAMMe )

DEX=GAMMAXD o RvkF X

N=13

K0, 020508

AN =& KIS & NN+

AMN)I=A(N=-1)/1 6 N-N+1

DO 202 I=1yv6

Fle=]

AN =5 KLARTRRCy 28-F 174, )
202 N=N+1

0o 203 1=1+4

Fle=l

ACN)Y=DAK4  KTRKCL, 5171
203 N=N+1

[0 201 1=1+8

ACN)=D2RE L KTRRCL JH-F /2,
201 N=N+1L

DO 204 I=1+3

Fla=X

AN =(BEXKDI+3 KDOKEX)KTR® (1, -F1)
204 N=N+1

DO 208 1=1,3

FI=I

AN = (DNEXKDS4+S o KBAKEX )R TRK (L o~ L)
2085 N=N+1

N=N-1

- Frez

o DO 215 U=1yN

E G P=PRACIIRBCI P M)
I=M

FaP+RRTRCL 42 KDXVLRE(T)Y)
GO TOCS50950930040)K
300 D2=L%kD

D3=D2%D
- DA=DARN
i N1
! R, 0820558
M X
BAMMA=H(L 7y 14)
EX=EXFP (D2kGAMMA)

: A(NI=0,0 $ N=N+1

- AMNICCNARLIZ L YRTRRC-2 09K C-14) % NNt

: 1O 302 Ll=1y6

: Flef

E AN = (DA/A ) RTRECo 291 L/40 1)K 2~k 1rdy)
! 90

AAAAA

e e ——. ——— —— et




-

S02 N=N+t
N0 303 (=1+4
“I=)
ANI=(DI/ 3% TERCL S~FTI-1,)%(1,8~F1)
303 NaN+1
DO 301 I=1+8
Flal
AN = (D272 0RTRRCL s G5-FI/20=10 )KL 6~FI/24)
301 N=N+1
DO 304 I=1,3
FX=l
AINI=(EX/ (2. 8GAMMA) ) RTRR(L o ~FI~1,)%(1.,~FI)
304 N=N+1
[0 305 1=1,3
Fi=l
A(NI=(D2REX/ (2, XGAMMA) ~EX/ (2 . XGAMMAKKZ) ) %
1TXR(1.~FI-1.)%(1.~F1)
305 N=N+1
N=N-1
SINT=DARXCVIRB(T)+TXDBDT(T))
PO 306 I=1s»N
306 SINT=SINT+B(IsM)XACI)
N=21
EX=1.,
D2=0
DO 310 I=21,3
FI=1
AINI=2CEX/ (2. XGAMMA) ) XTRR(L . ~FI-1,)%(1,~FI)
310 N=N+1
DO 311 I=1,3
Fi=I
AIN)I=(D2REX/ (2. XGAMMA) ~EX/ (2. XGAMMAXX2) ) %
1TXRC1~FI-1.)%C1,~F1)
311 N=N+1
N=N-1
PO 312 I=21sN
312 SINT=SINT-B(IsMI)XRAC(CI)
P=(9:.37165845:193043%ALOG(T/4,.2144)~25,314469R(SINTH+RRALOG(RXTRD)))
P=P%4.,0026
I=M
B0 TO(S50950»30,40)K
400 KH=0
GO TO 9
413 PP=P
KH=1
D2=DpxD
D3=DxD2
Da=D3IRD
N=1
R=,0820558
M=1
CAMMA=B(27+M)
EX=EXP (D2RGAMMA)
A{N)=(DARD) /S, $  NaN+1
A(N)=(DARD/S. ) %R(2./T) $  N=N+1
DO 402 1I=146
Fi=I
ANI=Z(DA/Z4, IR(TREC7S-FT/74,)-TER( . 75-F1/4.)%(.75-F1/4.))
402 N=N+1
DO 403 1=1y4
Fl=1
ANI=(DI/3IRCTRRC(L . S=FI)-TAR(1.5-FI)R(1.5-F1))




403

401

404

405

406

410

411

412

300

502

503

301

N=N+1

DO 401 I=1,8

Fls] A
Q(N)-(D2/20)I(T**(loS"FI/Zo)*T#t(l.ﬁ*FI/Zo)*(lo5~FI/20))
N+

DO 404 1=1,3

FIsl
A(N)ﬂ(EX/(20#GQHHA))*(Tl*(lo~FI)~T*t(lo~FI)ﬁ(lo-FI))
N=N+1

DO 405 I=1,3

FI=]
ﬁ(N)G(D2QEX/(20366HHQ)~&X/(2.*86""&‘*2))‘(T‘*(10~FI)~71#(1.~FI)
1%(1,-FI))

N=N+1

N=N-1

HINT=REXTATEXDKDEBDT(T) %(-1.)

DO 406 I=1yN

HINT=HINT+B{XsM)RACT)

N=21

D2=0

EX=1.

DO 419 I=1,3

Fl=al
A(N)ﬂ(EX/(2o¥GAﬂNA))*(Tll(lo*FI)-Tt*(lo-FI)*(lo-FI))
N=N$ L

DO 411 1=1,3

FI=]
A(N)=(D2*EX/(2.*GANNQ)-EX/(Z.*BAHHA**2))*(Tt*(1o~FI)°T¥l(1o-FI)
1%(1,-FI))

N=N+1

N=N-1

DO 412 1=21,N

HINT=HINT~BC(IsM)RACI)
P=21o92282+50193043#(7-4o2144)*25oSlQé?*(HINTfPP/D-RQV)
P=PX4,0026

I=M

GO T0(50,50930+40)K

D2=DxD

D3=D2%xD

DA=D3xD

N=1

R=,0820558

M=1

GAMMA=B(27,M)

EX=EXP (D2%GAMMA)

SINT="TRDERR(2,XDBDT(T Y+D2BBDT2(TIAT)

A(NI=C.0 & N=aN$i

AN =(DARD/S. ) RTRE(~2, IR(~1,)R(=2,) $  N=N+41

DO 502 I=1,6

Fl=I
A(N)H(D4/4o)*T‘t(.75-FI/4.~1.)*(;75-FI/4.)3(.75-?1/4.-1.)
N=N+1

DO 503 I=1,4

FI=1

A(N)I=(D3/3,)% TER(1.5-FI-1,)8(1.5-FI)®(1.5-FI-1,)
N=N+1

DO S01 1=1,8

Fl=] .
0(“)8(02/20)*T‘t(l.S-FI/?.*lo)t(l;S*FI/?.)‘(105‘FI/2.~1.)
N=N+1

DO 504 1=1,3

Fl=]




ACNI=CEX/ (2 ROAMMA) IRTRR(L s ~FI-1 4 )R(Ls~FIIR(L . ~FI=14)
§04 N=N+1
DO SO5 I=1,3
Fl=l
ACN)=(D2REX/ (2, BGAMMA) ~EX/ (2. RGAMMARK2) ) X
L1TER(L=FI=14)RCL,~FI)N(1,-FI~14)
505 N=N+1
N=N -1
DO 506 I=1sN
506 SINT=SINT+B/I/MIXACI)
P=8INT
EX=ts
p2=0
N=21
DO S10 I=1,3
FI=]
ANI=CEX/ (2 XBAMMA) )RTER(L s ~FI=1:)%{1.~FI)X(1.~FI~1,)
510 N=N+1
DO 511 I=1,3
Fi=l
A(N)I=(D2REX/ (2. XGAMMA) ~EX/ (2 . XBAMMARR2) ) X
ATERCL o ~FI-1,)8(1.~FI)R(1,~FI-1.)
$11 N=N+1
N=N-1
DO 512 I=21,N
512 P=P-B(IsMI)%ALI)
P=5,193043%¢(3./5.)%4,0026-P%101.3278

Lo

I=M
60 T0(S0»50930,40)K T
20 K=2
I=3
IF(ID.NE.O)I=4
T=TT
D=DD
GO TO 8
30 K=3
GO0 TO(33»34935)KK
33 B=DD
=TT
KK=2
IF(DD.GT.17.3987)60 TO 40
I=}
GO TO 8
34 PTI=P
I=3
KK=3
T=TT
p=DD
GO TO0 8
35 PTIII=P
38 F=(15.-T)/S.,
PaFRPTI+(1,~F)XPTIII
IF(KH.LT.1)60 TO 413 ’
FNDPME=P !
RETURN |
40 IF(K.EQ,3)K1=3
GO TO(A1942,43+44)KA
41 K=4
1=2
K4=2
D=DD
IF(K1.EQ.0) T=TT
G0 TO0 8

B i L L

FUBISEE PR . o




42 PIID=P
D=17,3967
IF(ToLT+5,2014)D=DSATL (T)X1000, 74,0024
K4=3
80 TO ©
43 PIIDC=P
I=1
K4=4 ,
60 TO 8
44 PIDC=P
P=PIDCH(PIID-PIIDNC) '
K4=1 «
IF(K1,EQ.3)60 TO 30 |
FNDI’HE =P
50 FNLPHE=P
RETURN
END _
FUNCTION CPHE(DsT)
C CSINH(P)
C FOR HELIUMs INPUT IS DENSITY (MOLES/LITER) AND TEMPERATURE (K)
C OUTPUT IS JOULES/MOL-K
C(SEE ALSD NEXT PA3E)
P=CUHE(Ds T)+(TXCNPDTHE (Dy T)KX2) /¢ (DXX2)XDPDBHE (D» T) ) ) %101, 325
CPHE=P
END
FUNCTION SOUNHE(D»T)
C VELOCITY OF SOUND FOR HELIUMs INPUT IS DENSITY (MOLES/LITER)
C AND TEMPERATURE (KELVIN),»OUTPUT I8 IN METRES/SEC
8=((CPHE(DyT)/CVHE(DsT) )X (DPDDHE(Dy T3%25311 . ) ) XX, 5
SOUNHE=S
END
FUNCTION VIRB(T)
DIMENSION AC9)»V(4S)
DATA(A=-5,0815710041E~7r~1,1168680862E~4»1 , 1652480354E~2,
1 7.4474587998E-2¢~5,3143174748E~1+~9.5759219304E~1
2 3,9374414843,~5,137023922452.0804456338)

c COEFFICIENTS FROM PROGRAM 5/28/70-1630
c THIS SUB PROGRAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR
c HELIUM, THE RANGE IS8 FROM 2 TO 1500 DEG K. INPUT IS TEMPERATURE
c IN DEGREES KELVIN AND IUSEs IF ISUE IS 0 OR NEGATIVE THE ROUTINE
c CALCULATES B FOR THE EQUATION PU=RT(14BD+...» FOR OTHER VALUES OF
c IUSEs THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT TEMP
C UNITS ARE ATMs» DEG KELVIN» ANL MOLES/LITER»4/3/69-1253:R.D.NCCARTY |
t REVISED 2/12/70-925
1 B=0 : |
DO 5 I=1,9 | |
FI=I
5 B=B4TRR(1.,5-F1/2.)%ACI)
VIRB=B
RETURN
END
FUNCTION DBDT (T) 4 ‘
DIMENSION A(9)rV(45)
c THIS SUB PROGRAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR
c HELIUM, THE RANGE 18 FROM 2 TO 1500 DEG K. INPUT I8 TEMPERATURE
C IN DEGREES KELVIN AND IUSE» IF ISUE IS O OR NEGATIVE THE ROUTINE |
c CALCULATES B FOR THE EQUATION PV=RT(14BD4...» FOR OTHER VALUES OF
C IUSE, THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT TEMP
DATA(A=~5,0815710041E~7+~1,11686808562E-401.1652480354E~2»
1 7,4474507998E~2+~5,3143174768E-1+-9,5759219304E~1»
2 3.9374414843,-5,1370239224+2,0804456338)
c UNITS ARE ATM» DEG KELVINy AK!) MOLES/LITER»5/28/70-1630sR.D,MCCARTY

T oy Ao . . - v - A - . A




|
’ 1 B=0
| DO 5 1=199
, Fla1
i § BsBETARCS-FI/2,)RACIIR(1,5-F1/24)
DBIT=B
RE TURN
KND
FUNCTION D2DBDT2(T)
DIMENSION A(?)
0F - A5-6,0815710041E-77-1,1168680862E-471 16524803542y
1 5. 47458799BE-21~5,3143174768E~11~9,5759219306E~1s
2 3,93744148439-5,1370239224+2.0804456338)
THIS SUB PROGRAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR
HELIUM. THE RANGE IS FROM 2 TO 1500 DEG K. INPUT IS TEMPERATURE
IN DEGREES KELVIN AND IUSE, IF ISUE IS O OR NEGATIVE THE ROUTINE
CALCULATES B FOR THE EQUATION PV=RT(14BD+...» FOR OTHER VALUES OF
IUSEs THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT TEMP
UNITE ARE ATMy DEG KELUINs AND MOLES/LITER»S/28/70-1630+k.DiHCCARTY
1 B=0
D0 5 I=1+9
Fl=I
: § B=B+TARC,S-F1/2,~1.,)%(1.5-F1/2,)%( . 5-FI/2,)%A(D)
! D2DBDT2=B
: RETURN

oG

END
FUNCTION VPNHE(TT)
GIVES A VAPOR PRESSURE FOR HELIUM IN ATMOSPHERES GIVEN A
TENPERATURE IN KELVIN. THE FUNCTION REPRODUCES THE 1968 HELIUM
TEMPERATURE SCALE TO .0001 KELVIN
DIMENSION C(12)yD(14) |
: , DATA(C=-3,93746352871141,274975989~1640, 7741565 11974,557102»
; 1-55283, 3098189166219, 56504 ~325212. 82840 396843, 22750+
| 2-277718.06992+83395,:204183)
DATA(D=~49 , 510540356 + 651 . 9236417 »~3707 . 5430856712880, 673491
1 ~30048,545554,49532,267436¢-59337 5585481 52311,296025, .
2-33950, 233134116028, 674003, -5354,103896711199,0301906» !
3 ~161,46362959,9,8811553386)
T=TT
T=T-DELT(T)

aoon

P=.0
1F(T-2.1720710910s1
1 D05 I=1,10 |
5 P=P+CCIIRTRR(2-1) 1
VP =EXP(P)/.76E+6
VPNHE=VUP
RETURN
10 DO 15 I=1,14
15 P=P4D(IIRTER(2-1)
, VP =EXP(P)/ 76E+6
; VPNHE=VP
i RETURN

END
FUNCTION DELTCTT)

C ADJUSTS THE TEMPERATURE TO A NEW SCALE |
TeTT !
DELT=.001+,00287
RETURN

END
FUNCTION VPTEHE(PP)
c SOLVES THE VAPOR PRESSURE EQUATION FOR TEMPERATURE GIVEN A PRESSURE
c THE FLUID IS HELIUM AND THE UNITS ARE ATMOSPHERES AND RELVINS
PsPP




o e 4

P aiad

[

oo nonn

IF(P.LT,..842105)60 TO 12

Y=5.0
PCAL=UPNHE(T)
GO0 70 13

12 PCAL=,0497347

IFCABS(P-PCAL)~+0000001%PF)13s1. 01

1 T=2,1720
13 D0 10 I=1,26

DP=DVPNHE(T)

DEL=(PCAL~P)/DP

T=T-DEL

PCAL=VPNHE(T)

IFCABS(F-PCAL )~+0000001%P)11+11,2

2 IF(ABS(DEL)>-:0000001%T)11,11+10
10 CONTINUE

i1

PRINT 1007
VPTEHE=T
RETURN

100 FORMAT(Xx TEMPERATURE ITTERATION FAILED AV T=NsE14.7)

10
15

END
FUNCTION DVPNHE(TT)

BIVES THE DERIVATIVE OF THE VAPOR PRESSURE FOR HELIUM GIVEN A
TEMPERATURE IN KELVIN? PRESSURE IS IN ATMOSPHERES
DIMENSION C(12)+D(14)
DATA(C=-3,9394435287+141,.274975989~1640:7741565,11974.557102y
1-55283,309818,166219.565049-325212.82840,3988,3,22750»
2-277718.06992+83395.204183)
DATA(D=-49,510540356+651.92364179-3707.5430856912880.673491»
1 ~30048,545554,49532,2674369-59337.558548,52311.296025,
L-33950.233134+16028.,674003,-5354,1038967+1199.0301906
3P-$61‘463629597908811553386)
=
T=TT-DELT(TT)
IF(T-2,1720710+1091
DO S I=1,10
P=P+CC(IIRTER(1-1)%(2-])
DUPNHE=PRVPNHE(T)
RETURN
DO 15 I=1,14
PaP+D(I)STRR(1~I) X (2~])
DVUPNHE=PRVPNHE (T)
RETURN
END
FUNCTION T ANSP(DD»TT)
HEL IUM

THIS ROUTINE CALCULTATES THERMAL CONDUCTIVITY AND VISCOSITY

FOR AN INPUT OF DEGREES KELVIN AND DENSITY IN MOLES PER LITER

THE RANGE OF TEMPERATURE IS FROM 2 TO 2000 K

FOR TENPERATURES BELOW 300 K FORMULAS OFD VINCE ARP AND GE STEWARD
ARE USED» FOR TEMPERATURES ABOVE 300 THE DILUTE GAS OF A CRITICAL
COMPILATION FROM ENGLAND I8 USED FOR BOTH VISCUOSITY AND

THERMAL CONDUCTIVITY AND THE EXCESS FUNCTIONS FROM THE ROUTINES BY
ARF AND STEWART) THE EXCESS FUNCTIONS ARE CALCULATED FOR TEMPS
ABOVE 300 K WITH THE TEMPERATURE DEPENDENCE HELD AT 300 K

FOR TEMPS BELOW 300 K TO 100 K THE VISCOSITY EXCESS 18 CALC

FROM STEWARTS ROUTINE BUT THE DILUTE GAS VALUES ARE TAKEN FROM

THE ENGLISH CORRELATION FOR TEMPS BETWEEN 100 AND 110 7

DILUTE GAS CALCULATION 18 AVARAGED

ENTRY THERHE

D=DD

T=TT

RHO=DR4,0026E~-3



IF(T.LT+300.,)G60 TO &
THO30=VISCX (300.)%,007681736
THO300=CONZ(300.)
DEL300%DELZ (300, yRHO)
THO=VISCX (7 )%. 00781736+ THO300-THU3O
THEsTHO30¢ ADEL 300~-THO300
TRANSP=THI+THE
RETURN
S 7RQNSP"CONZ(T)#DELC(TvRHO)+CRIYIC(TwRﬂO)
c OUTPUT IN MW/CM.K
RETURN
ENTRY VISCHE
D=0D
T=TY
IF(T.LT.100.)G60 TO 10
IF(T.LT.300,)60 TO 8
ETAO=VISCX(T)
ET030=YISCX(300,.)
ET0300=VISCDT(0.02300.)
ET8300=VISCDT(D'300.)-ETOSOO
TRANSP=ETAQ+E FE300
C QUTPUT UNITS ARE MICROPUOISE
RETURN
8 IF(T.LT.2110,)60 TO 9
ETAO=VISCX(T)
ETEBﬂVISCDT(DoT)-UISCDT(0.0vT)
TRANSP=ETAO+ETEB
RETURN
9 ETA1=VISCDT(0.0¢100.)
ETA2=VISCX(110.)
ETAO=ET61+(ETA2-ETA1)R(T-iOO.)/10.
TRAN8P=ETA0&VISCDT(D’T)-VISCDT(0.09T)
RETURN
10 TRANSP=VISCDT(D»T)
RETURN
END
FUNCTION VISTX( T )
C CALTULATES THE DILUTE BGAS VISCOSITY FOR HEL.IUM
C FOR TEMPERATURES FROM 110K TO 300K
UIBEX = 196, X T 2% 0,71738 % EXPC 12,451 7 T ~ 295,672 / T/ T -
A 41249 )
RETURN
END
FUNCTYON DELC(TEMP» RHO)
C CALCULATE THE EXCESS THERMAL CONDUCTIVITY FOR HELIUM» INPUT 18
¢ TEMPERATURE(K) AND DENSITY(MOLES/LITER) OF HELIUM

c K=KZEROSEXPF (B(T)XRHD + C(T)XRHO%%X2)
c THIS PROG®AM RETURNS EXPF(B(T)SRHO + C(TIRRHORR2)
1 BB=ALOG(TEM®) s CC=1,0/TENP

BETTY = 4,7470660612 ~ 5.3641468153%R8 + 3.46397036988BBRR2

2 -1,0702455443%BBRX3 + 0.1571349306%BBR%4A -0,008921400478BBRXS
B=EXP(BETTY)

C = 2,2109004708 ¢+ 187.741748088CC - 1281.0947055%CCRCC

3 +3645,23932168CCHX3 ~ 3v86.69379405CCREA
DELC=EXP ( BERHO+CERHORRHO)

RETURN

END
FUNCTION CONZ(TEMP)
c KZERO IN MILLIWATTS/CM-Ke T IN KELVIN? 22 JUNE 71,
1 ANNE=ALOG(TENP)
PAT = -4,3611622157 4+ 1.,9250159286%ANNE - 0,525441201658ANNERS2
1+ 0.09004576388SRANNESSR3 - 0.00547738747088ANNERR4
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C
C

acoo

CONZ=EXP (FAT)
RETURN
END
FUNCTION VISCDTC(DGC,T)
WO, STEWARDY 8 DATA 23 JUNE 74
INFUT UNITS ARE KELVIN AND MOL/LITFR
OUTFUT UNITS ARE MICROFOISE.
TL=ALOG(T) L R=DGCKE 002671000,
ANNE~ ~0,135311743/TL + 1.00347841 + 1020654649%TL
1 -0.149564551KTLATL+0,012520841 6XTLANS
BETTY=RX(-47,5295259/TL + 87,6799309 ~42,0741589%7TL,
148,33128289KTLXTL. =0, 589252305 TILAKS)
CAROL = RXRX(547.309267/1L - 904.870586 + 431.,404928%TL
1-81,4504854%TLATL + 5,37008433%TLA%S)
DAGMAR=RRKIX(~1684,39324/TL. + 3331,08630 - 1632,19172%1L.
1+308,804413%TLATL =~  20,29736367%TLAK3)
VISCDT=EXP (ANNE+ BETTY+ CAROL+ DAGMAR)
RETURN
END
FUNCTION CRITICCTEMPsRHO)
CRITICAL ANOMALY FOR HE THERM. CON.» SCALED FROM H-2
T IN KELVIN» REQUIRES DENSITY IN GRAMS/CC AND CP IN JOULES/MOLE
THIS DECK OF 18 SEPT 70» I HAVE USED MCCARTY*S HE DECKS OF 7/18/70
T=TEMP
ML =RHO/0,0040024
IFCT +GE. 11.83) GO T0 11
IF(RHO.6T.0.,12) GO TO 11
CF1=CPHEC(DNL» T)
CP2=CPHE(DML»11.83)
CRITIC=0,0026%X(CP1-CP2)/4,0026
10 IF(CRITICY11,12,12
11 CRITIC=0.0
12 RETURN
END
FUNCTION DSATV(TT)

N@EBN ooUd

C CALCULATES THE SATURATED LIQUID AND VAPOR DENSITIES FOR HELIUM,
C INPUT I8 TEMPERATURE(K) OUTPUT 1S GM/CC (SEE NEXT PAGE)

DIMENSION GV(6)y6L(4)
DAT“(GL‘o12874326484’-.43128217346:1.7851911824:-3.3509624489'
1 3,0344215824/,-1,0981289602)
DATA(BV*-.0692674953220~o129253255300293474707129-‘408066582129
1 35809505624+ -,11315580397)
PATA(DC=,06964)
DATA(TC=5,2014)
T=TT
DCAL=DC
R=2(1.~T/TC)
DO 1 I=1,4
FI=I
1 DCAL=DCAL+BV(I)RRARC(FI/3, )
DSATV=DCAL
RETURN
ENTRY DSATL
TaTT
DCAL=DC
R=(1,~T/7TC)
DO 2 I=1,6
Fl=1
DCAL=DCAL+GLCI)RRRR(FI/3,)
DB8ATV=DCAL
RETURN
END

[
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FUNCTEION P MELTCTT)
! ¢ CALCULATE THE MELTING PRESSURE FOR HELTUM INFUT §S TEMP Ko
: C QUTPUT 18 PRESSURE IN ATMOSPHERES

DIMENSION ACS)
D“1A(ﬁ“33.29vW44o156!31.799 1-A.815990,30313)
TeaTT
IE(TLE.Se2)60 TO 7
PHELT“-17090#170314ﬁ737ﬁ*10556414
PHELTWPHELT#o?ﬂOé&/l00132ﬁ
RETURN

7 P=0.0
PO 9 1m=tel

¢ PuP+ACTIRTRRCI-1)
PMELT=PK? ,8066%/104132%
RETURN
E.NIt
FUNCTION FNUPNECDYT)

¢ CALCULATES THE PRESSURE IN ATMOSFHERES FOR NEON »
C USES DENSITY (MOL/LITER) AND TEMPERATURE OF NEON AS INPUT

1 FNDPNE=FC(DT)
RETURN
END
FUNCTION ENTHAC(P Dy T)
COMMON Al992963064'659A6vh7véBoh?thO'ﬂl19A12vhl3vﬁl4oﬁ1576160h17
17A182A19
Di=D
D2=DRR2
D3=D2%D
D4=D3XD
DS=D4%XD
T1=T
T2=TRT
T3=T2XT
TA=T3RT
EX=EXP(AL19%D2)
EXI1=C(EX~1+)/(2.%A19)
EXI3=EX‘D‘D/(20*019)-(EX—1‘)/(2.*619*‘2)
ENTHA 3P/D*Altf+h4303/3o+65#DQ/(T1*2o)
1*06‘02$T2/2a+ﬂ9‘DR/T1§3‘3010302/(T2$2.)
2+ﬁ1?*01+263A13*01/71f3o‘614301/T2
3%3.#615*EX11/T2*4.*AlétEXl1/T3
4+3.3A17‘EX13/T2*4o#hiBtEXI3/T3
S+A2XDS/5.+ABRD2/2,

c CALCULATES ENTHALPY CHANGE FROM O TO FINITE DENSITIES ALONG
c ISOTHERM ACCORDING TO DTRIA

' C FOR NEON INPUT IS PRESSURE IN ATMOSPHERES»DENSITY IN MOLES/LITER
C AND TEMPERATURE IN KsOUTPUT IS JOULES PER MOLE.

RETURN

. END

t FUNCTION DLIGNE(T)

" c FOR NEON

IF(T~44,4)192,2
1 A=-8.9200910
B=35:44150349
C=~64,720906
D257.745619
E=-20,25961912
R=(1.0-T/44,4)88(1.0/3.0)
DENR*!o0*A‘R+B‘R.R+Clﬂ‘t3#D.R.‘Q*E‘R.ls
: RSATD=10.88DENR
£ ' DLIONE=RESATD#®, 484%1000,028/20,183
| ‘ RETURN
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2 RSATDw=L,
DLIGNE=RSATDR . 484%1000,028/20, 183
RETURN

c UNITS ARE IN GM=MOLES/LYTER
END
FUNCTION DPDDNECDD»YT)
DIMENSION G(18) ,
3 COMMON A1+A2+A31A49ASrA61A71AB)A99A100A119A129A139A149A157A169A17
1)A18+A19
Di=DD
" j TisTT
s ‘ D2rD1N%2
,:4 D3=n2%D1
' DA=D3%D1
DS=DARD1
T2=T1%%2
T3=T2%T1
T4=TIRT1
EX=EXP(A198D2)
EX1=EXRD1N2.%A19
EX3=3, #D2XEX+DIREX1
EXS=5, XDAXEX+DSREX1
G(1)=DSKE, XA2
. G(2)=T1XN3%4, A3
i . G(3)=D3I%4,%A4
i - G(4)=DARS . XAS/T1
i , ' G(S)=3, XD2RT2%A4
o , G(46)=3 ., 8D2XT1RA7
i G(7)=3.%D2%A8
: G(8)=3,8D28A9/T1
G(9)=3.4D28A10/T2
G(10)=D1%2.XTi1%A11
G(11)=D1%2,%A12
: G(12)=D1%2,%A13/T1
} G¢13)=D1%2.%A14/T2
‘ G(14)=EX3%A15/12 1
: G(15)=EX3%A16/T3
: G(16)=EXSRA17/T2
‘ G(17)=EX52A18/T3
P2=A1RT1
DO 11 K=1y17
11 P2=P24G(K)
DPDDNE=P2
c CALCULATES THE FIRST DERIVATIVE OF PRESSURE WITH RESPECT TO
c DENSITY ACCORDING TO DTRIA4
RETURN
END
FUNCTION ENT(Ds»T)
COMMON A1»A2,A39A49ASIA61A7rABIAPIAI0+A11:A12,A13,A147A150A169A17
1»A18,A19
o Di=D
R D3=D2%D
" DA=D3IRD
=} DS=DARD
- T1=Y
T2=TaT
T3=T28T
; TA=T3IRT
h ! EX=EXP(A198D2)
> f . EXI1=EX/(AL1982,)
< i EXII=EXRDED/ (2, 8A19)-(EX) /(2. 8A19%R2)
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ENT «ASKDA/(T2X4, ) ~A3Z¥DI/ 3, ~AGKN2KT 1
1-A7802/72 4 +APRD2/ (T2RL  YHAL0KDA/TH
2-AL1KDLIFALIRDL/T24ALAND  ¥DL /TS
IPALGR2 MEXTL/TI+ALONI MEXIL/TA
A+AL 732  REXIZ/TI+ALERT . MEXTIZ/TA
S5-A1RALOGCAIRTRD)

C CALCULATES ENTROPY AT ONE LIMIT OF INTEGRATION» ISOTHERMAL»
c ACCORDING 10 DTRIA

RETURN

END

FUNCTION ENTR(DsT)

C FOR NEON

COMMON A1rA2vA3rA4»AS+AGIA7 1ABIAPrAL10,A11+A12,A13,A14,A150A160A17
1,A18,A19

bi=Dh

D2=DRRD

D3sD2AD

D4 3I%RD

DS=DAKD

Ti=T

T2=TAT

T3=T2%T

T4=T3IRT

EX=EXP(A19%D2)

EXI1=(EX=14)7(2.%A19)

EXIZ=EXKDAD/ (2. XA19)~(EX~1,)/(2.XA19%%2)

ENTR =ASKDA/(T2%4,)~A3KDI/3.~A6XD2RT1
1-A7%D2/2,+A9RD2/{T2K2, ) +AL10RD2/TI
2-A11XD14+A13XDL/T2+AL14AX2,XD1/T3
3+AL1SK2 XEXIL1/TI+AL16XI JREXIL1/ T4
44A17%2 XEXII/TI+A18X3 . XEXI3/ T4
5-A1XALOG(ALXTXD)

c CALCULATES ENTROPY ALONG AN ISOTHERM FROM O TO A FINITE DENSITY
c ACCORDING TO DTRIA4

RETURN

END
C FOR NEON

SUBROUTINE DATA N

C SETS THE CONSTANTS TO THE EQUATION OF STATE FOR NEON

3 COMMON A1+A2:A3,A4,AS»A62A71ABIAP1A109A119AL2vA13A141A15,A169A17

1,A18+A19
A1=,0820535
A2=,28010178E-07
A3=,14244722E~05
Aq=~,14175051E-03
AS=-,28070869E-04
Ab6=-,10185146E-06
A7=,42496352E-05
AB=, 25826979E~-02
A9=,12417383
A10=-,62382566E-01
A11=,17237659E-02
A12=2-,16730352
A13=-,61781598E+01
A14=,87257402E402
A15=,19355993E+02
Alé=-,B4739643E403
Al7=-,65528924E~01
Al8= + 234531136401
A19=-,53186241E-02
RETURN
END

“
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FUNCTION PCCDITT Y
C FOR NEON»P 18 IN ATMOSPHERES TN IN MOLES PER  LITER
G AND TT 18 IN RELVIN
DIMENSION G(18)
S COMMON ALrA29AS A4 AT AGYA7vAB A ALOALL AT ATIIALAATILYAYOAL 7
1rAlBrALY
G CALCUALTES FRESSURE ACCORDING TO NTRIA
Di=0D
TiaTl
DasDIkkD
D3=D2%0
Na=DikD1
VED (LT 1B
DewIGRD
T2mTIRKD
T3::T2KT1
TA=14%T1
EX=EXF(A19%D2)
ZaDINALXTL
G(1)=DERA2
G =TIRDARAS
B¢3)=N4%A4
B(4)=hS5%AS/T1
G(HI=DNIKT24A6
CCOI=DNIRTINAY
G(7)=D3xAB
G(8)=DIXKAP/TI
G(P)=DIRAL10/TR
GC10)=D2RTIRALY
GC11)=N2ANALDR
G(12)=N2%A13/T1
G(13)=N2kKAL4/T2
G{14)=DIREXRALS/ T2
GC1S)=NIKEXKALSL/TS
G(16)=DSREXKAL?/T2
G(17)=DSREXKALB/TI
Pz
DO 11 K=m1is17
11 F2=P246(R)
PC=P2
RETURN
END
FUNCTION FNDTNE(FPI))
C SOLVES THE NEON EQUATION OF STATE FOR TEMPERATURE IN KELVIN
€ FOR A INPUT OF PRESSURE IN ATMOSPHERES AND DENSITY IN MOL/L ]
DATA(DTP=61.78) v (DC=23.93)
PP=pP
DpD=D
IF(DD.GT..BCIBO TO
TT=44.4
GO TO 2 ,
TT=24,544(19.86/7 (DTF-DC) IXCDTP-DD) {
HO 10 I=1,10 (
FR=FNDPNECDDY TT) ‘
IFCARS(PP-P2) =1 E=~7XFP)20920y 22 ‘
22 BP=DPDTNECDD,TT) A
CORR=(P2~PP) /DF
IFCABS(CORR) -1 .E~%)20»20»10
10 TT=TT- CORR
20 FNDTNE=TT {
RETURN

neatiiabibiig dnie

r -
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b en
PUNLYLON FIND PC(Rie 1)
IEMENSION GC32) s VP (W)
COMMUN/DATAZGIR s GAMMA sV s IITH o FCCOF o TEGC o TTR o TUL o 1L 1 oF UL o 1L
QU] . .
=1 ¢
FECTT, LY. 01CCHGO 10 10
1 CALL PRESSCHFPsULIIT)
FIND P=FP
RE TURN
10 VNG T))
Ut ANLE P-4 00080 1 T
DL =FIND DCP+,0001971)
D CDLGLEJIVJORUDGBE DGO TO 1
FPRINT 1092DVe DL » Uil
CALL PRESS(HFYIW IT)
FIND P=PFP
0w-nY
RETURN
100 FURMAT(X THE STATE FOINT YOU HAVE SPECIFIFD CORRESFONDS TO A %
1/% DENSITY IN THE LIQUID VAPOR COEXISTENCE REGIONS
/7% THE DENSITY OF THE SATURATED VAFOR IS X9Fb.4+% MOLES/LITERR
3/% THE DENSITY OF THE SATURATED LIQUID IS X9FB8.4»% MOLES/L ITERX
4/% AND THE INFUT DENSTITY IS %9F8.49% MOLES/LITERR
bk SATURATEDR VAFOR IS ASSUMEDR)
LND
FUNCTION DFDINECDY )
U GIVES THE FIRST NERIVATIVE OF PRESSURE WITH RESFECT T0
¢ TEMFERATURE FOR NEON
LOINFUT FARAMETERS ARE DENSITY(MOLES/LITER) AND TEMPERATURE (N)
LDIMENSION G(18)
3 COMMON Al9429A35A4+A5+A69A71ABYAY3A109A11+A129A13+A14,A15,A160A417
12A185A1Y
m=pp
Ti1=717
D2=01%%2
D3=n2%D1
Da=Dp2xD1
DS=14%D1
Dé6=ISxD1
T2=T1%%2
T3I=T2%11
T4=13KT1
EX=EXF(A192D2)
G(1)=0
B(2)=D4RA3
G(3>)=0
GC4)=-DSRAS/T2
G(S5)=2.’D3XT 1A
G(6)=D3RA7
G(7>)=0
G(8)=-I3RAP/T2
G(9)=-2.,%D3RA10/T3
G6<10)=D28%A11
G(11)=0
G(12)=-D2RAL3/T2
G(13)=-2,.RD28A14/T3
G(14)=-2,8DN3REXRALIS/TI
G(15)==-3.RDIREXRALSLH/ TS
G(16)=-2.RDSRA178EX/T3
G(17)==5,01SRA18REX/TA
r2=pl1gal
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1.

DO 11 Kalel?

FmP2+G (KD

DPDTNE P2

RETURN

END

FUNCTION FNDTHE(PI)

C SOLVES THE EQUATION OF STATE FOR HELTUM
c FOR A TEMPERATURE (IN KELVIN) GIVEN A FRESSURE IN ATH

C AND

P’ =

11

10
20

A DENSITY IN MOLES/LITER
DATACDTP=36,514) 9 (DC=17.399)

PP =p

LD=D

IF (DD.GT.DCIBO TO 1

TT=5,201

GO 10 2
T1=241774(3,024/ (IIF~DC) YRCNTH=DD)
D0 10 1=1910

P2=FNDPHE(DDs11)

1F (ABS(PP~F2) =1 ,E-78FF) 209209 11
DP=DFDTHE (DD TT)
CORR=(P2-FP) /DF

IF (ABS(CORR) ~1,E-5) 20920910
1T=TT-CORR

FNDTHE=TT

RETURN

END

FUNCTION FINDTCPoID

C SOLVE THE THIRTY TWO TERM EQUATIUN U+ STATE FOR TEMFERATURE
C IN KELVIN GIVEN A FRESSURE 1N ATMUSFHERES AND A DENSITY (N
C MOLES/LATER

[

11
10
20

39

100

DIMENSION G(32)sVF(9)
CO&HON/DATA/GoR»BAHﬁAovPoninPUC,PrPo1cc:lTPcTULolLLvPULvDCC
PFR=PF

DIs=D

IF(FBE.FCC/1.,01325%)6G0 T0 1

TSAT=F INDVV(HF)

OV=F INDTL B(FF- 400001, TSAT)

Il =t INL B(PP+.,00019TSAT)

IrALD.BT DV, ANL . DD.LT.DLYGO TO 30

fi=19Aar

60 TO 2

11=TCC

DO 10 1=1,10

CALL FPRESS(F2o1'D»TT)

IF (ABS(FF-F2)-1.E-78PF)20+20911

CALL DFUTL(DFsDLTT)

CORR=(F2-FF)/LF

IF (AKS (CORRY -1 ,E~5) 20920510

TT=TT-CORR

FINDT=1Y

RE JURN

FINDT=TSAT

D=V

FRINT 10010 DL DI

FORMAT (R THE STATE HOINT YOU HAVE SFECIFIED CORFESFUNDS TOR
1/7% A LENSLITY IN THE LIQULD VAFOR COEXISTENCE REGIUN®X
2/% DENSITY OF THE SATURATEDR VAFOR I1SKsFR. AeR MOLES/LITEKRR
/8 BENSITY OF THE SATURATED LTQULD 1880FB.498 MOLES/L [IERR
A4/78 INFUT DENSITY 1SR,FO.40R MOLES/LITERR
Y74 SATURATEL VAFOR CONDITIONS ARE ASSUMEDR)

NE TURN

END
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FUNCTION CFOSNE(T)

v COLCULATES THE LINTEGRAL OF (CR/7T)DT FROM »TOeTO T FOR NEON
L TO 1S 27.092 AND CP IS AT 2ERD PRESSURE »S/2R

CF  =8.31434%ALOG(T/27.092)%2.5

CPOSNE=CP

RETURN

C UNITS ARE JOULES/MOLE -K

END

FUNCTION CPUOHNEC(T)

CALRULATES THE INTEGRAL OF (CPT)UT FROM »TO»TO T FOR NEONCF AT

¢ ZERU PRESSUREy »#T0» IS 27,092

CFP =28.314348(7-27,092)82.:9

CFOHNE =CP

RETURN

C UNITS ARE JOULES/MOLE-K
END
FUNCTIUN FNDDNE(PFTT)
€ SOLVES THE EQUATIUN UF STATE FOR NEON FOR DENSITY (MOLES/L)
C GIVEN A PRESSURE IN ATM AND A TEMPERATURFE IN KELVIN
P=PP
T=1T7
D=20.
IF(TT.GT.44,.4)60 10O 2
FSAT=UPNNE(TT)
D=,001
IFC(FSATJGEFPIBU TO 2
D=DLIGNEC(T) 41,
CONTINUE
DO 10 1=1,50
F2=FC(De T)
IFCABS(P-P2)~1.E~6%F)11511 1
1 DP=DPDDNE(D,T)
IFCABS((P-FP2)/DP)~1.E~-6XD)11511510
10 D=D-(P2-F)/DFP
FNDDNE=0
RETURN
11 FNDDNE=D

RE TURN

END

FUNCTION ENTH (FsDe 1)

COMMON A12A2rA3204,AS9A61A79ABIAP?9A10,A115A129A139A149A15,A169A17
12A18.A19

p1s=D

n2=n%k2

n3=p2%xDn

D4=D32D

DY=DARD

11=7T

T2=TRT

T=T2%T

TA=TIRT

EX=EXP(AL9%D2)

EXI1=EX/C(A19%2,)

EXI3=EXRDNRDN/ (2. 8A19)-(EX) /(2. 8A19%X%2)

ENTH =F/DtAARD3I/ 3, +ASRDA/ (T12R2,)
1-A6BD2RT2/ 2., +APRD2/T1 43, 8AL10RD2/(T282,)
24A120D142. 0413201 /T143.8A148D1/T2
3+3. KAISBEXIL/T2+4 . RAL6REXTIL/T3
A43 . 8A178EXTII/T244.AL1BREXI3/T3
6+A2RDS /S . +ABRD2/ 2,

C CALCUALTES ENTHALPY AT ONE LIMIT OF INTEGRATION ACCORDING
N TO NTRIAY ISOTHERMAL

d
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BATA(SU- 63.02210145%)
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RE.TURN
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EPHATSIEAT -, 000 L
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' TURN
LNL
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GLIVES A VAFIIR PRESHURE FOK NEUN TN ATRUSFHERES GIVEN A4 (EMF TN N
L (2. 846116 ~106.090/T -,0%5661LHRT ¢ 00041 109.2%18 1)
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Y NNE ~ KVAF
FE {URN
(X0
FUNUCTTIUN BVFNNECT)
L SERIVATIVE OF THF VAFOK FRESSURE CURVE FOR NFEON
U=106,090/ X882, 0354616 12,2,00041 109281
HUFNE UPNNECT )AL, 80085093
DVHNNLE - DVI'NE
HE LURM
(XU
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The thermodynamic and transport properties of selected cryogens have been programmed
into a series of computer routines. Input variables are any two of P, p or T in the
single phase regions and either P or T for the saturated liquid or vapor state. The
output is pressure, density, temperature, entropy, enthalpy for all of the fluids and
in most cases specific heat capacity and speed of sound. Viscosity and thermal +
conductivity are also given for most of the fluids. The programs are designed for
access by remote terminal; however, they have been written in a modular form to allow
t::duser to select either specific fluids or specif{ic properties for particular
needs.
The program includes properties for hydrogen, helium, neon, nitroaen, oxygen, argon,
and methane. The programs include properties for gaseous and liquid states usually
from the triple point to some ugper Vimit of pressure and temperature which varies
from fluid to fluid. Computer 1istings of the FORTRAN four codings are presented.
Copies of the programs may be obtained from either the Thermophysical Properties
Division of the National Bureau of Standards at Boulder, Colorado, or fram Walter
Scott at the NASA-Johnson Space Center in Houston, Texas.
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NBS TECHNICAL PUBLICATIONS

JOURNAL OF RESEARCH-—The Journal of Rescarch of the
National Bureau of Standards reporis NBS research and develop-
ment in those disciplines of the physical and engineering scrences in
which the Burcau is active These include physics, chemmtry,
engincenng, mathematics, and computer scrences. Papers cover 4
broad range of swbects, with major emphass on messurement
methodology and the basic technology underlying stsadardization
Also included from time 10 time are survey articles on topws
closely related to the Bureau’s technical and saentsfic programs
As u special service (o subscribens cach issue containe compiete
citations to all recent Bureau publications 1n both NBS and non-
NBS media. Issued us times a vear Annual subweniption domestic
$S13 toragn $16 2¢ Single copy $1 domestic, 33 74 toregn

NOTE The Journal was jormerly published 10 two swctions Sec-
tion A “Physics and Chemistn®” and Section B “Muathematicai
DIMENSIONS/NBS—This monthly magazine 1s pudlished to in-
form scientists, engineers, husiness and industry leaders, teachers
students, and consumers of the latest advanves 10 wience and
technology, with primary emphasis on work at NB8S The magazine
tughlights and reviews such sssues 4s energy research, fire protes-
tion, building technology. metric consersion, pollution shatement.
health and safety. and consumer product performance In addi-
tton, it seports the results of Buresu programs 1 measurement
dandards and techmques, properties of matter and matenals
engineening aitdards and services, nstzumentation, and
automatic data procesung Annual subsnption domesin $11.

foregn $113.7¢
NONPERIODICALS

Mensgraghs— Major contributions to the technical hterature on
sarous subsects related to the Bureau's scientific and technical ac-
tivities.
Handbeshs—Recommended codes of engincering and industrial
practice (ncluding safety codes) developed 1n cosperation with in-
teresied industnes, professional orgamzations, and regulatory
hodies
Spociat Publications— Inciude proceedings of conferences spoa-
«ored by NBS. N8BS annual ceports, and other special publcations
apptopriate 10 this grouping such as wall charts, pocket cards, and
bidliographes.
Applisd Mathematics Serfes— Mathematical tables. manuals. and
studies of special interest to physcists, engincers, chomsts,
ologists. mathematicians, computer programmers, and others
engaged in scientific and technical work.
Notions! Standard Reforence Data Sertes—Prosalss guantitatne
Jdata on the physical and chemcal properties of mate:als, com-
piled from the world's Iterature and critically evaluat~d
under a worldwide program coordinated by NBS unde.
the suthorty of the Natonsl Standard Data Act (Publc Law
90-39¢).

NOTE The principal publication outiet for the forcgomg duts
the Journal of Physwal snd Chemual Reterence Data (JMCRDY

published qu.mcvl\ for NBS by the American € hemical Soviely
M( ) and the Amenican Institute of Physics (AIP. Subscriptions,
repnints, and supplements ovailable from ACS, 1159 Sisteenth St
NW, Wahingion, DC 0%

Buliding Scieace Serles— Divveminates technical information
deseloped at the Bureau on buldding matensls, components,
watems and whale vructures The series presents research results,
1ot methods, and pertnrmance itena reluted 1o *he structural and
environmental funchions and the dutabiity ind safers charac-
renistics of building elements «and syatems

Techmical Setes—Studics ur reports which are coinplete in them.
welves hut restrictine n their treatnent of 4 sun et Analogous to
monographs hut Aot w comprehensive in wope o defimtive 18
ireatment of the subevt srea Ofien wrve o o sehwe tor fingl
reports of work performed st NBS under the sponsarship of other
ROVEIRMENT apencIes

Velumtary Produrt Stendards—Dercloped  ander  procedures
aublished by the Depariment of Commerce i Part 30, Tatle 19, 0!
the Caode of Fedetal Regutatons  The standards establish
nationally recognized requirements for products, and provide obl
soncerned nterests with 4 havis tor common understanding of the
Jhatactersatios of the products NBS sdmimaters this program as o
wupplement 1o the activities ot the private sevtor standardizing
OIRANIZALINNS

Comumer lnformation Series—Practicsr information, hased on
NBS tevearch and esperience, corening areas of ‘pterest to the von-
wumet tasly understandable 1anguage and tlustrations proside
usetul hackground knowiedge for saopping 0 today & teche
nologwal marketplace

Urder the shave \BS pubii. ations 1rom  Superintendent o i u-
ments Government Printing Olfice. W ashingron. X 20400
Order the folloning NBS publicaions—S1PS and \BSIR \—irom
the Natuwal Techmoal Intormation Senices. Springfield. b 4 22181

Fodersl (nformation Preceming Standerds Publications (FIPS
PUB)—Publications n this wrnes collectively constitute the
Federal Information Provessing Standards Register The Register
serves as the official source of information 1n the Federal Govern-
ment regarding stundards 1ssued by NBS pursuant 1o the Federal
Properts and Admimstrative Services Act of 1949 as amended,
Pubdlc Law 89-306 (79 Swat 112N, and as implemented by Ex-
ecutive Order 11717 (38 FR 12018, dated May i1, 197V and Part 6
of Tule 18 CFR (Code of Federal Regulations)

NBS lumteragency Reperts (NBSIR)—A special series of intenim or
final reports on work performed by NBS for outside sponsors
(buth government and non-government). In general, initial dis-
tribution 1s handied by the sponsor; public distibution is by the
National Techmcal Information Services. Spninglield, VA 22161,
t paper copy or microfiche form.
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and Materioh. A hicruture survey 1ssued
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ders and remittances for the preceding bibliographic services to the
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Boulder. CO 80303




