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ABSTRACT

This report documents the computer program THERPP, a program
that calculates the thermodynamic properties of 1ight hydro-
carbons and mixtures of light hydrocarbons. A specific pressure-
temperature or pressure-enthalpy grid is input to obtain pro-
perties in the desired region.

THERPP is a modification of the program HSGC(]). Thermo-
dynamic properties are calculated using Starling's modification

to the Benedict-Webb-Rubin equation of state.
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1.0 INTRODUCTION

The computer program THERPP consists of a modification to the
program HSGC(]) and was designed to compute thermodynamic properties
of 1ight hydrocarbons and mixtures of light hydrocarbons. Properties
can be generated in the form of either a pressure-temperature grid
or a pressure-enthalpy grid. In it's current form, THERPP will handle
grid sizes up to 30x30, for mixtures with up to 15 components. Chang-
ing the program to accept larger grid sizes or mixtures with greater
than 15 components would require only minor changes, centered around
the dimension statements.

THERPP utilizes Starling's modification to the Benedict-Webb-
Rubin equation of state(z) to evaluate the thermodynamic properties.
The original Benedict-Webb-Rubin equation of state can be expressed

as shown below:

2 1.1 11
Rt , RTB-A -C/T° , RTb -a’ , a'a

P =
v V2 V3 V6

1 1 1
c Y
+ == (1 +55) exp(- %)
where P is pressure, R is the ideal gas constant, T is temperature,

v is specific volume, and A, B, C, a1, b], c], a] and Y‘ are re-

quired constants. Starling's modification results in the slightly
more complex equation below: "

c
3
P = oRT + (BRT - A, - 5+ 3 - o2 + (bRT-a- 3

- | O

dy 6, &3 2 2
+afa+ gl + ;§- (1 + vo")exp(-vo")
where again P is pressure, R is the ideal gas constant, T is tempera-

ture, p is density, and Ao, By» Co» Do’ Eo’ a, b, ¢, d, o and y

are required constants.



This equation is a pressure explicit equation (ie. pressure is defined ‘;;;
as a function of temperature and density) requiring eleven equation
parameters, as compared with the eight parameters used in the Bene-
dict-Webb-Rubin equation of state. The additional terms in Starling's
ﬁodified equation make it possible to predict properties at reduced
temperatures as 16w as Tr = 0.3 and reduced densities as great as
Pp = 3.0. It therefore can be used for 1ight hydrocarbons in the
compressed liquid region in addition to higher temperature regions.

The fluids for which the program has been tested and for which
the eleven equation parameters have been calculated are methane,
ethane, propane, isobutane, n-butane, isopentane, n-pentane, n-hexane,
n-heptane, n-octane, ethylene, propylene, nitrogen, carbon dioxide,
and hydrogen su]fide; For problems involving one of these fluids
as a single component system, the eleven equation parameters are
treated as inputs to the program. For mixture calculations a set -
of equations have been derived to generate the eleven equation
parameters for each of the fluids in the mixture. These equations
use the critical constants of the fluid to calculate the equation -
parameters and were derived from data for the fluids mentioned above.

For calculations in the immediate vicinity of the system's
critical point, the results should be monitored very closely.
This is especially important for dew and bubble point calculations.
As a rough rule of -thumb, the dewrand bubble point calculations are
only reliable for pressures less than 95% of the critical pressure. .
If an input pressure is too near the critical point, such that the

dew or bubble point search fails, a message is printed as a warning

to the user, and execution continues. @



The program was Written in Fortran IV and has been used on both
the IBM 360 and CDC 7600/CYBER 70 MODEL 76 computers. The IBM 360
version was written in double precision to obtain satisfactory
convergence for the various iteration loops. The CDC version, due
to the larger word size, was left in single precision. Other
inherent differences between the two computer systems required that
some additional syntax changes be made between the two versions,
however these alterations do not affect the calculated results.

In order to be able to run the program on either of the two
computers, an additional non-standard Fortran IV procedure was
required. A special character may be used in Column 1 of a source
card to identify it as unique to either the IBM or CDC computers.
An "A" din Column 1 defines a card used by the IBM computer in the
double precision mode. A "B" in Column 1 defines a card used by
the CDC computer in the single precision mode. This notation has
been included in all of the listings presented in this report. It
is therefore necessary to modify the source deck by eliminating the
character in Column 1 on some cards and discarding others, depend-
ing on which version is desired.

Additional work schedule at this time involves extending the
1ist of possible fluids to include ammonia, water, and several of
the flurocarbons. This will require that suitable estimates for
the various input parameters be defiend, and may require slight
modifications to the equqtion of state. Also scheduled is the de-
velopment of a plotter routine to generate either a pressure-
temperature, a pressure-enthalpy, or a temperature-entropy plot
showing constant property lines for all of the thermodynamic pro-

perties calculated.



The remainder of the documentation presented herein consists
first of a users package containing a detailed discription of the ‘;;;
necessary input parameters and a discription of the output. This
is followed by a discription of the modifications and additions made
to HSGC. A complete program listing with sample output is included

in the appendices.




2.0 USER PACKAGE

This section presents in detail the necessary inputs needed to
run the program THERPP, along with a discription of the output. A
sample input deck is shown, along with the resulting output.
2.1 Inputs

The necessary input cards and the format used for each card is
shown below along with a discription of each individual input para-
meter. Where appropriate, recommended values for the input parame-
ters are included. For easy reference, the following has also been
summarized in Appendix A.

Card 1: IGR%D, ?C, NPHASE, ITNM, IPRNT, IDMPRT, IPUNCH, IPNPRT
815

IGRID defines the type of grid desired.
IGRID = 0 implies a pressure-enthalpy grid,
IGRID = 1 implies a pressure-temperature grid,

NC is the number of components in a given mixture.
(1<NC<15)

NPHASE is the minimum number of iterations in PHASE.
NPHASE = 3 for NC<4. NPHASE = 4 for NC>4.

ITNM is the.maximum number of iterations in PHASE. ITNM = 30.

IPRNT is a debug write control. If IPRNT = 0 or blank
the program prints debug information concerning the
progress of the program. Anything else suppresses this
output.

IDMPRT is a print flag to produce detailed 2-phase infor-
mation. If IDMPRT = 0, normal output is printed. If
IDMPRT equals anything but zero or blank, a detailed
discription of the 2-phase region is printed. (See
Section 2.2 for further details.)

IPNPRT is a print flag used to print on the line printer
the information that will be sent to the card punch.
If IPNPRT = 1, this output is printed. Anything else
results in this output being suppressed. It should be
noted that if IPNPRT = 1 and IPUNCH equals anything but
one, the output is printed by the Tine printer, but the
cards are not punched. It should also be noted that if



Card 2:

Card 3:

Card 4:

cards are desired (IPUNCH = 1), IPNPRT must be set to
one.

DMAX, EPSD, DPSV, FUGERR, EPSS, STEP, ENCPR (8F10.6)

DMAX is the maximum 1iquid molar density anticipated for the
grid. This value is used as an upper bound for the itera-
tion in subroutine DENTE. For most hydrocarbon mixtures,
the recommended value is 2.0.

EPSD is the closure tolerance for the density search in
DHFP. EPSD = 0.5E-4

EPSV is the closure tolerance for the fugacity calculations.
FUGERR = 0.2E-3

EPSS 1is the closure tolerance for the subroutine SEARCH.
EPSS = 0.2E-3

STEP is the false position initial step size in SEARCH.
STEP = 1.0002

ENC@R is a correction factor for the enthalpies calculated
in the program to make them consistent with published
tables. Different authors use different datum states
for enthalpy evaluation, and therefore the enthalpies
in one set of tables may vary by a constant value from
the enthalpies reported in a second set of tables.

ENCPR is used to adjust the enthalpies calculated-in this
program by this constant when necessary. The datum state
used by SBWR is for the mixture at 0°R and 0 psia.

TPHIN, (ISWT(I), I=1,6) (8F10.6)

TPHIN is an initial temperature guess used for the pressure-
enthalpy grid calculations in °R. TPHIN corresponds to
the minimum temperature in the grid which occurs at the
Towest grid pressure and the lowest grid enthalpy.
Accuracy of this guess typically needs only to be +50%
of the actual grid temperature.

ISWT(I) is a print flag for the 1M jteration Toop in sub-
routine ITER. Anything but zero or blank produces de-
tailed output concerning the progress of the iteration.
For a detailed discription of ITER, see Reference 3.

(COMP(J,I), J = 1,4), IDCOM(I), CMW(I), TC(I), ACF(I),
CD(I), PC(I), TB(I)
(4A4,14,6F10.6)
(Cards number 4 and 5 must be repeated for each component)

CPMP(J,I) is a 16 character alphanumeric variable used to
store the name of component I.



Card 5:

Card 6:

Card 7:

IDCPM(I) is an identification number for component I.

CMW(I) s the molecular weight of component I.
(See Table 2.1-1)

TC(I) is the critical temperature of component I in °F.
(See Table 2.1-1)

CD(I) is the critical density of component I in mo]e/ft3.

(See Table 2.1-1)

PC(I) is the critical pressure of component I in psia.
(See Table 2.1-1)

TB(I) is the boiling point of component I at one atmosphere
pressure in °F. (See Table 2.1-1)

(CI(I,d), J =1,7)
(2F9.6, 4E13.6, F10.6)
(Cards number 4 and 5 must be repeated for each component)

CI(I,J) are ideal gas polynomial coefficients used in the
evaluation of enthalpy and entropy. The values of (CI(I,J)
were obtained from Reference 4 and have been reproduced
in Table 2.1-2 for the fluids of interest in this report.

(A(%,J), J)= 1, NPARM) (NPARM 1is set equal to 11 in BLOCK DATA
6F13.6
(Card number 6 is used only for NC = 1)

A(I,J) are the eleven equation coeffieicnts in the modified
BWR equation of state for component number I. A(I,1)
through A(I,6) are entered on the first card and A(I,7)
through A(I,11) are entered on the second card. Values
for A,(I,J) were taken from Reference 2 and have been
reproduced in Table 2.1-3

(CKIJ(I,d), J = IJ,NC) (IJ = I+1, I = 1,NC)
(8F10.6)
(Card number 7 is used only for NC>1)

CKIJ(I,J) is an interaction parameter between any two dif-
ferent components. Values for CKIJ(I,J) were taken from
Reference 2 and have been reproduced in Table 2.1-4.
CKIJ(I,Jd) is input on a series of cards, whose total
number is equal to NC-1. The first card contains the
interaction parameters between component 1 and components
2 through NC. The second card contains the interaction
parameters between component 2 and components 3 through
NC. This pattern continues until the final card is
reached, which contains the interaction parameter between
component NC-1 and component NC.



TABLE 2.1-1

Physical Properties of Pure Materials

Compound Critical Pres. Critical Temp. Critical Depsity Molecular Acentric Boiling Temp.@
(psia) (°F) (1b-mole/ft3) Weight Factor Atmos. P. (°F)

Methane 673.1 -116.43 0.6274 16.042 0.013 -258.7
Ethane 709.8 90.03 0.4218 30.068 0.1018 -127.5
Propane 617.4 206.13 0.3121 44.094 0.157 -43.7
i-Butane 529.1 274.96 0.2373 58.120 0.183 10.9
n-Butane 550.7 305.67 0.2448 58.120 0.197 31.1
(zi&252§?gﬁtane) 483.0 369.00 0.2027 72.146 0.226 82.1
n-Pentane 489.5 385.42 0.2007 72.146 0.252 96.9
n-Hexane 440.0 453.45 0.1696 86.172 0.302 155.7
n-Heptane 396.8 512.85 0.1465 100.198 0.353 209.2
n-Octane 362.1 563.79 0.1284 114.224 0.412 258.2
Ethylene 742.1 49.82 0.5035 ' 28.050 0.101 -154.7
Propylene 667.0 197.40 0.3449 42.080 0.150 -53.9
Nitrogen 492.0 -232.60 0.6929 28.016 0.035 -320.4
Carbon Dioxide 1071.0 87.80 0.6641 44.010 0.210 -109.3
Hydrogen Sulfide  1306.0 212.70 0.6571 34.076 0.105 -75.3

¢




TABLE 2.1-2

Ideal Gas Polynomial Coefficients (CI(I,J))

Compound CI(I,1) CI(1,2) CI(I,3) CI(I,4) CI(I,5) CI(I,6) CI(I,7)
(X103) (X108) (X1010) (X101%)
Methane -5.58114 0.564834 -0.282973 0.417399 -1.525576 1.958857 -0.623373
Ethane -0.76005 0.273088 -0.042956 0.312815 -1.389890 2.007023 0.045543
Propane -1.22301 0.179733 0.066458 0.250998 -1.247461 1.893509 0.178189
i-Butane 13.28660 0.036637 0.349631 0.005361 -0.298111 0.538662 0.609350
n-Butane 29.11502 0.002040 0.434879 -0.081810 0.072349 -0.014560 0.829122
i-Pentane 27.17183 -0.031504 0.469884 -0.098283 0.102985 -0.029485 0.871908
e (2-Methylbutane)
n-Pentane 27.17183 -0.002795 0.440073 -0.086288 0.081764 -0.019715 0.736161
n-Hexane 32.03560 ed.023096 0.461333 -0.097402 0.103368 -0.030643 0.767792
n-Heptane 30.70117 -0.023143 0.460981 -0.098074 0.104752 -0.031340 0.711737
n-Octane 29.50114 -0.022402 0.459712 -0.098062 0.104754 -0.031355 0.664632
Ethylene 51.78893 0.020724 0.385431 -0.082721 0.092318 -0.029284 1.359786
Propylene 26.17773 0.044867 0.324263 -0.030604 -0.083732 0.188977 0.901280
Nitrogen 12.32674 3.199617 0.392786 -0.290069 1.090069 -1.387867 -4.938247
Carbon Dioxide 4.77805 0.114433  0.101132 -0.026494 0.034706 -0.013140 0.343357
Hydrogen Sulfide -0.61782 0-238575 -0.024457 0.041067 -0.130126 0.144852 -0.-45932



TABLE 2.1-3

SBWR Equation of State Parameters for Pure Components

Compound A(1,1) A(1,2) ?§{6§g) A(I,4) A(I,5) A(1,6) A(I,7) ?ﬁ%égg) ?§%6?%0) ?§%619% ?&%6113)
Methane 0.723251 7520.29 2.71092 1.48640 0.925404 2574.89 0.468828 4.37222 1.07737 4.7483%1 3.01122
Ethane (0.826059 13439.3 29.5195 2.99656 3.11206 22404.5 0.909681 68.1826 25.747 70.2189 1468.19
Propane 0.964762 18634.7 79.6178 4.56182 5.46248 40066.4 2.01402- 274.461 45.3708 1505.20 2560.53

i-Butane 1.87890 37264.0 101.413 7.11486 8.58663 47990.7 4.23987 406.763 85.3176 2168.63 8408.69
n-Butane 1.56588  32544.7 137.436 7.54122 9.14066 71181.8 4.00985 700.044 33.3159 3642.38 230.902
_, i-Pentane 1.27752 35742.0 228.430 11.7384 19.8384 204344, 6.16154 1290.83 142.115 3492.20 2413.26
o (2-Methylbutane)
n-Pentane 2.44417 51108.2 223.931 11.8593 16.6070 162185. 7.06702 1352.86 101.769 3885.21 3908.60
n-Hexane 2.66233 45333.1 526.067 14.8720 29.4983 434517. 9.70230 3184.12 552.158 3274.60 62643.3
n-Heptane 3.60493 77826.9 615.662 24.7604 27.4415 359087. 21.8782 3748.76 777.123 835.115 636.251
n-Octane 4,86965 81690.6 996.546 21.9888 10.5907 131646. 34.5124 6420.53 790.575 18590.6 3464.19
Ethylene 0.747945 12133.9 16.3203 2.27971 2.62914 15988.1 0.589158 40.9725 5.17563 90.3550 1.61706
Propylene 0.114457 6051.36 97.4762 4.07919 7.64114 81880.4 1.36532 . 294.141 70.5921 541.935 3412.50
Nitrogen 0.677022 4185.05 1.37936 1.10011 0.833470 1404.59 0.302696 0.844317 1.95183 3.11894 121.648

Carbon Dioxide 0.394117 6592.03 29.5902 1.64916 0.97443 5632.85 0.395525 27.4668 40.9151 5.99297 1.02898
Hydrogen Sulfide 0.297508 10586.3 21.1496 1.20447 2.53315 2.05110 0.165961 43.6132 4.86518 1.99731 3.93226

D , B i . ' - v 0



Values of Interagtion Parameters (CKIJ(I,J)) (CKIJ(I,J)X100)

TABLE 2.1-4
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(2-Methylbutane)
0.0 0.0 | 0.0 {14.8 | 5.0 | 2.0 | n-Pentane
0. 0.0 {17.2 | 5.0 | 0.0 | Hexane
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0.0 {22.8 | 5.0 | 0.0 | Octane
0.0 0.0 | 0.0 | Nitrogen
0.0 | 3.5 | Carbon Dioxide
0.0 | Hydrogen Sulfide




Card 8: (Z(I),I = 1,NC)
(8F10.6)

Z(I) is the mole fraction of component I.

Card 9: NUMI, NUM2
(815)

NUM1 is the number of temperature grid lines in a pressure-
temperature grid or the number of enthalpy grid lines
in a pressure-enthalpy grid. (NUM1 < 30)

NUM2 is the number of pressure grid lines in the grid.
(NUM2 < 30)

Card 10: (GRID 1 (I), I = 1, NUM1)
(8F10.6)

GRID1(I) is the value of grid temperature I (°F)
for a pressure-temperature grid or the value
of grid enthalpy I (Btu/1b) for a pressure
enthalpy grid.

Card 11: (GRID2(I), I =1, NUM2)
(8F10.6)

GRID2(I) is the value of grid pressure number I (psia).

The input section for the program has been set up to allow
for stacking more than one data set per run. The additional
sets are merely placed in back of the first set. The program
executes each data set separately until an end of file is reached,
at which point execution terminates.
2.2 Outputs |

The first section of output consists of an input card
echo. In this section the input data cards are reproduced by the
1ine printer in the same format as they appear on the cards. At
the top of the page the columns are numbered from 1 to 80, represent-
ing the 80 columns on the cards. At the far left of the page, each
card is numbered. An example of this section is shown in Figure 2.2-1.

The example shows two data sets for a mixture of isobutane and propane.

12
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Cards 1 through 12 make up the first data set, while the second set
consists of cards 13 through 24.

The second section of output is the edit section. This is the
first output section for any given data set. In this section, the
input parameters are printed out as a check to make sure that the
inputs to the program were entered correctly. The variable names
and their associated values are shown. An example of this section
in in Figure 2.2-2 for a pressure-enthalpy grid of an isobutane-
propane mixture.

Following the edit section, the numerical results are presented.
At the top of this section, a heading is printed which defines the
type of grid being generated and the units used in the tables. Under
the heading are the saturation properties calculated by the program.
For a pressure-temperature grid the saturation properties are cal-
culated at the given temperature grid values for temperatures below
the critical temperature. For a pressure-enthalpy grid the satura-
tion properties are calculated at the given pressure grid values
for pressures below the critical pressure. For both grids, the sat-
urated liquid properties are denoted by M = -1, while the saturated
vapor properties are denoted by M = 0. An example of this section is
shown in Figure 2.2-3 for a mixture with an isobutane mole fraction
of .75 and a propane mole fraction of .25.

The fourth section of output contains the thermodynamic pro-
perties of the fluid at the specified grid points. For the pressure-
temperature grid, the output is broken down into sections of con-
stant temperature, with pressure varying. For the pressure-enthalpy

grid, the output is broken down into sections of constant pressure,
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Figure 2.2-2 Input Edit
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with enthalpy varying. Grid points lying in the liquid region are
denoted by M = -1, in the vapor region by M = 0, and in the 2-phase
region by M = 2. In the standard form of the output, grid point
properties lying in the 2-phase region represent a weighted average
between the vapor properties and the liquid properties. Figure 2.2-4
shows an example of this section for the isobutane-propane mixture
used previously.

It is possible to obtain a more detailed discription of the grid
points falling in the 2-phase region by setting the input variable
IDMPRT equal to 1. This produces output for 2-phase grid points in
the format shown in Figure 2.2-5. This example shows the output
for a pressure of 50 psia and an enthalpy of 20 Btu/1b for the iso-
butane-propane mixture. At the top of this section the quality of
the vapor-Tiquid mixture is expressed as the weight percent of vapor
present and the weight percent of liquid present. Under this the
composition of both the vapor and liquid is given. Finally the pro-
perties of the 1iquid and the properties of the vapor are given,

along with the net properties of the mixture. The net properties
are the same as the values printed when IDMPRT is set to anything
but 1 in the input deck.

The final section of output was written expressly to generate
cards for the property tab decks in the computer program GEQSYS(3).
This section is accessed only for pressure-enthalpy grids and only
when IPNPRT is set equal to 1. If IPUNCH is set equal to anything
but 1, this output is sent only to the line printer and no cards

are punched. If IPUNCH is set equal to 1, this output is sent to

both the 1ine printer and the card punch. An example of this section
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is shown in Figure 2.2-6 for the previously used isobutane-propane

mixture. The output for each property is read from right to Teft ‘;;D
starting at both the lowest pressure and lowest enthalpy grid lines,

incrementing pressure first. The format used to generate the table

is:

FORMAT((5X,2H& ,5(E12.4,TH, )))
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3.0 DOCUMENTATION

As was mentioned previously, THERPP consists of a modification to
the program HSGC(]). The modification consists essentially of re-
writing the main program and adding a number of additional subroutines.
In this section, the new main program, plus the additional subrou-
tines are documented. The documentation for each subroutine is ar-
ranged in alphabetical order based on the subroutine name. Variables
used by the subroutines are classified as either input, output, or
intermediate. The definitions of these variables are presented
wherever they appear as output or intermediate variables. Also
included is the subroutfne's heirarchy, a brief functional dis-
cription, and a subroutine listing. Documentation for those sub-
routines from HSGC that were not altered for THERPP have not been
included in this section. The user should refer to Reference 1
for further information concerning these subroutines.

One additional subroutine is used in THERPP that is not documented
here or in Reference 1. This is subroutine ITER, a general Newton
type iteration scheme. A detailed discription of ITER can be found
in Reference 3.

3.1 Main Program (SBWR)

1. Heirarchy:

Calls ECH@, EDIT, ITER, ITERM,PBPM, PDPM, PR@PS, PUNQUT,
TDPBBM, VAPRES, VATEMP, VLREGM

2. Functional Discription:
SBWR serves as an exectutive program controlling the
sequence of calculations used to generate the property

grids. SBWR controls the inputs to the program,
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as well as calling the necessary subroutines to calculate
the properties énd to produce the neéessary outputs.
Variables:
a) Input
1. A1l inputs to the program (see Section 2.1)
2. CPMMBN/CA/V
COMMON/CB/NPARM
CAMM@N/CC/B(2,11),CP
5. CPOMMON/CT/AK(15),R,MD
6. COMMBN/CZ/CV

=~ W

7. COMMON/CX/VOLM,HMM,SMM,CPMM,CVMM
8. COMMON/H/H,S
b) Output:

1. CPGRID(I,J) - Constant pressure specific heat at grid
point(I,dJd).

2. CPSATL(I) - Constant pressure specific heat of saturated

Tiquid.

3. CPSATV(I) - Constant pressure specific heat of saturated

vapor.

4. CVGRID(I,J) - Constant volume specific heat at grid
point(I,J).

5. CVSATL(I) - Constant volume specific heat of saturated
liquid.

6. CVSATV(I) - Constant volume specific heat of saturated
vapor.

7. HGRID(I,J) - Enthalpy at grid point (I,J).

8. HGUESS - Intermediate enthalpy value.

9. HP - Enthalpy grid lines for pressure-enthalpy grid.
10. HSATL(I) - Enthalpy of saturated liquid.

11. HSATV(I) - Enthalpy of saturated vapor.
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

P - Calculation pressure.

PBP - Bubble point pressure.

PDP - Dew point pressure.

PH - Pressure grid lines for pressure-enthalpy grid.

PT - Pressure grid lines for pressure-temperature grid.
QUAL - Vapor-liquid quality.

SGRID(I,J) - Entropy at grid point (I,J).

SSATL(I) - Entropy of saturated liquid.

SSATV(I) - Entropy of saturated vapor.

T - Calculation temperature.

TBP - Bubble point temperature.

TDP - Dew point temperature.

TGRID(I,J) - Temperature at grid point (I,J).

TGUESS - Intermediate temperature value.

TP - Temperature grid lines for pressure-temperature grid.
VGRID(I,J) - Specific volume at grid point (I,J).
VSATL(I) - Specific volume of saturated liquid.
VSATV(I) - Specific volume of saturated vapor.

XL(I) - Mole fraction of component I.

XLMW - Mixture molecular weight.

ZC(I) - Critical compressibility factor.

c) Intermediate:

1.
2.
3.

AL(J) = A(1,J).
CD2 - CD(I)* CD(I)
I - Loop counter.

IJ - Loop counter.
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5. IPNE - Loop counter.

6. J - Loop counter.

7. NCMI = NC - 1.

8. NDUM - Iteration limit.

9. NHF - Number of enthalpy grid lines.
10. NPF - Number of pressure grid lines.
11. NTF - Number of temperature grid lines.
12. PCMAX - Maximum critical pressure.
13. SUMZ - Sum of all mole fractions.

14. TCMAX - Maximum critical tamperature.
15. TC2 - TC(I)%%2.
16. TC3 - TC2xTC(I).

Algorithm:
a) Procedure:
SBWR1) Call ECHP

SBWR2) Read IGRID,NC,NPHASE,ITNM,IPRNT,IDMPRT,IPUNCH,
IPNPRT. If end of file, stop.

SBWR3) Read DMAX,EPSD,EPSV,FUGERR,EPSS,STEP,ENCPR.

SBWR4) Read C@MP(I,J),IDCPM,CMW,TC,ACF,CD,PC,TB, and CI for
each component.

SBWR5) Convert TC and TB to °F. Calculate ZC.
SBWR6) If NC = 1, read A. Set CKIJ = 0.
SBWR7) If NC > 1, calculate A and read CKIJ.
SBWR8) Read Z,NUM1,NUM2,GRID1,GRID2,

SBWR9) Define NTF,NHF,NPF,TP,HP,PT,PH.

SBWR10) Normalize the mole fractions.

SBWR11) Call EDIT.

SBWR12) Write headings.
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SBWR13) If IGRID # 1, calculate saturation temperatures
at the given pressures.

SBWR14) If IGRID = 1, calculate saturation pressures at
the given temperatures.

SBWR15) Calculate properties at the saturation conditions.

SBWR16) If IGRID # 1, calculate the pressure-enthalpy
grid point properties.

SBWR17) If IGRID = 1, calculate the pressure-temperature
grid point properties. Go to SBWR19.

SBWR18) If IPNPRT = 1, call PUNPUT for punched card
output for GEPSYS.

SBWR19) Go to SBWR2.
3.2 Subroutine CVHCAP
1. Heirarchy: Called by PR@PS

2. Functional Discription:

CVHCAP is a subroutine used to generate the specific heat at
constant volume for the mixture being used. At this point CVHCAP
is a dummy subroutine and merely returns a value of 0.0 when called.
When a suitable equation is derived, it can be inserted into this
subroutine and used to calculate Cv.
3.3 Subroutine DPMPUT

1. Heirarchy: Called by VLREGM

2. Functional Discription:

DPMPUT is used to produce the output for grid points lying in
the 2-phase region. Two forms of output are available. If IDMPRT
is set equal to anything but 1 in the input deck, the 2-phase grid
point properties are presented as a weighted average between the

vapor properties and the liquid properties. If IDMPRT is set equal
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to 1, a more detailed discription of these grid points is presented

(see Section 2.2).

3.

Variables:
a) Input:
1. COMMPN/CA/COMP(4,15),X(15),Y(15),Z(15),DG,DL,HG,HL,

SG,SL,TF,V.

2. CPMMPN/CC/CMW,CPL,CPG.

3. COMMPN/CT/P,T,MD,NC.

4. CPMMPN/CZ/XLMW.

5. CPMMPN/CX/VOLM,HMM,SMM,CPMM,CVMM.

6. CPMMPN/F2/IGRID,IDMPRT.

7. COMMPN/H/ENCOR

b) Output

1. Input variables COMP(4,15),CPMM,CVMM,HMM,MD,P,SMM,TF ,VOLM.

2. CPGM - Constant pressure specific heat of vapor.
(Btu/1b-R).

3. CPLM - Constant pressure specific heat of liquid.
(Btu/1b-R).

4, CVGM - Constant volume specific heat of vapor.
(Btu/hr-R).

5. CVLM - Constant volume specific heat of liquid.
(Btu/hr-R).

6. HGM - Vapor enthalpy (Btu/1b).

7. HLM - Liquid enthalpy (Btu/1b).

8. LM - Weight percent of liquid present in 2-phase mixture.

9. SGM - Vapor entropy (Btu/1b-R).

10. SLM - Liquid entropy (Btu/1b-R).

11. VGM - Vapor specific volume (ft3/1b).

12. VLM - Liquid specific volume (ft3/1b).
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13. VM - Weight percent of vapor present in 2-phase mixture.
14. XM - Weight percent of given component in the liquid.
15. YM - Weight percent of given component in the vapor. ‘;;;
c) Intermediate: ;
1. I - Loop counter and component identification number.
2. J - Loop counter.
3. XMW - Liquid molecular weight.
4. YMW - Vapor molecular weight.

5. IMW - Mixture molecular weight.

4, Algorithm:

a) Procedure

DOMP1) Initialize ZMW,XMW,YMW,TF

DgMP2) If IDMPRT = 0 go to DPMP10.

DPMP3) Write heading.

DPMP4) If IGRID = O, write P-T heading. Go to D@MP6.

DPMP5) If IGRID = 1, write P-H heading. Go to DPMP6. -
DPMP6) Calculate ZMW,XMW,YMW.

DPMP7) Calculate and write VM and LM.

DPMP8) Calculate and write XM and YM.

DPMP9) Calculate and write VLM,HLM,HGM,SLM,SGM,CPLM,
CPGM,CVLM,CVGM,VLM,VGM. Write TF,P,MD. Return.

DPMP10) Write TF,P,VQALM,HMM,SMM,CPMM,CVMM,MD. Return.
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3.4 Subroutine ECHP

1. Heirarchy: Called by SBWR

2. Functional Discription:

Subroutine ECHP is used to reproduce the input deck on the Tine
printer in the same format used on the cards. This provides a quick
means of checking the input deck if a problem arises.

3. Variables:

a) Input:

1. DATA - Alphanumeric variable containing the infor-
mation on the input card.

b) Output:

1. DATA - Same as above.
c) Intermediate:

1. I - Loop counter.

2. ILINE - Counter to keep track of the number of cards
read.

3. NIT - Input device number.

4. N@T - Output device number.
4. Algorithm:

a) Procedure:

ECHP1) Write heading.

ECHP2) Define NIT and NPT and initilize ILINE.

ECHP3) Read DATA. If end of file reached, go to ECH@6.
ECHP4) Increment ILINE.

ECHP5) Write ILINE and DATA. Go to ECH@3.

ECHP6) Backspace input file to beginning of the file.
Return.
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3.5 Subroutine EDIT
1. Heirarchy: Called by SBWR

2. Functional Discription:
Subroutine EDIT provides a second check on the input deck.
The input parameter names are printed out along with their associated
values as stored in the computer memory. If a mistake is made in
setting up the input deck, it should show up in this output.
3. Variab{es:
a) Input:
1. A1l parameters input through the input deck.
b) Output:
1. A1l input parameters.
c) Intermediate:
1. I - Loop counter.
2. J - Loop counter.
4. Algorithm:
a) Procedure:
EDIT1) Write heading.

EDIT2) Write IGRID,NC,NPHASE,ITNM,IPRNT,IDMPRT,IPUNCH,
IPNPRT.

EDIT3) Write DMAX,EPSD,EPSV,FUGERR,EPSS,STEP,ENCOR.
EDIT4) Write TPHIN,ISWT.

EDIT5) MWrite CPMP,IDCPM,CMW,TC,ACF,CD,PC,TB, and CI for each
component.

EDIT6) Write A(I,Jd).
EDIT7) Write COMP and Z for each component.

EDIT8) Write NUM1 and NUM2.
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EDIT9) Write GRIDT.
EDITI0) Write GRID2.
EDIT11) Return.

3.6 Subroutine PBPM
1. Heirarchy: Called by SBWR.
Calls DEWBUB,PDPBPM.

2. Functional Discription:

PBPM 1is used’to calculate the bubble point pressure when temp-
erature is given for mixtures of 2 or more components. Subroutine
PDPBPM is called to generate an initial guess of the bubble point
pressure. Control is then sent to subroutine DEWBUB to determine
the actual bubble point.

3. Variables:

a) Input:
1. CPMMPN/CJ/ZC(15),PC(15),TC(15).
2. CPMMPN/CT/P,T,NC.
3. CPMM@N/XYZ/PDPBPI.
b) Output:
1. AK(I) - Equilibrium constant for component I.

2. NTYPE - Flag to specify bubble point or dew point
search in DEWBUB.

3. PF - Pressure sent to DEWBUB.
c) Intermediate:

1. I - Loop counter.

2. IFLAG - Dummy variable.

3. TR - Reduced temperature.
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4. Algorithm:
a) Basis:

The equation used to calculate the equilibrium constants
assumes that the mixture behaves as an ideal solution with 1iquid
in equilibrium with an ideal gas. Under these restrictions, the
equilibrium constant for component I can be expressed as the vapor
pressure of component I divided by the total pressure. The vapor
pressure of component I can be calculated from the generaiized

reduced vapor equation:

Puapor = (PC(I)*EXP{2.3026%[(16.25-73.85%ZC(1)+90%ZC(1)#*2)

#((TR=1)/TR)-10%%(-8.68%(TR-1.8+6.2%ZC(1)**2)) ]}

The equilibrium constant can then be calculated by dividing PVAPOR

by the total system pressure (P), or:
AK(T) = Pyppor/P
b) Procedure:

PBPM1) Initialize P and NTYPE.
PBPM2) Calculate AK(I) for each component.
PBPM3) Call PDPBPM for initial bubble point pressure.
PBPM4) Call DEWBUB to calculate actual bubble point pressure.
PBPM5) Return.

3.7 Subroutine PDPBPM
1. Heirarchy: Called by PBPM,PDPM

2. Functional Discription:
PDPBPM is used to generate an initial guess of the dew point and
bubble point pressure at a given temperature for use in subroutines

PBPM and PDPM.
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3. Variables:
a) Input:
1. CPMMPN/CA/Z(15).
2. CPMMPN/CT/AK(15),P,NC.
b) Output:
1. PDPBPI - Initial estimate of pressure.
c) Intermediate:
1. I - Loop counter.
2. PBPI - Intermediate bubble point pressure.
3. PDPI - Intermediate dew point pressure.
4. Algorithm:
a) Basis:

Using the ideal equilibrium constants calculated in PBPM and
PDPM, estimates of the bubble point and dew point pressures can be
made. For a bubble point:

PBPI = AK(I)*Z(I)xP

and for a dew point:

-1
PDP] = [. z(1) .]
(AK(I)«P)

These values are then averaged and the resulting pressure is re-

turned to the calling subroutine.
b) Procedure:
PDPB1) Initialize PBPI and PDPI
PDPB2) Calculate PBPI and PDPI.
PDPB3) Calculate PDPBPI.
PDBB4) Return.
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3.8 Subroutine PDPM
1. Heirarchy: Called by SBWR.
Calls DEWBUB,PDPBPM

2. Functional Discription:

PDPM is used to calculate the dew point pressure when temp-
erature is given for mixtures of two or more compontnes. Subroutine
PDPBPM is called to generate an initial guess of the dew point pres-
sure. Control is then sent to subroutine DEWBUB to determine the
actual dew point.

3. Variables:

a) Input:
1. CQMMBN/CK/ZC(15),PC(15),TC(15).
2. COMMBN/CT/P,T,NC.
3. COMMON/XYZ/PDPBPI
b) Output:
1. AK(I) - Equilibrium constant for component I.

2. NTYPE - Flag to specify bubble point or dew point
search in DEWBUB.

3. PF - Pressure sent to DEWBUB.
¢) Intermediate:
1. I - Loop counter.
2. IFLAG - Dummy variable.
3. TR - Reduced temperature.
4. Algorithm:
a) Basis:
The equation used to calculate the equilibrium constants in

PDPM is the same as the equation used in PBPM.
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b) Procedure:

PDPM1) 1Initialize P and NTYPE.
PDPM2) Calculate AK(I) for each component.
PDPM3) Call PDPBPM for initial dew point pressure.
PDPM4) Call DEWBUB to calculate actual bubble point pressure.
PDPM5) Return.

3.9 Subroutine PRPPS

1. Heirarchy: Called by SBWR
Calls BWRC,CVHCAP,DHFP ,HSCP.

2. Functional Discription:

Subroutine PRPPS is called to evaluate grid point properties at
pbints outside of the 2-phase dome. Coefficients for the Starling
modified Benedict-Webb-Rubin equation of state are called from BWRC
and sent to DHFP,HSCP, and CVHCAP where the properties are evaluated.
The properties are then converted to units based on mass rather than
moles. A print flag (FLAG) is also provided to print out the cal-
culated properties when desired.

3. Variables:

a) Input:
1. CPMMBN/CA/TF
2. CPMMPN/CC/HC,SC,CP
3. CPMMPN/CT/DC,P,MD,NC,T
4. COMMPN/CZ/XLMW,CV
5. CPMMPN/H/ENCPR

6. FLAG - Print flag. FLAG = 0 produces output.
Anything else supresses output.
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b) Output:
1. Input variables TF,P, and MD. ‘;;;
2. CP - Constant pressure specific heat. (Btu/1b-°R)
3. CV - Constant volume specific heat. (Btu/1b-°R)
4. H - Enthalpy. (Btu/1b-°R)
5. 5 - Entropy. (Btu/1b-°R)
6. V - Specific volume. (ft/1b)

4, Algorithm:

a) Procedure:
PRAP1) If NC = 1, go to PRPP3.
PRPP2) Call BWRC for equation of state coefficients.
PRPP3) Call DHFP for density at given T and P.
PROP4) Call HSCP for remaining properties.
PRAPS) Convert properties to mass basis.
PRPP6) If FLAG - O, write TF,P,V,H,S,CP,CV,MD.

PROP7) Return.

3.10 Subroutine PUNPUT
1. Heirarchy: Called by SBWR

2. Functional Discription:

PUNQUT is used to produce the punched card output for use in
the computer program GE¢SYS(3). The output sent to the card puhch
is also sent to the 1ine printer for éasy reference. For additional

information concerning the output, see Section 2.2.
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3. Variables:
a) Input

1. CPMMPN/F1/TGRID(30,30),SGRID(30,30),VGRID(30,30)
CPGRID(30,30),CVGRID(30,30),IPUNCH,NPF ,NHF.

b) Output:
1. A1l input variables.
c) Intermediate:
1. I - Loop counter.
2. J - Loop counter.
4, Algorithm:
a) Procedure:
PUN@1) Write heading.
PUNP2) Write TGRID.

Write VGRID.

)
)
PUNP3) Write SGRID.
PUNP4)
)

PUNP5) Write CPGRID.
PUNP6) Return.
Note: A1l of the above write statements imply writing on the

line printer. If IPUNCH = 1, the variables are also punched on cards.
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3.11 Subroutine TDPBPM
1. Hierarchy: Called by: SBWR 4;;;
Calls: ITER .
2. Functional Discription:
TDPBPM is used to generate an estimate of the dew point temp-
erature and the bubble point temperature for a given pressure when
a pressure-enthalpy grid is being used for a mixture of two or more
fluids. These estimates are returned to SBWR where they are used
as initial guesses for the dew point and bubble point searches.
3. Variables:
a) Input:
1. COMMON/CA/Z(15).
2. COMMON/CK/ZC(15),PC(15),TC(15).
3. COMMON/CT/AK(15),T,NC,P.
4. COMMON/CZ/TB(15).

5. PHIII - Pressure at which dew point and bubble point
temperatures are sought.

b) Output:
1. TDPI - Dew point temperature estimate.
2. TBPI - Bubble point temperature estimate.

c) Intermediate:

—
-

FLAG - Closure flag from ITER.
2. I - Component sequence number.

3. IZMAX - Sequence number of component with largest
mole fraction.

4. P - Intermediate pressure.

5. PB - 1 atmosphere pressure, 14.696 psia.
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PBPI - Intermediate bubble point pressure.
PDPI - Intermediate dew point pressure.

TR - Reduced temperature (T/TC).

o 00 ~N o

ZA - Intermediate value.
10. ZB - Intermediate value.
11.:ZMAX - Largest component mole fraction in the mixture.
4. Algorithm:
a) Basis:

Initially the component with the largest mole fraction is
jdentified and it's sequence identification number is noted along
with it's mole fraction. A first guess of both the bubble point
(B.P.) and dew point (D.P.) temperature can then be calculated for

this component from the equations:

2 = ——tP

(= - 10
ZA = —%%—+ Ln(f%g—)
T = 7B/IA

Using this temperature a B.P. Pressure and a D.P. pressure can
be calculated from the equations:

(AK(I)*Z(I)P)

PBPI
PDPI = 1
(i)
K(I)%P

These pressures are compared in ITER with the desired pressure

(PHIII), and a new temperature guess is generated. The ijteration
continues until the pressures match, yeilding the B.P. and D.P.

temperatures. Since these temperatures are only estimates of the
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actual B.P. and D.P. temperatures, the closure tolerance in ITER ‘;;;
is set rather large (ie. 5.E-2).
b) Procedure:

TDPB1) Determine which component has the largest mole .
fraction.

TDPB2) Calculate initial temperature guess (T).

TDPB3) Calculate B.P. pressure at T.

TDPB4) Call ITER to compare PBPI with PHIII and to
calculate new T. If within tolerances, go to
TDPB5. If not go to TDPB3.

TDPBS) TBPI = T.

TDPB6) Calculate D.P. pressure at T.

TDPB7) Call ITER to compare PDPI with PHIII and to
calculate new T. If within tolerances, go to
TDPB8. If not go to TDPB6.

TDPB8) TDPI = T.

TDPB9) Return.

3.12 Subroutine VAPRES
1. Heirarchy: Called by SBWR
Calls DHFP,HSCP

2. Functional Discription:

Subroutine VAPRES is used to determine the saturation pressure
at a given temperature for single component systems. An iterative
search is used to locate this pressure. Closure is defined as the
pressure at which the fugacity of the liquid is equal to the fugacity
of the vapor. The fugacities are also used to update the pressure
estimate. If the iteration does not close within 20 attempts, a

message is printed to the user.
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3. Variables:
a) Input:

1. CPMM@N/CC/CPNV,NC,SC.

2. CPMMDN/CK/PC(15),TC(15).
COMMPN/CT/R,T.
COMMPN/CZ/TB(15).

5. CPMMPN/CY/HIDEAL,SIDEAL.

S~ w

b) Output:

1. P - Saturation pressure.
c¢) Intermediate:

1. FUG - Vapor fugacity.

2. FUL - Liquid fugacity.

3. J - Loop counter.

4. MD - Phase flag. MD = O implies vapor. MD = -]
implies liquid.

5. PB - 14.696 psia.

6. ZA - Intermediate value in initial pressure guess.

7. IB - Intermediate value in initial pressure guess.

4. Algorithm:
a) Basis:
The initial guess for the saturation pressure is calculated

from the equations:

In(PC) - In(PB)

7B =
(- - )
B " TT

ZA=1n(PB)+.‘T‘.—g

P=EXP(ZA-——Z-.[%—)
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With this pressure and the given temperature, subroutines DHFP and
HSCP are called to obtain values for HC,SC,HIDEAL, and SIDEAL as-
suming a liquid state exists and assuming a vapor state exists.
From this the fugacity of the liquid (FUL) and the fugacity of the
vapor (FUG) are calculated. If the fugacities are equal, the sat-
uration pressure has been found and is returned to SBWR. If they

are not equal the pressure estimate is updated using the equation:

FUL
FUG

pP="Px*
and the iteration continues.
b) Procedure:

VAPR1) Calculate initial pressure guess.

5 e

R e

VAPR2) Call DHFP and HSCP for MD = 0.

VAPR3) Calculate FUG.

VAPR4) Call DHFP and HSCP for MD = -1.
VAPRS) Calculate FUL.

VAPR6) If (FUL - FUG)/(FUG) < .000l1return.
VAPR7) Update pressure estimate.

VAPR8) Check for maximum number of iterations. If J less
than 20, go to VAPRZ.

VAPRY) Write nonclosure message.

VAPR10) Return.

3.13 Subroutine VATEMP
1. Heirarchy: Called by SBWR
Calls DHFP,HSCP

2. Functional Discription:
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Subroutine VATEMP is used to determine the saturation temp-
erature at a given pressure for single component systems. An
jterative search is used to locate this temperature. Closure is
defined as the temperature at which the fugacity of the liquid
is equal to the fugacity of the vapor. Updates to the temperature
estimate are determined using the standard secant method. If the
iteration does not close within 20 attempts, a message is printed
to the user.

3. Varijables:

a) Input:
1. COMMPAN/CC/CONV,HC,SC.
2. CPMMPN/CK/PC(15),TC(15).
3. CPMMPN/CT/R,P
4. CPOMMPN/CZ/TB(15).
5. CPMMPN/CY/HIDEAL,SIDEAL
b) Output:
1. T - Saturation temperature.

c) Intermediate:

1. FUG - Vapor fugacity.

2. FUGAC(I) - Vapor fugacity for iteration number I.
FUL - Liquid fugacity.

> W

FULAC(I) - Liquid fugacity for iteration number I.
5. 1 - Loop counter.

6. MD - Phase flag. MD = O implies vapor.
MD = -1 implies liquid.

7. PB - 14,696 psia.

8. SLPPE - Factor used for updating temperature estimate.
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9. TEMP(I) - New quess for temperature.
10. ZA - Intermediate value in initial temperature guess.
11. ZB - Intermediate value in initial temperature guess.
4. Algorithm:
a) Basis:
The initial guess for the saturation temperature is calculated

from the equations:

_ _Ln(PC) -Ln(PB)
ZB— -] -I
S ol ()
_IB, . (PB
ZA = Y Ln B )
T = ZB/ZA

With this temperature and the given pressure, subroutines DHFP and
HSCP are called to obtain values for HC,SC,HIDEAL, and SIDEAL
assuming a liquid state exists and assuming a vapor state exists.
From this the fugacity of the 1iquid and the fugacity of the vapor
are calculated. If the fugacities are equal, the saturation
temperature has been found and is returned to SBWR. If they are
not equal the temperature estimate is updated and the iteration
continues. For the first update the temperature is increased by

1.0°F. A1l following updates are calculated from the following

equations:
sLopE = FUGAC(1)-FULAC(1)-FUGAC(1-1)+FULAC(I-1)
TEMP(1)-TEMP(I-1)
TEMP(1+1) = —SLOPE » TEMP(1)-FUGAC(I)+FULAC(1)

SLOPE

b) Procedure:

VATET) Calculate initial temperature guess.

a4

-




VATE2) Call DHFP and HSCP for MD

VATE3) Calculate FUG.

VATE4) Call DHFP and HSCP for MD

VATES) Calculate FUL.
VATEG)
VATE7)
VATES)
)

VATES

It
o

n

1
—
.

If (FUL - FUG)/(FUG) < .0001, return.
If T =1, TEMP(2) = TEMP(1)+1.0, go to VATE2.
Calculate new temperature guess.

If T < 20, go to VATEZ.

VATE10) Write nonclosure message.

VATE11) Return.

3.14 Subroutine VLREGM

1.

2.

Heirarchy: Called by SBWR

Calls DPM@UT,KI,PHASE

Functional Discription:

Subroutine VLREGM is called to calculate grid point properties

lying in the two phase region for mixtures with two or more com-

ponents.

These properties are returned to SBWR and if flagged

are sent to DPMPUT to be printed.

3.

a)

Variables:

Input:

1. COMM@N/CA/DG,DL,HM,SM,V

2. CPMMPN/CC/CPM
3. COMMBN/CZ/XLMW
4. CPMMPN/H/ENCOR

5. FLAG - Print flag.
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b) Output:

1. CPMM - Constant pressure specific heat of 2-phase
mixture (Btu/1b-°R).

2. CVMM - Constant volume specific heat of 2-phase
mixture (Btu/1b-°R).

3. HMM - Enthalpy of 2-phase mixture (Btu/1b).
MD - Phase flag. MD = 2 implies 2-phase region.

SMM - Entropy of 2-phase mixture (Btu/1b-°R)

(o) N & B

VOLM - Specific volume of 2-phase mixture
(ft3/1b).

4. Algorithim:
a) Procedure:
VLRG1) Call KI to calculate equilibrium constants.
VLRG2) Call PHASE to calculate 2-phase properties.
VLRG3) Convert mixture properties to mass basis.
VLRG4) If FLAG = 0, call DPMPUT to print results.
VLRG5) Return.
3.15 BLOCK DATA

The variables initialize in BLOCK DATA are shown below:

B(1,1) = 0.44369E0 B(1,7) = 0.070523E0
B(1,2) = 1.2844E0 B(1,8) = 0.50409E0
B(1,3) = 0.35631E0 B(1,9) = 0.030745E0
B(1,4) = 0.54498E0 B(1,10)= 0.073283EQ
B(1,5) = 0.52863E0 B(1,11)= 0.00645E0
B(1,6) = 0.48401E0

B(2,1) = 0.11545E0 B(2,7) =-0.044448E0
B(2,2) = 0.92073EQ B(2,8) = 1.3224E0
B(2,3) = 1.7087E0 B(2,9) = 0.17943E0
B(2,4) =-0.2709E0 B(2,10)= 0.46349E0
B(2,5) = 0.34926E0 B(2,11)= 0.022143E0
B(2,6) = 0.75413E0

ISWT(1) = 0.0 ISWT(4) = 0.0
ISWT(2) = 0.0 ISWT(5) = 0.0
ISWT(3) = 0.0 ISWT(6) = 0.0
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INPUT PARAMETERS

Card # Format Fortran Varijable
‘ &ﬂ'> 1 815 IGRID,NC,NPHASE ,ITNM,IPRNT,
IDMPRT, IPUNCH, IPNPRT
) 2 8F10.6 DMAX ,EPSD,EPSV,FUGERR,EPSS
STEP,ENCPR
) 3 8F10.6 TPHIN, (ISWT(1),I=1,6)
4* 4A4,14,6F10.6 (cemMp(J,1),J=1,4),10COM SI) LCMU(1),
TC(1), ACF( ), (1),PC(1),TB(I)
5* 2F9.6,4E13.6,F10.6 (cI1(1,9),J=1,7)
6** 6F13.6 (A(1,3),J=1,NPARM)
skl 8F10.6 (CKI1J(1,d),J=1J,NC)
8 8F10.6 (2(1),I=1,NC)
9 815 NUML,NUM2
10 8F10.6 (GRID1(I),I=1,NUM1)
11 8F10.6 (GRID2(I),I=1,NUM2)

*  Cards number 4 and 5 must be repeated for each component

**  Card number 6 used only for single component systems

***  Card number 7 used only for NC»1
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Variable Name Definition

IGRID Grid flag: IGRID=0-»PH GRID

IGRID=1-PT GRID c
NC : Number of components in mixture )
NPHASE Minimum number of iterations in PHASE
ITNM Maximum number of iterations in SEARCH, -

DHFP, and FLASH (ITNM:}O)

IPRNT Debug write control; anything but blank
or zero produces printout

IDMPRT Print flag for additional 2-phase infor-
mation, IDMPRT=0 produces normal output
IDMPRT=1 produces detailed 2-phase printout

IPUNCH Punch flag. IPUNCH=1 punches cards for
GEPSYS. Anything else results in no
punched output.

IPNPRT Print flag. IPNPRT=1 prints output sent
to card punch. Anything else results
in no printout for this section.

DMAX Maximum molar density anticipated for
the system. DMAX=2.0

EPSD DHFP convergence for densities (Ap/p);0.5E-4

EPSV FLASH convergence; 0.1E-3

FUGERR Fugacity convergence; 0.2E-3

EPSS SEARCH convergence; 0.2E-3

STEP SEARCH False position initial step size;
1.0002

ENCOR Correction factor for enthalpies. Needed

to produce output consistent with published
tables (Btu/1b)

TPHIN Initial temp. guess for grid calculations
(OR) (Use minimum temp. in the grid) Used
only with P-H GRID

ISWT(I) Print flag for ITER loop I. Anything
but O or blank produces output.

COMP(I,J) Up to 16 characters for component name
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Variable Name

Definition

IDCPM(I)
CMW(T)
Te(1)
ACF(I)
Cb(1)
PC(1)
TB(I)

CI(1,9)

A(I,J)

CKI1J(1,J)

Sequence I.D. number for component
Component moleculor weight

Component critical temp. (°F)
Accentric Factor of Component
Component Critical Density (mole/ft3)
Component Critical pressure (psia)

Component hoiling temp. at atmospheric
pressure (F)

Ideal Gas Polynomial Cecefficients for

H and S evaluation (I & EC Process

Design and Development, Vol. 11, Page 543)
Coefficients in modified BWR equation
(Fluid Thermodynamic Properties for Light
Petroleum Systems, K. E. Starling)
Interaction parameters

Component Mole fractions

Number of Temperature or Enthalpy
grid lines

Number of Pressure grid lines
Temperature or Enthalpy grid lines (°F
or Btu/1b.)

Pressure Grid lines (psia)
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APPENDIX C
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