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ABSTRACT

A correlation methodology for the development of
equations of state containing large numbers of parameters
is presented herein, with the development of a forty-three
parameter equation of state for water presented as a case
study. The methodology cdnsists of six steps: (1) experi-
mental data collection and selection of a working data set
(subset), (2) determination of initial values of model
parameters by regression on pressure, (3) parameter value
improvement by regression on density, (4) development of
base equation by multiproperty analysis of density, vapor
pressure and enthalpy departure data, (5) model improvement
by systematic removal of unnecessary terms, and (6) model
validity check using the complete set of available thermo-
dynamic data.

This method was used to develop an equation of state
for water covering the extensive range-from the triple
point, 491.67°R, 0.089 psia (271.15°K, 0.614 KPa) to 2859.67°R
and 20,305 psia (1588.7°K, 140,000 XKPa). A model of 48
parameters was developed and then improved to a model of 43
parametérs which predicted thermodynamic properties with the
following average absolute deviations: 0.58% for 1459 density

vii



points, 0.12% for 53 vapor pressure points and 1.59 BTU/lbm
(3.70 J/g) for 263 enthalpy points. Continued application
of the method should allow even more improvement, especially
in the high pressure region.

This methodology will allow the researcher to
systematically evaluate and develop complex models for which

intuition becomes inadequate.
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DEVELOPMENT OF EQUATIONS OF STATE FOR FLUIDS~CORRELATION
METHODOLOGY FOR THERMODYNAMIC AND PVT PROPERTIES,

INCLUDING A CASE STUDY FOR WATER

CHAPTER I

INTRODUCTION AND METHODOLOGY

Equations of state are now being developed that are
extremely accurate and are generalized to many fluids. This
has led to equations having 40 or more parameters. Insight
and intuition developed even by many years experience with
equations of state often are inadequate in developing such
massive models. This work presents a systematic method to
develop such models.

Equations of state are basically either empirical
or theoretical. Until recently the theory was not very well
developed so that the most accurate equations were highly
empirical. Most empirical equations are developed from
isochoric data by choosing an empirical temperature dependence
and then making the constants a function of density. This
method was used in the Beattie-Bridgman [2], Martin-Hou ({191},
BWR [3], and Vennix [27] equations. Since its development
in 1940 the BWR equation has received several modifications

1



to improve its high density, low temperature prediction.
The most popular modification of the BWR equation is the
form developed by Starling and Han [24] which was used in
a massive correlation work by Hopke and Lin [18].

The van der Waals equation was one of the earliest
to have a theoretic foundation. 1In it deviations from the
ideal gas law were accounted for by two effects, one due to
the excluded volume a molecule occupies (repulsive forces)
and the other due to attractive forces. Redlick and Kwong
modified the attractive term to get the R-K equation [21].
As with the BWR equation, many modifications were made to
improve the R-K and are reviewed by Tsonopoulos and Prausnitz
[26]. The most popular form now used in industry was
developed by Soave [23], in which the equation parameters
were made functions of temperature and accentric factor,
omega. This equation along with the Starling-Han BWR was
reviewed by West and Erbar [30].

With the development of high speed digital computers,
idealized systems of particles were studied by Monte Carlo
and molecular dynamics simulations. From this developed the
theory for the properties of a system of hard spheres. This
led to equations [19] based on the van der Waals and R-K
equations in which the repulsive term is replaced by that
for hard spheres developed by Carnahan and Starling [4].

The well-developed hard sphere theory led to the study of

more realistic f£luids by using hard spheres as a reference
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for a perturbation expansion. Since argon was known to be
accurately represented by a Lennard-Jones potential, Lennard-
Jones fluids were thoroughly studied. The accuracy of per-
turbation theories for such fluids was studied by comparing
predictions with computer simulations. This led to the well
developed perturbation theories of Weeks, Chandler and
Anderson (WCA) [29] and Verlet and Weiss [28]. The success
of perturbation theories encouraged the use of this technigue
for other molecular effects such as those due to dispersion,
overlap and multipole forces.

The accuracy desired and the number of fluids that
are to be represented have led to equations of state that
have many parameters. When working with many parameters,
as the 50 of the Keenan and Keyes [15] equation of state for
water, a systematic approach is needed. This work presents
a method developed to logically handle large models. It
consists of a regression package EZFIT and a set of guidelines.

The steps of the method are:

1. Collect data sets and selection of
a working data set (subset).

2. Get initial parameters by a pressure
regression.

3. Improve the density regression.

4. Develop a base equation by multi-

property analysis.



5. Improve the model by eliminating
terms.
6. Check validity of the equation by

predicting more data.

This method was used to develop a 43 parameter equation of

state for water as a case study in the present work.



CHAPTER II
REGRESSION METHODS

The heart of developing any model is finding the
values of the parameters. This leads to the use of linear
and nonlinear regression methods.

Our fitting function for the ith point of the

random sample is Yy

Y. (X9sXgs «ee Xgyp 870 8y, «.. 3)) = Yi({x}n; {al)) (1)
where the xi's are the independent variables (in this case
temperature and density) and the ai's are the parameters
whose values are desired. The functional form of Y is
dependent upon whether the sample'point is density, enthalpy
departure or vapor pressure. The parameters we desire are
those which maximize the joint probability distribution for
the sample. With the assumption the data points are normally
distributed with known variance oi and mean Yi({x}n;'{a}z),
maximizing the probability corresponds to minimizing the

function X2

2 _ 2 e i 2
K= D U/OIYy - v Gy (ady)]
- - - 2
= Lo ly; - ¥, ({x} s {aly)] (2)
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where ¥, is the experimental value for the ith sample point
and Wy is the weight for that point. The condition for a

minimum is the % normal equations

2
< _ _ ) 2 _
3%; = a/aaj i w; [¥; Yi({x}n, {a}z)] =0

i=1,2,...% (3)

Since our fitting function is in general nonlinear
and implicit in the parameters a linearization technique is
used [4]. The fitting function when expanded about estimates
of the parameters, {ao}z, and truncated to first order in
the corrections Aaj becomes

Y.

2
— . v i0
Yi({x}n; {a}z) = Yio({xi}n, {ao}z) + jil aaj Aaj

(4)
To the first order approximation, x2 can be expressed as

_ ) 10
x“ = ? w; 1¥;=1¥54 + § 5=,

Aa.]}2 (5)

J

where the variables of YiO have been dropped for convenience.

The normal equations are then

2 3Y . 3Y.
X =21, {Y.-¥, -5 —=9 pa.} 20
BAak i & i ~io0 3 aaj j aak

= 0 k=1,2, «c.,% (6)



In matrix form these equations are then

Bk = ja g = ; Aajoajk (7)
J
where
oY,
- - °7i0
B = % w; [¥; = Y44l 7a,, (8)
and
9Y. . 0Y.
i0 i0
Qey = I 0, w—— (9)
jk i aaj aak

The equations are solved for Aa and the new estimates

of the parameters are

a = 50 + Aa. (10)

This direct solution of equation 7 is the Gauss-Newton method
for nonlinear regression.

To solve these equations, the gradient expansion
method of Marquardt [4] is used,’in which the diagonal
elements of the curvature matrix o are increased by a factor

A. The matrix equations are then

B=108aua', (11)
[ajk] = ajk(l+l), for j=k

o , for 7 # k (12)

ik

The factor A is optimized to reduce x2.
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After the vector Aa is calculated, the parameters
are updated. This process of updating the parameters is
continued until the minimum of xz is reached.

When the function is linear in the parameters {aj}z

Y, ({x,} s {aj}z) = § ajxj({xi}n) (13)
where xj(h%}n) are functions of the 2 set of x, the normal

equations can be obtained directly from 6 as

2
a —1 - ) . —
5% =2 8wy (v - ¥ g dy fak) X (xgdy) = 0

k=1,2, «ec,d (14)

This gives rise to the equivalent matrix equations as 7

through 9 in which ¥., =0 and aYiO/aak = X

oY

_ i0 _
B = Z w;[¥;] sz =2 w; ¥; X ix;}) (13
i k i
and
BY. aY'
0 i0
Gey = 2 W, o—=t mt2 = T w, X.X (16)
ik i & aaj aak . 1 737k

The derivatives with respect to the parameters were

approximated by the finite difference method, i.e.

9f(x) _ f£(x+h) - £(x-h)
ox 2h

(17)



Also by assuming the percentage error is constant the

weight, w,;, becomes

w, = 1/Y% . (18)
1 i



CHAPTER III

SOLUTION METHODS FOR NORMAL EQUATIONS

In derivation of the least squares problem a set of
simultaneous equations called the normal equations must be
solved. These equations have similar forms for the linear
least squares method and the various expansion methods such
as Gauss-Newton and Marquart for nonlinear functions. As
shown previously, these equations are symmetric and semi-
positive definite. Because of this symmetry, specialized
solution techniques for symmetric systems such as the Crout
algorithm and the more general methods such as the Gauss-
Jordan elimination can be used. The details of these
algorithms can be found in books on matrix methods [25].

For most regression work, a method is desired that will not
only return the solution vector but also the inverse matrix,
which is then used to obtain the variances and covariances
for statistical analysis.

Because of the large number of parameters determined
in equation of state regression work, stringent requirements
are laid upon the solution method. Round off errors in
accumulating the sums for the normal equations can lead to
loss of the semi-positive definite attribute of the normal

10
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equations and the Crout algorithm can become unstable.
Although requiring more storage, the Gauss-Jordan elimination
with maximum pivoting strategy is unconditionally stable.

By modifying the traditional algorithms to generate the
inverse in place of the coefficient matrix, storage require-
ments can be reduced. Because of its stability, this

method was selected for EZFIT. This allowed working with
larger numbers of parameters with less calculation instability
as indicated by underflows and overflows in the solution.
There is a time penalty for using full pivoting in that the
matrix must be transformed and the reverse transformation
perfofmed ﬁpon the inverse at the end of the solution. For
models with fewer parameters, the calculation requirements
are not as stringent and the method of straight pivoting

can be used. This option is also available in EZFIT. It

is recommended that the full pivoting method be used when
more than 30 parameters are being regressed. The details

of the matrix inversion routine, GJEL, are given in

appendix B.

One of the problems of working with a large number
of parameters in a model is that many of the parameters may
be highly correlated, giving rise to nearly equal rows in
the normal equations. This problem is indicated when the
variances, i.e., the diagonal elements of the inverse, are
negative. There are several methods for reducing this

problem. The most fundamental approach is to examine the
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model with the purpose of eliminating parameters with high
correlation or performing a transformation which will reduce
the correlation. In polynomials more independence among
parameters can be obtained by selecting an appropriate set
of orthogonal polynomials. Typically Tchebycheff poly-
nomials are selected for not only their orthogonality but
also their ability to reduce the number of terms needed

for a desired accuracy [6, 12]. This method was selected
for the development of the equation of state for water.
Another means to improve the independence of the normal
equations is to select more data to be included, which will
have the desired effect.

Numerical difficulties also arise when the effects
of the parameters vary widely. The parameters with the
stronger effects will tend to cause the values of the weaker
ones to lose significance. This problem can be minimized
by judicious choices for scaling for the parameters. To
help this trouble, the regression routine CURFIT scales the
normal equations so that the diagonals are unity.

Even when these various precautions have been taken
there is sometimes difficulty in the generation of the normal
equations. The data points which the parameters least
effect are sometimes swamped by the other data points. Since
the normal equations are formed as a summation of terms for
each data point, the accumulations are done in double preci-

sion so that more information from all points will be used.
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These accumulations also can be helped by ordering the data
points so that the points with the least contribution to

chi-squared are summed first.



CHAPTER IV
DATA SELECTION FOR THE CASE STUDY OF WATER

In equation of state development there exists a
multitude of possible thermodynamic data that can be used
in multiproperty regression. Fundamentally, all thermo-
dynamic properties are related to the equation of state by
classical thermodynamics. Some of the property types are
PpT, enthalpy, vapor pressure, speed of sound, Joule
Thomson coefficient, and specific heats, Cv and Cp. These
vary greatly in accuracy even among measurements of the same
type from different investigators. They also vary greatly
in the calculation needed to determine the property from
the equation of state. To keep track of these wvarious
types of data as well as data for other compounds (this
regression method is presently being used for étudies of
many other fluids at the University of Oklahoma), a data
base system called BANKED was developed. BANKED is a card
based system that identifies each data point as to the
reference from which it was taken, fluid, and data type.
It handles both mixture and pure'fluid data. The details
of BANKED are given in appendix C.

14
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It is important that the data selected covers the
range that is desired for the equation in a uniform manner
so that there are not any regions that are empty. This is
especially important for very £flexible equations with many
parameters. For this reason, an even grid of data was
generated frdﬁ the Keenan and Keyes [13] equation for water
which was then supplemented by experimental data. The
working density set is given in Figure 1. This consists of
382 points covering a temperature range of 491.67-2859.67°R
(273.15-1588.7°K) and a pressure range of .66-20,305 psia
(4.6-140,000 KPa). The saturated liquid densities of
Osborne, Stimson, and Ginnings [20] were used to better
define the saturation curve. If the saturation curve is
accurate the vapor pressure and heat of vaporization will
be more accurate without using these properties in regression.
It is important to have high temperature isotherms that go
from low densities to well above the critical density with-
out crossing the two phase region in order to have appro-
priate trends in the two phase region.

In spite of these precautions in selection of density
data, behavior for isotherms crossing the two phase region
is not well defined because there is no physical behavior
that matches the required behavior of an equation of state
in this region. Where physically the pressure is constant
at a given temperature for a range of densities in the two

phase region, the equation of state typically exhibits the
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so-called van der Waals loop. Typical behavior of an
equation of state is plotted in Figure 2. Informétion can
be augmented for this region by including properties that
are calculated as integrals across this region. This
includes vapor pressure and enthalpy departure. Therefore,
data were included of these types for the water equation.
The enthalpy departure data consisted of 113 points generated
from the Keenan and Keyes equation in a range of 509.67-
2859.67°R (283.15-1588.7°K) and .66~14,694 psia (4.6-101,310 KPa).
Since these were derived from an equation of state and not
data (although a very accurate equation) they were not given
as much importance as experimental data. For vapor pressure,
the data of Osborne, Stimson and Ginnings [20] was used.
The 53 points covered a range 491.67-1159.7°R (273.15-644.28°K)
and 0.089-3090 psia (0.61-21,305 KPa). This covers the
saturation curve from the triple point to within 5% of the
critical point. The critical point was not covered because
calculation algorithms used for vapor pressure and density
have trouble in this region due to the flatness of the iso-
therms and because there is greater numerical uncertainty
in the data in the critical region. The enthalpy and vapor
pressure data used are plotted in Figures 3 and 4.

While obtaining a working data set, as much data as
available were prepared. These data would be used to test
the accuracy of both the data and the model. If a specific

reference has errors exceeding those for other data sets in
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the region, it would signal the need for an evaluation of the
data in that it might be less precise than the rest. For
water, besides the working data set, density and enthalpy
data were obtained from seven references. For the more
massive tabulations only a representative number of points
were prepared in BANKED. The data sets used are plotted in
Figures 5 to 1l3. The regions of the pressure-temperature
surface that were covered by the various data references

for density are shown on Figure 1l4.
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CHAPTER V
MODEL SELECTION FOR CASE STUDY OF WATER

The compressibility model used for the development
of water is linear in the parameters with each term con-
sisting of a monomial of reciprocal temperature and a
Tchebycheff polynomial in density. The temperature was

reduced by

* _
T° = oaT/Tc (19)

where o is a scaling parameter used as 1 for water and Tc
is the critical temperature. The density was similarly
reduced as

p* = Bp/og (20)

where B = 1 and fa is the critical density. The properties
for the critical region and other properties used in the
equation are given in Table IV,

The Tchebycheff polynomials, Tj, were chosen for
their orthogonality, which should improve the calculation
stability of the regression program. Another feature of
the Tchebycheff polynomials is that they separate into
even and odd polynomials. Since they are orthogonal on the

33
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interval (~1,1), the reduced density was divided by 4 to
make the largest density be within that range. Since the
even polynomials go to 1 at zero but the terms should go to
zero when the ideal gas limit one is explicitly given, the
terms consist of density times the polynomial.

The terms in the model are then

AijT*‘lyTj(y) (21)

where y is the density reduced according to the relation
y = Bp/dn,. (22)
The full 72 parameter model which was used then is

z A..T*'lyTj(y). (23)
This equation was implemented in the subroutine PRES using
a single subscript on the parameters. The listings of PRES
and FI1 and FI2, routines used for derived properties are
given in appendix C. The Tchebycheff polynomials are given
in Table I. A table of the parameter indices corresponding
to each term is given in Table II,

Derived Properties. Given an equation of state, the

relationships of classical thermodynamics allow the deriva-
tion of the other properties. If one starts with a model
equation for the Helmholtz free energy, the properties are

derived from derivatives. This is the method used by Keenan

(1]



TABLE I

The first eight Tchebycheff polynomials

To(y) = 1
Tl(y)' =y
T,(y) = 2y° -1

T, (y) = 4y® - 3y

T, (y) = 8y -8y® + 1

T (y) = 16y° - 20y° + Sy

T (y) = 32y° - 48y? + 18y - 1

T7(y) = 64y7 - llZy5 + 56y3 - 7y

6 4

T (y) = 128y° - 256y° + 1e0y® - 329 + 1

Recursion relation;

T - 2y‘I‘n +T 4 =0

n+1



TABLE II

*_3
Table of the parameter index corresponding to a term of the type T t yTj(y) in
the equation of state. The numbers in parenthesis are

the indices of AXTN as implemented in EZFIT.

YT, YT, yT, ¥yT3 .YT4' § YTS' YT YT, YTg

o*0 1 7 13 19 25 29 33 37 41(1)
x-1

T 2 8 14 20 26 30 34 38 42(2)
*o2

T 3 9 15 21 27 31 35 39 43(3)
*-3

T 4 10 16 22 28 32 36 40 44 (4)
*—|

"4 5 11 17 23 53(13) 57(17) 61(21) 65(25) 69(29)
X

R 12 18 24 54(14) 58(18) 62(22) 66(26) 70(30)

T*— 45(5) 47(7) 49(9) 51(11) 55(15) 59(19) 63(23) 67(27) 71(31)

T*— 46(6) 48(8) 50(10) 52(12) 56(16) 60(20) 64(24) 68(28) 72(32)

9¢
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and Keyes for their study of water [13]. Alternatively, one

can start with the pressure or compressibility formulation

and derive the other
was used by Starling
fied Benedict, Webb,
method, one can work
relations from which

When the free energy

properties by integration. This method
and Han [24] in their work on the modi-
Rubin equation of state. 1In each

with the base model and two derived

all other properties are obtained.

is used, the derived relations are

the temperature and density derivatives. For this work and

the EZFIT physical properties package, the three relations

are the compressibility and two integrals,

7 8 -1
Z=P/pRT =1+ 3§ I AT “yT.(y) (24)
i=o j=o * J
*
FI, = [P (Z-1)d 1n p* (25)
1 o
* %* *
FI, = SP 3z/5T* 4 1n o (26)
o]
and the reference condition
FI., = 1n(pRT) (27)

3

Using the definition
are then given as
7

FI. = I
1 i=o

of the compressibility, FI1l and FI2

t ATl Yo (y)ay (28)
j=0 1] o J
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7 .
FIy = T Aij(—i)T*-(l+l) A riydy (29)

The integrals of the Tchebycheff polynomials are given in
Table III. The physical properties used are given in Table IV.

The reduced departures as derived in appendix A are

given as
A* = 7% FI. + T* FI (30)
1 3
u* = -p* FI, . (31)
g* = -r*? FI, + T%(2z-1) (32)
s* = -FI, + ¥ FI, - FI, (33)
¢* = 7" FI, + T* FI, + T*(z-1) (34)
£/£° = exp(FI, + FI, + 2-1) (35)

These relations allow the computation of the derived
properties for the water model. The values of the para-
meters for the model were then determined by regression.

For the 48 parameter model which was the base equation,

the density terms were used only up to j=5.
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TABLE III

The integrals of the Tchebycheff polynomials on the interval (O,y).

[T, =y

— 2.

_ 3
[Ty =2/3y -y

4

[Ty=y - 3/2 ¥
/T, = 8/5 y> - 8/3y +y
/re = 8/3y° -5 y% 4572 y°

[T = 32/7y - 48/5y° + 6 y° -y

6

8 y° - 56/3 y® + 14 y* - 772 ¢

L

[T

[Tg = 128/9 y° - 256/7 y' + 32 y° - 32/3 ¥ +y
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TABLE IV

The physical and critical properties of water

Critical temperature
Critical pressure
Critical density
Molecular weight

Pitzer Accentric factor

Universal gas constant

1165,3°R

3208.0 psia

1.1102 1b moles/ft>
18.015

0.348

10.7315 psia £t°/1b moles °R

0.110308 BTU/lbm °R



CHAPTER VI
INITIAL VALUE SELECTION

In most equation of state models, the equation reduces
to the ideal gas equation when the parameters are zero.
This is the easiest and most common choice. The problem with
the ideal gas as the initial model is that it does éo poorly
in the high density region that a regression on a full range
density set is unable to improve the liquid points. Infor-
mation is not transmitted appropriately to the parameters.
The enthalpy departure will be quite bad and the vapor
pressure calculation will not converge. It is therefore
usual to make some kind of gquick regression for a function
of the temperature and density, thereby eliminating any
search techniques, to get a preliminary set of parameters.
Two applicable functions are the compressibility and the
pressure. The compressibility, 2 = P/pRT, is commonly
used and gives good results. It was used for the develop-
ment of the Leonard-Jones perturbation model which was then
applied to the prediction of methane [9]. Use of the
pressure, on the other hand, has some problems in that in

the high density region the large value of the derivative

41
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3P/3p controls the regression. This makes the equation

over constrained in this region with a corresponding loss

in accuracy in the low density region. This problem cén be
solved by the selection of appropriate weights for the
individual pressure points instead of the usual method of
selecting the weight to be l/Pz, i.e. the maximum likeli-
hood weight. The weight of the point is proportional to the

variance [4] and is theoretically given as
w, = l/(c2 + 0 =— + 0° =) (36)
* P

The problem with this method is the evaluation of the
derivatives. Since the function has no other parameters
yet, the derivatives, if evaluated from the model, would be
those of the ideal gas and inaccurate.

In development of the water equation of state, a
tabular function was developed for the'weight based upon
the density. The weighting function is given in Table V.
This function was used to perform the regression on just the
parameter portion of the model, that is the ideal gas portion
was subtracted from the pressure. Good results were obtained.
For the 48 parameter equation these pressure terms were able
to predict density to 1.08% for 335 points. This set of
parameters is quite adequate for starting density and multi-

property regression.



TABLE V

WEIGHTING FUNCTION FOR PRESSURE

DEPARTURE REGRESSIONS

Reduced Density

4.0-3.0
3.0-2.5
2.5-1.2
1.2-0.5
0.5-0.1
0.1-0.001
0.001-0.0
0.1-0.0

Weight

0.009
0.001
0.10
10.0
1.00
10.0(T, > 1.2)
100.0(T, > 1.2)
100.0(T, < 1.2)

43



CHAPTER VII

MODEL IMPROVEMENT BY REMOVAL OF

INSIGNIFICANT PARAMETERS

In working on large models, that is models with
over 30 parameters, some logical method is needed to deter-
mine if a parameter is significant to model the data. If
it is not significant the result will not be as accurate as
possible because information was used to determine values
for this parameter which should not have been included in
the regression. Statistical analysis of the variance ci,
of the parameters can give the needed guides. For a single
parameter the standard way to check is to test the hypothesis
that the parameter is zero. This leads to the standard
T~test, [4] that the parameter should be zero if the relation

is satisfied
la|<taca (37)

where ta is the Student's t statistic at the a level, 0. is
the standard error, which is the square root of the wvariance

for the parameter.
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For linear functions the model can be generated
stepwise by only adding terms that have the highest correla-
tion coefficient with the data. This method has been used
to develop equations for oxygen and nitrogen [11]. Since
this is only applicable to linear regressions, another
method was developed. This method investigates the con-
tribution that each parameter gives to the reduction of
the sum of squared errors [8]. The contribution for the

parameter a is approximated as

SSE =(§—) (38)

The parameters with the smallest contributions can many
times be eliminated with little effect on the results. When
the new parameter set is regressed with the low SSE terms
set to zero, improvement over the previous regression is
obtained. EZfIT outputs the variance, standard error and
the SSE for each parameter allowing easy evaluation of the
significance of the parameters.

This method was used to develop the equation of
state for water. Using the method, it was possible to reduce
the number of parameters from 48 to 43 and to improve the
prediction. With the continued application of the method
even more improvement would be possible. It was decided
to sfop at this stage because the method was sufficiently

exposited. The procedure was initiated using the previously
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mentioned method for getting preliminary parameters for
density, that is, a density regression was performed to get
the best density results for the 48 parameter version.

Using these results, a multiproperty regression of density,
enthalpy departure, and vapor pressure was performed to get
the base equation from which to work for improvement. Average
absolute deviations for properties (also referred to as
errors) for this base equation were 0.66% for 382 density
points, 1.04% for 53 vapor pressure points and 1.09 BTU/lbm
(2.53 J/g) for 113 enthalpy departure points. This is the -
standard data set plotted in Figures 1, 3 and 4 which was
used for the equation development.

The six least significant parameters as determined
by the SSE criterion were then studied to see the effect
their removal from the model would have upon the results.
The details of this study are given in Table VI. As shown in
Table VI, the parameters have little effect upon density
with the most effect caused by parameter 59, which increased
the density deviation to 1.12%. On the other hand, enthalpy
departure and vapor pressure are more sensitive. The
enthalpy deviation was increased to 27.9 BTU/lbm and vapor
pressure deviation to 49.1% with the elimination parameter
59. It was decided to remove the three parameters with the
least effect, 22, 46, and 60. This set of parameters when
removed increased the errors to 0.73% for density, 2.57% for
vapor pressure, and 5.12 BTU/lbm (11.9 J/g) for enthalpy

departure.
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TABLE VI

Effects of removing parameters by setting to zero

in the 48 parameter equation

Errors
Parameters Set Enthalpy
to Zero Density (%) Vapor pressure(l%) Departure(BTU/lbm)

None 0.66 1.09 1.09

46 - 0.68 2.65 2.53

60 0.66 3.18 2.94

22 0.76 6.29 6.43

48 0.88 18.8 26.3

5 0.89 27.6 18.6

59 1.12 49.1 27.9

22, 46, 60 0.73 2.56 5.12
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When the reduced set of 45 parameters were regressed
there was improvement over the 48 parameter base equation in
both density and vapor pressure and slightly less accurate
results for enthalpy departure. The average absolute devia-
tions were 0.62% for density, 0.98% for wvapor pressure
and 1.12 BTU/lbm (2.60 J/g) for enthalpy departure. The
method was once again applied to this equation to try for
further improvement and reduction in the number of parameters.
The three parameters with the lowest SSE this time were 20,
26, and 5, of which only 5 had been in the previous set to
be considered. When parameter 20 was removed, there was a
remarkable improvement in the vapor pressure prediction;
the average absolute deviation was reduced to 0.13%. Only
the removal of parameter 5 caused an unacceptable error
increase in the enthalpy and vapor pressure predictions.
This time parameters 20 and 26 were eliminated. The details
of the effects of these parameters are given in Table VII.

When the 43 parameters were regressed it was £found
that the enthalpy controlled the regression and the improve-
ment in vapor pressure was lost. This was remedied by
adjusting the group weights for each data type so that each
group contributed about the same amount to chi-squared.

This led to the final 43 parameter equation. The resultant
average absolute deviations were 0.42% for density, 0.12%

for vapor pressure and 1.58 BTU/lbm (3.67 J/g) for enthalpy
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TABLE VIIT

Effects of removing parameters by setting to zero

in the 45 parameter equation

Errors
Parameters Set Vapor Enthalpy
to Zero Density (%) Pressure(%) Departure(BTU/lbm)
None 0.62 0.98 1.12
20 0.67 0.13 1.87
26 0.63 1.01 1.12
5 0.72 8.20 8.31

20, 26 0.68 0.12 1.84



50

departure. This is a marked improvement over the 48 para-
meter equation for density and vapor pressure, which are

the most accurate experimental data. The enthalpy departure
predictions are acceptable, especially since the enthalpy

departures were totally derived data and not measured.



CHAPTER VIII
SUMMARY OF METHODOLOGY AND RESULTS FOR CASE STUDY

Using the method outlined in this work, an equation
of state was developed for water as a case study. The steps
of the method are:

1, Collect data sets and selection of
a working data set (subset).

2. Get initial parameters by a pressure
regression,

3. Improve the density regression.

4. Develop a base equation by multi-
property analysis.

5. Improve the model by eliminating terms.

6. Check validity of the equation by

predicting more data.

This method was used to develop a 43 parameter equation of

state of the form

5 foi
IoALT T yT(y) (39)
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where y =,Bp/4pc, T* =_ocT/Tc and Tj is the Tchebycheff poly-
nomial. The parameters for the equation are given in Table VIII.
Daté Sets. Data from 9 references were collected
as well as uniform data sets generated from the high preci-
sion equation of Keenan and Keyes. This led to a collection
of 1459 density points, 263 enthalpy departure points, and
53 vapor pressure points covering the pressure range
0.089-20,305 psia (0.61-140,000 KPa) and the temperature
range 491.67=-2859.67°R (273.15-1588.7°K). A working data
set was selected from these data points, consisting of 382
density points, 113 enthalpy points and 53 vapor pressure
points.

Initial parameters and density regression. The

initial wvalues of the 48 parameters were determined by per-
forming regression on the density data set. The data were
converted to pressure departure by subtracting the ideal gas
pressure and were then fit (using pressure as the objective)
using the tabulated weighting function given in Table V.
This let to an average absolute error in density of 1.08%
for the 382 density points. A regression with the density
as the objective was then performed. This led to the pre-
diction of density with 0.50% average absolute error.

Multiproperty base equation.' The density results

were used to predict enthalpy departure and vapor pressure.
As usually happens with equation of state parameters deter-

mined from density data alone, several of the low temperature



53

TABLE VIII

Values of the parameters for the 43 parameter Tchebycheff

polynomial equation of state for water

Index (I,J) Value Index (I,J) Value
1 00 0.489078 25 04 0.644619
10 -1.33375 27 24 2.89299
3 20 0.0447899 28 34 0.0472269
4 30 -0.0433729 29 05 ~-0.537426
5 40 0.026460 30 15 -0.697395
6 50 -0.189002 31 25 0.366763
7 0l 4.90720 32 35 0.713576
8 11 0.294431 45 60 -0.0773029
9 21 0.439805 47 61 -0.071481
10 31 1.14694 48 71 0.00894616
11 41 0.634109 49 62 0.121502
12 51 0.0938234 50 72 0.0768117
13 02 -0.334176 51 63 -0.258435
14 12 1.48579 52 73 ~-0.0697795
15 22 4,77029 53 44 -0.141785
16 32 1.49032 54 54 -0.124966
17 42 1.00340 55 64 0.369510
18 52 0.217828 56 74 -0.0548949
19 03 -0.714156 57 45 0.513778
21 23 0.117546 58 55 0.538242
23 43 -0.580674 59 65 -0.127041

24 53 -0.208757
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vapor pressure points did not converge. The lowest tempera-
ture enthalpy points also had errors in excess of 5 BTU/lbm
(12 J/g). For the first few iterations of the multiproperty
regression, the nonconverging vapor pressure points were
removed and the weight for the enthalpy points with large
errors was reduced, As the results improved with increased
iterations, the complete working data set was used. This
resulted in the 48 parameter base equation. - This equation
predicted density to 0.56%, enthalpy departure to 1.09 BTU/lbm
(2.53 J/g) and vapor pressure to ll04%.

Model Improvement. The results for the base equation

were improved by eliminating the least significance para-
meters. An estimate of each parameter's significance was
determined as the contribution to the sum of squares,

J
to its variance. This method was used to eliminate 5 para-

SSE. = A?/c?, which is the ratio of the parameter squared

meters in two steps. This final 43 parameter equation pre-
dicted the 382 density points to 0.43%, the 113 enthalpy
departure points to 1.58 BTU/lbm (3.67 J/g) and the 53 vapor
preésure points to 0.12%. The 43 parameters for the equation
of state are given in Table VIII.

Data predictions. This 43 parameter equation was

then tested for 1775 data points. The results are summarized
in Table IX, see Appendix D for complete tabulation. For
the 1459 density points the average error was 0,58%. The

high pressure and low temperature compressed liquid region



TABLE IX

Results for the 43 parameter equation of state for water

Reference Number

of Data Temperature Average Absolute
DENSITY Points Pressure Range Range Deviation
Working set* 382 0.66-20,305 psia 491.67-2859.67 °R 0.43%
Subsets 265 0.66-10,000 psia 491.67-2859.67 °R 0.31%

_ 117 10.000~20,305 psia 634.67-2459.67 °R 0.68%
Holser, Kenned 10 216 1450.38-20,305 psia 707.67-2291.67 °R 0.50%
Keenan, Eeyesl 108 0.66-14694 psia 509.67-2859.67 °R 0.4 %
Kennedyl 401 145.038-1450.48 psia 851.67-2291.67 °R 0.31%
Keyes, Smithl® 129 61.96-5066.71 psia 545.67-1139.67 °R 0.58%
Keyes, Smith, Gerry17 283 194.28-5403.28 psia 842.67-1319.67 °R 0.73%
Kell, Whalleyl4 217 76.87-14,886.5 psia 491.67-671.67 °R 1.03%
Osborne, Stimson,

Ginnings20 60 0.089-1160.667 psia 491.67-1022.67 °R 0.36%

TOTAL 1459 0.089-20,305 psia 491.67-2859.67 °R 0.58%

ENTHALPY

Working set 3 !

Keenan, Keyes1 113 0.66-14,694 psia 509.67-2859.67 °R .1.58 BTU/1bm

Angus, Newittl 16 870.2-14,503 psia 1211.67-1751.67 °R 2.90 BTU/1bm

Callendar, Egerton?® 134 71.5-2842. psia 851.67-1571.67 °R 1.45 BTU/lbm
TOTAL 263 0.66-14503 psia 509-67-2859.67 °R 1.59 BTU/1lbm

VAPOR PRESSURE

Osborne, Stimson, .
Ginnings20 53 0.089-3090 psia 491.67-1159.67 °R 0.12%

*
Included in individual density data sets also.

SS
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have the largest errors. As shown in Table IX, the largest
density error, 1.03% occurs for the liquid data of Kell and
Whalley [l14]. Gas densities are predicted quite accurately
as shown by the data of Kennedy [15], for which the error
is 0.31%. The trouble with the high pressure region is
more apparent when the test data set is separated into
pressures below and above 10,000 psia (69,000 KPa). For
the low pressure set, the error is only 0;32%, while for the
high pressure set, the error more than doubles, to 0.68%.

Predictions for the enthalpy departure set of 263
points have an average absolute error of 1.59 BTU/lbm (3.70
J/g). The prediction errors for the gas phase data of
Callendar and Egerton [5] were comparable to the errors of
the working set,‘i.e., 1.45 BTU/1lbm (3.37 J/g) as compared
to 1.58 BTU/lbm (3.67 J/g). The only experimental liquid
and high pressure points available were the 16 points of
Angus and Newitt [1l]. Because of the increased errors in
this region for density, it is not surprising that the
prediction errors for this set has higher errors, 2.90 BTU/lbm
(6.74 J/9).

The vapor pressure data were included totally in
the regression. Predicted vapor pressures have an average
absolute error of 0.12% from the triple point to within

0.4% of the critical pressure.



CHAPTER IX
CONCLUSIONS

The six step method outlined in this work will allow
systematic development of a high precision equation of state.
The method gives a logical way of handling the large number
of parameters required by complex models. The success of this
method was shown by its use to develop the 43 parameter
equation for water. This equation was not pushed to its
ultimate because of the restriction of time and expense. By
using the embodiment of this method in the regression package
EZFIT and the guidelines outlined herein, it is now possible
for the researcher to quickly and systematically develop as
complex a model as needed to represent the data to an accuracy

approaching the experimental uncertainty.
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APPENDIX A

Derivation of Reduced Residual

Thermodynamic Properties

From classical thermodynamics relationships are
obtained for the various thermodynamic properties of a fluid.
These are required to obtain the thermodynamic properties
used in design from an equation of state. The basic relations

for bulk properties arel

U - TS (1-a)

A =

H=U+ PV (1-b)
G=1U+ PV - T-S (1-c)
w, = (BA/Bni)T,V’nj (1=d)

where A is the Helmholtz free energy, U the internal energy,
T the absolute temperature, S the entropy, H the enthalpy, P
the pressure, V the volume, and My the chemical potential of
a system of n moles of which there are ny moles of the ith

component.
The molar gquantities are obtained by dividing by n
to get the following relations in which the tilde (~) repre-

sents a molar quantity
A=0 - T8 (2-a)

60



61

H=10+ P/p (2=b)
G=1U+DP/p -~ T8 (2~c)
My = (aA/“i)T,v,nj (2-d)

where[ni is the number of moles of the ith component and] p is
the molar density, p=n/V.

A modified excess property is defined as the difference
between the quantity at the temperature and density of the
system and the sum of the product of the mole fraction and
the value of the property as an ideal gas at the temperature
and unit pressure. For internal energy the modified excess

property is
AG = G - IX,U7 (3)

in which the superscript © represents the ideal gas condition
of the same temperature and unit pressure. Similarly, equa-

tions 2 become

AA

i

U -1 - (£X,0° - T2x.S°) = AU - TAS (4~-a)
N 1 3
AE = U + P/p =~ (zxiuz + IXRT) = AU + R-T(2-1) (4-b)

Aé = a + P/p - T § - (ZXU? + RT = TZXS?)
i7i 11

= AU - TAS + RT(Z~1) (4=c)

T,V,nj

A

A /n - O _ m.e9y - g -
(aA/cni)T,V,nj (Ui T Si) ~_(8AA/3ni) (4-4)
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where R is the universal gas constant and Z is the compressi-
bility 2 = P/pRT.

By defining a dimensionless temperature,,T* = aT/Tc,
where o is a scaling parameter and Tc is the critical tempera-~-
ture and using the universal gas constant, dimensionless pro-

perties are given as

* ~
A = aAA/RTc (5-a)
* ~
U = aAU/RTc (5-b)
* ~ * *
H = ozAH/RTc =U + 7T (2-1) (5~c)
* ~ * * *
S = AS/R = (U -A )/T (5-4)
* ~ * * * *
G = OLAG/RTC =U -T § + T (2-1) (5-¢e)
%] : *
B = aAui/RTc = (JA /ani)T,V,nj (5-£f)
The fugacity £, which is defined as
RT 1n fi = ui (6)
then is
" 1n £./£9 = u’ 7
n J-_/ ;T My (7)

where fz is the fugacity of the ith component in an ideal
gas mixture at the same temperature and unit pressure.

The Helmholtz free energy is derived from a pressure
explicit equatiaon of state asl

A = /7 (P-nRT/V)dV-RTZn, 1n(V/n,RT) + ZIn. (U°-159) (8)
v h Y 1 L1 i

As in equation 2-a, A is given in molar form as

co

A = f° (P-RT/v)av - RTIX. 1n(v/X.RT) + £X, (U°-1s®) (9)
v 1 1 ER 1 1
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The modified excess form (4-a) then is
=<} *
A* = o/RT_ J (P=-RT/v)dv - T IX,ln(v/X,RT) (10)
c "y i i

By using the relationships P = ZpRT, dv = -dp/pz, and
*
o = Bp/p,, where B is a scaling factor and p, is the critical

density, 10 is further reduced to

*
A

: %
a/RT_ 1° (ZpRT~pRT) (~dp/p2) + T IX; 1n(X,pRT)
P

*. . ok * *
T {fY (z2=-1)d ln p + EX, InX.p T + 1ln(Rp T /Ra)l
o 1 1 c cC

(11)
In a similar fashion, the internal energy is given as
= ® - ° -
U fv (P T(BP/BT)V’n)dV + ZniUi (12=a)
* ©
U = OL/RTc fv (P-T(BP/BT)V,n)dV (12-b)
* o 2
U = a/RT, fp (ZpRT = pRT(Z+T3Z/3T)) (=dp/p")
% * *
= -1 2 /77 2z/3T" @ 1np” (12=c)
By defining the following terms
p* %
FIl = [" (2=1) d 1lnp (13~-a)
o
0¥ * ok
F12 = [ 32/3T d 1np (13-b)

o

i

* * :
FI3 zxi ln(Xip T ) + ln(Rchc/Ba) (13-c)



and using:the previous results the thermodynamic properties

are given from an eguation of state as

* *
A =T FI, +T FI, (14-a)
* *
v = -1 % FI, (14-b)
* *9 *
H = -T " FI, + T (2-1) (14-c)
¥ ¥ 14-d
S —-FIl+T FIZ-FI3 (14-4)
* * * *
G =T FIl + T FI3 + T (Z2-1) (l4-e)
1 © = 17" (3" (14-£
n fi/fi = 1/T (3A /axi)T,V,Xj )
For a pure fluid the fugacity reduces to
o 4 —
in fi/fi = FI, + FI; + 2-1 (15)

lPra_usnitz, J.M., "Molecular Thermodynamics of Fluid-phase
Equilibria", Prentice-Hall, Englewood Cliffs, New Jersey, 1969.
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APPENDIX B
EZFIT USERS GUIDE

EZFIT is a flekible nonlinear regression program
designed specifically for equation of state development. By
its nature, though, it is easily adapted for any nonlinear
regression. Two methods for regression are available by
appropriate selection of control variables, the simpler Gauss-
Newton and the Marquartl. EZFIT features the selection of
three data input routines that can be tailored to various
formats, as standard, the ability to pass 40 parameters and
fit 30 and to use any combination of independent variables
and data points so long as their product is less than 3000
(such as 10 independent variables and 300 data points).
Specific parameters from the maximum of 40 can be selected
for regression in any order while the rest are fixed. The
program can also do successive regressions with adding a term
to the result of the previous regression.

The following sections explain in detail the method
of EZFIT. Figure 1 shows the overall organization of the

program subroutines. The first section explains the details

lBevington, Phillip R., "Data Reduction and Error Analysis
for the Physical Sciences", McGraw-Hill, New York, 1969.
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of the main program. The second section describes the common
blocks used to pass property and control information among
the routines. The third section gives detailed descriptions
of the subroutines. The fourth sections tells how to adapt
EZFIT to fit any function. The last section gives a listing
of the FORTRAN source; In these descriptions, card input is
detailed as which columns the numbers are in,y i.e., cc l-Sy,
etc. If the variable inputed is an integer as noted by its
first letter being I-N, the value is right justified with

no periods. Other variables are real numbers and must include
periods. In describing the algorithms the level of logic

is shown by indentations with the major sections being at the

first level.

EZFIT MAIN PROGRAM

The EZFIT main program controls the calculations to
be performed. Through the input of 22 control cards +he various
calculation options of Gauss-Newton, Marquart and linear -
;egression can be selected. The control selects the input
method for data points,selection of parameters to be used in
the regression, and initial values of the parameters. The
main program controls convergence and of the algorithms and
checks time limits. Details of the various options of the
control cards are given in the following section. The algorithm

used is in the succeeding section.
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Control Cards for EZFIT

Card Control Functions and Format

1l cc. 1-5; IOUT; Program code control selects various
calculations performed as given below:
1 Full regression, echo print of input data
as received from data input routines, for
each iteration a table of ¥, Ygzlc, and %

error, regression summary statistics, output
tables of calculated propertles and corre-
lation coefficients.

3 The echo print is omitted from the features

of type 1.

Correlation coefficients i1s omitted.

Full regression, regression summary statis-

- tics, output tables of calculations.

8 Same as 9 but with table of correlation
coefficients added.

9 Calculation of statistics with no parameter
update for regression summary statistics,
output tables of calculations.

10 No regression, output tables of results.

w

2 cc. 1-5; idata; Selection of data input routines as:
1 DATA; Compound cards, then preBANKED data.
2 DATAZ2; Blocked, BWR original data format.
3 DATA3; Blocked form cf data in BANKED format.

3 cc. 1-10; DFLMDA: Selection of regression method as:
.00l Marquart
0.00 Gauss-~-Newton
<0 Linear regression

4 cc. 1-10; TMAS; Maximum time allowed for regression
without the time for calculation of the output
tables. It is used to end the regression nearly
when convergence is not possible in the time
allotted for the job.

5 cc. 1-5; ISTATE(3); Parameter constraint mode for allowance
of sign change as:
0 Unconstrained
1 Constrained against sign changes
cc. 6=10; ISTATE(5); Selection of derivative calculation mode:
0 Numeric derivative with precision test
1 Numeric derivative with delta of ,0l of parameter.
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11-
13

la-
18
19

20

21

22
23
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cc. 1-5; ISTATE(4); Selection of error message mode:
0 Full messages
5 Minimum of error messages

cc, 1-5; NUMB; Dummy passed to calculation routines for
their use.

cc. 1-5; NFPARM; Number of parameters not entering to
regression but passed to the calculation routines.

cc. 6-10; FPARM; Initial number of parameters to be fitted
in a series of regressions.

cc. 1~5; NNTERM: dummy

cc. 1-5; NULFR; Initial number of parameters to be fitted
in a series of regressions.
cc. 6=10; NULITO; Final number of parameters to be fitted.

16I5; ITERM(40); Parameter numbers in order to be fitted.
As standard 40 may be supplied but no more than
30 can be fitted.

8F10.0; Al(40); Initial values of parameters in ascending
order form parameter 1.

cc. 1-5; NCODE: Weighting mode selected as
1 Weights supplied by data input routine.
0 Equal weights

-1 Weight as l/yexp

cc. 1-10; RGAS; Universal gas constant used to select
equation units.

cc, 1-5; N; Maximum number of independent variables per
data point. (not used in module GOINE as
restricted to 3 variables).

cc. 1-5; NPTS; Number of data points.

Control cards as specified by the selected data
input routine

COMPQUND CODE CARD
Short Form

cc, 1-8; Eight character acronym for compound.

cec. 9-10; Two digit compound code.

cc, 11-20; TCRIT; critical temperature in Rankine.
cec. 21-20; PCRIT; critical pressure in psia. .
cc, 31-40; RHOC; critical density in lbmole/ft~.
cc, 41-50; XMW; molecular weight.

cc. 51-60; W; Pitzer acentric factor.

cc. 61-70; ALPHA; reduced temperature scaling factor.
cc. 71-80; BETA; reduced density scaling factor.
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Common Block Definitions

Common Block PRM

Common/PRM/RGAS , RENRGY, TCRIT,PCRIT, RHOC,W,ALPHA,BETA , XMW,
1 A(40) ,B(7) ,NTERMS,NPARM,NUME, RTOP, RMIDL ,RMIDV

Common block, PRM; properties management, contains the
control variables, scaling parameters, and other things
needed by the physical properties package. It contains the
parameters for the equation of state. The variables and their
usage are:

RGAS The universal gas constant used to determine
the pressure units used by the system.

RENRGY The universal gas constant used to determine
the energy units used by the system.

TCRIT Thg critical temperature in consistent absolute
units.

PCRIT The critical pressure in consistent units.

RHOC The critic&l density in consistent units.

W Pitzer acentric factor.

ALPHA Reduced temperature scaling parameter, T* =
ALPHA*T/TCRIT

BETA Reduced density scaling parameter, RHO* = BETA*RHO/RHOC

XMW The molecular weight.

A(40) Parameters for the equation of state.

B(7) Parameters for the ideal gas function.

NTERMS Used by some equations; defined as parameters fitted

minus NNTERM, see control variable definitions.

NPARM The number of parameters in the equation of state.



NUMB
RTOP
RMIDL

RMIDV
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Used in do-loop control in some equations.
The maximum ligquid density allowed in DENSL.
The minimum liquid density allowed in DENSL.

The maximum vapor density allowed in DENSV.
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Algorithm for MAIN Program

Initialization

l; Set CPU clock

2. Zero ICOMP, ISTATE

Data Input

l; Input control variables: IQUT,IDATA,DFLAMDA,EPS,TMAX,
ISTATE(3,4&5) ,NUMB ,NFPARM,FPARM,NTERM, NUIFR, NUITO,
ITERM,Al ,NCODE,RGAS, N, NPTS

2.' Print summary of program status

3. Input data points
1. If IDATA=1l, Call DATA
2, If IDATA=2, Call DATA2
3. If IpaTA=3, Call DATA3

4, Echo data points if desired;

If IOUT<3, Print DATAID and X

Initialize regression: IPRES=0, NPART=1, CHI=1

Do series of regressions
For NUl1l=NU1lFR to NULTO

1.

Initialize;

NTERMS=NU1-NNTERM
NPARM=NU1+NFPARM

DF=NPTS=NU1l

CHI=1060

Store parameters; STORE (LL)=Al(LL)

Check for output only
1. If IOUT<1l0 Go to 4.4

2. Move parameters to COMMON; A=All=4o, AXTN=Al,. 100
3, Go to 1110

Initialize for regression
1. FLAMDA=DFLAMDA

2, STORE (1)=CHI
3, STORE(1l+L)=Al(L)
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Perform regression iterations
For I=1 to 20 .
1. Do one iteration; Call CURFIT

2. Calculate and output relative change in parameters;
STORED (L) = (STORED (L+1)~Al (L)) /ALl (L)

3. Calculate and output length of change as
SSQ= I (STORED(L+1)~-Al(L))?2

4, If first iterations store variances; STORE (1l+NPARM+L)=
SIGMAA (L)

5, Evaluate results of iteration
1, If chi-squared increased, CHI<CHISQR, Print
message and go to 4.6.

2. If change less than EPS, Print convergence
message and go to 7.6.

3. If no improvement on initial values of
parameters, i.e. FLAMDA>100 and CHI>1050,
Print message and go to 8.

4, Output results at valid improvement
1. Print new parameters Al, new chi-squared
CHI, and variances SIGMAA(l) .,

2, Store new parameters and variances;
STORE (1)=CHI, STORE (1l+L)=Al(L),
STORE ( 1+NPARM+L) =SIGMAA (L)

5. Check for exceeding time limit,
1, Call CPUTIM(TIME,ST2) and print elasped
time, ST2.

2, If no regression to be made, ISTATE(2)>5,
print message and go to 4,6,

3. If time limits exceeded print message
and go to 4.6,

6. Qutput results
1. Retrieve parameters and variances from STORE

2, Output tabled parameter index, ITERM(J),
parameter, Al, standard error, SE= SIGMAA*CHISQOR,
variance, SIGMAA, and contributions to chi=-
squared, ASE= (Al/SE) 2
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3. Print statistics: CHISQR,chi-squared;
DF ,degrees of freedom; FR, F-statistic
for correlation, FCH1l, F-statistic for
term to regression.

4. Staore unreduced chi-squared for next
FCH1l, CHI1l=CHIN

5. Output results for points; call OUTPUT

Stop program with regression series complete.

adding
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Common Block DAT

COMMON/DAT/IPRES, ISTATE (20)

Common block DAT, control data, contains status
and control variables for both the curvefitting and physical

properties package. The variables and their usage are:

IPRES The number of times the pressure routine,
PRES, has been called.

ISTATE (1) Number of the data point being evaluated.

ISTATE(2) Calculation mode control;

ISTATE(3) Parameter constraint control.

ISTATE (4) Error message control.

ISTATE (5) Derivative precision control.

ISTATE(6) Program control bits.

ISTATE(7) Program status bits.

ISTATE(8) Subroutine status bits.

ISTATE(9) Derivative status indicator.

ISTATE(10~20) are not presently used.
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Common Block PRP

COMMON/PRP/ICOMP (20) ,CPC(20) ,CRC(20)CMW(20) ,CW(20) ,CTC(20),
1 CA(20),CB(20) ,CNAME (20, 2)

Common block PRP, properties package, contains identi-

fication codes, names, and physical properties for twenty

substances used by the calculation routines. The variables

and their usage are:

ICOMP (20)

CpPC(20)

CRC(20)
CcMw (20)
CwW(20)
CTC (20)
CA(20)
CB(20)

CNAME (20,2)

The

The

BANKED compound identification code.

critical pressure for the compound in con-

sistent units.

The
The
The
The
The

The

critical density in consistent units.
molecular weight.

Pitzer acentric factor.

critical temperature in consistent units.
reduced temperature scaling parameter.

reduced density scaling parameter.

An eight character compound acronym.



77

Documentation of Subroutines

Subroutine CONVR

1. Hierarchy: Called by: DATA
Calls: -

2. Functional Description:

This subroutine converts a positive integer INUM,
less than 9999 into its EBCDIC representation and returns it
in a real, CHAR, and an integer, ICHAR, variable.

3. Variables:
a. Input:
1. Argument: INUM,
b. OQutput:
1. Arguments: ICHAR; CHAR.
c. Intermediate:

1. IFACT power of 256 place keeper.

2. I10 working variable.

3. I, Qorking variable.

4. J, do-loop parameter.

5. IDUM, DUM equivalenced variable for changing
type specification.

4. Algorithm:
1. 1Initialize: ICHAR = 0, IFACT = 1,
2. Transfer number to working area, I = INUM
3. For J=1to 4

1. 1Isolate character, multiply by place value and
add to character variable:

I10 ~1/10 ‘

ICHAR = (I-I10%10+240) *IFACT+ICHAR
2., Prepare for next digit:

I =1I10



3. Prepare next place value: IFACT
Move bit pattern to real variable:
1. IDUM=ICHAR

2. CHAR=DUM

78

IFACT*256.
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Subroutine CP

1. Hierarchy: Called By: FUNCN
Calls: ENTH

2. Functional Description:
This subroutine calculates the specific heat at con-

stant pressure Cp by numerical derivative of the enthalpy as

Cp = (EH/BT)p

The method of finite differences is used with the interval
adjusted to obtain the precision desired by an internal
testing algorithm.
3. Variables:

a. Input:

1. Arguments:

T, absclute temperature.
RHO, density.

b. Output:
1. CP, the calculated specific heat.
c. Intermediate:
1. The same as FDERIV.
4. Algorithm:

The algorithm is the same as that used in FDERIV with
the appearances of FUNCN replaced by ENTH.
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Subroutine CV

1. Hierxrarchy: Called By: FUNCN
Calls: U

2. Functional Description:
This subroutine calculates the specific heat at con-

stant volume, CV, by numerical derivative of the internal
energy as

Cv = (BU/BT)V

The method of finite differences is used with the interval
adjusted to obtain the precision desired by an internal
testing algorithm.
3. Variables:

a. Input:

1. Arguments:

T, absolute temperature.
RHO, density.

b. Output:
1. CV, the calculated specific heat.
c. Intermediate:
| 1. The same as FDERIV.
4. Algorithm:

The algorxithm is the same as that used in FDERIV with
the appearances of FUNCN replaced by U.
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Subroutine DATA

1. Hierarchy: Called By: MAIN

Calls: ~

2. Functional Description:

This subroutine inputs data in pre-BANKED format,
generates weights, mean and variance, It may be custom pro-
grammed to fit the users needs.

3. Variables:

Q.

b.

c.

Input:

1. Arguments:
N, number of independent variables.
NPTS, number of data points to be read.
NCODE, code for weighting method

2. Card Input:

Card 1; NCOMP, number of components.

Card 2~-NCOMP+1; NCOMP physical properties cards
BANKED short form: CNAME, IWHOLE, CTC,
CPC, CRC, CMW, CW, CA, CB

Cards NCOMP+2-; NPTS cards in pre-BANKED format.
CONTROL, T,P,Y,DATAID(2X,4F10.0,26X, 3A4)

Output:

l.

Arguments:

X,array of independent variables for data points
Y, dependent variables for data points

WEIGHT, weights for data points

YBAR, mean of Y's

YVAR, variance of Y's

NPTRHO, number of density data points

NPTH, number of enthalpy departure data points
NPTVP, number of vapor pressure points

DATAID, array of data identifications for points

2. COMMON/PRP/ICOMP(20),. . . CNAME(20,2)
Intermediate

1. I,J,L, do~loop parameters

2. SUM, accumulator for weighted mean

3; SUMW, sum of the weights
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4. SUMY, accumulator for the variances

5. IFRACT, fraction portion of control variable
Algorithm:
1. 1Initialize counters to 0; NPTRHO, NPTH, NPTVP=0
2. Input and echo print NCOMP
3. Input physical property cards;

For L=1 to NCOMP;

1. Read the Lth CNAME,ICOMP,CTC,CPC,CRC,CMW,CW,
ca,CB

Input data cards;
For I=1 to NPTS

l.

2.

Read the Ith X's, ¥, and DATAID
Prepare weight; WEIGHT (I)=Y(I)

Separate control variables;
IWHOLE=|X(I,1) |+.005
IFRACT=|X(I,1)-IWHOLE+.005|*100

Calculate subtotal for data types;
If IFRACT=0, NPTRHO=NPTRHO+1

If IFRACT=10, NPTH=NPTH+1

If IFRACT=20, NPTVP=NPTVP+1l

Initialize accumulators for mean and variance;
SUM=0, SUMW=0

For I=1 to NPTS

1.

Evaluate weights;
1. 1If NCODE<O, and Y#0, WEIGHT(I)=1/|¥Y(I) |

2. If NCODE<O, and Y(I)=0, WEIGHT(I)=1

3. 1If NCODE=0O, WEIGHT(I)=1

4, If NCODE>O, WEIGHT(I)=1/WEIGHT(I)**2
Accumulate sum of weights and weighted Y's;

SUM=SUM+WEIGHT (I) *Y (I)
SUMW=SUMW+WEIGHT (I)
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Calculate weighted mean;
SUM=SUM/SUMW; YBAR=SUM

Calculate weighted wvariance;
1. Initialize accumulator; SUMY=0

2. For I=1 to NPTS,
SUMY=SUMY+WEIGHT (I) * (Y (I)-SUM) **2

3. YVAR=SUMY*NPTS/ (SUMW* (NPTS-1))
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Subroutine DATAZ2

1. Hierarchy: Called By: MAIN
Calls: CONVR

2. Functional Description:

This subroutine inputs data in the pre~BANKED
and original Han format, generates weights, data point
identification, and means and variance. It may be custom
programmed to fit the users needs.

3. Variables:
a. Input:

1. Arguments:

N, number of independent variables.
NPTS, number of data points to be read
NCODE, code for weighting method

2. Card input
Card 1; NCOMP number of data blocks
Card 2; Physical properties in BANKED short form
CNAME, IWHOLE, CTC, CPC, CRC, CMW, CW, CA, CB
Card 3; Data block control: NPTHRL~ number of
density points, NPTHL-number of enthalpy
points, NPTVPL-number of wvapor pressure
points, NPTA-total number of points pre-
BANKED format. SCALE-weight for group.
Card 4- a: NPTA cards in pre-BANKED format.
Control, T,P,¥,DATAID (2X,4F10.0,26X,3A4)
b: NPTRHL cards in Han density format
(T,P,p,CODE-3F10.0,20X,I5)
c: NPTHL cards in Han enthalpy format
(T,p,AH,CODE~3F10.0,20X,15)
d: NPTVPL cards in Han vapor pressure
format (T,P-F5.0,F10.0)
Repeat from Card 2 NCOMP times.

b. OQutput:

1. Arguments:

X, array of independent variables for data points
Y, dependent variables for data points

WEIGHT, weights for data points

YBAR, mean of Y's.

YVAR, variance of Y¥'s

NPTRHO, number of density data points

NPTH, number of enthalpy departure data points
NPTVP, number of vapor pressure points

DATAID, array of data identifications for points
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2. COMMON/PRP/ICOMP (20). . . CNAME(20,2)

Intermediate

1. COMMON/PRM/RHOC

2. I, do-loop and index parameter

3. J, L, JA, do-loop parameters

4, P, inputed pressure

5. T, inputed temperature

6. D1, D2, Characters for identification code
7. SUM, accumulator for weighted mean

8. CODE, inputed phase code

9. NPTL; number of points read in previous groups.
10; SUMW, sum of the weights
11. SUMY, accumulator for the variances
12. IFRACT, fraction portion of control variable
13. IWHOLE, whole portion of control variable

4. Algorithm

l.
2.

3.

Initialize counters to Q; NPTL, NPTRHO, NPTH, NPTVP=0

Input and echo print NCOMP

Input blocks of data;

For L=1 to NCOMP
1. Read Lth physical property card into
COMMON/PRP/

2. Read number of each type of data; NPTRHL,
NPTHL, NPTVPL, NPTA, SCALE

3. Calculate group weight;
If SCALE=0, SCALE=l.
SCALE=SQRT (SCALE) ,
4, Read in any data in pre-BANKED form;

1. If NPTA=O go to 3.5
2, For JA=1 to NPTA

1. Read Ith data point; I=JA+NPTL
2. Calculate WEIGHT=Y/SCALE
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Calculate subtotal for data types:
IWHOLE=|X(I,1) |+.005
IFRACT=|X(I,1)-IWHOLE+.005]*100
If IFRACT=0 NPTRHO=NPTRHO+1

If IFRACT=10, NPTH=NPTVP+1l

If IFRACT+20, NPTVP=NPTVP+1l

Update index offset; NPTL=NPTL+NPTA

5, Read in any density data;
If NPTRHL=0, go to 3.6

1.
2,

3.

For J=1 to NPTRHL

1.
2.

3.

Read the Ith data point; I=J+NPTL

DATAID(I,l)=D1l, DATAID(I,2)=D2

Convert to pre—~BANKED form;
=T+460, CODE=-1

If RHO<RHOC, CODE=l

If CODE<O X(I,l)=-IWHOLE

If CODE<O, X(I,1l)=IWHOLE

X(1,3)=P, X(I,2)=T, Y(I)=RHO

Prepare weight; WEIGHT=Y(I) /SCALE

Update counters;
NPTRHO=NPTL+NPTRHL

6. Read in any enthalpy departure data;

l.
2'

If NPTHL=0, go to 3.7

For J=1 to NPTHL

1.

2.

3.

Read the Ith data point; I=J+NPTL
DATAID(I,1)=D1l, DATAID(I,2)=D2
Convert to pre—~BANKED form;
T=T+460,

If CODE<O, X(I,l)=-=(IWHOLE+.1l0)
If CODE>Q, X(I,l)=IWHOLE=.1l0
X(I,2)=T, X(I,3)=P, Y(I)=DELH
Prepare weight; WEIGHT=Y (I)/SCALE

Update counters;
NPTH=NPTH+NPTHL
NPTL=NPTL+NPTHL

7. Read in any vapor pressure data;

1.

2.

If NPTVPL=Q, go to 3.8

For J=1 to NPTVPL

1.

2.

Read the Ith data point; I=J+NPTL
DATAID(I,1l)=D1, DATAID(I,2)=D2
Convert to pre-BANKED form;
T=T+460;X(I,1)=IWHOLE+.2; X(I,2)=T;
X(1,3)=P; Y(I)=P
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3. Prepare weight; WEIGHT=Y(I)/SCALE
3. Update counters;

NPTVP=NPTVP+NPTVPL

NPTV=NPTL+NPTVPL

8. Continue read loop

Initialize accumulators for mean and variance;
SUM=Q, SUMW=Q

For I=1 to NPTS

l.

Make character id number for data in Han's format;
If DATAID(I,1l)=Dl and DATA(I,2)=D2, Call

CONVR (I, ICHAR,DATAID(I, 3)

Evaluate weights;

1. If NCODE<O, and Y(I)#0, WEIGHT(I)=1/[¥(I)|

2. If NCODE<O, and ¥ (I)=0, WEIGHT(I)=1l.

3. If NCODE=0, WEIGHT(I)=1

4, If NCODE>O, WEIGHT(I)=1/WEIGHT(I)**2
Accumulate sum of weights and weighted Y's;

SUM=SUM+WEIGHT (I) *Y(I)
SUMW=SUMW+WEIGHT (I)

Calculate weighted mean;
SUM=SUM/SUMW; YBAR=SUM

Calculate weighted variance;

1.
2-

3.

Initialize accumulator; SUMY=0

For I=1 to NPTS,
SUMY#SUMY+WEIGHT(I)*(Y(I)-SUM)**Z

YVAR=SUMY*NPTS/ (SUMW* (NPTS-1))
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Subroutine DATA3
1. Hierarchy: Called By: MAIN
2. Functional Description:

This subroutine inputs data in the BANKED format in
blocks with individual group weights from the specified input
unit. It generates individual point weights, and the mean
and variance for the data set,

3. Variables:
a. Input:

1. Arguments:

N, number of independent variables.
NPTS, number of data points to be read
NCODE, code for weighting method

ND, dimension for DATAID, ND=3

2. Card input:

Card 1l; NBLKS, number of data blocks

Card 2; Physical properties in BANKED short form,

: CNAME, IWHOLE,CTC,CPC,CRC,CMW,CW,CA,CB

Card 3; Data block control:
IFILE, unit number from which data is read
NPTA, number of points in data block
SCALE, weight for group

Card 4-; Data cards in BANKED format, X, ¥, ICONT,
DATAID

Repeat from Card 2 to Card 4 NBLKS times.

b. OQutput:

1. Arguments

X, array of independent variables for data points
Y, dependent variables for data points

WEIGHT, weights for data points

YBAR, mean of Y¥Y's

YVAR, variance of Y's

DATAID, array of data identifications for points

2. COMMON/PRP/ICOMP (20), . . . CNAME(20,2)
c, Intermediate:
1. I,JBLK,J,K,J7,JL,JS,JJJ, do-loop parameters

2. NPTL, number of points read in previous groups.
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3. SUM, accumulator for weighted mean
4. SUMW, accumulator for the weights

5. SUMY, accumulator for the variances

Algorithm:

1. 1Initialize counters and control;
NPTL=O, ICOMP(1l)=0, L=1

2. Input NBLKS

3. Input blocks of data:

For JBLK=1 to NBLKS
1. Read the Lth CNAME, IWHOLE,CTC,CPC,CRC,CMW,CW,CA,CB

2. Check if properties for compound have already
been read:

3. For JL=1 to Ll
1. Check if IWHQLE is already present
' If ICOMP (JL)=IWHOLE go to 4.4

4. IWHOLE is not present so include in PRP
: 1. TICOMP(L)=IWHOLE
L=L+1

5. Check to see if there is free space 'in PRP
If L>20, print no more room.
ICOMP(L) =0

Read data control card; IFILE, NPTA, SCALE

Prepare group weights; IWT=0
1. If SCALE>O, go to 3.4.1.2
1. Else, Set code for equal weights for points
in group;
IWT=1,
SCALE= |SCALE]|
2. If SCALE=0Q, SCALE=1l
3. SCALE=1/SCALE

Input cards in BANKED format
For L=1 to NPTA

1. Set storage index; I=NPTL+L

2. Read lead card from unit IFILE, if end of file
go to 5; X(I,l),X(I,Z),X(I,3),Y(I),ICONT,DATAID
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3. Prepare to read following card for point;
JL=3,
If ICONT=0, go to 3.5.5, no more cards.

4. Read rest of cards for point:
For JJ=1 to ICONT
l. Set indices for X's;
JS=JL+1
JL=JS+5
2. Read X(I,JS) to X(I,JL) from unit IFILE.

5. Check for all X's filled as read:
1. If JL=N, go to 3.5.6
2. Fill X(I,JL+l) to X(I,N) with O.

6. Prepare weight for point:
l. WEIGHT(I)=1
2. If Y(I)#0, WEIGHT(I)
3. WEIGHT(I)=WEIGHT(I)/SCALE
4. If IWT=1l, WEIGHT(I)=1/SCALE

7. Update offset for indices;
NPTL=NPTL+NPTA

Update Number of points, NPTS=NPTL, and go to 6.
Print end of file error message and stop.

Initialize accumulators for mean and variance:
SUM=0Q, SUMW=O

For I=1 to NPTS

1. Evaluate weights;

1. If NCODE<Q, and Y#0, WEIGHT(I)=1/|¥(I)|
2. If NCODE<O, and Y(I)=0, WEIGHT (I)=1

3. If NCODE=Q, WEIGHT(I)=1

4. If NCODE>Q, WEIGHT (I)=1/WEIGHT (I)**2

2. Accumulate sum of weights and weighted Y's;
SUM=SUM+WEIGHT (I) *Y(I)
SUMW=SUMWH+WEIGHT (I)

Calculate weighted mean;
SUM=SUM/SUMW; YBAR=SUM

Calculate weighted variance:

1. Initialize accumulator; SUMY=0

2. For I=1 to NPTS;
SUMY=SUMY+WEIGHT (I) * (Y (I)~SUM)**2

3. YVAR=SUMY*NPTS/(SUMW* (NPTS-1))
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Subroutine DENSL

1. Hierarchy: Called By: FUNCN, FLASHP
Calls: PRES

2., Functional Description:
This subroutine finds the density root of equations

of state in the region between the critical density and
four times it, i.e. the liquid density. It does this by a
combined method of false position and successive bisections.
It uses the ideal gas value as the initial approximation and
has several safe guards to secure the selection of the
correct root.
3. Variables:

a. Input:

1. Arguments:

T, absolute temperature
P, pressure

2. COMMON/PRM/RGAS, TCRIT, RMIDL, RTOP
3. COMMON/DAT/ISTATE (4) , ISTATE(9)
b. Output:

1. Argument:
DENSL, liquid density root

c. Intermediate:
1. IT, ITMAX, iteration parameters
2. PO, local storage for P

3. Pl, P2, P3, intermediate pressures used in the
search

4, DEL, search interval

5. CODE, status variable

6. EPSP, tolerance in pressure, 107>
7. EPSR, tolerance in density, 1072

8. PMIN, minimum pressure in secondary search.
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9. RHOMIN, density corresponding to PMIN

10. RHO1l, RHO2, RHO3, intermediate densities used
in search. -

11. SRHQ, SP, results of previous calculation used
for start when called from FDERIV

4, Algorithm:
a. Basis;

The density is found by a false position search. 1If
this fails by not meeting convergence criteria or the root
having a negative derivative, a search from RTOP is made down
to RMIDL by step DEL until the root is bounded. When it is
bounded successive bisection is performed until the conver-
gence criteria are satisfied. If the root was unable to be
bounded the density corresponding to the minimum pressure is
used. If the routine is called from FDERIV the results from
the previous calculation are used for the initial locations
saving some time in that they were for the same T and P
conditions.

b. Procedure:

1. Initialize:
ITMAX=20, set maximum iterations for false position
PO=P, move P to local storage
PMIN=1060, initialize minimum search pressure.
CODE=0, initialize minimum search pointer.
DEL=RTOP/20, delta as twentieth of top bound
IT=1, start counter

2. Check if T is so small that false position will
be skipped
If T/TCRIT<.4 go to 7

3. Check if in derivative routine and if so use last
result to start;
If ISTATE(9)#0, RHOL=RHOZ2

4. Set up initial values for false position;
RHO2=1.01l*RHQ1
P1l=PRES (T, RHQ1) -PO
P2=PRES (T, RHO2) ~PO
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Start false position iteration:
1. Check for convergence;

NN

6.

If |PLl-P2|<EPSP*PO or |RHOL~RHO2|<|RHO2|*EPSR
go to 6 '

. Check if exceeded

Check 1f exceeded 20 iterations;
If IT>ITMAX, go to 7

- Project by false position;

RHO3= (RHO1*P2~RHO2*P1) / (P2~P1)

If RHO3 is out of bounds randomize start
1. If RHO3>RTOP or RHO3<RMIDL, RHO3=RTQOP*(50+IT)/50

2. Select pair with positive slope to continue
1. If RHOI<RHOZ and P1>P2 go to 5.5
2. Make start:
RHO2=RHO1
RHO1=RHO3
P2=P1
IT=IT+1
P1=PRES (T,RHO1l) -PO
go to 5.1

Update for next iteration
RHO1=RHO2

RHO2=RHO3

P1l=P2

P2=PRES (T, RHO2) -PO

Go to 5.1

Check for positive slope for correct root;
RHO1=.99*RHO2

P1=PRES(T,RHO1l)~PO ;

If RHO2<RMIDL it is out of range, go to 7
If P1<P2, go to 1l.

Initialize for search to bound root;
ITMAX = 40

RHOL1=RTOP

P1=PRES (T, RHOL)

Check for root outside top bkound;

1.

2.

3.

If P1>PQ, go to 9

Check if error messages desired;
If ISTATE(4) 5, print Root too large.

Select root as bound;
RHOZ:RHOl
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4., If not in FDERIV return;
If ISTATE(9)=0, go to 1l

5. Modify bound root so that derivative will have
correct sign;
1. P1=PRES(T,RHO2)
2. If Pl<PS, go to 8.5.3
1. Else, RHO2=RHO2-DEL, go to ll.
3. RHO2=RHO2+DEL, go to 11.

Begin search for bound;
1. P1=PRES(T,RHOL)

2. Check for bounded root;
If P1<PQ, go to 10

3. Check for first minimum;
If P2<PMIN and CODE=0Q, go to 9.8

4. FPirst minimum found; CODE=1l

5, Update iteration values;
RHO2=RHO1
P2=P1

6. Check for reaching left bound;
: If RHOL<RMIDL go to 9.9

7. Continue search;
RHO1=RHO1l~DEL
Go to 9.1

8. Update minimum with lower wvalues;
PMIN=P1l
RHOMIN=RHOLl
Go to 9.5

9, Since out of bounds use minimum;
1. Check if error messages desired;
If ISTATE(4)<5, print minimum used

2. RHO2~-RHOMIN
10. Begin successive bisections
1. Calculate values at interval center:

RHQ3= (RHO1+RHQ2) /2
P3=PRES (T, RHO3)



95

2. Check fof convergence;
If |Pl-P2|<EPSP*PO or |RHOL-RHO2|<|RHO2|*EPSR,
go to 1ll.

3, Check number of iterations;
IT=IT+1
If IT>ITMAX, go to 10,5

4, Find interval containing root;
1. If P3>PO, go to 10.4.3

2. Between top and middle;
RHO1=RHQ3
P1=P3
Go to 10.1

3. Between bottom and middle;
RHO2=RHO3
P2=P3
Go to 10.1

5. Search failed;
1. Check if error messages desired;
If ISTATE(4)<5, Print, L density
did not converge.

11. Prepare to leave;
1. Transfer result; DENSL=RHO2

2. If ISTATE(9)=l, return

3. Not in derivative so store result;
SRHO=DENSL
SP=PRES (T, SRHO)
Return
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Subroutine DENSVY

1. Hierarchy: Called By: FUNCN, FLASHP
Calls: PRES

2. Functional Description:

This subroutine finds the density root of equations
of state in the region between zero and the critical density,
i.e. the vapor density. It does this by a combined method of
false position and successive bisections. It uses the ideal
gas value as the initial approximation and has several safe-
guards to secure the selection of the correct root.

3. Variables:
a. Input:

1. Arguments:

T, absolute temperature
P, pressure

2.  COMMON/PRM/RGAS, RMIDV, TCRIT
3.  COMMON/DAT/ISTATE(9) , ISTATE (4)
b. Output:

1. Argument:
DENSV, gas density root

c. Intermediate:
1. IT, ITMAX iteration parameters
2. PQ, local storage for P

3. Pl, P2, P3, intermediate pressures used in
the search,

4, DEL, search interval
5. CODE, status variable

6. EPSP, tolerance in pressure, 1072

7. EPSR, tolerance in density, 1073
8. PMAX, maximum pressure in secondary search.
9. RHOMAX, DENSITY corresponding to PMAX.,

10. RHO1,RHO2,RHO3, intermediate densities used in search.
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4. Algorithm;
a. Basis;

The density is found by a false position search. If
this fails by not meeting convergence criteria or the root
having a negative derivative, a search from P/2RT is made
up to RMIDV by step DEL until the root is bounded. When it
is bounded successive bisection is performed until the con-
vergence criteria are satisfied., If the root was unable
to be bounded the density corresponding to the maximum pressure
is used.

b. Procedure;

1. Initialize
ITMAX=20, set maximum iterations for false position
PO=P, move X to local storage
DEL=PO/RGAS/T/10, delta as a tenth ideal gas density
RHOl=, 5*PO/RGAS/10, first density as half ideal gas
IT=1, start counter

2, Check if T is so small that false position will
likely fail .
If T/TCRIT<,4, go to 7

3. Check if in derivative routine and if so use last
result to start: :
If ISTATE(9)#0, RHO1=RHO2

4, Set up initial wvalues for false position;
RHO2+.8*RHOL1-L
P1=PRES (T,RHO1) ~PO
P2=PRES (T,RHO2) -PO

5, Start false position iteration;

1, Check for convergence;
1f |P1=P2KEPS*PO or |RHO1-RHO2|<|RHO2|*EPSR
go to 6|

2, Check i1f exceeded 20 iterations;
If IT>ITMAX go to 7

3, Project by false position;
RHQO3=(RHO1*P2-RHQ2*P1l) /(P2~-P1)

4; If RHO3 is out of bounds randomize start
If RHO3>RMIDV or RHO3<0Q, RHQ3=(1~IT/50)*PO/(RGAS*T)

5, Update for next iteration;
RHQ1=RHOQ2
RHO2=RHO3
Pl=p2
P2=PRES (T, RHO2) -PO
IT=IT+1 :
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6, Go to 5,1

Check for positive slope for correct root;
RHO1=.99*RHO2

P1=PRES (T,RHO1) ~PO

If RHO2<RMIDV, it is out of range, go to 7
If P1<P2 go to 11,

Initialize for search to bound root;
ITMAX=RMIDV/DEL+5, set limit as 5 steps past RMIDV
IT=0

Convert differences from PO into pressures;
P1=P1+PO

PZ2=P2+P0O

RHQ1=DEL

Begin search to bound root;
1. P1l=PRES(T,RHO1)

2, Check to be sure Pl is below PO, i,e. on the
left;
1, If Pl<PO, go to 8.3

2, Else, not bound on left;
1, Check if error messages desired;
If ISTATE(4)<5 Print error root too small
2, RHO2=RHO1l
3, Go to 11,

3. Start search;
RHQ2=RHO1+DEL
PMAX=P1
RHOMAX=RHO1l
CODE=0., shows start of search

4, P2=PRES(T, RHO2)

5. Check for bound;
If P2>PO, go to 9,

6. Check for first maximum;
If P2>PMAX and CQDE=0, go to 8.12

7. First maximum found; CODE=1l

8, Update iterxation values;
IT=IT+1
RHQ1=RHO2
P1l-P2
RHQ2=RHQZ2+DEL
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9, Test for. end of iterations;
If IT>ITMAX, go to 8,11

10, Continue search if not at bound;
If RHOL<RMIDV, go to 8.4

11, Since out of bounds use maximum;
1. Check if error messages desired;
If ISTATE(4)<5 print maximum used
2. RHQ2=RHOMAX
3, Gao to 11.

12, TIteration exceeded without finding bound;
1, Check if error messages desired;
If (ISTATE(4)<S5 print V root not found
2, Go to 11,

13. Update maximum with higher values;
PMAX=P2
RHOMAX=RHO2
Go to 8.8

Root bounded so initialize for bisections;
IT=0

Begin successive bisections

1., Calculate values at interval center;
RHO3= (RHO1+RHO2) /2
P3=PRES (T, RHO3)

2, Check for convergence;
If |P1l-P2|<EPSP*PO or |RHO1-RHQ2|<|RHO2|*EPSR
Go to 10.5

3. Check number of iterations:;
IT=IT+1
If IT>ITMAX, go to 10.6

4, Find interval containing root;

1. If P3>PO, go to 10.4.3

2, Between top and middle;
RHO1=RHQ3
P1=P3
Go to 10.1

3, Between bottom and middle;
RHQ2=RHQ3
P2=P3 .
Go to 10,1
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5. Transfer middle solution root for result;
RHO2=RHQ3
Go to 11,

6, Search failed;
1, Check if error messages desired;
If ISTATE(4)<5, Print V density did not
converge.

Return result;
DENSV=RHO2
Return
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Subrqutine CURFIT
1, Hierarchy: Called by MAIN
Calls; GJEL, FUNCN, MESSG, FDERIV, LBLEZ, FCHISQ
2, Functional Description:

This subroutine calculates one iteration in a regression
by the method of Marquart or Gauss-Newton for non-linear
functions, It generates the normal equations, obtains their
solution and evaluates the solution. It also reduces to a
standard linear regression in which repeated solution of the
normal equations is used to reduce round-off error.

3. Variables:
a, Input:
1, Arguments:
X, Y, WEIGHT, N, NPTS, NTERMS, A, FLAMDA, ITERM
b. OQutput:
1. Arguments:
SIGMAA, YFIT, CHISQl
2, COMMON/DAT/ISTATE (1) , ISTATE(2), ISTATE(3)
c. Intermediate:
4, 1, 1I,J3,K,L, Do~lcocop parameters,
2. DET, determinant from GJEL
3. IER, error code for the results of GEJEL
4. IBD, control code for calling LBLEZ
5. NPN, dimension of transfer vector to FUNCN
6, BETA, constant vector for normal equations
7. DELM, largest delta for parameters
8

« JM, index corresponding to DELM

9. FACT, reducing factor for constrained parameters
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PERC, percent error in calculating ¥

SUM1, accumulator for percent errors

ALPHA, triangular matrix to accumulate the normal equations
ARRAY, scaled coefficient matrix for normal equations
DERiV, array of derivatives of Y with respect to the A's
NFREE, degrees of freedom

CHISQR, trial value of chi-squared

Algorithm:

Initialize:

IC/5/0utput counter

IBD/0/, label control saying LBLEZ not called

Have LBLEZ called once;
If IBD#1, CALL LBLEZ, IBD=l

Inialize Percent accumulator, SUM1l=0, and FACT=,99

Check to see if program dimensions are exceeded;
If NTERMS>100, NTERMS=100, print only 100 fitted

Calculate transfer vector dimension; NPN=NPTS+NPARM

Check degrees of freedom;

1, NFREE=NPTS~NTERMS
2. If NFREE>0, go to 7.

3. Else, stop calculations
Print error degrees of freedom less than 1
FLAMDA=1000
CHISQR=1053
Go to 24

Evaluate alpha and beta matrices;

1. Zero matricies;
For J=1 to NTERMS
l,, BETA(J)=0
2, For K=l to J
lg ALPHA(J'K) =0

2, Put parameters into transfer vector;
For L=1 to NPARM
1, Z2(L+N)=A(L)



103

Zero ARRAY

Accumulate terms by data point;

For I=1 to NPTS

1, Put X's for point in Z's;
For L=1 to N, Z(L)=X(I,L)

2, Identify and evaluate YFIT for point
ISTATE (1) =I
YFIT(I)=FUNCN(Z,NPN)

3, Calculate and accumulate error;
1, If ¥(I)=0, go to 7.4,3.3

2, PERC=100%(Y(I)-YFIT(I))/Y(I))
3, SUM1=SUM1+|PERC|

4, Check if result is to be printed;
If ISTATE(2)>4 go to 7.4.4

5, If Gauss~Newton skip until 5th time;
If IC<5 and FLAMDA=0, go to 7,4.4

6, Print ¥,YFIT,PERC

4, Evaluate parameter derivatives;
For L=1 to NTERMS
1, JJI=ITERM(L)+N, get index.

2, DERIV(L)=FDERIV(Z,JJ,NPN), calculate derivative

3. Accumulate derivatives for average
ARRAY (L) =ARRAY (L) +| DERIV (L) |

4, Check for 0 derivative;
If |DERIV(L)|<10-30, DERIV(L)=0

5, Accumulate matricies;
For J=1 to NTERMS
1., Check if Linear or Nonlinear
1. ©Nonlinear; If FLAMDA2Q,
BETA (,J) =BETA (J) +WEIGHT* (Y=YFIT) *DERIV(J)
2, Linear; If FLAMDA<Q,
BETA(J)=BETA(J)+WEIGHT*Y?DERIV(J)

2, For R=1 to J
1, ALPHA(J,K)=ALPHA(J,K)+WEIGHT*DERIV(J)*
DERIV(K)
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5, Print average percent error;
SUM1=SUM1/NPTS ,PRINT ,SUM1
Update print control;

IC=IC+1
If IC>5 IC=1

Evaluate and print CHISQl as FCHISQ

Calculate and print average absolute derivatives as
ARRAY (J) /NPTS

Form scaled augmented matrix;

1, DIAG=1

2, Check for Margquart; If FLAMDA<O, DIAG=DIAG+FLAMDA
3. For J=1 to NTERMS

1, Check for invalid-diagonals -40
1., If ALPHA(J,J)<0, print error, ALPHA(J,J)=10

2, Calculate constant term;
ARRAY (NTERMS+1,J)=BETA (J) / VALPHA(J,J)

3. Calculate coefficients;
For K=1 to J
1. ARRAY (X,J)=ALPHA(K,J)/ VALPHA(J,J)*ALPHA (X,K)

2, ARRAY(J,K)=ARRAY(K,J)
4, ARRAY(J,J)=DIAG
Initialize search wvalue for largest delta, DELM=0
Solve normal equations;

1, Check for special case of one parameter;
If NTERMS>1, go to 13.3

2, One term; ,
1, ARRAY(1l)=1/ARRAY (1)
2, ARRAY(2)~=ARRAY(2) *ARRAY (1)
3, Ga to 14.

3. More than one term so call inversion routine, GJEL
Check if parameters are to be updated;

If ISTATE(2)=9, go to 20
If ISTATE(2)=8, go to 19
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Calculate new parameters;
For J=1 tqo NTERMS

1,
2.

Get index, JJI=ITERM(J)

Check for largest parameter change;
1. If |ARRAY(NTERMS+l, J)|<DELM, go to 15,3

2, Else, save larger delta;
DELM=|ARRAY (NTERMS+1, J) |

Calculate new parameter as BJ
1. B(J)=A(JJ)+ARRAY (NTERMS+1,J)/ VALPHA(J,J)

2, Check is parameter is to be constrained;
If ISTATE(3)=0 or B(J)*A(JJ)>0, go to 15.3.4

3. Else, constrain parameter against change in sign;
1, Print message that parameter changed sign
2, B(J)=A(JJ) * (1-FACT)

4, Continue loop

Print largest delta and index, DELM;JM

Evaluate chi-squared at new parameters;

1,

Insert new parameters in transfer vector;
For L=1 to NTERMS

1. JJ=ITERM(L)
2, 2(JJ+N)=B(L)

Evaluate YFIT;
For I=1 to NPTS

1, Move X's to Z;
For L=1 to N; 2Z(L)=X(I,L)

2, Evaluate point;
1, ISTATE(10)=I
.2, YFIT(I)=FUNCN (2, NPN)
3, CHISQR=FCHISQ(...)

4, Output results;
Print IPRES,CHISQR
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Optimize acceleration parameter FLAMDA for reduction
in chi-square;

1, If Gauss-Newton or linear selected skip optimization;
If FLAMDAZQ, go to 21

2, If Chi~square decreased don't optimize;
If (CHISQ1~CHISQR)>0, go to 21

3. Change FLAMDA
FLAMDA=10*FLAMDA
FACT=FACT/2

4, CHECK for top bound on FLAMDA
If FLAMDA>1000, go to 23

5; If FLAMDA is small save variances;
\

1, If FLAMDA>,0l, go to 1ll.

2, Calculate variances in SIGMAA
For I=1 to NTERMS

1, SIGMAA(I)=ARRAY(I,I)/ \VALPHA(I,I)
3, go to 1l

Qutput correlation coefficients;
For I=1 to NTERMS;

l.» For J=1 to I

1., Calculate row of correlation coefficients:
B(J)=ARRAY(I,J)/\/ARRAY(I)*ARRAY(J)

2, Output row of coefficients; Print B, 1 to I
Calculate variances

1. For J=1 to NTERMS

1. SIGMAA(J)=ARRAY(J,J)/ VALPEA(J,J)

2, CHISQR+CHISQL
Return

Move parameters and variances for leaving;
1, For J=1 to NTERMS
l; Ingsert new parameters;

JI=ITERM (J)
A(JT)=B(J)
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2. Check for invalid variancesy
If ARRAY(J,J)<0, ARRAY(J,J)=10"30,
Print variance is negative,

3. Calculate variance;
SIGMAA (J) =ARRAY (J,J) / VALPHA(J,J)

FLAMDA=FLAMDA/10

22. Output correlation coefficients;

1.

2.

3.

Check is coefficient desired;
If ISTATE(2) 4, go to 24

For I=1 to NTERMS;
lq FOI’ J=l o I

1, Calculate row of correlation coefficients;
B (J)=ARRAY (I,J)/VARRAY (I) *ARRAY (J)

2. Output row of coefficients; Print B, 1 to I

go to 24

23. Evaluate at original parameters;

1.

24. Return

Insert parameters in transfer vector;
For L=1 to NPARM;

1. Z(L+N)=A(L)

Evaluate YFIT;
For I=1 to NPTS;

1. Move X's to Z;
For L=1 to N; 2(L)=X(I,L)

2, Evaluate point;
1. ISTATE(1l)~=T
2, YFIT(I)=FUNCN(Z,NPN)
3. CHISQR=CHISQl
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Subroutine ENTH

Hierarchy: Called By; FUNCN, CP
Calls: PRES, F12
Functional Description:

This subroutine calculates the enthalpy departure at the

state condition specified by the arguments temperature and
density. This value is calculated for an equation of state in
EZFIT form as:

AH = *2
= Re TC (=T

*
FI2 + T (2-1)/c
Variables:
a. Input:
1. Arguments:

T, absolute temperature.
RHO, density,

2. COMMON/PRM/RENRGY, TCRIT, RGAS, ALPHA
b. OQutput:

1. ENTH, the calculated enthalpy departure
c, Intermediate:

L. TSTAR, reduced temperature,

2. HDEV, reduced enthalpy departure
Algorithm;
1, Reduce temperature, TSTAR=ALPHA*T/TCRIT

2, Calculate reduced enthalpy departure;
HDEV= (TSTAR**2) *FI2 (T ,RHQ) +TSTAR* (PRES (T, RHOQ) / (RGAS*T*RHO) -1)

3, Unreduce the departure;
ENTH~=HDEV*RENRGY*TCRIT/ALPHA
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Subroutine CHISQ
1, Hierarchy: Called By: CURFIT
Callsy ~
2, Functional Description;

This subroutine calculates the reduced chi~squared used
as the objective function in the nonlinear regression. The
is the weighted sum of squares,

3, Variables:
a. Input:

1. Arguments:

Y, the experimental values for the data points

WEIGHT, the weights for each data point,

NPTS, number of data points

NFREE, the degrees of freedom

YFIT, the calculated values for the data points.
b. Output:

1. FCHISQ, the calculated reduced weighted sum of
the squared errors, chi-squared.

c. Intermediate:
1, I, do~loop parameter,
2. CHISQ, accumulator for chi~-squared,
3. FREE, real variable for degrees of freedom.
4, Algorithm:
a, Procedure;
1, Initialize accumulator to zera; CHISQ=0.
2. Check to he sure that the degrees of freedom are
positive;
If NFREE<OQ FCHISQ=0 and return,

3, Calculate chi-=squared;
For I=1 tao NPTS

1, CHISQ=CHISQ + WEIGHTi* (Y’Jf_YFITi)**Z
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Subroutine ENTRPY
1. Hierarchy: Called By; FUNCN
Calls; FI1l, FI2
2. Functional Description;
This subroutine calculates the entropy departure at the
state condition specified by the arguments temperature and

density, This value is calculated for an equation of state in
EZFIT form as

S = Re(':-ln(,DRT)HFIlsT* FI2)

3, Variables:
a. Input:
1, Arguments:

T, absolute temperature,
RHO, density,

2. COMMON/PRM/RENRGY , TCRIT ,ALPHA
b. Output:
1, ENTRPY, the calculated entropy departure.
c; Intermediate:
1. TSTAR, reduced temperature.
4, Algorithm:

1, Reduce temperature;
TSTAR=ALPHA*T/TCRIT

2, Calculate the unreduced entropy departure;
ENTRPY=RENRGY* (~1n (RHO*RGAS*T) -FI1~TSTAR*FI2)
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4, Reduce chimsquared;
1. FREE=NFREE

2, FCHISQ=CHISQ/FREE
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Subroutine FDERIV
1, Hierarchy: Called By: CURFIT
Calls:y FUNCN
2. Functional Description:

This subroutine calculates the numerical derivative for
the ith variable in the function FUNCN by finite differences.
The interval can optionally be adjusted to obtain the precision
desired by an internal testing algorithm,

3. Variables:
a. Input:
1, Arguments:
X,array of independent variables
I, number of parameter in array of which the
derivative is taken
NDIM, number of independent variables
2, COMMON/DAT/ISTATE (5)
b. Output:
1. FDERIV, the calculated derivative
2, ISTATE(9), the state of FDERIV being active,

¢, Intermediate:

1. EPS, Minimum size for variable for which delta is
calculated as fraction of variable.

2, IT, do~loop parameter

3, N, Number of significant digits desired,

4, Fl, FUNCN evaluated at X-delta

5, F2, FUNCN evaluated at X+delta

6. DEL, the delta used for the finite difference.
7. DFDX, trial finite difference derivative

8, SAVE, original value of the variable of which the
derivative is calculated.
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4, Algorithm:
a, Basis:

A first order numerical derivative can be calculated by
finite differences as

fl,z_-,f2 _ fz(x+Ax/2)-f1(x—Ax/2)

f' = AX - AX -~ (l)

Let the twoc functions differ by Ab in the tth

digit, then

least significant

’ - . o . =t
£ -£. (1% Ab,107")
gro= L 2= = £
Ax

L (+Ab.107%) /ax (2)

where

0<|ab|<l (3)

If t' is the number of significant digits the machine
has and N is the number of significant digits desired in the
derivative, then,

t=¢'~-N, (4)
Therefore,

£1 = £,/8x(28b-107(E" 7 ) (5)
which gives the following ineguality

N

£ |l £, /0% 110757 (6)

For the condition that £' will have at least N digits, it
then follows

|21 |>|£,/0x] 2078 | (7)

In single precision t'=6 and for this work N=3. When
the 7 inequality is not satisfied the delta is increased up to
five times.
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Procedure;
1, Initialize values; EPS=.01, N=3

2, Save x; SAVE=X(I) and indicate FDERIV is active;
ISTATE (9) =1,

3. Determine first delta;
If SAVE<EPS, DEL=EPS
Else DEL-IEPS*SAVEI

4, For IT=1 to 3

1. Calculate upper and lower functions and
derivative;
fo = FUNCN(X;+DEL)

f1 = FUNCN(X;+DEL)
DFDX=(£3-£7) /2DEL

2. If derivative precision is not required,
ISTATE(5)=1, indicate leaving FDERIV, and go to 6.

3. Check for equal values;
If |flrf2|<Tfl[lO 5, £3=£

4, Check number of significant digits;
If [£1-£f5]|10%*(6-N)>[£;], go to 6,

5, Determine new delta;
ESP=ESP*10
IF | SAVE|<10~6, DEL=EPS
Else DEL—IEPS*SAVE[

5. Check for 0 derivative;
If |f1~f,5|<|£1]1075, DFDX=0

6, Indicate leaving FDERIV;
ISTATE(9) =0
FDERIV=DEFDX

X{=SAVE
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Subroutine FI1l
1. Hierarchy: Called By; FUGCQF, ENTRPY
Callsy -~
2, Functional Description;

This subroutine calculates the integral of 32/3T 4 1n p
from Q to p for the equation of state, for a given temperature
and density. This. is used to calculate entropy properties,

3. Variables:
a. Input:

1, Arguments:

T, absolute temperature.
RHO, density.

" 2. COMMON/PRM/RGAS,; : . NUMB
b. OQutput:
1. FIl; the value of the integral.
4, Algorithm:

The method is any that will calculate the integral

FI1 = [P*32/3T 4 1n po*
Q

for a given equation of state, The scaling values for tempera-
ture and density and the physical properties of the substance are
given in the common block., The parameters that will be fitted

in the equation of state are in A of the common block,
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Subroutine FI2
1, Hierarchy; Called By: ENTH, ENTRPY, U
Calls: ~
2. Functional Description:

This subroutine calculates the integral of (Z-1)/d 1n p
from 0 to p for the equation of state, This is used to
calculate energy properties, For a given temperature and
density.

3. Variables:
a. Input:
1. Arguments;

T, absolute temperature.
RHO, density.

2.  COMMON/PRM/RGAS,, . ,NUMB
b. Output:
1. FI2, the value of the integral.
4, Algorithm:
The method is any that will calculate the integral

F12 = /°* (z-1)d 1n po*
Q

for a given equation of state, The scaling values for tempera-
ture and density and the physical properties of the substance
are given in the common block. The parameters that will be
fitted in the equation of state are in A of the common block.
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Subroutine FLASHP
1. Hierarchy: Called By: FUNCN
Calls; DENSV,DENSL,FUGCOF

2. Functional Description:

This subroutine performs an adiabatic flash for a pure
fluid to £ind the saturation pressure.

3, Variables:
a., Input:
1, Arguments:

T, the absolute saturation temperature.
PQ, initial estimate of saturation pressure

2. COMMON/DAT/ISTATE(4);ISTATE(Q)
b. Output:
1. FLASHP; the calculated saturation pressure,
c. Intermediate:
1. P, intermediate calculated pressure,
2, IT, do-loop parameter.
3. EPS, precision for convergence criteria
4. RHOL, liquid density
5, RHOV, vapor density
6. ITMAX, maximum number of iterations.
7. PCRIT, critical pressure
8, KVALUE, equilibrium ratio.
4, Algorithm:
1. Initialize precision and maximum iterations;

EPS=.001
ITMAX=20



10,

11,

118

If called by derivative routine FDERIV, use previous
pressure for initial value;
If ISTATE(9)#L, P=PO

Calculate densities
RHOV=DENSV (T ,P)
RHOL=DENSL(T,P)

Start loop, IT=1
KVALUE=FUGCOF (T ,RHOL) /FUGCOF (T, RHOV)

Update pressure;
P=p*KVALUE

Make sure pressure does not go too high;
If P>1.3*P,,P=1.3*P,, If ISTATE(4) <4 print
error, FLASHP=P return,

Else;

Check for convergence;
If |1-KVALUE|<EPS,FLASHP=P, return.
Else;

Check for exceeding iteration maximum;
IT=IT7T+1

If IT>ITMAX, and if ISTATE(4)<4, print error,
FLASHP=P, return,

Else;

Calculate new densities:
RHOV=DENSV(T,P)
RHOL=DENSL (T, P)

Go to 5
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Subroutine FUGCQF
1. Hierarchy; Called By: FLASHP
Calls: FI1l and PRES
2, Functional Description:
This subroutine calculates the pure fluid fugacity
coefficient from an equation of state in EZFIT form as
£/£° = exp(ln(pRT)+FIl+(Z=1))
3, Variables,
a. Input:
1, Arguments:

T, absolute temperature.
RHO, density.

2, COMMON/PRM/RGAS
b. Output:
1, FUGCOF, the calculated pure fluid fugacity.'
c. Intermediate
1, FP, reduced chemical potential.
4, Algorithm: |
1. FP=1n(RHO*RGAS*T)+FIl+(PRES/ (RHO*RGAS*T) ~1)

2. Check for overflow;
If FP>100, FP=0

3. FUGCOF=EXP (FP)
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Subroutine FUNCN

1. Hierarchy: Called By: CURFIT, OUTPUT
Calls;y FLASHP, DENSV, DENSL, ENTH, CP, ENTRPY,
U, CV, PRES |
2, Functional Description:

This subroutine controls the calling of the calculation
subroutines for the evaluation of the data point,

3. Variables:
a. Input:
1. COMMON/PRM/RGAS,; . +RMIDV
2. . COMMON/PRP/ICOMP(20),. , .CNAME(20,2)

3. Argument X, transfer vector, NDIM, the dimension
of the transfer vector,

b. Output:

1. COMMON/PRM/TCRIT,PCRIT,RHOC,RENRGY,W,ALPHA,BETA,
RTOP , RMIDL ,RMIDV,A

c. Intermediate;

1. SL, save location for the compound code presently
active,

2. X1, the absolute value of the control variable
3. IWHOLE, the whole portion of the control variable.
4, IFRACT, the fraction portion of the control variable,
5, LIQVAP, the sign of the control variable.
6, L, do~loop parameter.
7. RHOL, calculated liquid density.
8, RHOV, calculated vapor density.
4, Algorithm:
1, Transfer parameters to A;

N=NDIM«<NPARM
For I=1 to NPARM
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Lo A=y

Separate control variables;
X1l=|X, |

IWHOLE=X1+, 005 |
IFRACT= [X1~IWHOLE+,005|*100
LIQVAP=SIGN(1.,X1)

Find index of compound;
For L=1 to 20 -
1, If ICOMPy = IWHOLE, go to 5

Print error message.

Check if properties are for right compound;
If SL=L go to 6
Else;
1. Set properties for compound;
TCRIT=CTC(L)
PCRIT=CPC (L)
RHOC=CRC (L)
RENRGY=1.9872/CMW (L)
=CW (L)
ALPIA~=CA (L)
BETA=CB (L)
RTQP=4*RHOC
RMIDL=RHOC
RMIDV=RHOC
SL=L

Calculate properties;

If IFRACT = 30 and LIQVAP=-~1, calculate DENSL
If IFRACT = 30 and LIQVAP=l, calculate DENSV
If IFRACT = 40 and LIQVAP=~1, calculate DENSL, ENTH
If IFRACT = 40 and LIQVAP=1, calculate DENSV, ENTH
If IFRACT = 75, calculate FLASHP
If IFRACT = 60, calculate PRES
. If IFRACT = 25, and LIQVAP=~1l, calculate DENSL, CV
If IFRACT = 25, and LIQVAP=1l, calculate DENSV, CV
If IFRACT = 20, and LIQVAP=~l, calculate DENSL, CP
If IFRACT = 20, and LIQVAP=l, calculate DENSV, CP
If IFRACT = 12, and LIQVAP=l, calculate DENSL, U
If IFRACT = 12, and LIQVAP=1l, calculate DENSV, U
If IFRACT = 14, and LIQVAP=«~1l, calculate DENSL, ENTRPY
If IFRACT = 14, and LIQVAP=1l, calculate DENSV, ENTRPY
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Subroutine GJEL
1, Hierarchy: Called By: CURFIT
Callsy -
2. Functional Description;

This subroutine finds the solution to system of simul-
taneous linear equations by the Gauss-Jordan elimination with
optional maximum pivot selection. The inverse matrix in generated
over the coefficient matrix, More than one solution vector may
be obtained at one time,

3. Variables:
a. Input:
1. Arguments:
A, augmented matrix of coefficients and constants.
ND, number of rows in matrix.
MD, number of columns in matrix.
b. Output:
1. Arguments:
DETD, the determinant,
IER, the error code;
IER=0, successful inversion
IER=ND+1, pivot element was zero.
IER=I, pivot was smaller than 10-20
c, Intermediate:

1. 1,3,K,11,3J9,IR, do~loop parameters.

2, L,LL, indicies,

3. EPS, precision for pivot element,

4, FACT, storage for normalizing, etc,

5. PIVOTS, row transformation vector

6, CPIVOT, column transformation vector.

7, IPIVOT, LPIVOT transformation indices,

8, N,M, local storage for arguments ND,MD respectively.

9, DET, accumulator for determinant
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4. Algorithm;

1., Initialize:
IER=0, N=ND,M=MD,DET=1

2, Begin Elimingtion;
For Il to N
1. Optional maximum pivot strategy;:

1. Find largest pivot;
If I=N go to 2.1.6

2. Initialize search;
LPIVOT=I, IPIVOT=I,FACT=|A(I,I) |

3. Search;
For II=1 to N
1. For JJ=1 to N
1. If A(JJ,II) FACT go to 2.1.3.1l.3
2. Else, save larger pivot;
FACT = A(JJ,II)
LPIVOT=JJ
IPIVOT=II
3, Continue loop

4, Trade columns:
1. record trade: CPIVOT(I)=IPIVOT

2, For K=l to N
1, Trade elements
FACT=A(K,I)
A(K,I)=A(K,IPIVOT)
A(K,IPIVOT)=FACT

5, Trade rows;
1, Record trade; PIVOTS(I)=LPIVOT

2, For K=1 to M
1. Trade elements;
FACT=A (I ,K)
A(I,K)~=A(LPIVOT,K)
A(LPTVQOT,K)=FACT

6, CPIVOT(N)=N
LPTVQT (N) =N

2, Test for invalid pivot;
1, If A(1,I)=0, DET=0Q, IER=N+l, return

2, If |A(I,I)|<EPS,DET=0, and IER=I

3. Generate determinant; DET=DET*A(I,I)
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Test for ill conditiconed matrix;
If IDET}<10760, Print error message, DET=0

Normalize pivot row;
1, FaACT=A(I,I), A(I,I)=1

2, For J=1 to M
1. A(1,J)=A(I,J)/FACT

Reduce other rows;
For J=2 to Nj;
1, Select row; L=MOD(I+J-2,N)+1
2, 1If a(L,1)=0, go to 2.6.6
3. Save term for reduction, FACT=A(L,I)
4, Insert term for inverse; A(L,I)=0
5. Reduce row;
For K=1 to M
1, Select index; LL=MOD(I+K-2,M)+1

2. If A(I,LL)#0, A(L,LL)=A(L,LL)-A(I,LL)*FACT

6. Continue loop.

3. Optional maximum pivot strategy;

1,

transfer columns of inverse;

For IR=1 to N

1., Calculate index so that transformation is
in reverse; I=N=-IR+1l !

2. See if transfer was made;
If PIVOTS(I)=I, go to 3.1.5

3, LPIVOT=PIVQTS (1)

4, For J=1 to N
1. Trade terms;
FACT=A(J,I)
A(J,I)=A(J,LPIVOT)
A(J,LPIVQOT)=FACT

5. Continue loop,

Transfer rows of solution and inverse;

For IR=1l to N

1. Calculate index so that transformation is in
reyerse; I=N~IR+Ll
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See if transfer was made;
If CPIVOT(I)=I go to 3.2,5

JPIVOT=CPIVOT (L)

For J=1 to M

1. Trade terms;
FACT=A(I,J)
A(I,J)=A(JPIVOT,J)
A(JPIVOQOT,J)=FACT

Continue loop.

4, OQutput determinant; DETD=DET
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Subroutine LBLEZ
1. Hierarchy: Called By; MAIN, CURFIT
Calls: =

2, TFunctional Description;

This subroutine prints a title page identifying the
use of the package EZFIT.

3. Variables; ©None
4, Algorithm:

Upon its first call it outputs a title page.

Subroutine MESSG
l. Hierarchy: Called By: MAIN CURFIT, tec.
Calls: -
2. Functional Description:

This subroutine prints the character string TEXT of
length NCHR at the left margin.

3. Variables:
a, Input:
1. Arguments: TEXT, NCHR.
b, Output:
1, TEXT printed o stream printer,
4. Algorithm:

1.  Print TEXT after advancing one line on stream printer,
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Subroutine QUTPUT

1. Hierarchy: Called By: MAIN
Calls:y FUNCN

2. Functional Description;

This subroutine forms tables of output for a set of
parameters for the experimental data. It can be custom
tailored to the users needs, This version makes tables of
each data type with point identification, weight, errors and
independent variables. At the end of each table is a summary
of error statistics for that block.

3. Variables:
a. Input:

1. Argument X,N,Y,NPTS,NPARM,Al,WEIGHT,DATAID,ND

2. COMMON/PRP/ICOMP(20) ,, . .CNAME(20,2)
3. HEADER, Heading, and IN for use on tables,
4. IXPRINT, variable read in for optional output control.

b, Output:

1. All inputs except N,NPTS,NPARM,Al, and ND,

2, Calculated Y's, percent errors, absolute errors,
headings, summary errors, optional intermediate
values.

c. Intermediate:
1, I,J, and K used for do-loop evaluation,

2. LF the save lgcation for the fraction portion of
the control variable

3, LW the save location for the whole portion of
the control variable.

4, SUM1, the accumulator for average absolute
percent error.

5. SUM2, the accumulator for average absolute error.

6. JO, counter for data block.
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7. SUM, the accumulator for the average absolute
percent exror for the entire data set.

8. Z, the transfer vector for the parameters and
variables to FUNCN,

9. YC, calculated value for data point,
10; PERC, percent error for data point
11, DIFF, difference in calculated and experimental.

12, X1, the absolute value of the control variable.

13. IWHOLE, the whole portion of the control variable
for the point.

14. IFRACT, the fraction portlon of the control
variable for the point.

15, IRHO, fraction code for density point.

16, IDH, fraction code for enthalpy departure point.

17. IVP, code for vapor pressure point.
18. RHO, calculated density,
19. RHOL, saturated liquid density at vapor pressure

point.

20, RHQV, saturated vapor density at vapor pressure
point.
21. PRESC, calculated pressure for density point.

22, PERC2, percent error in calculated pressure.

4, Algorithm:

What ever is desired by the user for tables of results.
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Subroutine PRES

1, Hierarchy: Called By: FUNCN,.DENSL, DENSV, ENTH,
FUGCOF, ENTRPY.
Calls: =
2. Functional Description:

This subroutine calculates the pressure for a given
equation of state using parameters in the common blocks for the
arguments of temperature and density.

3. Variables:
a. Input:

1, Arguments;

T, absolute temperature,
RHO, density,

2. COMMON/PRM/RGAS,. . ,NUMB
b. Output:
1, PRES, the calculated pressure,
4, Algorithm:
The method is any that will calculate the pressure for
a given equation of state, The scaling values for temperatures
and density and the physical properties of the substance are

given in the common block. The parameters that will be fitted
in the equation of state are in A of the common block.
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Subroutine U
1. Hierarchy: Called By; FUNCN,CV
Callss FI2
2. PFunctional Description:
This subroutine calculates the internal energy departure
at the state condition specified by the arguments temperature

and density., This wvalue is calculated for an equation of state
in EZFIT form as

2

= H*
AU = R_T_(=T*" FI,)/c

3. Variables:
a. Input:
1. Arguments:

T, absolute temperature,
RHOQ, density.

2. COMMON/PRM/RENRGY ,TCRIT ,ALPHA
b; Output:
1. U; the calculated internal energy departure.
c. Intermediate:
1. TSTAR, reduced teéperature.
4, Algorithm:

1. Reduce temperature;
TSTAR=ALPHA*T/TCRIT

2. Calculate the unreduced internal energy departure;
U=RENRGY*TCRIT* (~TSTAR*TSTAR*FI2) /ALPHA
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Adapting EZFIT to Any:Genpyal\Egpctgpg

EZFIT can be adapted for fitting any general function

of parameters [A]m and variables [X]n, y=fﬂx]n; [A]m), by

changing the input and output routines and the calculation

routine FUNCN.

The specific requirements of the routines are

given below along with an example for fitting a polynomial.

Subroutine Input DATA, DATA2, DATA3. The use of three

data input routines allows each to be specialized to a specific

data format,

The requirements of the routines are basically

the same., The form of the definition and arguments are

SUBROUTINE DATA3(X,N,Y,NPTS,WEIGHT,YBAR,YVAR,NCODE,DATAID,ND)
DIMENTION X(NPTS,N) ,Y(NPTS) ,WEIGHT (NPTS) ,DATAID(NPTS,ND)

The

X

NPTS

WEIGHT

YBAR
YVAR

NCQDE

arguments are:

The matrix of
points with N
row.

The number of

The vector of
variables for

The number of

experimental data of NPTS
independent variables in each,
independent variables per data point.

length NPTS of the dependent
each data point.

data points inputed,

A vector of length NPTS containing the weights

for each data

point.

The weighted average of the dependent variables,

The variance of the independent variable,

The control variable selecting the method of
calculation of the weights given as:;

-1 the weighting is 1/Y

exp
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0 the weight is 1, or equal weights.

1 the weight is 1/(WEIGHT)? where WEIGHT is
supplied in the input section, This is
usually used for percent weighting,

DATAID A matrix of NPTS rows of ND=3 columns that
contain a 12 character indentification for each
data point,

ND The second dimension for DATAID, which is 3, to
allow object time dimensioning.

Note that object time dimensioning is used allocating work
space defined in the main program. The work space is allowed
for X to have 3000 variables and therefore NPTS*N<3000,

The weighted mean is calculated as:

Y = Zwi yi/Zwi.

The variance is then given as:

_ _3y 2
vVar(Y) = Zwi(Yi Y)“,

A sample routine is given in Table I. It reads from a card
unidentified data on which the first ﬁ are variables and the
last is the experimental value of Y, The data are in F10.0
format and the program generates an identification number for
. each point,.

Subroutine Calculation FUNCN, The subroutine FUNCN

is used to calculate the function to be fitted, y=f([x]_; [A] ).

The form of the definition and the arguments are

FUNCTION FUNCN(X,NDIM)
DIMENSION X (NDIM)
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The arguments are:

X A transfer vector containing N independent
variables first and then NPARM parameters,

NDIM The total length of the transfer vector, i.e,

N+NPARM. The maximum length of the transfer
vector is set to 44 in CURFIT and OUTPUT,

FUNCN requires the common block PRM to obtain the
number of parameters that are passed. It can be used to pass
the parameters in the transfer vector to other calculation
routines through the array A, A maximum of 40 parameters can
be passed this way. The calculated independent variable, Y,
is returned by assigning it to FUNCN. In the example in
Table 1 FUNCN is set up to calculate the (N-1)th degree poly-
nomial,

- 2 N~1
Y = Al + AZX + A3X + . . ot AnX .

Subroutiné\OUTPUT, The subroutine QUTPUT is used to

generate tabulated results of calculations from a set of para-
meters. It usually calls FUNCN for the calculation of the
independent variable but can also be used to calculate auxilliary
information for use in analysis., The form of the definition
and the arguments are:

SUBROUTINE OQUTPUT(X,N,Y,NPTS,NPARM,Al ,WEIGHT,DATAID,ND)

DIMENSION X(NPTS,N),Y(NPTS),AL(NPARM) ,WEIGHT (NPTS),
1 DATAID(NPTS,ND)
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X The matrix of experimental data of NPTS points
with N independent variables in each row,

N The number of independent variables per data
point,

Y The vector of length NPTS of the dependent
variables for each data point.

NPTS The number of data points inputted,.
NPARM The number of parameters used in the calculations.

Al The vector of length NPARM containing the para-
meters to be used in the calculation.

WEIGHT A vector of length NPTS containing the weights
for each data point.

DATAID A matrix of NPTS rows of ND=3 columns that contain
a 12 character identification for each data point.

ND The second dimension for DATAID, which is 3, to
allow object time dimensioning,

The user can custom program OUTPUT to his needs. A
rather general version is given in the example in Table I.
It reads a header used to label the table which also has
column headings. The routine prints each point's identification
code, experimental value, calculated value, the percent
difference, éhe difference, the weight, and the independent
variables, It also calculates the average absolute percent

deviation, A.,A,P.D., and the average absolute deviation, A.A.D., as

A.A.P.D,

n

z (Yc-Yexp) /Yexpl *100/NPTS

AlAch = Z‘YCFY /NPTS

exp]

where the summation is over all data points, The transfer

vector 2 of 44 variables is used to communicate with FUNCN,



TABLE 1

An Example of Modifying EZFIT for Polynomial Regression

Source Listing

Z/NEW LXEC FUKTGCLG »LIB=23534 e KOGUTI ReMUD* s PARMJLKED=*LISTYSLET?

ANCANAASNAACSA

FUNCT IUN FUNCN( X, NDIM)

PURPOSE
EVALUATES THE FITTED FUNCTION AT THE POINT X

USUAGE
RESULT = FUNCN(IX»NDIM)

DESCRIPTICN UF PARAMETIZRS
X — ARKAY OF VALUES OF TINDEPENDENT VARIAHWLES
NDIM — NUMAOLR UF INDEPLNDENT VARIABLES

FUNCTION FUNCN(XsNDIM)

DIMEMSION X(NDIM)

COMMUN ZPEM/RGAD s RENRGY 3 TCRITWPCRIT sRHUC W ALPHASOETA XMW

1 2 AL40) BT ) NTERMS o NIPARIM , KUMB s RTOP sRMIDL »RMIDV

DUUBLLE PRECISTION SUM

N=NOIM—-NPAKM

DO 20 =1 NPARM
20 A(L)=X{(N+1)

SUM=0
POLYNUMIAL IN XoYZA(1I)H+A(2)XXH+A(3)%X2 eeesvee

X1=X(1)

v 30 =1 sNPARM

SUM=5UME X +A(HPARM-[+1)
30 CONTINULE

FUNCHN=5UM
4 RETURN

END

EZPLOO10

EZPL0O020
EZPL 0030
EZPL0O0AO
EZPL0050
EZPLO060
EZPLO0O70
EZPLOOBO
EZPL0090
EZPL0O100
EZPLO110
EZPLO120
EZPLO1 30
EZPLO140
EZPLO150
EZPLO160
EZPLO170
EZPLO180
EZPLO190
EZPL0200
EZPLLO210
EZPL0220
EZPLO0230
EZPL0240
EZPL025S0
EZPLO02/0
EZPL0O270
E£ZPL0280
EZPLO0290
EZPLO30D

SET



'slatelalsliNaEalaNaksl

20
u_co
12
—uoo
1500
1600
1700

gl

40

70

200
80

C
C

SUBROUT ITNLE DATA3
PURPUSE

IMPUTS DATA WITH 1 X PFR 10 COLUMNS AND Y LAST.

SUBRGUTINE DATA3(X sHeYsMPTSWELIGHT s YBARs YVAR sNCUDE +DATAIDND)
MODE: — DETERMINES METHUD OF WL IGHT ING LEAST-SQUARES F1IT
+1 (INSTRUMENTAL ) WEIGHT(I)=1/SIGMAY(T)**2
PERCENT ERROR CONSTANT
D (NDO WEIGHTING) WEIGHT(I)= 1
—1 (STATISTICAL) WEIGHI =17Y(1)

COMMON /PRM/ZRGASSRENRGY s TCRITPCRITsRHOC s 4 s ALPHALBETA o XMW

sACG0 ) (7)) sNTLRMS » NPAKMy NUMUO s RKTOP SRMIDL JRMIDYV
COMMON /PRP/ICUMP(20)+CPC(20)sCRC{20),CMWI{20),CW(20) -CTC(20)

sCA(20) +CI(20)+CNAME(20+2)
FORMAT (4F 100926 Xy 129 3A4) *
FURMAT(8F v
FORMAT(16
FTORMAT ( 3F
FURMAT(2A
FORMAT {6F
FURMAT (21
DIMENSTON X(NF
DIMENS TON DAT
DATA D1.,D2/7*GE
DATA INPUT
DO 40 =1 +NPTS
READ(S91100,END=70) (X{I +J)sJ=1sN)sY({I)
PERCENT WEIGHTINGs ASSUMES NCODE=1
WEIGHT (1) =1
IFLY (1) eMESO) WEIGHT(I)=Y(1)
DATAIDL I +2)=D2
DATAID(I1,1)=D1
CALL ﬁ:2<z—_.~ﬁ2>z.c>q>—:-—.u~u
CONTINULE
GO TV 80
CUNT INUE

=1-1
PRINT 200,11 . _
fORMATY (/771X o " R%N% TO FW DATA. N=',G14.,6)
sSTOP
CONT INUE

1 V]
I
100
4412
1 0
5.F1 )
s YINPTS) JWETIGUHT (NPTS)
TSeND)

ts

C(ﬂo T -

]
»
)
0
A

..U"J\

o0l
TSeN
10(N
N *%

EVALUATE WLIGHTS

DO 60 I=1L+NPTS

IF (NCODL) 14243

IF (Y(I).EQ.0) GU TO 2
WETGHTI)=1/7A85(Y(1))
G0 TO 10

EZPLO310
EZPLO320
EZPLO330
EZPL0340
EZFLO350
EZPLO360
EZPLO370
EZPLO380
EZPL0390
EZPL0O400
EZPLO4 10
EZPL0420
EZPL0430
EZPL0440
EZPL0A4S50
EZPLOS60
EZPLO470
EZPL0480
EZPL0490
EZPLOS00
EZPLOS10
EZPL0520
EZPLOS30
EZPL0540
EZPL0O550
EZPL0560
EZPLOS570
EZPLO580
EZPL0590
EZPL0600
EZPLO610
EZPL0620
EZPL0630
EZPLO64 0
EZPL0650
EZPLO660
EZPLO670
EZPL0680
EZPL0690
EZPLOT700
EZPLOT7IO
EZPLO720
EZPLO730
EZPLO740
ELPLO7S0
EZPLO760
EZPLO770
EZPLO780
EZPLO790
EZPL0O800

9¢T



1

100
200
300
400
500
1100

1600
1

2

WEIGHT(1)=1
GU TU 10
WEIGHT (I)=1/8CIGhT (1 )%xx2
CUNTINUE
SUM=SUM+WEIGHT (1 )%*xY( 1)
SUMK=SUMWHWE LGHT (L)
CONT INUE
SUM=5UM/Z5UAW
CALCULATE THE WEIGHTED MEAN AND VARIANCE
YOAR=SUM
SUMY=0
DO 50 [=1 NPT
SUMY=SUMY+WE IGHT (I Y R(Y(I)-SUM) %%2
CONTINUE
YVAR=SUMY
RETURN
t.ND

SUBRUUT INE JUTPUT{XsN+sY NP TSsNPARMsAL yWEIGHT +DATAIDNO)
COMMUN /7PRM/RGASsIRENRGY s TCRITHPCRIT sRHUC» Wy ALPHA.BETA o XMW
A(40)0(7) +sNTERMS SNPAR L s NUMB s RTOP+RMIDL s RMIDV

£ZPL0810
EZPLO8290
EZPLLOB30
£ZiPL 0840
EZiPL08SO0
C£ZPL0B60
EZPLOBT7O
€£2PLOBBO
EZPLOB9O
EZPL0900
€EzZ1rLo91o
EZPL0920
EZPL0930
EZPLO940
EZPL09S0
EZPL0960
EZPLOS970

EZPL0980
EZPL 0990
EZPL 1000

DIMENSTON X(HWPTS3sN) s Y(NPTS ) AL(NPARM) yWEIGHTINPTS) DATAID(NPTIS,ND)EZPL.1010

DIMENSTUN HEADER(20)
DIMENSION Z(44)
FORMAT(1X28G1446)
FURMAT(20A4)

FORMAT (/77771 X * AVERAGE ABSOLUTE DEVIATION®',Gl4.6)

FORMAT (2UX20A4/7)

FORMAT (1H1)

FORMAT(1615)

DATA IRHO» IDH,IVP/33440,75/

READ 200, HEADER

PRINT 509

PRINT 400, HEADLR

PRINT 100

PRINT 1600

FORMAT(SX s "DATAID® +BXs*YEXP* 43Xy 'YCALC?
sBXe "WEIGHT? OX» " CONTROL.®* 49X+ * X2 411X,
v/7)

SUML=0

JO=0

SUM2=0

SUM=0

o 7TX
*X3

EZPL1020
EZPL1030
EZP1.1040
EZIPL 1050
EZPL1060
EZPL1070
EZPL1080
EZPL10S0
EZPLL1100
EZPLL111O

PERCEN
Xeo®X

EZPL1200
EZPL1219O
EZPL1220

LET



NDTM=N+NPARM

Do

10 J=1-sNPAKM

ZIN+J)=A11J)
10 CONTINUE

DG 20

I=1,NPTS

DO S0 J=1 N
Z(J)=X(1,+J)
50 CONTINUE

YC=FUNCN(Z NIM)

PERC=100%{YC-Y(I))/Y(I)
DIFF=Y(I1)-YC

PRINT Z000+s{DATAID(I oK) 2o K=1sND) oY (I )+ YC+PERCsDIFF,WEIGHT (1),

1 (X(I +K)sK=1,4N)
JO=J0o+1

SUM=SUM+ABS(PERC)

SUMLI=SUM1 +ABS (PERC)

SUM2=SUM2+ABS(DIFF)

2000 FORMAT (1Xs3A491X39G13a5¢(/53Xe6G13.5))
20 CONTINUE

SUM1=SUMLl/ JO

SuUM2=5SuM2/ J0

PRINT 100

- CALL MESSG('AVE.
100 +sSUML »J0sSUM2

PRINT
PRINT 100

SUM=SUM/NPTS
PRINT 300sSUM

PRINT 100
PRINT 100
PRINT 500
RETURN

END

ABS .

PERCENT s NUMBER PTSesAVEABSJDEVIATION

//7LKED «S4LIB DD DSN=54 «KGUINMOD 4 DISP=SHR
//LKEDSYSIN DD #*

INCLUDE S4LIB(EZFIT)
MAIM

ENTRY

/7/7GU.SYSIN DD *

* ,48)

EZPL1230
EZPL 1240
EZPL12S0
EZPL1260
EZPL1270
EZPL 1280
EZPL1290Q
EZPL1300
EZPL 1310
EZPL1320
EZPL1330
EZPL 1340
EZPL1350
EZPL 1360
EZPL1370
EZPL 1380
EZPL 1390
EZPL1400
EZPL1410
EZPL1420
EZPL1430
€E2PL 1440
EZPL145S0
EZPL1460C
€EZPL1470
EZPL1480O
EZPL1490
EZPL1500
EZPL1510
EZPL 1520
EZPL1530
EZPL 1540

EZPL 1550
EZPL1560
EZPL1570
EZPL1580
EZPL1590

8ET



S

3

0.001
25e

v

5

0

3

1

0 N
+1
1067315

1

10
le
Ze
3e
‘o
Se
6o
7 e
Be
9e
10.

©c NNe W

1.01
799
27 .01
63.99
75,01
215.99
343.01
511699
729,01
999,99

MINIMUN CURFIT QUTRPUT
SUBRQOUTINE DATA3 2
MARQUART

UNCONSTRAINED »PRECISION
NO ERROR MESSAGES

DUMMY
DUMMY
4 5 6 7 8 9 10
0 0 0 0 0 0 0 0

POLYNOMI AL REGRESS 10N DEGREE 2
POLYNGMI AL REGRESSION DEGREE 3

6€T



Example Output of EZFIT for a Polynomial Regression
PROGRAM STATUS SUMMARY

EZFIT IS OPERATING IN MODE TYPE s

DATA READ BY RCUTINE DATA3
INIVIAL VALUE GF ACCELERATIUN PARAMETER LAMBDA= 0100000£-02

MEIHOD OF DERIVATIVE CALCULATION IS = - O
CONSTRAINT MODE 15 = o
ERRGR MESSAGE CONTROL IS = s
CUNVERGENCE CRITERIA Ens— 0.100000E-02
WEIGHT METHUD 15 =
UNIVERS AL GAS COUNSTANT lS = 10.7315
TIME NUMD NOT FITTED PARMS FITTED PARMS NNTERM FITTING RANGE
25.0000 0 ) 3 0 3
PARM FITTING ORDER ’
1 2 3 4 5 6
9 10 0 0 0 0
0 0 Q o 0 o
0 0 0 0 0 0
0 0 0 0 0 o
INITIAL VALUES
0.0 0.0 0.0 .0 0.0 0.0 o0
0.0 0.0 0.0 0.0 0.0 0.0 .0
0.0 0.0 0.0 0.0 i 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 _ 0.0 0.0

NUMBER OF PU:NTS-NO OF INDEPENDENT VAR
] 1

NPT RHO
(]

NPTH NPTVP NPTS
(4] 0 10

4

[-1-X-X-1 ]

0.0
0.0
0«0

0.0

[~1-X-3-1.

0vT



NUMEER OF PARANMI
3
ITERFATION 1
AVER AGL ABSULUILL
99,9998
INITIAL VALULFE OF
1442897

AVERAGE ABSOLUTE
1.00000

MAX SCALED PARM
Be21847
TRI AL OBJECTIVE
0
RELATLVE CHANGE
l: "‘1000

LENGTH OF PARAMLU
147929

NEW PARMS
6e231795

UBJECTIVE FCN
0.125804

PARM VARIANCE
1: 114
ELASPED TIME
0.21731

I
5
TIERATION 2

AVERAGE ABSOLL UTI
24.2912

TLHS, NTYLRMS
3

DEVIATIUN
OHVECTIVE FCH

DERIVATIVE OF FFCN

5.50000 38.5000
DELTA,PARM NO.
3
FCN
0.125304

IN PARAMITERS
2: —-1.00 3: —-1.00

TER CHANGE

-11.7398 6 649330

DEVIATION

T



INETIAL VALULC OF
0.125804

AVERAGE ABSOLUTI
1.30002

MAX SCALED PARM
179770
TEIAL OoBJLECTIVE
0

RELATIVE CHANGE
l:“‘) 043()

LENGIH OF PARAME
7.98¢80

NFw®w DPARMS
11.0531

OBJECTIVE FOUN
0107375

PARM VARIANCE
13 13.9

ELASPED TIM:
0.301577

ITERATIUN K]

AVERAGE AUSGOLUTE
2l «3401

INITIAL VALUE OF
0.107375

AVERAGE AUSGLUINTE
0.999995

MAX SCALED PARM
0.101998
TREAL OOJECTIVE
U

Q3J4FECTIVE FCHN

DLRIVATIVE OF IFCN

50006 38.5002
ODELTALPARM NGO,
3
FCN
0107375

IN PARAMETERS
TER CHANGE

~17.9409 791424

23 (7.8 K 4 e300

DEVIATILUN
aguJtCcvive FCH

DERIVATIVE OF FCN
549997 38.4998

DELTALPARM N(.
3

FOCN

0.107319

(A A1



RELATIVE CHANGL IN PARAMETERS
1:~0.240E~01 2:~0419%E-01 3:-0.,101E-01

LENGTH OF PARAMETER CHANGE
0. 459960

RATIO OF CIIANGE IN OBJECTIVE FUNCTION IS LESS

THAN EPS 0.100000E-02

PART = | ITERATLIUN = 3
WEIGHT CODE= 1
NU MBER PARAMLTER STANDARD CERROR VA L ANCE (A/SE)*%2

i 11,0531 1.22257 12,9203 8le.7301

l — 179469 1.30606 177529 168969

3 T.C1424 0679306 429763 135,734
CHISQUARED 0107375 DECGREES UF FREEDOM 7
F-STATISTIC FOUR

CORRELATION COEFFICIENT FR= 20.8128
F-STATISTIC OH CHANGE 1IN CHISQUARED FROM PREVIOUS

PART = 1928272
DEGRELS OF (RCEDUM ARE NUl= 3 NuUg= 6

IR A



YEXP

10100
79900
27.010
63,990
75.010
219+ Y
343.01
511.99
729,01
949 .99

POLYNDMI AL

YCALC

1.0204
L8163
23441
65,893
119.17
168.23
27322
373.99
4930458
()23.0l

REGRESS3T0OMN

PERCENT

10308
542905
269745
58.878
-12.827
—20 6346
—26. “)5[“
—324 705
-37.699

ABS o« PELRCENT ,NUMBER PTSes AVEANS.ODEVIATION

DATAILID
GEN Juot
GEN ooo2
GEN 0003
GEN 000%
GEN 0005
GLHN 0006
GLN 0007
GEN 0002
GLN 0009
GEN JU10
AVE .

2143401

AVER AGE AWSGLUTE DEVIATION

10

2143401

89.9582

DE GREE 2

DELTA

X*'Sees

~0.10411E-0D1

11737
-1 v 4306
~19034
—4 4 4 165

27 705

69.787

136.00

238«43

376,98

WEIGHT

093030

0.15664E~-01
0.13707E~-02
0.24422E-03
0.17773€E-03
0.21435E-04
0.84994F-05
0.33148E~-05
0.1881€E~-05
0.,10000E-05

CONTROL

1.0000
20000
3.0000
4.0000
50000
6.0000
7.0000
8.0000
Y,0000
10,000

A2



NUMBER OF PARAME
4
LTERATIUN 1
AVERAGE AUSGLUTE
213401
INLTTAL VALUE OF
0.125271

AVERAGE ALSLLUTLE
04999995
MAX SCALED ARM
6e27766

TRIAL UBJECTIVE
0

RELATIVE CHANGE
12 04417

LENGTH UOF PARAME
763627

Ntw PARMS
Te 769560

OBJLCT IVE FON
0.873773E-01

PAKIM VARTANCE
| 14.0

ELASPED TIME
0. 548258

ITERATION 2

AVERAGE AUSULUIL
16,4018
INITIAL VALUE OF
0e8873773E-01

AVER AGE AL SUL UTLE
0999974

-11.8047

23 21l o 33

TERSs NTERMS
4

DEVIATION
O3JECTIVE FCN

DERIVATIVE OF FCN

Se49997 384994
DELTAPARM Nl.

FCN ‘
0.873773C~-01

IN PARAMETERS

2 U513 3 D690

TER CHANGE

40069y

S0

DEVIATION
OBJECTIVE FCN

DERIVATIVL UF FCN
He49Y9080 3844994

302.500

43 ~1.00

De 434999

SVT

JU24500



MAX SCALLED PARM
18.8577
TRIAL UBJCECTIVE
Q

RELATIVE ClIANGE

12 =-2.94

LENGTH OF PARANME

22.9226
NEW PARMS
-4,01568

CBJECTIVE FON
0.448081C-01

PARM VARIANCLE
I: 2648

ELASPED TI1F
0.06472448

ITERATIOUN 3

AVEKR AGE ABSGLUTE
11.6921
INITIAL VALUE Orf
0.448081E-01

AVER AGE ABSGLUTL
1.00004

MAX SCALED PARM
7.51088

TRIAL OBJECTIVE
0

RELATIVE CHANGE
1:-0.540

LENGTH OF PARANME
9.131i30

DELTASPARM NU.

FOCN “
0«448281L-01

IN PARAMETERS

2: —2.85 3 —2.80

TLR CHANGE

640577 ~-2,.51204
23 41.1 3: 1Gedd

DUVIATIUON

UBJECTIVE FCON
DERIVATIVE UF FCN

Se 49985 38.5002
DLLTASPARNM Nue.
FON *

Ve 40819ERE~-V]

IN PARAMETERS

2:-0532 3:-0.531

TER CHANGE

4:-0.06018

1.1386¢

4

302.494

4:-0.196¢

9% 1



NEW PARMS
-8.73173 13.6827 ~5.360206

OBJECTIVE FCN
0.4081906E-01

PARM VARIANCE
1: 31.3 2: /%1 3. 19.1

ELASPLED TIML
Qe743612

TIERATLION 4

AVER AGE AHSOLUTI. DEVIAVIUN
11.3756
INITIAL VALUE OF OBDJECTIVE FCN
0.,4081396E-01

AV ER AGE AUSOLUTE DERIVATIVE OF FCN
1.00000 Ha®49999 JuB.5002

MAX SCALED PAIRM DFLYTA,PARM NU.
0302499 4
TRIAL UBJECTIIVE FON
0 0.408136:~01

RELATIVE CHANGE IN PARAMUETERS

[:-0.213E~-01 2:-0.210E~-01 3:-0.209E-01

LENGTH OF PARAMETER CHANGE
Ve JOTT 44

141659

L 1.97

302.499

4 :1-0.783E-02

RATIO OF CHANGE IN OBJFCTIVE FUNCTION IS LESS THAN EPS

0.,100000E~-02

Lv1



PART = 2
WE1IGHT CuDL= 1
NUMBE R PARAMETER STANDARD CRROR VAR T ANCE
1 8073173 1.12947 312520 59. 7660
2 13.0627 1.39515 47.9582 95.6341
3 —5,36026 0832329 19.0719 36,9071
4 1.41659 0.283790 1.97300 24.9170
CHISQUARED  0.4061%6E£-01 DEGREES OF FREEDOM 6
FSTATISTIC FOR CURRELATVIGN CULFFICIENT FR= 425062
F-STATLISTIC UN CHANGE IN CHISQUARED FROM PRLEVIOUS PART= 10.3444
DEGRLEES UF FREEDOM ARE KU1= 4  Nu2= S
PULYMUMI AL REGRESSION DEGREE 3
DATAILD YEXP YCALC PERCENT DELTA
X'Seee
GEN 0001 1.0100 1.0073 ~0.205 ) e 26 B5SE
GEN 0002 79900 B.5254 05??353 -8‘ﬁ§§235‘°2
GEN 0003 27,010 22.322 -17.3506 %0879
GﬁN 000? 636990 HU.897 —20.&6! 15-093
GEN 0005 75.010 102.75 306 .98l -27.740
GEN 00 0o 215,69 136G, 38 13 709 29.611
GL N 0007 343.01 310629 ~9e5402 32.724
GLN 00015 511 .99 482,97 -5.0683 29,021
GLN 0009 729.01 712.93 ~2.2059 16.002
GILN 0U1l0 9LY o Y 10038.7 0.86729 —-BsE729
AVEe ABS e PERCENT s NUMHER PTS ey AVE« ADSDEVIATION
11.3750 10 16.2164

I TERATION = 4

AVERAGE ABSULUTE DEVIATIUN

113756

(A/SE)*%2

WE IGHT

0.38030

0.15664E-01
0.13707£-02
0.24422E-03
0.,17773E-03
0.21435E-04
0.349G4FE-05
Ve38148E-05
0.18816E-06
0.10000E-05

CONTROL

1.0000
20000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.000

8¥%T
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80

DIMENSION X(1000+3)sV{1000)+SIGMAY(1000),YFIT{1000),
1 WEIGHT(IDOO).XX 000)+DATAID(1000+3) sDD(3000)
FIED FUR EZ EXTENSION
00)+sA1(100)sSTORE(205) +SIGMAA(100)+STORED(100)

INTEGER DF +FPA
REAL NAME(S)
EQUIVALENCE (XX{(
EQUIVALENCE (DDU
CALL LBLEZ

PRINT 500

CALL CPUTIM

DO 80 I=1,20
[caMP (1)=0
ISTATE(I)=0
CONTINUE

X{1ls GHT(1)+SIGMAY (1))

o3
(3
Qo1
DIMENSION XTERM(I
RM
1), 1)
1)+, DATAID

) » (WEL
(1s1))

INPUT CONTROL DATA

READ 1200, 10UT
READ 1200+ IDATA

READ 1100,DFLMDAEPS

IF(EPS. E0.0)EPS-.DO[

READ 1100 »TMAX
READ 12005 ISTATE(3)ISTATE(S)
READ 1200 ISTATE(4)
READ 1200,hNUMB
READ 1200 sNFPARM,FPARM
READ 1200+ NNTERM
READ 1200+NULFRWNULTO
READ 12004 ITERM
READ 1100,A1
READ 1200 »NCODLE
READ 1100sRGAS
READ 1200sN
READ 1200sNPTS
PRINT 2700,I10UT
PRINY 2900,IDATADFLNMDALISTATE(S )+ ISTATE(3), ISTATE(4)
PRINT 34U00,EPS+NCODE s RGAS
PRINT 2800

PRINT 100TMAXeNUMB ¢ NFPARMSFPARMsNNTERMyNUIFRsNULTO
PRINT 100

CALL MESSG('PARM FITTING ORECER?',18)
PRINT 100
PRINT 100, ITERM
PRINT 100
CALL MESSG(* INITIAL VALUES'.14)
PRINT 100
PRINT 100.sA1
PRINT 100

CALL MESSG{*NUMBER UF PGCINTS.NO OF INDEPENDENTY VAR's40)
PRINT 100,NPTS.N

PRINT 100

EZMNOS10
EZMNOS520
EZMNO0S30
EZMNOS540C
EZMNOS50
EZMNOS60
EZMNOS70
EZMNOS 80
EZMNO590
EZMNO600
EZMNO610C
EZMNO620
EZMNO630
EZMNO64C
EZMNO6SC
EZMNO66 0
EZMNO670
EZMNO680
EZMNO690
EZMNO70C
EZMNO710
EZMNO720
EZMNO730
EZMNO74C
EZMNO750
EZMNO760
EZMNO770
EZMNO780
EZMNO730
EZMN0O80O
EZMNO81 0
EZMNO820
EZMNOB830
EZMN0840
EZMNOB8SO
EZMNOB60
EZMNQ87C
EZMN0O880
EZMNO8SO0
EZMNO900
EZMNO91 0
EZMNOG20C
EZMN0930
EZMNO940
EZMNO9S50
EZMNO960
EZMNO9S70
EZMNO980
EZMNOS90
EZMN100O

06T
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60

40

CONTINUE

PRINT 100

CALCULATE STATISTICS
PRINT 2200,CHISQR,DF
NU2=NPTS—-NU1-1
CHIN=CHISQR% (NU2+1)
FR=(1-CHIN/YVAR) #NUZ2*YVAR/CHIN/NUL
FCHI=(CHI1-CHIN)}%®NU2/CHIN
CHI1=CHIN
PRINT 200+sFRsFCHIsNUIJNUZ
PRINT 100
PRINT 100
SAVE=ISTATE(4)
ISTATE(4)=0e.

QUTPUT RESULTS FOR DATA POINTS

CALL OUTPUT({XsNsYsNPTSsNPARMSAL +WEIGHT + DATAID.ND)
ISTATE(4)=SAVE
CONTINUE
STOP
END .

EZMN2510
EZMN2520
EZMN2530
EZMN2540
EZMN2550
EZMN2560
EZMN2570
EZMN2580
EZMN2590
EZMN2600
EZMN2610
EZMN2620
EZMN263C
EZMN2640
EZMN2650
EZMN266C
EZMN2670
EZMN2680
EZMN2690
EZMN2700
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SUBROUTINE CONVR

PURPOSE
CUONVERTS A 4 DIGIT INTEGER INTU EBCDIC CODE

USAGE
CALL CONVR(INUMs ICHARsCHAR)

DESCRIPTICN OF PARAMETERS
INUM — INTEGER TO BE CONVERTED
FCHAR - EBCDIC CGODE IN AN INTEGER VARIABLE
CHAR - EBCDIC CODE IN A REAL VARIABLE

SUBROUTINE CONVR{UINUM, ICHAR sCHAR)
EQUIVALENCE( IDUM,DUM)
ICHAR=0
IFACT=1 '
I=1NUM
DO 40 J=1.,4 )
110=1/10
ICHAR=(I-110%10+240)%IFACT + ICHAR
I=110
IFACT=IFACT %256
40 CONTINUE
IDUM=ICHAR
CHAR=DUM
RETURN
END

FUNCTION CP

PURPOSE
CALCULATES HEAT CAPACITY OF PRESSURE BY NUMERICAL DERIV.

USUAGE
RESULT = CPIT,RHO)

DESCRIPTIGN OF PARAMETERS
T-ABSOLUTE TEMPERATURE
RHO-DENSITY

SUBROUTINES NEEDED
ENTH(T »RHO)

EZCNOOLO
EZ2CNOO020
EZCNOO0O30
EZCNOO4O
EZCNOOSO
EZCNOO6C
EZCNOO7C
EZCNOOS8O
EZCN0O0SO
EZCNO100
EZCNOL 10
EZCNO12Q
EZCNO130
EZCNO140
EZCNO150
EZCNO160
EZCNO17C
EZCNO1 80
EZCNO1SC
EZCNO200
EZCNO21 0
EZCN0220
EZCN0O230
EZCNO240
EZCNO250
EZCNO260
EZCNO270
EZCNO280

EZCPOO10
EZCP0020
EZCP0O030
EZCPO0040
EZCP00SC
EZCPO06C
EZCPOOT7C
EZCP0080
EZCP0O0S0
EZCPO100
EZCPO110
EZCPO120
EZCPO0O1 30
EZCPO1 40

SST
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CALL CURFIT (XsNesYSsWEIGHT s NPTS+sNTERMSsA» EZCR0080
SIGMAASFLAMDASYFITsCHISQR +APARM ITERM) . EZCR0090
EZCRO100

DESCRIPTION OF PARPMETERS EZCRO110
X — ARRAY UF DATA POINTS FOR INDEPENDENY VARIABLE EZCRO129

Y — ARRAY UF DATA POINTS FOR DEPENDENT VARIABLE EZCRO1 30
WEIGHT — ARRAY OF WEIGHTS FOR DATA POINTS EZCRO140

N — NUMBER OF INDEPENDENT VARIABLES EZCRO150
NPTS - NUMBER OF PAIRS UF DATA POINTS EZCRO160
NTERMS — NUMBER GCF PARAMETERS EZCRO17?2C

A — ARRAY UOF PARAMETERS EZCRO1 80
SIGMAA — ARRAY 0OF STANDARD ODEVIATIONS FOR PARAMETERS A EZCRO1S90
FLAMDA — PRUPORTIOGN GCF GRADIENT SEARCH INCLUDBED EZCRO200C
YFIT — ARRAY OF CALCULATED VALUES CF Y EZCRO210
CH1ISQ1 - REDUCED CHI SQUARE FOR FIT EZCR02240
ITERMS — ARRAY OF INUICES TC BE REGRESSED EZCR0230
EZCR0240

SUBROUTINES AND FUNCTION SUBFRUOGRAMS REQUIRED EZCH0O250
FUNCN (XsNDIM) EZCR0260
EVALUATES THE FITTING FUNCTION EZCRO27C
FCHISQ (YsWEIGHT +sNPTSsNFREEYFIT) EZCR0280
EVALUATES REDUCED CH SQUARE FOR FIT TO DATA EZCR0290
FDERIV (Xs[LsNDIM) EZCR0300
EVALUATES THE DERIVATIVES OF THE FITTING FUNCTION EZCR0O31t10

WITH RESPECT TO THE ITH VARTAHLE EZCR0320
GJEL(ARRAY sNTERMS«NTERMS+1 +DET 1 ER) EZCR0O330
SOLVES A SYSTEM HY THE GAUSS JORDAN METHOD RETURNING THE EZCRO0340
DETERMINANT AND THE INVERSE IN PLACE EZCRO350
EZCRO3EO0

EZCRO37C

COMMENTS EZCR0380
DIMENSION STATEMENT VALID FOR NTERMS UP TO 1¢ E£ZCR0390
SET FLAMDA =0001 AT BEGINNING OF SEARCH EZCRO0O400

. EZCRO410

SUBROUTINE CURFIT (XsNsYWEIGHT+sNPTS ¢NTERMS, Ay EZCR0420

1 SIGMAASFLAMDA+YFIT+CHISQR +NPARM,,ITERM) EZCR0430
COMMON /DAT/IPRES. ISTATE(20) EZCR0440C
DOUBLE PRECISIUN ALPHA+DSQRT . ARRAY EZCRO45¢C
DOUBLE PRECISIUN DABS EZCR0460
DIMENSICN XI{NPTS+sN)s YINPTS )+ WEIGHTINPTS),VFIT(NPTS) EZCRO47C
DIMENSION SIGMAA(INPARM) sAS(NPARM), ITERMINPARM) EZCR0480
DIMENSION ALPHA(1830)+BETA(E0)+DERIV(60)sARRAY(3£€60)+B(60)52(110) EZCR0490
DATA IC/S/ EZCR0OS00
DATA 1BD/70O/ EZCRO510
100 FORMAT (1X:8Gl4a.06) EZCR0520
700 FORMAT(1XeI3¢°2%+8(I3+72°9G10e3)¢/(5Xs8(I392:*':G103)) ) EZCR0S30
IF{IBD.EQ.1) GO TO 3000 EZCR0540
1BD=1 EZCROS5S50
CALL LBLEZ EZCROS60

5000 CONTINUE EZCR0OS70

LST
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6000
11
13

2700

34

44

230

3900
41

45
62

NN
N o=
[eX =]

FACT= 499
SUM1=0,.

IF(NTERMS .LE-60) GO TO 6000
PRINT 600
600 FORMAT(1Xe 10(*%%),"

NTERMS=6
CUNT INUE
NPN=N+NP
NFREE

4 6(aXe0%0)//77)

o
ARM

=NPTS-NTERMS

1F (NFREE) 13+13.20

CONTINUE

PRINT 2700.NFRLE
FORMAT(//,'DEGRES OF FREEDCM

FLAMDA =
CHISQR=1
GO 10 11

EVALUATE ALPHA AND BETA MATRICES

CCNTINUE

DO 34 J=1+NTERMS

1000.
«E+55
0

BETA(J)=0
0O 34 K=1l,J
ALPHA(K+I%(J—-1)/2)=0

NOTE -
DO 44 L=
Z(L+N)=A

1ST N OF
1 s NPARM
(L)

z

DO 230 J=1 NTERMS
ARRAY(J)=0

CUNT INUE

MORE THAN 3S PARAMETERS FITTED.

ARE VARIABLES,

IF(ISTATE(2) LEIIPRINT 3900
FURMAT (4Xs "Y® s 13Xe*YFIT®* o 10Xs* PERCENT *)
DG 50 I=1,.NPTS

DO 45 L=
ZEL)=X{1
ISTATE(1]

) P
oL )
)=1

YFIT(I)=FUNCN(ZsNPN)
IF(Y([)«EQ.O0) GO
PERC=100%(Y(I)-YFITL(I))/¥Y ()
SUMI=5UM1+ABS(PERC)

CONTINUE

TO 290

IF(ISTATE(2)GT«3) GO TAO 220
IF(IC LT S ANDSFLAMDALEQL.O) GO TO 220

PRINT 100,

CONT INUE
DO 43 L=
JI=ITERM

1 s NTERMS
(L)+N

DERIV (L )=FDERIV (
ARRAY (L) =ARRAY(L

Zs
)+

JJd

A

Y(L)sYFIT(I)

o N
85¢(

s PEKC

PN)
DERIV(L))

®sl4e®

ONLY 60°

IS LESS THAN 1. *//)

{(N+1-NTERMS) ARE PARAMETERS

EZCROS580
EZCR0590
EZCRO600
EZCRO610
EZCR0620
EZCRO630
EZCRO640
EZCR0O650
EZCR0O660
EZCR0670
EZCR0680
EZCR06S0
EZCRO700
EZCRO710
EZCRO720
EZCR0730
EZCRO740
EZCRO750
EZCRO760
EZCRO770
EZCR0O780
EZCRO7SQ
EZCR0800
EZCR0810
EZCR0820
EZCR0830
EZCR0840
EZCR08S50
EZCR0O860
EZCRO8B70
EZCR0880
EZCR0890
EZCR0900
EZCRO0910
EZCR0920
EZCRO0930
EZCR0940
EZCRO9S0
EZCR0O960
EZCROG70
EZCR0980
EZCR0990
EZCR1000
EZCR1010
EZCR1020
EZCR1030
EZCR1040
EZCR1050
EZCR1060
EZCR1070

8ST



159

0257140323 *0=W7T30

09G142723 . OVIA=( SWYIINX( I-)+1)} AVHEY #Z
0SS 13073 JNNIINOD £4L
0¥YS1Ty¥OZ3 (SHHIAANF(T-D)4CIAVHUY=( SWYIAINX( T= 4 ) AV HHY
0ESTYDZI ((C/7(T+RA)AA) VHITIVE T
02s1dDZ3 (2/70CT140 )% IVHATIVI IHOSA/Z(Z/( T =) T HA) YHATY=( SWHIINK( T=-M) 4 ) AVYHY
01614DZ3 rei1= £2 DQ
00S142Z3 (270140 )2 )VHATIV) LHDSA/Z7 ( Q) VIIG=(r+2 22 SWYILN) AVHIY
064140323 INNTINDD 08¢e
0B¥14DOZ3 Ov-3°1=(2/7C 1+ )2 ) VYHI IV
04%140Z3 ((e%ke}02°*SI*s WMHVYC HD4 *SOd LON ST IALILVAINIO +°*GI°X1Y1IVWHOA 00F
09¥i1ydIZ3 frec*o00f 1INIUd
0sSv1¥2Z3 (CYWY3LI=CT
ovH1¥1Z3 082 01 39 (0°19°(2/( T+ )2l )VHIW) A1

0 1WDZ3 SWYIIN®*TI=r %2 0OQ
02%14023 <QZ<J&+0<—Q OVIO(0°19°* <QS<vaum
01¥IuDZ3 1=5v10
00%18D0Z3 NNTENDD 12
06£14D23

0BEIMDZ3I SYILINVYYd MIN ONIZ 0L XIYIVA 3UNAVAYND O031JT00W LYIANI
0LETYDZI

09ETYDZ3 (LIE®OTID%424°CI1)OXT)/C(E°0TID%,2,°CT)B*XT)IVHYUOS 00CE
0SENMDZI (SWHIINCTI=C*(r JAVHHY* (CIWUILT)I®CO00EE INTMd
oveETHDZ3 (Y€ *aNDd 40 3IATLVAIYIAQ 3INTOSEY IOYHIAVY ») 9SSIW TIVD
0EETUDZI 001 INIJMd
0cET1YOZI JNANITIANDOD O%2
01E1HDOZ3 SLAN/(C)AVYHYY=(r ) AVIIY
00E1Y¥OZ3 SWAILINCT=r O0%2 0a
0621423 IDSTHD*00T LINIMd
082141323 (OE*sNDJ IATLIDIFE0 JO 3INTIVA TVILINTL)IOSSIW TIVD
04214023 (LIJACIIYANCSIINCLHOIIMCAJOSTIHD A = TOSIHD £9
09214073

05218023 ANIOd ONILYV IS 1V 3UYNDS 1HD AVINTIVAI
ovY2iydZ3

OEZTHDZI 1=D>1 (G*19*D1)d]I
0221yIZ3 1421=D1
0121¥DZ3 TWNS*00T INT¥d
0o021ydZ3 (92¢ «NDILVIAIQA IL1NTI0SAY JOVYUIAVY +)OSSIW TIVD
06114023 001 INIYd
08114223 SLIN/ THNNS=THWNS
02114323 INNTLINDD 0S
09114223 3NNTLINOD 9V
0STIHDZI (MIATUICX(CIALEIOk (T IHDIIMI(Z /(T -TIXC+NIVHI W=AZ/C 1) 2C4NH) VHI IV
0v11¥DZ3 ret=» 9% 0Q
OETTIYDZ3 (CYATUIA2( T IAX (T ) AHO IR (MIVLIAA=(r)IVA3IB(O0° L1 VAONYTIL ) J]
02114273 (FIATHIGR( (I ILTIA-(TDIA) (T IIHOIIMNH(r)V1AB=(r)Vv 1387
oti1t1yoz3 {0°30°VYaWV i)}
001I4DZ3 SWYIIN®* 1= 9% 00
06014DZ3 INNILINOD £%
oeotTyYOZ *O0=(N)AIH3A (0E-3°T°11°( (V) AIH3A)SAV )AL

VWO

Vo



80

81

250

aXalsl

94
91

96

g2
93

95

115
125

340

IF (NTERMS.GT1) GO TQ 80

ARRAY (1 )=1/ARRAY (1)

ARRAY {2 )=ARRAY (2 ) *ARRAY (1)

GO TO 81

CALL GJEL (ARRAY .NTERMSeNTERMS+1,DET+ [ER)

PRINT 100 )

IF(ISTATE(2) «EGe8) GU TO 340

IF(ISTATE({2) +EQ+9) GO TO 260

DO 84 J=t!NTERMS

JI=ITERM(J)

LF (DABS (ARRAY (NTERMS*%2+J) ) oLT<DELM) GO YO 250
DELM=DAES { ARRAY (NTERMS%#2+J))

JM=JJ

CONTINUE

B(J)=A(JJ) +ARRAY (NTERMS2%2+J)}/DSQRT(ALPHA(J% (J+1)/2))
IF({ ISTATE(3) «£Qe0«0RB(JI*A{JJI)GTL0) GU TO 84
CALL MESSG('COLD+NEWSPARM SIGN CHANGE®*s24)

PRINT 100,8(J)sA(JI)sJd

BlJI=A(JJ)*{1-FACT)

CONT INUE

CALL MESSG(*MAX SCALED PARM DELTAsPARM NO.*+30)
PRINT 100sDELMsJM

IF CHI SQUARE INCREASEDs INCREASE FLAMDA AND TRY AGAIN

DO 94 L=1,NTERMS
JI=ITERM{L)
Z{JI+N)=8B(L)

DO 92 1=1,NPTS
DO 96 FI—-
Z(L}=X{1sL)
ISTATE(1)=1

YFIT(IDI=FUNCN(ZsNPN)

CHISAR = FCHISQ(YsWEIGHTsNPTSsNFREESYFIT)

CALL MESSG(*TRIAL OBJECTIVE FCN*+19)

PRINT 100, IPRES,CHISQR

IF(FLAMDALLE«Q) GO TU 101

IF (CHISQ1~CHISQR) 95,101,101

FLAMDA =10#FLAMDA

FACT=FACT/2.

LF(FLAMDA.GT «1000) GO YU 138

IF(FLAMDA«GT «0e01) 30 TG 71

DO 125 I=1.NTERMS
SIGMAA{I)=ARRAYUI#+(I—-1)*NTERMS)/DSARTLALPHA( I*(1+1)/2))
GO 1O 71

CONTINUE

C OCUTPUT REGRESSION CUEFFICIENTS

PRINT 100
CALL MESSG(* CORRELATICN COEFFICIENTS® 424)
PRINT 100

EZCR1580
EZCR1590
EZCR1600
EZCR1610
EZCR1620
EZCR1630
EZCR1640

EZCR1650.

EZCR1660
EZCR1670
EZCR168C
EZCR1690
EZCR1700
EZCR1710
EZCRL1720
EZCR173C
EZCRL740
EZCR1750
EZCR1760
EZCR1770
EZCR1780
EZCR1790
EZCR1800
EZCR1810
EZCR1820
EZCR1830
EZCR1840
EZCR1850
EZCR1860
EZCR1870
EZCR1880
EZCR1890
EZCR1900
EZCR1910
EZCR1920
EZCR1930
EZCR1940
EZCR1950
EZCR1960
EZCR1970
EZCR1980
EZCR1990
EZCR2000
EZCR2010
EZCR2020
EZCR2030
EZCR2040
EZCR2050
EZCR2060
EZCR2070

09T
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FUNCTION CV

PURPOSE

u

CALCULATES HEAT CAPACITY QOF SPECIFIC VOLUME 8Y

SUAGE
RESULT =

NUMERICAL

CVIT+RHO)

DESCRIPTIGN OF PARAMETERS

S

14

20
12

10
40

T—ABSOLUTE TEMPERATURE
RHO-DENSITY

UBROUTINES NEEDED
U(TsRHO)
CALCULATES INVERNAL ENERGY

FUNCTIGON CV{(TsRHO)

COMMON /7PRM/RGAS RENRGY s TCRIToPCRIT sRHOC s We ALPHA +BETA » XMW
1 2A(40)+B(7) e NTERMS ¢« NPARM s NUMB» RTOP RMIDL, RMIDV
EPMAX= 41

EPS=40001

SAVE=T

IF(ABS{SAVE) .LT.EPS) GO TO 10

DEL=ABS(EPS¥*SAVE)

CONTINUE

DO 12 IT=1.5

T=SAVE+DEL

F2=U(T,RHO)

T=SAVE-DEL

Fl1=U(T+RHO)

DFDX=(F2-F1)/2./DEL

TESTS PRECISION OF DERIVATIVE

IF(ABS(DEL %2%¥DFDX) eGEo{ (10%%(—-6+N) ) *ABS(F1)))IGO TO 40
IF{ABS(DFDX) eL T 41 e1E-65%ABS(F1)) DFDX=1.E~-6S5%F1
DEL=(10%%(~6+N) ) *ABS(F1/DFDX)

IF(ABS(SAVE) sLTe1eE-0€) GO TG 20

IF{DEL ¢GT «ABS(SAVE*EPMAX)) DEL=ABS({SAVE*EPMAX)
GO TO 12

IF (DELaGT .EPMAX) DEL=EPMAX

CONTINUE

GO TO 40

DEL.=EPS

GO TO 14

Cv=DFDX

T=SAVE

DERI V.

EZCVO0010
EZCV0020
EZCV0030
EZCV0040
EZCVO0050
EZCV0060
EZCV0070
EZCVv0080
EZCV0090
EZCV0100
EZCVO110
EZCV0120
EZCVO0130
EZCVO0140
EZCVO1L1S0
EZCV0160
EZCV0170
£E2CV0180
EZCVO0190
EZCV0200
EZCVO210
EZCV0220
EZCV0230
£EZCV0240
EZCV0250
EZCV0260
€ZCV0270
EzCcvoz280
EZCV0290
EZCV0300
EZCV0310
EZCV0320
EZCV0330
EZCV0340
EZCV0350
EZCV0360
EZCV0370
EZCV0380
EZCV0390
EZCV0400
EZCV0410
EZCV0420
EZCV0430
EZCV0440
EZCV0450
EZCV0460
EZCV0470
EZCV0480
EZCV0490
EZCV0500

¢91
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1800

1500

1400

140
160

00
o

FURMAT (415,F10.0 )
FORMAT(1Xs5G14.0+A4)
DIMENSION X{NPTSsN)+s YINPTS )»WEIGHT (NPTS)

1+ DATAID(NPTSsN)

COMMON /PRM/RGAS ¢RENRGY s TCRITePCRIT +RHOCsWsALPHA BETA ¢ XMW

1 2 A(40)eB(7)s NTERMS s NPARM s NUMB s RTOP ¢ RMTDL s RMIDV

COMMON /PRP/ZICUMP(20)+CPC(20)sCRC(20) +CMW(20),CW(20)
1 sCA(20)¢CB(20),CNAME(204+2)

DATA D01 :D2/7* QU6%,°*S */

INTEGER CODE

REAL NAME(40,2)

NPTL=0

NPTRHO=0

NPTH=0

NPTVP=0

CALL MESSG(*DATA INPUT SUMMARY',18)

READ 1200.NCGMP

CALL MESSG(* NUMBER OF COMPCNENTS? 220)

PRINT 100NCOMP

CALL MESSG(*DENSITYSENTHALPY, PRESET+GRCUP WEIGHT'447)
DO 30 L=1sNCUOMP

READ 1S00s{CNAME(L 9 J) 9J=12) o IWHOLE«CTC(L)sCPCIL)+sCRCIL)sCMW(L ),
1CW(L) +CA(L)CB(L)

FORMAT(2A4 +12:7F10.0)

ICOMP(L)=IWHULE

TCRIT=CTC(L)

RHOC=CRC(L)

READ 1600Q0+NPTRHL sNPTHL s NPTVFLosNPTA,SCALE

PRINT 1800+sNPTRHL s NPTHL o NPTVPL s NPTAsSCALECNAME(L 1)
IF{SCALEEQeOe} SCALE=1.

SCALE=SART{(SCALE)

IFI(INPTAEQ.0) GO TO 160

DO 140 JA=1,NPTA

ISNPTL+JA

READ 1400 X(12) oX(193)eX(Is1)eY{(I)s(DATAID(TI9J)9sJ=1¢3)
FORMAT (2Xs4F 106 426X 93A4)

WEIGHT(I)=Y(1)/SCALE

IWHOLE=ABS(X(1+1))+.005

IF{IWHOLE «GT «59) GO TO MIXTURE
IFRACT=(ABSI{X{L+s13))-1IWHOLE+.005)%100
IF(IFRACT<EQ«Q0)}NPTRHO=NPTRHC+1

IF(IFRACT EQel DINPTH=NPTH+ 1

IF(IFRACT cEQ«20)NPTVP=NPTVEF+1

CCNTINUE
APTL=NPTL+NPTA
CONTINUE
IF(NPTRHL +EQ«0) GO TQ
DO 70 J=1+NPTRHL
I=NPTL+J
DATAID(I,1)}=D1

2 CTC(20)

VePoe »

130

EZD20120
EZD20130
€ZD20140
EZD201S50
EZD20160
EZD2017C
EZD20180
EZD20190
EZD20200
EZD20210Q
EZD20220
EZD20230
€Z2D20240
£2D20250
EZD20260
EZD20270
EZD20280
EZD20290
EZD20300
E£Z2D20310
EZD20320
EZD20330
EZD20340
EZD20350
EZD20360Q
EZD20370
EZD20380
EZD20390
EZD20400
EZD20410
EZD20420
EZD20430
EZD20440
EZD204S0
EZD20460
EZD20470
EZD20480
£2D20490
EZD20500
EZD20510
£2D20520
£202053¢0
EZD20540
EZD20550
EZD20S60
E£Z2020570
EZD20580
EZD20590
E£ZD20600
EZD20610C

S91



~NO
< X X
o~ o~
- oy gy
-y o

70

130

2100

80

110

2200

90

DATALID{I.,2)=D2

READ 2100sTsP»RHO.CODE
T=T+460

CODE=-1
IF(RHO L. T.RHOC)CUDE=1
IF (CODE)S+6+6
X(Isl)==(1IWHOLE+3)
GO TO 7
X{Lel)=IWHOLE+,3

3)=P

)=T

=RHO
WEIGHT(I)=Y(1)/SCALE
CONT INUE
NPTRHO=NPTRHC +NPTRHL
NPTL=NPTL +NPTRHL
IF(NPTHL.EQ.0) GO TO 110
DO80 J=1+NPTHL
I=NPTL+Y
DATAID(1I,1)=D1
DATAID(I,2)=D2

READ 2100»,T+P+DELHsCODE
FORMAT(3F106020Xs15)
T=T+460

IF(CODE)B8+:9,9
X(lel)=—(IWHULE+.4)
GC T0O 11
X(Ie1)=+IWHULE+44
X(1:2)=T

X(1+3)=P

Y{I)=DELH
WEIGHT(I)=Y(1)/SCALE
CONT INUE
NPTL=NPTL+NPTHL
NPTH=NPTH+NPTHL

N

IF(NPTVPL.EQ.O0) GO TO 120

DO 90 J=1,.NPTVPL
I=NPTL+J
DATAID(I»1)=01
DATAID(1.,2)=D2
READ 2200, T,P
FORMAT (FZ 404F10.0)
T=T+460
X{lel)=IWHCLE+75

(I)=Y(1)/SCALE
CCNTINUE
NPTVP=NPTVP+NPTVPL

EZD20620
EZD20630
EZD2064C
EZD206S0
EZD20660
£EZD20670
EZD20680
EZD20690
EZD20700
EZD20710
EZD20720
EZD20730
EZD20740
£2D020750
EZD20760
EZD20770
EZD20780
EZD20790
EZD20800
EZD20810
EZD20820
EZD20830
EZD20840
EZD20850
EZD20860
E2ZD20870
€2D20880
€2020890
EZD20900
€2D20910
EZD20920
EZD20930
EZD20940
EZD209S0
EZD20960
EZD20970
EZD20980
EZD20990
EZD21000
£ZD21010
EZD21020
EZD21030
EZD21040
EZD21050
£EZD21060
£ZD21070
EZD21080
EZD21090
EZD21100
EZD21110

991



nnon

o0 a00non

NPTLENPTL+NPTVPRPL EZ2D21120
120 CONTINUE EZD21130
30 CONTINUE EZD21140
NPTS=NPTL EZD21150
CACUL ATE AVERAGE AND VARI1ANCE EZD211640
SUM=0 EZD2117¢C
SUMW=0 EZD21180
DC 60 I=1,NPTS EZD21190
IF({(DATAID{(I +1) eNE«D1)eDRs (DATAID(1e2)aNESD2)) GO TQ 170 EZD21200
CALL CONVR(I»ICHARSDATAID( 1+3)) EZD21210
170 CONTINUE EZD21220
€E2D21230
EVALUATE WEIGHTS £2D21240
EZD212€0Q
IF (NCODE) 123 EZD21260
1 IF (Y(1).EQe«D) GO TO 2 EZD21270
WEIGHT(I)=1/7AB35(Y(I1)) EZD21284Q
GO TC 10 EZD21290
WEIGHT(I)=1 €EZD21300
GO TO 10 £E2D21310
3 WEIGHT(I)=1/WwEIGHT (I )*%x2 EZD21320
10 CONTINUE EZD21330
SUM=SUM4WEIGHT(L)*Y (1) EZD21340
SUMW=SUMWH+WE IGHT(I) EZD21350
60 CONTINUE EZD21360
SUM=SUM/ SUMW EZD21370
YBAR=SUM EZD21380
SUMY=0 EZD21390
DO 50 I=1+NPTS EZD2140¢C
SUMY=SUMY+WE IGHT (I )*{Y(I)—SUM)¥%x2 EZD21410
50 CTONTINUE EZD21420
YVAR=SUMY*NPTS/SUMW/ (NPTS~1) EZD21420
RETURN EZD21440
END E£EZD2145S0
SUBROUTINE DATA3 EZD30010
PURPOSE EZD3002¢C
INPUTS DATA IN BANKED FOURMAT AS BLOCKED WITH GROUP WE IGHT EZD30030

A NEGATIVE GROUP WEIGHY CONVERTS TO EQUAL WEIGHTS £Z2030040

EZD30050
SUBROUTINE DATA3(XsNsYoNPTS+WEIGHT s YBARsYVAR +sNCODEDATAIDsND) EZD30060
MODE ~ DETERMINES METHOD OF WEIGHTING LEAST-SQUARES FIT EZD30070

+1 (INSTRUMENTAL ) WEIGHT(I)=U/SIGMAY (1) *%2 EZD30080

L9T



600

20
1100
1200
1300
1500
1600
1700

160

i80
1400
170

1300

150

1
1

1

1

PERCENT ERRGOR CONSTANT EZD30090

0 (NO WEIGHTING) WEIGHT(I1)= 1 EZD30100

—1 (STATISTICAL) WEIGHT =1/Y(1) EZD30110

COMMON /7PRM/RGAS sRENRGY s TCRITH)PCRIT sRHOC sW o ALPHA yBETA » XMW EZD30120
0A(40)sB(7)s NTERMSaNPARM ¢ NUMD s RTOP sRMIDL s RMIDV EZD30130
CCMMON /PRP/ICUMP(ZO)oCPL(ZO)oCRC(ao)oCMU(ZO)QCW(20) oCTC{20) EZD30140
2CA(20)+CB(20)sCNAME(20+2) EZD30150
FORMAT (4F10.0+26X+12+3A4) EZD30160
FORMAT(8F1040) EZD3017¢0
FORMAT(161I5) EZD30180
FORMAT (3F10.0+110) EZD30190
FORMAT(2A4,12+7F10.0) EZD30200
FORMAT(6F10.0) EZD30210
FORMAT(215sF10.0+15) EZD30220
DIMENSION X(NPTSsN)s YINPTS)+WEIGHT(NPTS) EZD30230
DIMENSION DATAIDI(NPTS,ND £ZD30240
DATA INPUT EZD30250
NPTL=0 EZD30260
READ 1200, NBLKS EZD302790
ICOMP(1)= €ZD30280
L=1 EZD302S0
DO 300 JBLK=1 ,NULKS EZD30300
READ 1500+ (CNAME(L sJ)+J=142)sIWHOLE CTC(L)CPC(L)CRCIL) CMW(L), EZD30310
Cw(L) s CA(L)CB(L) EZD30320
Li=tL-1 EZD30330
DO 160 JL=1slL1l EZD30340
IF({ICOMP(JL) sEQe IWHULE) GO TO 170 EZD30350
CONT INUE EZD30360
ICOMP{L)=IWHOLE EZD3037¢C
L=L+1 EZD30380
IF(L.GT<20) GO TO 180 £ZD30390
ICOMP(L)=0 EZD30400
GO TO 170 £2D30410
CONTINVUE EZ030420
PRINT 1400 £ZD30430
FORMAT (1X+20(*%¢), *MORE THAN 19 COMPOUNDS REQUESTED TG BE READ*//)EZD30440
sTOP EZD30450
CONTINUE EZD30460
READ 1700, IFILE,NPTA,SCALE EZD30470
PRINT 1800s{CNAME(LsJ)eJ=122)s IWHOLE,,IFILE+NPTA,SCALE EZD30480
FORMAT (11X *CUMPOUND *32A44%4°»13:,° ON UNIT®*,12,%.%+1I5, EZD304S0
¢* DATA POINIS WITH WEIGHT *,Gl4 .6 ) £ZD30500
IWT=0 EZD30510
IF(SCALE.GE«O) GU TO 150 EZD30520
SCALE=ABS({SCALE) EZD30530
IWT=1 EZD30540
CONTINUE EZD30550
IF(SCALE.EQeO)SCALE=1. £ZD30560
SCALE=SQRT(SCALE) EZD3057C

DO 40L=1,NPTA

EZD30580

891
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0680£02Z3
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0280£023
0980£0Z3
0580£023
0vy80£0Z3
0EB80£:023
0280£0z3
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0080£02Z23
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08£0£0Z3
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09L0£0Z3
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0v20€£023
0E20£QZ3
02L20£0Z23
0120€Q023
0020£0Z23
0690£0Z3
0890£Q0Z3
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0S90EGZ3
0190£dZ3
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60 CONTINUE
SUM=SUM/ SUMW
YBAR=SUM
SUMY=0
DO S0 I=1+NPTS
SUMY=SUMY+WE IGHT (I ) *(Y(I)-SUM)*%2
50 CONTINUE
YVAR=SUMY%NPTS/SUMW/ [ NPTS—1) .
YVAR=SUMY
RETURN
END

FUNCTION DENSL(T+P)

PURPOSE
FINDS THE LIQUID DENSITY FCR TEMPERATURE AND PRESSURE

USUASGE
RESULT = DENSL(T,,P)

DESCRIPTION OF PARAMETERS
T — TEMPERATURL
P - PRESSURE

SUBPROGRAMS NEEDED
PRES{T RHO)
CALCULATES PRESSURE AS FUNCTION OF TEMPERATURE AND DENSITY

FUNCTION DENSLA{T,P)

COMMON /PRM/RGAS RENRGY s TCRITsPCRIT »RHOC »W o ALPHA » BETA o XMW
1 2Al40)+B(7)s NTERMS ¢ NPARM» NUMB ¢ RTOP sRMIDL s RNIDV
CGMMON /DAT/ IPRES,»ISTATE(20)

DATA ITMAXEPSPIEPSR/S504+1eE-05414E-05/

PO=P

ITMAX=20

DEL=RTOP/20.

PMIN=1.E60

CODE=0.

RHO1=RTOP

1T=1

IF(T/TCRIT .. Te0s4) GO TO 30

IF(ISTATE(9) «EQe0) GO TO 210

RHO1=RHO2

EZD31090
EZ031100
EZO31110
EZD31120
EZD31130

EZDLOO10
EZDL0020
EZD0L0030
EZDL0040
EZDLO00OSO
€ZDL0060
EZDLOO70
EZDLOOBO
EZDL0090
EZDL 0100
EZDLO110
EZDLO0120
EZDLO130
EZDLO140
EZDLO150
EZDLO0160
EZDLO170
£ZDL018C0
EZDLO190
EZDL 0200
EZDLO210
EZDL0220
EZDL 0230
EZDL0240
EZDL 0250
EZDLO260
EZDL 0270
EZDL 0280
EZDLO0290
EZDLO0300
EZDLO310

0LT



210

20 IF({ABS(PI~P2) LT ¢EPSP)+UR«{ABS(RHO1-RHO2) L T.ABS(RHO2)#EPSR)})

60

40

190

50
220

70

CONTINUE
RHO2=1.01%RHO1
P1=PRES(TsRHG1)-PO
P2=PRES(TsRHC2)-PO

GO TO 40
IF (IT.GT.ITMAX) GO TQ 30
RHO3=(RHGI *P2—-RHC02%P 1)/ (P2-P1)
IF{RHO3 4LT.RMIDL) GO TO S50
IF(RHO3.GT.RTOP) GO TO 190
CONTINUE
RHO1=RHO2
RHO2=RHO3
P1=pP2
IT=1IT+1
P2=PRES(T+RHO2)~-PO
GO 1O 20
CONT INUE
RHO1=.99%RH0O2
P1=PRES (T sRHD1)-PO
IF(RHO2.LT.RMIDL) GO TO 30
IF(Pl1e.LToP2) GU TO 130
GO TO 30
CONTINUE
RHO3=RTOP*{50.+1T) /50
GG TO 220 :
CONTINUE
RHO3=RTOP*({50.+1T)/50.
CONTINUE
IF(RHO1 LT sRHO2+ANDP1.GTP2) GO TO 60
RHO2=RHO1
RHO1=RHO3
P2=P1
IT=1IT+1
P1=PRES (T,sRHU1)-PO
GU TO 20
CONTINUE
ITMAX=40
RHOZ2=RTOP+DEL
P2=PRES (T»RHD2)

CHECK FOR STARTING PCINT
KHO1=RTOP
P1=PRES (Ts RHO1)
IF(P1.LTLPO)GU TO 150
CONT INVE
P1=PRES (TsRHOL )
IF{(Pl +LTP0O) GO TO 90
IF(P1l LT .PMINSANLCosCODESEQ«0+) GO TO 170
CODE=1,
CGONTINUE

€ZDL 0320
EZDLO330
EZDL0340
EZDL 0350
EZDLO360
EZDLO370
EZDL0380
EZDL 0390
EZDLO40O0
EZDL 0410
EZDL 0420
EZDLO0430
EZDLO440
EZDLO4S0
€ZDL 0460
EZDLO470
EZDL 0480
EZDL 0490
EZDLO0S500
EZDLOS10
EZDL 0520
EZDL 0530
EZDLO0S40
€Z0L 0550
EZDLO0S60
EZDLO0S570
EZDL 0580
EZDL 0590
EZDL0O60C
EZDLO610
EZDL0620
EZ0L0630
EZDL0640
EZDLO6S0
EZDL0660
EZDLO670
EZDLO0680
EZDL06S0
EZDLO70C
EZDLO710
EZDLO0720
EZDLO730
EZDLO0740
EZDLO750
EZDLO760
EZDLO770
EZDLO780
EZDLO790
EZDL080O0
EZDLO81O

TLT



C

170

160

200

150

300

240

90

140

80

100 FORMAT (1Xs*L DENSITY DIDNCT CONVERGE FOR T=2,G114.4,'"PRESSURE *»
1 Gl1e49'RHO1="9G11e49'P1=°3Gl1le4s*RHU2=?9sGl1e4,5"°P2=%,G1144)

KHO2=RHO1
P2=p1 .
IF(RHO1.LT.RMIDL) GO TO 160
RHO1=RHO1-DEL
GO TO 70
CONT INUE
PMIN=P1
RHOMIN=RHO1
GO TO 180
CONT INUE
IF(ISTATE(4) oL T45)
IPRINT 200
FORMAT(1X,*NO LIQUID ROOT. MINIMUM USED®)
RHO2=RHOMIN
GO TO 130
CONT INUE
IF(ISTATE(4) oL T +5)
IPRINT 300
FORMAT (1X,*RUCT TOO LARGE?)
RHO2=RHO1
IF(ISTATE(9) «EQ.0) GO TO 130
CALLED FROM DERIVATIVE ROUTINE
PL=PRES (T ,RHO2)
IF(P1.LT.SP) GO Ta 240
RHO2=RHO2-DEL
GG TO 130
CONTINUE
RHO2=RHO2 +DEL
GC TO 130
CONTINUE
SUCCESSIVE BISECTIONS
RHO3= (RHO 1+RHO2) /2
P3=PRES (T » RHO3)

IF((ABS{P1-P2) LT.EPSP¥P0O) CRecABS(RHOL-RHOZ2) «L. T ¢ ABS(RHO2) ¥EPSR)

1 GO 70 130

IT=1T+1 .
IF(ITGTLITMAX) GO TG 80
IF(P3.GT.PO0) GO TO 140
RHO1=RHO3

P1=pP3

GO TO 90

CONTINUE

RHO2=RHO3

P2=P3

GO T0O 90

CONTINUVE

IF(ISTATE(4) «LTW5)
IPRINT 100:TsPsRHO1sP1,RHO2,,P2 -

EZDL 0820
EZDLO0830
EZDL 0840
£20L 0850
EZDLO86OC
EZDLOB70
EZDLO&S80
EZDL 0890
£20L0900
EZDLO91 O
EZOL 0920
EZDL 0930
EZDL 0940
EZDL 0950
EZDL 0960
EZDL 0970
EZDL 0980
EZDL 0990
EZDL 1000
£Z20L 1010
EZDL 1020
EZDL 1030
EZDL 1040
EZDL 1050
EZDL 1060
EZDL107C
EZDL 1080
EZDL10S0
EZDL 1100
EZDL 11}

EZDL 1210
EZDL1220
EZDL 1230
EZDL1240
EZDL12€E0
EZDL1260
EZDL1270
EZDL 1280
EZDL 1290
EZDL 1300
EZDL1310

LT



173

O0EEOAQZ3
02 EOAQZ3
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20 CONTINUE

40

30

70

1

IF{(ABS(P1-P2) L. TEPSP#P0) e CRe ABS{RHO1-RHO2) «L.Te ABS{RHO2 ) *EPSR)

Ga TO 40
IF (IT.GT.ITMAX) GO TO 30
PROJECTION
RHU3=(RHO1#*P2~-RHO2%P1)/ (P2-P1)

IF{{RHD3eGTeRMIDV) eORe{RHO3eLTe0) IRHOI=(1-1T/504 )%PO/RGAS/T

RHOt=RHO2

RHO2=RHO3

IT=1IT+1

P1=pP2
P2=PRES{T»RHU2)-PO

GO T0O 20
CONTINUE

RHO 1=« 99%RHU2
P1=PRES(T»RHUL )-PO
IF(RHO2.GT .,RMIDV) GO TO 30
IF(PL«LT&P2 ) GO TO 130
CONTINUE

ITMAX=40
ITMAX=RMIDV/DEL+5

17T=0
P1=P1 +PO
P2=P2+P0

CHECK FOR STARTING PCINT
RHOl1=DEL
CONTINUE

P1=PRES {(TsRHOL)
IF(P1.L.T.P0)GO TO 60
IF(ISTATE(4) LT 5}

1PRINT 300

300 FORMAT(1X,*RO0OT TOO SMALL?®)

60

110

170

RHO2=RHO1

GC TO 130

CONTINUVE

RHG2=RHO1 +DEL

CODE=0.

PMAX=P1

RHOMAX=RHO1

CONT INUE

P2=PRES (T +RHUO2)
IF(P2.GT.P0) GO TOU 120
IF(P2 «GT e PMAXeANDSCUODE.EQ«0Oe) GO TU 160
CONTINUE

IT=1IT+1

RHO1=RHO2

P1=pP2

RHO2=RHOZ+DEL
IF({IT«GTLITMAX) GO TO 180

EZDVO034 0
EZDV0350
EZDV0360
EZDVO0370
EZDV0O380
EZDV0390
EZDV0400
EZDVO0410
EZDV0420
EZDV0430
EZDVO0440
EZDVO045S0
£EZDV0460
£2D0V0470
EZDV0480
EZDV 0490
EZDV0S00
EZDVOS10
E20V0520
EZDVO0S30
EZDV0540
EZDV0550
EZDVO0O560
EZDVO0S70
EZDV0S530
EZDV0SS0
EZDV0O600
EZDV0610C
EZDVO0620
EZDV0630
EZDV0640
EZDV0650
EZDV0O66C
EZDV0670
EZDV0680
EZDV06S0
EZDVO700
EZDVO710
EZDV0720
EZDVO730
EZDVO740
EZDVO7S0
EZDVO760

EZDVO770

EZDV0780
EZDV0790
£Z0v0800
EZDVO810
EZDV0820
EZDVO0O830

PLT
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FUNCTION ENTH (T,RHO)
PURPGSE

EVALUATES ENTHALPY AS A FUNCTION GF TEMPERATURE AND DENSITY

MUODIFIED FOR CURVE FITTING

USUAGE
RESULT = ENTH{(T,RHO)

DESCRIPTION OF PARAMETERS
T - TEMPERATURE
RHO — DENSITY

SUBROUTINES NEEDED
FL2(T +RHO)
CALCULATES THE INTEGRAL CF (DZDT)DLN(RHQ)
PRES(T,RHO)
CALCULATES PRESSURE AT T AND RHO

FUNCTIUON ENTH(T+RHO)

COMMON /PRM/RGAS+RENRGY s TCRITsPCRIT+RHOCs» We AL PHA »BETA ¢ XMW
1 2A(40)+B(7)s NTERMSsNPARM s NUMB s RTOP +RMIDL s RMIDV

TSTAR=ALPHA*T/TCRIT

HDEV=-TSTAR*TSTARXF I2(T+RHC)I+TSTAR*(PRES(TsRHO)/RGAS/T/RHO-1,.)

ENTH=HDEV*RENRGY*TCRIT/ALPHA
RETURN
END

FUNCTIDON ENTRPY(T.RHOG)
PURPOSE

CACULATES THE ENTROPY FUOR TEMPERATURE AND DENSITY

USUAGE
RESULT = ENTRPY(T,RHQ)

DESCRIPTION OF PARAMETERS
T — TERM
T - TEMPERATURE
RHO - DENSITY

SUBPROGRAMS NEEDED
SUBROUT INES NEEDED
FI2(TsRHO)

EZDHO010
EZDHO020
EZDHO003C
EZDHO00 40
EZDHO0050
EZDHO060
EZDHO0O070
EZDH0080
EZDHO0090
EZDHO100
EZDHO110
EZDHO120
EZDHO1 30
EZDHO140
EZDHO150
EZDHO0160
EZDHO170
EZDHO180
EZDHO190
EZDHO0200
EZDHO21C
EZDHO0220
EZDH0230
EZDHO0240
EZDHO0250
EZDHO260

EZDS0010
EZDS0020
EZDS0030
EZDS0040
EZDS0050
EZDS0060
EZDSO0Q 70
£E20S0080
EZDS0090
EZDS0100
EZDSO110
£ZDS0120
EZDSO0130
EZDS0140
EZDS0150
EZDS0160

9LT
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00102423
06000423
080024Z3
020004723
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C DlViDE B8Y NUMBER OF DEGREES OF FREEDOM EZFC0330
c . EZFC0340

31 FREE =NFREE EZFC0350
32 FCHISQ=CHISQ/FREE EZFC0360
40, RETURN EZFC0370

END EZFC0380

C  FUNCTION FDERIV EZFD0O010

¢ EZFD0020

C  PURPOSE EZFD0030

C EVALUATE NUMERICALLY DERIVATIVE OF FUNCTN WITH RESPECT EZFD0040

C TO THE ITH VARIABLE EZFD00S0

C EZFD0060

C  USUAGE EZFDOO70

C RESULT = FDERIV(XsIsNGIM) EZFDO08O

c EZFD00SO

C DESCRIPTION OF PARAMETERS EZFDO100

C X ~ ARRAY OF INDEPENDENT VARIABLE VALUES EZFDO110

C 1 — NUMBER UF VARIABLE FCR DERIVATIVE EZFD0120

C NDIM — NUMBER OF INDEPENDENT VARIABLES EZFDO130

c EZFD0140

C  SUBRUUTINES NEEDED EZFD0150

C FUNCN(X s NDIM EZFD0160

C EVALUATES THE FUNCTIGN AT POINT X EZFDO170

C EZFD0180

FUNCTIUN FDERIV (XolsNDIM) EZFD0190
D IMENSION X(NDIM) EZFD0200
COMMON /DAT/ IPRES, ISTATE(20) EZFD0210
ISTATE(9)=1 EZFD0220
EPMAX= o1 EZFD0230
EPS=.01 EZFD0240
N=3 EZFD0250
SAVE=X () EZFD0260
LF (ABS(SAVE) «LT.EPS) GO TO 10 EZFD0270
DEL=ABS(EPS*SAVE) EZFD0280
14 CONTINUE EZFD0290
DO 12 IT=1,3 EZFD0300
X1 )=SAVE+DEL EZFD0310
F2=FUNCR (X sNDIM) EZFD0320
X (1)=SAVE-DEL EZFD0330
£ 1=FUNCN{ XsNDIM) EZFD0340
DFDX=(F2-F1)/2+/DEL EZFD03S0

IF(ISTATE(S)«EQe1) GO TO 40

EZFDO360

8LT
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TESTS PRECISIUN OF DERIVATIVE

IF(ABS(FL1~F2)eLTsABS(Fl)*1 E-5) F2=F1
IF(ABS(F1-F2)%{10%¥(6-N))GTABS(F1)) GO TO 40

20 CCNTINUE

EPS=EPS¥*10

IF(ABS{SAVE) «LT«1.E-6) GO TC 30 N
DEL=ABS({SAVE*EPS)

GO T0 12

30 CONTINUE

DEL=EPS

12 CONTINUE
IF(ABS(F1=F2) oL TsABS(F1 )¥1 <E-S) DFDX=0Q.
GO TO 40

10 DEL=EPS
GO TO 14

40 FDERIV=DFDX _
100 FORMAT (1X38G1446)

X{1)=SAVE
ISTATE(9)=0
RETURN

END

FUNCTION FLASHP

PURPOSE .
EVALUATES THE VAPOR PRESSURE FUR A GIVEN TEMPERATURE
MODIFIED FOR CURVE FITTING

USUAGE
RESULT = FLASHP(T)

DESCRIPTICN OF PARAMETERS
T - TEMPERATURC

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
PRESS — CALCULATES PRESSURE GIVEN TsRHO
RHOL - CALCULATES LIQUID DENSITY
RHOV — CALCULATES VAPGR DENSITY
FUGCOF — CALCULATES THE FUGAC1TY COEFFICIENT

FUNCTION FLASHP(TsPO )

EZFDO0370
EZFC0380
EZFDO0390
EZFD0400
EZFD0410
EZFD0420
EZFDO0430
EZFD0440
EZFD04SC
EZFD0460
EZFD0470
EZFD0480
EZFD0490
EZFDOS00
EZFD0S510
EZFD0520
EZFDO0S30
EZFD0540
EZFD0550
EZFDO0560
EZFD0S70
EZFD0OS80
EZFD0S90

EZFLO010
EZF1L 0020
EZFL0030
EZFLO0040
EZFLO0SO
EZFLO060
EZFLOO70
EZFL0080
EZFLO0090
EZFLO100
EZF1 0110
EZFLO120
EZFLO130
EZFLO0140
EZFLO150
EZFLOL160
EZFLO17C
EZFL 0180
EZFLOL19Q

6LT
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COMMON /PRM/RGAS,RENRGY s TCRITPCRIT +RHOC» Ws ALPHA ¢ BETA ¢ XMW
1 e A(40) +B(7 )+ NTERMS s NPARM s NUMB » RTOP 4RMIDL s RMIDV

CCMMON /DAT/ IPRES, ISTATE(20)
REAL KVALUE

EPS=0.001

ITMAX=20

CURVE FITTING

IFUISTATE(9) «EQel) 60 TO 210
?nvo :

210 CONTINUE

RHOL=DENSL (T »P)
RHOV=DENSVIT +P)
IT=1

40 CONTINUE

KVALUE=FUGCOF (Ts RHOL ) /FUGCCF (T yRHOV)
P=P¥KVALUE

IF(Pel,Tel3%PCRIT) GO TO 30
P=1.3%PCRIT

GG TO 20

30 CONTINUE

IF(ABS(1—-KVALUE) L T<EPS) GC TO 25
IT=1T+1

IF(IT «GEITMAX) GO TO 20
RHOV=DENSV(T+P)

RHOL=DENSL (T ,sP)

GO TO 40

20 CONTINUE

IF(ISTATE(4) sLiZs4) PRINT 200sTesPsKVALUE

200 FORMAT (1Xs+*VAPOR PRESSURE DID NOUOT CONVERGE.

1 IP=¢ 4Gl4462*'KVALUE=%4G1446)
25 FLASHP=P

RETURN

END

FUNCT ION FUGCOF (T sRHO)

PURPOSE
EVALUATES THE FUGACITY CUOEFFICIENT

USUAGE
RESUL.T = FUGCOF(TsRHQ)

DESCRIPTIEN OF PARAMETERS

*eGl4 460

EZFL 0200
EZFL 0210
EZFL0220
EZF1L 0230
EZFL 0240
EZFLO02S50
EZFL0260
EZFL0270
EZFL0280
EZFL0290
EZFLO300
EZFLO310
EZFL0320
EZFLO330
EZFL 0340
EZFLO0350
EZFLO03€0
EZFLO0370
EZFL 0380
EZFLO0330
EZFL0400
EZFLO0410
EZFLO0420
EZFLO0430
EZFLO0440
EZFLO0450
EZFL0460
EZFLO0470
EZFL0480
EZFL0490
EZFLO0500
EZFLO0S510
EZFLO0520

EZFG0010
EZFG0020
EZFG0030
EZFG0040
EZFGO0SO0
EZFG0060
EZFGOO070
EZFG0O080
EZFG0090

08T
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T — TEMPERATURE
RHO -~ DENSITY

SUGROUT INES NEEDED
FIl
CALCULATES THE INTEGRAL CF (Z—1)D LN{(RHO)
PRES{(TsRHQ)
CALCULATES PRESSURE AT T AND RHO
FUNCT ION FUGCOF{T»RHO)
CCMMON /PRM/RGASsRENRGY s TCRIT+PCRIT sRHOC W+ ALPHA s BETA ¢ XMW
1 2Al40)eBI(7) e NTERMSs NPARM s NUMB s RTOP sRMIDL,RNMIDV
FP=ALOG(RHO¥*RGAS*T)+F I1(T s RRO)+{PRES{(T»RHO)/RHO/RGAS/T—-1, )
IF{FP aGT «100)FP=100.
FUGCOF=EXP(FP)
RETURN
END

FUNCTION FUNCN(XeNDIM)

PURPOSE
EVALUATES THE FITTED FUNCTION AT THE POINT X

USUAGE
RESULT = FUNCN(XsNDIM)

DESCRIPTICN OF PARAMETERS
X = ARRAY 0OF VALUES OF INDEPENDENT VARIABLES
NDIM - NUMEER OF INDEPENDENT VARIABLES

FUNCT ION FUNCN(XsNDINM)

DIMENSION X(NDIM)

COMMUN /PRM/RGASIRENRGY ¢ TCRIToPCRIT oRHOC»Ws ALPHA»BETA ¢ XMW
1 2Al40) +B{7) s NTERMS s NPARMsNUMBs RTOP sRMIDL ¢ RMIDV

COMMUN /PRP/ ICUMP(20) sCPC(20)sCRC(20)+CMW(20)sCW(20) ,CTC(20)
1 +sCA(20)+CB(20),CNAME(20,2)

INTEGER SL

DAYA SL/~%i/

N=NDIM-NPARM

DO 20 I=1:NPARM

20 A(I1)=X(N+1)

X1i=ABS(X (1))

IWHOLE=X1 +005

IFRACT=(X1-IWHULE+005)%100.

EZFG0100
EZFGO110
EZFGO120
EZFGO130
EZFGO140
EZFGO150
EZFGO160
EZFGO170
EZFG0180
EZFGO1G0
EZFG0200
EZFG0210
EZFG0220
EZFG0230
EZFG0240
EZFG0O2S0

EZFNOO10O
EZFNOO20
EZFN0OO030
EZFNOO4O
EZFNOOSO
EZFNOO60O
EZFNOO70
EZFNOOB8O
EZFMO090
EZFNO10O
EZFNOL110
EZFNO120
EZFNO130
EZFNO140
EZFNO150
EZFNOL160O
EZFNO170
EZFNO180
EZFNO190
EZFNO200
EZFNO210
EZFNO220
EZFNO230
EZFNO240
EZFN02S0
EZFN0O260

181
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50
200
60

100
30

3

LIQVAP=SIGN{lesX(1))
IF{IWHOLE «CT «99) GO TGO MIXTURE
PURE
DO 50 L=1,20
IFCICGMP(L)-EQ.IWHOLE) GU TC 60
CONT INUE
PRINT 200, IWHOLE
FORMAT(1Xs *COMPONENT*s15,° NOT IN DATA SET*)
sSTOP
CONTINUE
IF(SL «EQeL) GO TO 39
TCRIT=CTC(L)
PCRIT=CPC(L)
RHOC=CRC(L)
RENRGY=1 .9872/7CMW (L)
wW=Cw(L)
ALPHA=CA(L)
BETA=CB(L)
RTOUP=4%RHQC
RMIDL=RHOC
RMIDV=RHDC
FORMAT(1X+8G1446)
SL=L
CONT INVE
CALCULATE PROPERTIES
IF(IFRACT.EQs30.ANDLIAQVAP ,£Qe—1) GO TOU 1
IF{IFRACT cEQe30.ANDLIQVAP.EQel) GO TQ 2
IF(IFRACT 4EQ«40.AND.LIQVAP ,EQe—1) GO TO 3
IF(IFRACT sEQe40,AND L IQGVAP ,EQel) GO TG. 4
IF{IFRACT<EQ«75) GO TO S
IF(IFRACT.EQ.60) GO TO 6
IFCIFRACT.EQ.25) GO TO 7

LIQUID DENSITY

FUNCN=DENSL(X(2)+X(3))
GO TO 40

VAPOR DENSITY

FUNCN=DENSV(X{(2)sX(3))
GO TO 40

LIQUID ENTHALPY
RHOL=DENSL (X (2)+X(3))
FUNCN=ENTH(X(2) «RHOL)
GG TU 40

VAPOR ENTHALPY -

EZFNO270
EZFNO280
EZFNO290
EZFNO300
EZFNO310
EZFNO320
EZFNO330
EZFNO340
EZFNO3S0
EZFNO360
EZFNO370
EZFNO380
EZFNO390
EZFNGO400
EZFNO410
EZFNO420
EZFN0430
EZFN0O440
EZFNO4S0
EZFNO04 6O
EZFNO470
EZFN0480
EZFNO0490
EZFNOSQO
EZFNOS510
EZFNO520
EZFNO530
EZFNO0540
EZFN0OS5S50
EZFNOS60
EZFNOS70
EZFNOSB0
EZFNO0SS0
EZFNO60C
EZFNO610
EZFNO0620C
EZFN0O630
EZFNO064 0
EZFN0O650
EZFNO660
EZFNO670
EZFN0O680
EZFNO690
EZFNO700
EZFNO710
EZFNO720
EZFNO730
EZFN0O740
EZFNO7S50
EZFNO760
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4 RHOV=DENSV(X{2):X(3)
FUNCN=ENTH({X{2) ,RHOV
GO TO 40

VAFOR PRESSURE
S FUNCN=FLASHP(X{2)sX{(3))
GO TO 40

)
)

PRESSURE

6 FUNCN=PRES(X(2)+X(3))}
GO 70 40

SPCEIFIC VOLUME HEAT CAPACITY

7 FUNCN=CV({X(2)+:X(3))
GO TO 40
40 RETURN
END

SUBROUT INE GJEL(AsNDsMD+DETD s IER)

PURPOSE
SIMULTANEOUb SOLUTICN OF LINEAR EQUATIONS BY GAUSS—-JORDAN
USUSGE
CALL GEJEL(AsNDsMDSDETDSIER)

DESCRIPTION OF PARAMETERS

A IS THE ND BY MD AUGMENTED MATRIX

THE FIRST ND COLUMNS RETURNS THE INVERSE MATRIX

THE LAST MD-ND COLUMNS CONTAIN THE SOLUTION VECTORS
DETD RETURNS THE DETERMINANT

SUBROUTINES AND FUNCTION SUBFRGGRAMS REQUIRED
NONE

SUBRUOUTINE GJEL(AsNDsND JDETDJIER)
DIMENSIGON A(NDsMOD)

DOUBLE PRECISION A+FACT,,DAES
INTEGER*2 PIVOTS(100),CPIVCT(100)
OATA EPS/1 .E-20/

IER=0

EZFNO770
EZFN0O780
EZFNO790
EZFN0O80O0
EZFNOB10
EZFN0820
EZFNO830
EZFN0O84O
EZFNOB8SO
EZFN0O860
EZFNO870
EZFNO88O0
EZFN0OB90
EZFN0900
EZFNO910
EZFN0920
EZFN0930
EZFN0940
EZFNOSS50
EZFN0960

EZGJ0O010
E£EZGJ0020
EZGJ0030
EZ2GJ0040
EZGJ0050
EZGJ0060
EZGJ0070
EZGJ0080
EZGJ30090
£2GJ40100
EZGJ0110
EZGJ0120
EZGJ0I 30
EZGJ0140
EZGJ01S50
EZGJ0160
EZGJ0170
EZGJ0180
EZGJ0190
EZ2GJ0200
EZGJ0210
EZGJ0220
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02201923
ot20rsz3
00200523
06909523
08909523
0490roz3
0990rosz3
0590roz3
o0vy90roz3
0€£90rozZ3
0c90roz3
0190rsz3
00901o52Z23
0650F9Z3
08S0roz3
04S0r9zZ3
09501523
0SS0rnz3
0$S0roz3
0ESOroz3
02sS0roz3
01s0rsS23
00S0rsz3
06%0roz3
ogvyoroaz3a
0L%0rDZ3
09%0roz3
0Sv0ro23
oyv0roz3a
0EVYOroHZ3
o2vyo0rosz3a
01%0rsz3
00%0roz3
06£0F95Z3
08E0rSZ3
0LEOGFOZ3
09EO0rSZ3
0SEQCrosz3
OYEOrO9Z3
0EEOronz3
02E£0r9Z3
oteo0rosz3a
00£0523
0620rosz3
082c0rsz3
0420r9Z3
0920r9Z3
0520roZ3
0420roSZ3
0ECO0rSZ23
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5

7
6
4

50
40

00 S5 J=1+M
NCRMAL I ZE

AlIL s J)=A(14J)/FACT
CONTINUE

DC 6 J=2eN
L=MOD(I1+U~-2sN)+1
IF(A(LsI)eEQe04)GO
FACT=A(L,1)
A(L»1)=0.

DO 7 K=1 oM
LL=MOD(I+K—-2,:M) +1

TG 6 .

IF(A(I+LL)EQe0.)GU TO 7

REDUCE

A(LsLL)YSA(LLL)-A{I LL)*FACT

CONT INUE
CONTINUE
CONT INUE

TRANSFER COLUMNS
DO 40 IR=1eN
I=N-IR+1
IF(PIVOTS(1) «EQel)
LPIVOT=PIVOTS(I)
DO 50 J=1sN
FACT=A(J»1)
A(JeI)=A(JSLPIVOT)
A(J>LPIVOT)=FACT
CONT INUE
CONT INUE

TRANSFER RUOWS OF
DO 70 IR=1,sN
I=N—IR+1
IF(CRIVOT(I).EQ.I)
JPIVOT=CPIVOT(I)
DO 80 J=1+M
FACT=A(I,J)
AlLI +J)=ALIPIVCT»J)
A(JPIVOT»J)=FACT
CONT INUE
CONTINUE
DETD=DET
RETURN
END

UF INVERSE

GO TGO 40

INVERSE

GO T0 70

EZGJ0730
EZGJ0740
EZGJO0750
EZGJ0760
EZGJ0770
EZGJ0780
EZGJ0790
EZGJ080O
EZGJ0810
£2G40820
EZGJ0830
EZGJ0840
EZGJ08S50
EZGJ0860
EZGJ0870
£EZ2GJ0880
EZGJ0890
EZGJ090G
€EZGJ0910
EZGJ0920
€Z2GJ0930
EZGJ0940
EZGJ0950
EZGJ0960
EZGJ0970
£2GJ0980
EZGJ0990
£ZGJ1000
EZ2GJ1010
EZGJ1020
EZGJ1030
EZGJ1040
EZGJ10S50
EZGJ1060
EZGJ1070
EZGJ1080
EZGJ1090
EZGJ1100
EZGJ1110
EZGJ1120
EZGJ1130
£EZGJ1140
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SUBROUTINE LBLEZ
DATA I/0/
IF(I1.EQe0) PRINT 20
20 FORMAT(1H1 020( /) sS50Xe %96 (a4Xes* %)/ /750X e%%% 5 12X 'EZF IT* 412X " %%,
17750X+ 0% 44X s *NONLINEAR REGRESSION® 35X %05,/ /50X,

2040 413X 'BY 5 14X k0 / /50X %® IX s KEVIN GOIN®*10Xs*%?//
3 SOXe**¢37Xs *OCTOBER 209 1GS76%36Xs*%¢//50Xe* %%
4 6(4Xe*%0)//77)
TI=1
RETURN
END

SUBROUT INE MESSG(TEXTsNCHR)}

PURPOSE
PRINTS A MESSAGE OF UP TU 80 CHARACTERS

USAGE
CALL MESSG{TEXTsNCHR)

DESCRIPTION OF PARAMETERS
TEXT — CHARACTER STRING TO BE PRINTED
NCHR — NUMBER OF CHARACTERS TO BE PRINTED

SUBROUTINE MESSG(TEXT sNCHR)
LOGICAL*]1 TEXT
DIMENSION TEXT(NCHR)
PRINT 2000,TEXT
2000 FORMAT(1X,80A1)
- RETURN
END

EZLBOO10O
EZLB0020
EZLB0030
EZLB0040
EZLB00SO
EZLBOO6O
E£Z1L.80070
EZLB00AO
EZLB0090
EZ21.80100
€EZLB0O110

EZMS0010
EZMS0020
EZMS0030
EZMS0040
EZMS00S50
EZMS0060
EZMS0070
EZMS0080
EZMS0090
EZMS0100
EZMS0110
EZMS0120
EZMS50130
EZMS0140
EZMS0150
EZMS0160
EZMS0170
EZMS0180
EZMS0190
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SUBROUT INE OUTPUT (XsNeYsNPTS sNAPRMs Al 2 WEIGHT+DATAIDSND)

PURPOSE .

100
200
300
400
500
1100

10

S0

1

PRINTS TABULATED RESULTS GF A GIVEN SET OF PARAMETERSe.

SUBROUT INE OUTPUT(XsNsY sNPTSsNPARMs Al sWEIGHT+DATAIDsND)
COMMON /7PRM/RGASsRENRGY s TCRIT ¢PCRIT s RHOC oW s ALPHA ¢ BETA s XMW
2A(40) +B(7)s NTERMS5+NPARLI s NUMB s RTOP sRMIDL 4 RMIDV

EZOUO0010
EZQU0020
E£€Z000030
EZ0U0040
EZCU00SC
EZCU0060
EZGUO070
EZOUO080
EZOU0090

DIMENSION XINPTSsN)s YINPTS )sALINPARM) sWEIGHT (NPTS)DATAIDI(NPTS.ND)EZOUO100
"DIMENSION HEADER(20)

DIMENSION 2(110)
DATA IPRINT/0Q/
FCRMAT(1X+8G14.6)
FGRMAT (20A4)

FORMAT (/7777 1X+*AVERAGE ABSGLUTE DEVIATION® »Gl4.46)

FURMAT (26X s20A47/)
FORMAT(1H1)
FORMAT(161I5)

DATA TIRHO s+ IDH+IVP/30440.757/

READ 200sHEADER
READ 1100+ IXPRT 9 JXPRT
PRINT 400sHEADER
LF=-1

Lw=-200

SUM1=0

JO=0

SUM2=0

SUM=0

CHISQR=0

RSUM=0.

N1=0

N2=0

N3=0

N4=0

NS=0

N6=0

ND I M=N#+NPARM

DO 10 J=1sNPARM
Z(N+J)=AL1(J)
CONT INUE

DO 20 I=1.NPTS
DO S50 J=1sN
Z(J)I=X(1+J)

CONT INUE
YC=FUNCN(Z oeNDIM)
PERC=100%x(YC-Y(I)I/7Y(1I)
DIFF=Y(1)-YC
X1=ABS(Z(1))
IWHOLE=X1+.003

EZOU0110
EZ0OU0120
EZOUO130
£20U0140
EZOUOL1SO0
EZGUO01 60
EZ0OU0170
EZOUO180
£20U0190
EZOU0200
EZouo210
EZOU022C
E20U0230
E2Z0U0240
EZOU0250
EZGU0260
EZOUO0270
EZOU0280
EZQU0290
EZGQU0300
EZOU0310
£2Z0U0320
EZOU0330
EZGCU0340
EZOU0350
EZOU0360
EZOU0370
EZOU0380
EZOU0390
EZOU0400
EZ0OU0410
EZOU0420
EZOU0430
EZ0U0440
EZQUO04S0
EZGUO460
EZOUO47C
EZOU0480
EZOU0490
EZ0U0500

L8T



IFRACT=(X]1—-IWHULE+.003)%100
IF(IWHOLE«EQeL WeANDIFRACT 4EQ.LF) GO TO 140
C PREPARE SUMMARIES AND GROUP HEADING
IF(IPRINTEQel) GO TO 240
IPRINT=1
. GO TOo 250
240 CONTINUE
C SUMMARY
IF(JO «NE O-VCZp!UCZ»\LO
IF(JO oNE 0O )SUM2=5UM2/ J0
PRINT 100
CALL MESSG(" AVEe AB3« PERCENTNUMBER PTS+sAVE.ABS.DEVIATION *4+48)
PRINT 100+SUM1,J0sSUM2
PRINT 100
CALL MESSG(*CONTRIBUTION TC CHISQUARED® 426)
PRINT 100,CHISQR
PRINT 100
CHISQR=0
250 CGONTINUE
C HEADING
PRINT 500
PRINT 400+.HEADER
IF(IWHOLE «NE oL W) PRINT 1900,IWHOLE
IF(IFRACT e NEoiFeOReIWHOLE e NEoLW) PRINT 1800, IFRACT
1800 FORMAT(S7X»* DATA TYPE?® oIS/ /7))
1900 FGRMAT(5SX,*CUMPUOUND CODE"* 415///)
PRINT 1600
1600 WCIZ>dRWXo.U>ﬁ>~D-.mXo-KﬂXﬂ..QX..KﬁbrﬁooNX-.ﬁmmﬁm7#-oNX-.Umr4>-
1 -mXo.Em~014-OX-ﬁDZﬂzDrcumx-.XN.-wux-.XU-.——X.-x&.\mﬂx.-X-.MQco
2 v/7)
SUM1=0
SUM2=0.
JO=0
LF=1IFRACT
Lw=IWHOLE
140 CONTINUE
JO=J0+1
SULM=SUM+ABS(PERC)
SUMI=SUM1 +ABS (PERC)
SUM2=SUM2+ABS(DIFF)
CHISQR=CHISQR+WEIGHT(I)*DIFF*DIFF
IF(IFRACT4EQ.60) GO TU 220
IF(JXPRTLEQeO)
1IPRINT 2000, (DATAID(IsK) sK=1sND)sY(I)sYCsPERC +DIFF WEIGHT(I)»
1 (X(QLsK)sK=1,4N)
2000 FORMAT(1X33A4+1X99G136e5+{7E3X+6G135))
IF( IXPRTEQe0) GO TO 20
IF(IFRACTLEQ.IDH) GO TOD 220
IF(IFRACTEQ. IRHC) GO TO 210
IF(IFRACT+EQ.IVP) GG TO 230

EZ0U0510

EZUU0520
EZ0QU0S530
EZQOU0S40
EZOU0SS50
EZOUOS560
EZQU0S57¢C
EZ0OU0S80
EZ2CU0590
£20U0600
EZOU0610
EZ0U0620
EZQU0630
EZGU0640
EZOU0650
EZOU0660
€£20U0670
EZOU0680
EZOU0690
EZOUO07G0
EZOUO7Lt0
EZOU0720
EZOUO0730
EZOU0740
EZOU07S0
EZOU0760
EZ0U0770
EZOU0780
EZOU0790
EZ0OU0800
EZ0U0810
£20V0820
E20U0830
EZOU0840
EZGUO08S50
EZOU0B860
EZOUO0870
EZOU0880
EZ0OU0890
EZOU0900
EZGU0910
EZOU0920
E£Z20U0930
EZGU0940
EZOU0950
EZGU0960
EZOU0970
EZOU0980
EZOU0990
EZOU1l1000

881
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220

2100 FORMAT(1X+3A4:1X,8Gl 3e5¢F8e5sF742)

230

2200
210

1700
20

2300

GO TO 20
CONTINUE

MODIFIED FOR DELTA P OUTPUT
P=Y{(I )+RGAS*Z(2)%Z(3)
IF(Z(1)eLE+0) RHO=DENSL(Z(Z).P)
IF(Z{1)eGT 0 ) RHO=DENSV(Z{(2),P)

)

PECR={Z{(3)-RHO)*100/2(3
RSUM=RSUM+ABS (PECR)
APECR=ABS(PECR)

. IF(APECReLTee0l) NI=NI1+1

IF {APECR ol. T o el e ANDeAPECR aGE e 01 )N2=N2+1
IFIAPECR ¢L T ol ¢ eAND<APECR aGE esl) N3=N3+1
IF(APECR LT o100 e ANDJAPECR «GE <1l )N4=N4+1
IF(APECR«LTe10046eANDJAPECR ¢ CE210 ¢ JNS=NS+1

IF(APECR «GE« 100 )NO=NO6+1
IF{JXPRTEQ.O)

LPRINT 2100+ (DATAID(I oK) s K=1oND) s Y{1)sYCyPERCDIFFSWETGHT(I),

I (X(l oK) s K=19sN) s RHOs PECR

GO TO 20
CONTINUE
RHOL=DENSL(Z(2)s2(3))
RHOV=DENSV(Z(2)+2(3))
PRINT 2200 +RHOV RHOL

FORMAT (68X »* SATURATIUON VAPGR AND LIGUID DENSITIES',2G13.5)

GO TO 20

CONTINUE

PRESC= PRES(Z(2).,¥(1))
PERC2={Z(3)—PRESC)*100/7Z(3)

FORMAT (69X ¢ * PEXP +PCALCIPERCENT* s5X»3G13.5)

PRINY 1700,Z(3)sPRESC.PERC2
CONTINUE

SUMI=SUML1/J0

sSuM2=5UM2/ JO

PRINT 100

CALL MESSG(*AVE. ABSe PERCENT+NUMBER PTSe«+sAVE.ABSJDEVIATION

PRINT 100sSUM1 sJ0eSUM2
PRINT 100

CALL MESSG(*CONTRIBUTION TC CHISQUARED?®,26)

PRINT 100+CHISUR

PRINT 100

CHISQR=0

PRINT 100

IF (RSUM.EQ.0) GG TO 260
RSUM=RSUM/NPTS

CALL MESSG(*DENSITY AAPD's12)
PRINT 1004RSUM
PRINT 100

PRINT 2300 sN1sN2sNIeN4sNSsNE
FORMAT (/1 X+ DENSITY

' ,48)

EZOU1010
EZOoui020
EZCGU1030
EZGCU1040
EZ0Ul0850
EZ20U1060
EZDOUL070
gZ0U1080
EZOU1090
EZOU1100
EZQU1110
EZCU1120
EZOU1130
EZUUL1140
EZOULL1S50
EZGU1160
EzZOUL1170
EZ0U1180
EZ0U119C
EZ20U1200
EZ0U1210
€£20U1220
EZ0UL230
EZ0U1240
EZGU1250
EZQU1260
EZ0U1270
EZQul280
EZ0OUL29¢C
EZ0U1300
EZOU13140
EZQU1320
EZDU1330
EZCU1340
EZ0VU1350
EZ20U1360
EZUU1370
EZOU1380
EZOU139¢C
EZGUL1400
EZ0OUL1410
EZOUL 420
EZOU1430
EZGUL1440
EZOU1450
EZGUL460
EZGU147C
EZOUL480
EZ0U1490
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1 0%el1=1e? 34X 0%10=10e?® 02X 1Ce—100e® s5Xe2100e%:/1Xs6110/7)
260 CONTINUE

SUM=SUM/NPTS

PRINT 300, SUM

PRINT 100

PRINT 100

PRINT 100

IPRINT=0,

RETURN

END

FUNCTION U(T»RHO))

PURPOSE
CALCULATES THE INTERNAL ENERGY

USUAGE
RESAW T=U(TsRHO)
DESCRIPTICN OF PARAMETERS
T-ABSOLUTE TEMPERATURE
RHO-DENSITY

SUBROUTINES NEEDED
FI2(T ,RHO)
CALCULATES THE INTEGRAL GF (DZDT)OLN(RHO)

FUNCT ION U (T sRHQ)

COMMUN /PRM/RGAS +RENRGY s TCRITsPCRIT sRHOC»W s ALPHA +BET A XMW
i sA(40)eB(7)s NTERMS ¢ NPARM sNUMB 4y RTOPsRMIDL s RMIDV
TSTAR=ALPHAX*T/TCRIT
U=RENRGY*TCRIT*(-TSTARXTSTAR¥FI2(T+RHO) )7 ALPHA

RETURN

END

EZOU1510
EZOU1S520
EZOU1530
EZOU1540
EZOU1550
EZCU1560
EZGULIS70
EZ0U1580
EZOU1S590
EZ0UL600

EZDUOO10
£EZ2DU0020
EZDUO0C30
EZDU0O0 40
EZDU00S0
EZDU0O060
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EZDU0090
€£ZDUC100
EZDUO110
EZDU0120
EZDUO130
EZDUO140
EZDUO1S50
EZDU0O160
EZDUO170
EZDU0180
EZDUO190
£ZDU0200
EZDUO0210
EZDU0220
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Co=CoO+( ((AXTN(20 )X +AXTN(19)IX+AXTN(18) ) *X+AXTN(17))*X4
CT=C7+ (L (AXTN(24) X +AXTNI(23) I RX+AXTN{22) )xX+AXTN(21) ) xX4
C8=CB8+L{ ((AXTN(28) #X+AXTN{27))*X+AXTN(26) }*X+AXTN(25) ) *X4
CO=({ L CAXTN{I2)X+AXTN(3 1)) X+AXTN(30) I%X+AXTN(29)) %X

1 TAXTN(A ) & XHAXTNC(I) )R X+AXTN(2) JEX+AXTN( L)

Z=Cl+C2%Y1 (Y )+CI3%Y2(Y)+C4*YILY)I+CS¥Y4(Y ) +CO6EYS{YI+CTEYO(Y)
2=(Z+CB8kY7(Y )+CORYB(Y) ) ¥xw+ ] .

PRES=Z&T*RHO%RGAS
RETURN
END

FUNCTIUN F11
PURPOSE

CALCULATES THE INTEGRAL UOF (Z-1)DLN(RHO) FOR DERIVED PROPERTIES
PURE COMPUNENT FORM

USUAGE

RESULT=FI1(T +RHO)

DESCRIPTION OF PARAMETERS :

T—-ABSOLUTE TEMPERATURE
RHO-DENSITY

SUBROUTINES NEEDED

NGNE

FUNCTION FI1L(T.RHU)

CCMMON /XTN/AXTN(60)

COMMON /PRM/RGAS»RENRGY 4 TCRITsPCRIT sRHOC sWsALPHA+BETA s XMW
1 sA(40)+4B(7 ) NTERMS s NPAKM s NUMB ¢y RTOP ¢RMIDL ¢ RMIDV

(66606 7%URU-1 )%U

(UXU-1 «5) %U%U
({1e6%¥ULU-2.66667)%U%ULHL) RU
{{(2.606067*U¥U—5, )kUFU+2,5)%U%U

ﬂ*a\ﬁ' mﬂnéu*c*r—'@lh“u *C*C+G.w*C*C| ~0 -*C
{{{Be%UXU—-18.0667)%U¥U+144)%UkU—365)*U%U
(({{14e2222%¥U%U~36e5714)%U%UT+324)%UXU-10,6€E67)%UU+1 )%V
AR=ALPHA%XT/TCRIT

RHOS=BETA*RHG/RHOC

X=1/TSTAR

Y=RHOS/ 4«

bt 4 L& &4
() 0ot pn et et e i Pt g
“ONOCUNDWN =

EZPROS10
EZPR0OS20
EZPROS30
EZPR0S40
EZPROS50
EZPR0560
EZPROS570
EZPROS 80
EZPR0S90
EZPR0600

EZ110010
EZ110020
EZ110030
EZI10040
EZI10050
EZI10060
EZI110070
£Z2110080
£EZ2110090Q
EZI10100
EZI10110
EZI110120
EZI10130
EZI10140
EZ11015¢0
EZ110160
EZ110170
EZI1018¢C
E£Z110190
£Z110200
EZI10210
EZ2110220
EZI10230
EZIL10240
EZ110250
EZ110260
EZI10270
EZI10280
EZI10290
EZ110300
£2110310
EZ2110320
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X4=xX%k%4

Cl1=Cl+(AXTN(6)X+AXTNI(S
C2=C2+({ AXTNL8) =*XF+AXTNI(7
C3=C3+{AXTN(1O0) ¥ X+AXTNI(
Ca=C4a+{ AXTN(12)X+AXTN(
CS=CS+(((AXTN(1O) ¥ X+AXT
CoO=COF+(((AXTNLZ20)*X+AXTN
C?7=C7+{ L (AXTN(24 ) X+AXTNI( *X+AXTN

)
)
9
1
N (14

{18

(22

CB=CB+{((AXTN(28) X+AXTN{( *x+>xqz.mw
(3

AXT

Y1

*X+>X42

- X+AXTN
JEX+AXTN

)

)

a
x+>xng
X+ AXTN(

) % *X4
)%

) X

PERX+AXTNI(

) %

(1

(Y

X4

)
)
)
1
( )
( )
) kX4
)
) *
)

*
*
)
)
1 1
1 1
2 2
2 2 *X&

LD Qe ¥ X X
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3
7
1
S
CO=(((L(LAXTN(32)X+AXTN(I JRX+AXTN 9
1 +AXTN(4))EXH+AXTNI3) I*X+AXTN{2) ) %X+
FII=Cl*YIO(Y)+C2%YI1(Y)+CI%*YI2(Y)+Cax%
FII=FI14C7:YIO(Y )+CBXYIT7(Y JHCIOXY IE(Y)
RETURN
END
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FUNCTION FI2
PURPOSE

CALCULATES THE INTEGRAL UF DZDT*DLN(RHO) FOR DERIVED PROPERTIES

PURE COMPUNENT FORM

USUAGE
RESUL T=F 12 (T »RHO)
DESCRIPTIGON OF PARAMETERS
T-ABSOLUTE TEMPERATURE
RHO-DENSITY

SUBRQUTINES NEEDED
NONE

FUNCTION FI2(T+RHO)
COMMON /XTN/AXTN(60)
COMMON /PRM/RGAS sRENRGY » TCRITsPCRITSRHOC s Wy ALPHA s BETA » XMW

+CH6XYIS(Y)

£Z2110330
EZ110340
EZ110350
EZI10360
EZ110370
£2110380
EZ110390
EZI10400
EZI10410
EZ110420
EZI110430
£Z110440
EZI1045¢0
EZ1I10460
EZ110470
EZ110480
EZ110490
EZ110500
EZTI10510
EZI110520
EZ110530
EZ110540
EZI110550
EZ110560

EZ120010
EZ120020
EZI20030
EZ120040
EZI1I20050
EZ120060
EZ2120070
EZ120080
EZI120090
€Z2120100
EZI2011¢C
EZI2
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2B(7 )s NTERMS s NPARM s NUMB s RTUP sRMIDL + RMIDV

1 sA{40)

Yiof(u)=u

YIl(U)=U*xus2

YI2(U)=(«66606T7T%U%xU~-1 )¥U

<uUan"Ac*C|~oUu*C*C

YI4{UI=({]1.,6%U%U~2.6666T7)%U%U+1)%U

YIS (U)=({(2.66667%UFU—5s)¥kU%U+2,5)¥%UXU

YIO(U)=(((4e57143%UKU~9.6) ¥LkU+6¢) &UXU—14)%U
YIZIUI={((Be¥UXU—-18e6667)%xUNU+14 4 )% UXU=~3,5)%U*U
YIBIU)=((((1462222%U%U~36e5714)%U%U+326)%UkU~-1066667 )*U%U+1 )%V

TSTAR=ALPHA*T/TCRIT
RHGCS=BETA*RHU/RHGC

X=1/TSTAR

Y=RHOS/4 «

DCl=—(( (( (C(AXTNCOIEXKTHAXTN(S ) %O )X +A(6)*%5 JEX+A(S)*4 ) %X+

H A(4)%3)EX+A(3II*2)IkX+A(2) ) ¥X%X

DC2=—((( (CCAXTN(B) *XkTH+AXTN(7I*6C ) ¥ X+tA(12)%5) kX +A( 11 3%4) %X+

1 A(10)%3IEXH+A(FI*2):X+A(8) JxXkX

DCI=—((((C(AXTN{LIO):X*¥T+AXTN(I9)%6)EX+A(18)%S)%X+A(17)*%4 )&X+

1 A(16)*3)RX+A(15)#2)*¥X+A(14))%X*X

DCA4=—(({{((AXTN(12) X7 +AXTN(L1)%O6)EX+A(24)%E)xX+A(23 )% 4) X+

1 A(22)%3 )X+A(21 )¥2 )X +A(20) ) X %X

DCS=~LLILL(AXTN(LD) % X¥k7+AXTN(15)%6) k¥ X+AXTNI14)%5)#$X+AXTN(13)%4)%X

LH+A(28 )43 ) EX+A(27 ) #2) xX+A(26)) ¥ X% X

DCO=—({((LL{AXTN(20)%X¥TH+AXTN(19)*%6) *X+AXTN(18)*SI(X+AXTN(17)%4)%X

1 +A(32)%3)#X+A(31)%2)«X+A(30)) xX*¥X

DC7=—{{(LL{AXTN(24)¥X*7 *tAXTN{23) %0 )k X+AXTN(22)¥S)%X+AXTN(21)%4) %X

1 +tA(306)%3)kXH+A(3S)%2)%X+A(34) )k X%xX
DCB=—=({((({LAXTNI28) X7 +AXTN(27)*6 ) XH+AXTN(26) *S)IEX+AXTN(25)%4)

1¥X+A040)%3 )6 XH+A(39)%2)EX+A (38) )% X*X

DCO=—((((((AXTN(32) % XFT+AXTN(31)%0) %X+AXTN{30)%S)IkX+AXTN(29)%4)

1HEX+AXTN(S )% ) EXH+AXTNI(3) %2 ) # X+AXTN(2) ) X %X

FI2=DCLIXYIQ(Y)+DC22%¥YI1(Y)+DCIXYI2(Y)+DCA4*YI3(Y)+DCS%YI4(Y)

1 ¥DCOXYIS(Y)+DCTHYI6(YI+DCEBFYLIZ7(Y)I+DCIORYI8(Y)

RETURN

END

E£Z120190
EZ120200
£Z2120210
EZ120220
EZ120230
EZ120240
EZ120250
EZ120260
EZ120270
EZ120280
EZ120290
EZ12030C
EZ120310
EZI20320
EZ120330
EZI20340
EZ120350
EZ2120360
EZ120370
EZ120380
EZI20390
EZ120400
EZ12041¢0
EZ120420
EZ120430
EZ2120440
EZ2120450
EZ120460
EZ120470
EZ120480
EZI20490
EZ2120500
EZ120510
EZ120520
EZ120530
EZ120540
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APPENDIX C
BANKED

Bank for Experimental Data

Abstract

BANKED is a flexible data structure based on computer
cards that will handle experimental data for a maximum of 999
chemical species, 99 data types and mixtures of 999 components.
It features identification of each data point along with the
bibliographical source. Because of its basic structure the
cards can be arranged from disorder by simple sorting. It
also supplies a set of physical properties for the species in

BANKED. °

Basic Structure

The BANKED Data base consists of three types of cards:
The experimental data, the bibliographic information and
physical properties information. The experimental data cards
contain the independent variables, the dependent variable,
control'information identifying data type, bibliographic
reference and data point reference number. The bibliographic
cards have the reference code that is on the data card and
the journal reference from which the data was obtained. The

195
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physical properties card contains an acronym the for
species, the data bank's species code, and various physical
properties for the species, such as critical properties and

molecular weight,

Experimental Data Caxrds

Several items of information are required for a data
card., The method here identifies the data point as to the
source, which actual point it is, the type of data, the inde-
pendent wvariables and the dependent variable; The cards are
laid out in six ten column fields, a two digit sequence
number, a four character bibliographic reference and a seven
digit data point reference number. The sequence number
identifies the number of data cards needed for that type of
point and also their order.

The first card for a data point has the control
variable, two independent variables, usually temperature and
pressure, thé independent variable, the sequence number, bib-
liography code and data point identification number. (The
format is 4F10.0, 26X, I2, 1X, A4,I7) The sequence number is
one less than the number of cards needed for the data point.
For explanation of the bibliography code see below. The
following cards consist of six additional independent variables,
a sequence number, bibliography code and data point identifi-
cation number. (The format is 6F10.0,6x;12,Lx,A4,I7;) The
sequence numbers for each card for a specific point decrease

so that the last card for the point has a sequence number of
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0. Some examples of various data types are given in
Figure 1.
The control variable contains information to specify

the exact type of data that the point is. It's basic form is

Xl = SHXXX,.DD

(See Table III for a summary of its meaning.) The control
variable is punched on the card so that SHXXX and DD can be
read as separate integers (I6,1X,I2), The value of H specifies
whether the datum is for a mixture or pure f£luid., When it has
the value 0, the point is a pure fluid and when it is 1 it is
for a mixture. Therefore, for pure fluids the absolute value
of X7 is less than 1000. The sign, S, specifies whether the
point is for a gas(+), i.e. p < P, Or a liguid(~), p > Pe-

The term DD is the code for the type of data this point is.
Some of these types are given in Table II. There is room for
99 data types. The remaining term, XXX, has different mean-
ings according to whether the point is for a mixture or pure
fluid.

For pure fluids XXX is the code for the chemical
species. These codes are given in Table I, There is a cap-
ability of handling 999 species with this system. For
mixtures XXX specifies the number of components., With this
and the data point type, the exact number of independent
variables is fixed;. Following the first card, the first XXX

variables are the coded overall composition for mixtures.
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TABLE I

Codes for Chemical Species

XXX Specie Hydrocarbons

026 Ammonia 032 Acetylene
016 Argon 033 Benzene

017 Carbon dioxide 004 Butane

018 Carbon monoxide 030 Cyclohexane

029 Cyclopentane

Freons 010 Decane
036 R-11 C Cl3 F 012 Dodecane
037 R-12 C Cl;y Fy 002 Ethane
038 R-13 C Cl1l Fj3 022 Ethylene
039 R-14 C F4 007 Heptane
040 R-21 C H Cl, F 006 Hexane
041 R-22 C H Cl Fy 014 Isobutane
042 R-23 C H F3 015 Isopentane
043 R-113 C Clg F C Cl F3 001 Methane
044 R-114 C C1 Fp C Cl Fy 009 Nonane
045 R-115 C3 Cl Fg 008 Octane
046 R-C318 Cy4 Fg 005 Pentane

047 R-500 C Cl, F5/C H3 CH Fp 003 Propane
048 R-502 C H C1 Fp/CClF,CF 023 Propylene

049 R-142b 034 Toluene

050 R-152a 013 Tridecane
012 Undecane

XXX Specie

019 Helium

031 Hydrogen

028 Hydrogen Chloride
035 Hydrogen Sulfide
021 Nitric Oxide

024 Nitrogen

020 Nitrous Oxide

027 Water
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TABLE IXI

Codes for Data Types

DD

05

06

10

12

14

15

20

21

25

26

30

35

36

40

Type

Tg, Bubble point temperature
Pp, Bubble point pressure
Adiabatic flash pressure

Au, Internal energy departure

AS, entropy departure

Adiabatic flash temperature

Cp, specific heat at constant P

Cp

Cy, specific heat at constant v

Cy

p, density

a, diffusivity

a, diffusivity

AH, enthalpy departure

vVariable Order

Control, pressure, blank,

Tg; compositions

Control, temperature, blank,

Pg; compositions

Control, temperature, V/L

ratio, P; compositions

Control, temperature,
density, AU; (mixture:
compositions)

Control, temperature,
density, AS; (mixture:
compositions)

Control, pressure, V/L
ratio, T; compositions

Control, temperature,
density, Cp; (mixture:
compositions)

Control, temperature,
pressure, Cp; (mixture
compositions)

Control, temperature,
density, Cy; (mixture:
compositions)

Control, temperature,
pressure, Cy; (mixture
compositions)

Control, temperature,
pressure, p; (mixture:
compositions)

Control, temperature,
pressure, a; (mixture:
compositions)

Control, temperature,
density, a; (mixture:
compositions)

Control, temperature,
pressure, AH; (mixture:
compositions)
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50

60

65

70

75

80

85

90

95

96

TABLE II (continued)

Type

AH, enthalpy departure

Flash V/L ratio

Hj, Joule Thompson coefficient

P, pressure

W, speed of sound

K, thermal conductivity

Po, vapor pressure
By, 2nd Virial coefficient

B3, 3rd Vvirial coefficient

Vv, viscosity

Tp, dew point temperature

Pp, dew point pressure

200

Variable Order

Control, temperature,
density, AH; (mixture:
compositions)

Control, temperature,
pressure, V/L; compo-
sitions, K-values

Control, temperature,
pressure, Hy; (mixture:
compositions)

Control, temperature,
density, P; (mixture:
compositions)

Control, temperature,
density, W; (mixture:
compositions)

Control, temperature,
density, K; (mixture:
compositions)

Control, temperature,
pressure, PO

Control, temperature,
blank, Bj

Control, temperature,
blank, B3

Control, temperatﬁre,
density, V ; (mixture:
compositions)

Control, pressure,
blank, Tp; (mixture:
compositions)

Control, temperature,
blank, Pp; (mixture:
compositions
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TABLE III

Format of Control Variable, X;

X, = SHXXX.DD

1
+ Gas, p<pc 0 Pure Fluid
S = H =
- Liquid, P>, 1 Mixture
Pure Fluid Mixture

XXX Code for Chemical Species XXX Number of Components

DD Code for Data Type DD Code for Data Type
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Figure 1. Example Data Cards: (a) Methane density; (b) Pressure for
methane and propane mixture; (c) K-value for light com-

ponent in mixture of methane, propane, heptane, and decane.
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The whole portion of the variable is the species code and the
fraction is the mole fraction of that specie; These are
punched so that they could be read as separate numbers
(F4.0,F6.5) . The data type then specifies how many other

variables are needed.

Bibliographic Card

The bibliographic cards are used to reference the
source of the experimental data; The card consists of a
four character code and a seventy-six character reference
field. The code consists of a three digit sequence number
and the initial of the author; The typical card is:

001M, MICHELS, WIJKER, WIJKER, "ISOTHERMS OF ARGON..."PHYSICA,
XV, NO. 7, P62 (1949).

The reference field is in a standard journal reference style.

Physical Properties Card

The physical properties cards are used to supply
information on each chemical specie. For each substance there
is a set of four cards. On the first card the first field is
a twelve character acronym identifying the species. The second
field is a three digit code used on the data cards to identify
the species. These codes are listed in Table I, The next
four fields, which are fifteen columns wide, contain the
critical properties and molecular weight. The last five
columns in each card are used to sequence the'cards;j The

first three digits are the species code and the last two are
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the card number. The following cards consist of five
fifteen column data fields and a five digit sequence number.
The arrangement of the data on the cards is as follows:
Card 1 Acronym, species code, critical temp-
erature, critical pressure, critical density

molecular weight, species code, 01

Card 2 Acentric factor, L-Je, L-Jo, boiling
point, melting point, specie code, 02

Card 3 1Ideal gas parameter 1,2,3,4,5,
species code, 03

Card 4 1Ideal gas parameter 6,7, blank, blank,
blank, species code, 04

The ideal gas parameters are for the equation for ideal gas
enthalpy
* 2 3 4 5

H = Bl + BZT + B3T + B4T + B5T + B6T

where the enthalpy is in BTU/lb and temperature, T, in

degrees R. For the heat capacity

C * = B, + 2B,T - 3B T2 + 4B T3 + 5B T4
P 2 3 4 5 6
and for entropy
* _ 3 2_n 2 4 3_, 3
S = BZSZ,nT/TB + 2B3(T TB) + 5 B4(T Ty ) + 3 BS(T Ty )
"5 4 4
+ 'y B6(T -TB ) + B7

Where T is the base temperature for the entropy equations(1l°R).
The data bases are Q@ Btu/lb at 0°R for enthalpy and 0 Btu/lb

at O°R and 1 atm pressure for entropy. The coefficients for
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the hydrocarbons were extracted from the work of Passut and

Dannerl. The properties are given in psia; Btu/1lb, 1lb mole/ft3,

and °R. The primary reference for them is Sherwcod and Reidz.
The physical properties information also has a short

summary version which takes only one card. It has a short

eight digit acronym, two digit compound code, and then in

F10.0 formats, critical temperature critical pressure, critical

density, molecular weight, acentric factor, o a temperature

scaling factor and B a density scaling factor.

References

(1) Passut, C. and Danner, R,, "Correlation of Ideal
Gas Enthalpy, Heat Capacity and Entropy", IEC, Process Design
and Development, Vol. II, pp. 543-546 (1972).

(2) Sherwood and Reid, Properties of Gases and Liquids,
2nd E4., McGraw-Hill, New York (1966).
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TABULATED RESULTS FOR 43 PARAMETER

EQUATION OF STATE

206



207

TAGBLE le TEHE PREDICTIC GF EXPERIMENTAL DENZITY LATA OF
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O LH 1506 G23e467 2500470 2.87721¢ 203882515 Gel3
09J1H 1e5 565467 43514137 2e7T1759¢ 26717954C =JeQ0
JULH 173 C956467 58016520 2758646 2.75256E —Jalts
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volH 135 L1394067 72514895 2335173 2e335C 78 Ceul
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TAVLE 2+ CONTLINUEDe PRESSURES ABUVE 105000 PSIA.

DATA T ~ RHGC EXP RHZ CALC

10 RANKINE PSIA LAMUL/FTS LBACL/FTY

voluy 39 L2U9467 101624080 24223370 2.22507¢C
THe AVERAGE ABSCLUTE ERRUR IN PERCENT IS DJef 3

Fur 117 DATA PCLHTS.

214

ERFCr
MERCENT
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THE PREDICTION OF EXPERIMENTAL DENSITY DATA OF

TASBLE 3.
HCLSER AND KENNELYs AMe

DATA
D RANKINE
JalH 1 124767
001H 2 1219.67
Q01H 3 1351667
00 1IH 4 1463467
001H 5 183567
Q01H o 16C7.67
Q01ih 7 1€79.07
001H 8 1751.07
001H 9 1247467
dUulH 10 121967
JULH 11 1361 e07
OJiH 12 14€3667
001H 13 155467
Q0 1lH 14 1€07.67
OQ1lH 15 1€79.07
001lH lo 175167
001H 17 124767
QO1LlH 18 131967
0otH 16 139167
ouiH 20 146367
GOlH 21 153b.67
Q01LlH 22 160767
QO0LlH 23 1E79.67
001H 24 175167
9o 1iH 25 124767
001H 26 1315667
Q01H 27 139167
001 28 1463467
VOlH 29 1235467
Qulh 3 1EQ7.67
QO1H 31 1€79.67
Q01H 32 175167
001H 33 124707
00 1LH 34 131967
VO1lH 35 1361.07
001+ 35 1436067
Q0 1H 37 1£€35.67
UU1lH 38 160767
OVO1lH 39 1£€79e07
VOLH 40 1751 .67
Q01H 41 1247.67
UO1lH 42 1215.67
Q0L H 43 136167
JaoliH 44 14634067
Q01H 45 1835467
001LH 46 1607067
JO1H 47 1€7967
OO01lH 48 1751067
JO1H 49 1257.07
QU1lH SO 1219.867
Q0LH 51 139167
001H 52 146307
Q01lH 53 1€33.67
001H 54 1€07.067
901+ 55 187967
001iH 36 175167
CO1H 57 1247.067
VO1LH S8 121967
001H 56 1391.67

Jo UF SClesVe 2560
P RHG EXP
PSIA LBMOL/FT3

21754570 062C5706

21754570 0Ve.182E25

21754570 041€€580

21754570 06154142

2175570 06143506

2175570 0.132£2€E

2175370 0.12778¢%

2175570 0.12130E

36254950 0457606

3€254950 06361120

3625550 04311301

J€2954650 Ca276131

36254950 0e2E2371

3€EZ25.9SC 0.22€6656

36254550 0.221327

36254550 0.208425

£0764.3224 lel24E78

5076324 0.064CC07

50764324 04458806

S076 6324 0642EE4S

50766324 0Q4382E50

S076+324 0e34E6EC

50766324 04322114

50764324 0300602

65264793 1.6€0216

65264793 1405&022

65266703 0744245

65264703 C.6CEL136

€526 6703 0527483

6526703 04471735

85264703 GCe430565S

65266703 0.3G846C

8702.273 1.555015

87024273 1548993

87024273 117CE01

87024273 04922884

87024273 0772299

87024273 0.674c16

8702273 0e€0S165

37C2¢273 CeS5E2S565
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116036027 1874701

11603.027 1eSEQQ4Y

11603.027 1315704

116034027 141CE75E

11603.027 0.9SECEE

116034027 0.846008

116036027 0757640

14503.789 2.2G63781
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TABLE 3. CUNTINUED. HCGLSER ANC KENMEDY.

DATA T P RHO EXP RHOG CALC ERRCOR
10 RANKINE PSIA LBMCL/FT3 LEBMCL/FT3 PERCEN
JUOLH 60 1463467 174044547 18016061 1807323 0.3
001H ol 35607 174044547 160713 1.0613228 0«2
JOLH 62 1607667 174044547 1e 424617 16438913 Oe2
QOLlH 63 167967 174044547 le2G2174 1291&E4 =0.04
O01H €4 175167 174044547 16174465 1.171308 -0e27
0Q01lH &S 1247.07 203054316 2.4E0828 2.46E224 =0e451
001tH €6 1319,07 20305316 2.310561 243202430 =035
QO1H 67 1251467 203305316 24132E56C 24125516 -0.283
001K 68 1403667 203054316 leGE7222 1953326 =0.20
JOI1H &9 1€35667 20305316 1e77S475 14779940 0,03
OU1H 70 1£07.67 203054316 l.614617 1.610924 Oela
UOLH 71 1€7967 203054316 1.47207C led#707G2 -0.0%
Julh 72 1751.67 203054316 1347365 14344566 =-0e2
O0lLlH 73 1787.67 2175570 O«1183€ES 0.118707 029
YOl 74 15867 2175570 Ue113044 0Oel132c1 0019
VOlH 75 1531e57 2175370 0.1CE246 C.108307 O.11
OO01H 70 200367 21754370 0,103838 0.1039%3¢ 0.09
QUlH 77 2C754067 21756570 04055833 0.06%566 0.06
001H 73 2147.67 21754570 04066125 Ce056163 0«07
0o1lH 79 221907 21754570 04092708 0.092751 0.08
VOlH &0 2291407 21754570 CeDEGE2E 0.0896&& O.11
00tlH g1 178767 36256650 0V.202816 0,20370 Ce 44
Q01H a2 1£59.67 36254G850 0.1S2678 041335330 Ce34
Q0lH a3 1631.67 3625.550 00.1832794 C.13418&8 Ce21
Q01H g4 200367 36254650 0175783 04176042 0.15
OO1lH 85 207567 3825465EC Ql,1€EE23 (Cal1687123 Cell
001H 86 14767 36254650 04161614 0,1€20¢€8 Ce 05
Q01H 37 ZZ219.67 36254G65C 0415804 Cel56003 Oe13
Q01H as 229167 36254530 Cel150203 0.150Q43¢€ Csl18
oo1lH 89 178767 50766324 042617359 04252167 O¢49
QUILH 5 1859467 5C7646324 04278€04 Co276731 Cesl
001H S1 1$31.07 50764324 0261771 C.262522 Qe 29
QO LH s2 2C03.67 5076324 04245565 Ce25C0E0 Gel@
Q01lH 93 207507 50766324 0228643 C.238G¢%¢8& Cela
001H S4 2147e07 S0764324 04228773 0422902 Oel1
OV1lH 5] 2219467 50764324 0.216784 Ca22002 Oell
Q01LH 56 2251407 5070324 04211347 0.211c31 Ce23
001H S7 1787.67 65264703 Ce 384928 0.385447 CedS
001H S8 165967 6526.7C3 0.361572 Ce363031 Ce 40
001nH SS 1S31e 67 65266703 04341930 0342684 Ue30Q
Q01H 133 2C03.67 6526.7C3 Ce324520 (C432555% .21
O01LlH 101 207567 65264703 043068354 0.310337 Oe.l1l0
001H 1Q2 214767 6E2647C3 Ce2662377 Q.296773 Cel3
Q0L H 133 22194087 65264703 04284136 (Q.284569 Uel6
JJ1H 104 2251467 65264703 06272872 34273530 Ce26
VOlH 105 178767 87026273 083152 (04532857 025
001H 106 1859667 87024273 06455174 04456033 029
U0 LH 197 1631667 87024273 04465405 0.466510 C.24
QU1LH 1G38 200367 8702.,273 0440071 Ce440BES Del19
Q01H 109 2C756067 87024273 Q.421461 0.41870S5 ~0465
00 1H 110 214707 87324273 0e3%84€C C.39%221 0e19
CO01H 111 221967 87024273 0,381C37 C.381909C 0s23
JO1H 112 22%1.67 8702.273 0365882 04306375 Os13
00 1lH 113 178767 116034027 04734477 Co7327¢2 ~0.10
QO1lH 114 1£€59467 116034027 Q4678578 Ce€7807C O0e01
C01H L1S 153107 11603.027 0Q.6Z32345 ClE33£05 0405
O01H 116 200367 11603,027 D.53%E3GF 0.595%08 0.10
OV 1IH 117 2C75e67 116034027 04562745 04563762 Jel8
Q01H 118 2147.57 116034027 0534291 0535804 0e 26
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TASLE 3« CONTINUEDe HOLSER AND KENNEDY.

DATA T P RHC EXP RHO CALC ERROR
IO RANKINE PS1A LBMOL/FT3 LBMCL/FT3 PERCENT
J01H 119 2219467 11603.027 0506355 04511207 Q.36
QO01H 120 2291407 11603027 06487107 0.48632¢& Oe40
O01lH 121 178767 14503789 (0.935581 06932027 ~-0.32
VO LH 122 1ES49e67 145034789 0.8BE1023 0.85¢126 -0.22
001H 123 1631467 14503739 Q500231 0e79G22¢ -0e13
OQU1LH 124 200367 145036789 064746233 0749313 O.01
OO0LH 125 207567 14503.739 Q0.7C577% 0.706628 0.16
O0lLlH 126 214707 145036789 0.668247 04670352 0.32
OQ1H 127 221567 14503786 0Qe€3ESEL C.€3£3¢€1 Cedd
00lH 128 2291497 145034789 0.6CC0647 0.61005¢ 056
QO1LlH 129 1787567 174044547 1.123484 11199085 -0e32
QO01H 130 165967 174044547 1024664 1e031532 =0630
JULH 131 1631e67 17404.547 069€0454 04958645 -Uel9
JUlH 132 2C03467 174044547 CoES7800 0a357405 -0.02
QOlH 133 2075607 174040547 04844400 04845700 0.15
Q0 1lH 134 214707 174C44547 Ce7%8205 Ce30093E .34
QO01H 135 2219607 17404.547 04758076 Q.761851 Q.50
QUILlH 136 22S1e07 174044547 0722843 Q727342 Ceb2
QO1lH 137 1787567 203054316 le2G2174 le288352 =0.20
O01H 138 1855067 203054316 1.,162371 1190022 ~0e26
VO1H 139 163167 2J33C5.316 le1058322 1108203 -0el5
0O01lH 140 2003467 20305.316 1.0383282 1.0380%4 —=0.03
VOLlH 141 2C7507 203054310 06S76558 C978014 Oell
001LlH 142 214767 20305431€ 04523130 Ce5299807 0.31
VOLH 143 2219607 203054316 06870029 0.880455 0.51
00 1H L44 22S1e667 203054316 06&834705 Ce3840221 0466
QO1H 145 707067 14504380 3287703 3.28&E0570 0,03
QO0lH 140 77907 14504330 36164415 324170565 Oe20
oo0iA 147 EE1.67 14506380 3018445 3.02517¢ 036
O01H 143 G23667 14504380 264843716 2.855227 Qe40
O01LH 146 SS5.67 1450380 2.€£220080 24627680 O0.21
OC0lLlH 159 17«07 1450.3280 Q06.180073 0.17831S -C.98
CQlH 151 113567 145063280 J.148722 (e14S271 0.37
001Hd 152 121le07 14504320 041321321 Jel31¢17 Qedb
0J01H 153 707607 2900760 3.3C32660 3.266171 —-0.24
VO1H 154 77567 29006760 34184170 J.18176€ =0.08
VOLlH 155 £E51eb7 2600.7€6C 24043247 3.046144 0.09
oQlH 156 C23407 2S0047c0 24877216 2.832L1¢ 0.18
Q01lH 157 6S5.67 26004760 2.€73356 2.676924 Cel3
001H 158 1067s07 25004750 2.403463 2.3%54662 =037
QOLlH 159 1139667 260064760 1900381 160650967 =260
JI1H 1€0 1211667 26004780 06347868 Qe.Zab24E —0446
00iH lel 707667 4331137 3316804 3.30350% ~0e49
VO1H 162 77967 43514137 3.202691 3.1923288 -0e33
OO1lH 163 £S1e67 43514137 30066436 3.061G1¢& -0.15
001H ic4 23667 43516137 249078353 2.906694 =003
001lH 168 56567 43514137 2.717SGE 2.71754C ~0.00
oo1iH 166 10767 43514137 24476576 24474075 ~0.10
JO1H 167 1139467 43514137 24131257 2.11%596 ~0.55
O01lH 168 121167 43514137 1e23247S 1.265021 2.4
JOL1H 169 70767 S8016520 3e¢33S44& 3431059¢ =075
VO1H 170 779667 S8016520 3e22143€ 3.2028B16¢ -0e59
001H 171 £51467 58014520 3.088833 3076671 —0440
JO1H 172 C23e07 568014520 2.932C414 2.9289G7 =025
O00iLH 173 SC53467 SU01e320 2.7Z66SE 2.795256°8 -Qelo
vU1lH 174 1C67e67 58016820 26537271 24534334 -0,12
JO1lh 175 1135607 58014520 2.24915€& 2.24E026G =005
OQ1H 176 1211607 58014320 148C2535 1851107 Ce46
001H 177 7076567 T251eEGS 34350517 3317452 =100
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TABLE 3+ CCNTINULEDs HCLSER AND KENNEDY.

DATA 1 P RHO EXP RBhOQ CALC ERROR
10 RANKINE PSIA LBMCL/FT3 LBMOL/FT3 PERCENT

178 772467 7251895 3.236188 Se212213 —-0.83

179 ES1.67 7251895 36110492 3.060551 =Ceb4

180 5236607 72516895 269€E3260 29453272 -0.47

181 GS5e67 72514895 24792431 24783003 —-0.34

182 1C&72.67 7251eE95 24SEEGEL 2.583420 —0.21

1E3 1139667 7251895 263351723 2335078 0.02

184 121167 7251 .8G5 1558661 2007324 Oe42

O01lH 185 70767 101524656 34380636 3.330545 ~l.48
UQ1lH 1E6 779467 10152656 3.273430 3.230444 -1.31
QU1lH 187 E5107 10152.656 34150601 3.11€120 -1.10
001H Le8 G23e07 1015240850 3012680 245985510 —=0.90
Q0 1H 189 65407 101526656 24855655 2335368 —0.71
O01H 150 1C67.07 LOLS52.656 26674840 24.€61508 ~=Ce50
CQ1LH 1sl 1139467 10152.6586 24464258 2.458313 -Qe24
Q01LH 152 12116567 101524656 20217518 2.217257 -0.01
JOLH 153 70767 130S3440€ 34405220 36342512 —leS%
JolH 154 779467 13053406 3305564 34247203 -1.76
Q01H 155 €51667 130534406 3e12ESEL 3.1393C0 -1.54
VO1H 156 623467 130534036 3057297 3.017357 -1.31
001H 167 6G5.67 13053.4C6 26511026 2.,E7%411 -1.09
OO1H 168 1067 .67 13053.406 24746869 2723166 ~-0+80
JO1H 169 113667 1308364C6 2560890 24546257 -0.56
Joln 200 1211467 13053.4C6 2634E136 2.346023 —0e.CH
QU 1H 201 707667 178046547 34446228 3.360277 —2.+58
JOlH 202 775667 174040547 3435CS17 3.27C712 —-2e35
001H 203 ES1e67 174046547 32403297 34170572 —~2el15
001H 204 S23e67 174040547 36117762 3.05G061 ~-1488
Q0 1H 205 SGS 467 17404547 24983396 2433SC46 —le62
QU1H 206 1067607 174046547 26835813 24757414 -1 635
Q01 H 207 1139667 17403443547 2.E72€E03 2.£45u2¢C —-1.05
UQ1lH 203 121167 174046547 2644381521 26479c 07 —0e43
001+ 206 7C7e67 2030542316 34474451 34371170 —2497
ColH 210 77967 203056316 3.37€G94 3.285140 -2.78
QUi 211 ES1 487 20305316 34272502 3.1E85E848 =253
001LH 212 623467 203Q05e31€E 3415£201° 3.083L50 —2.26
0O1H 213 SO5 .67 203054316 3.02€820 2.6071¢l -1e97
0V 1H 214 10€7667 20305316 26BET27S 24838863 -1.08
JolH 215 1139.67 203056316 2,726467 2.635&88¢81 ~-1.37
00 1H 216 1211407 203056316 2.5€£234 245477C4 —0.68

THE AVERAGE ABSCLUTE ERRCR IN PERCENT IS 000

FUR 216 CATA FLINTS.
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TABLE 4. THE PREDICTIGON UF EXPERIMENTAL DeNSITY LATA OF
KLENAN, KEYESy ET AlLes "STEAM TADLESY™ JUHN WILEYs 196w
DATA T P RHG EXP RHC CALC CERELR
10 FRANK I NE PSIA LBMOL/FTS LBMCL/FTZ PORCENT
001y 1 EEIeHT7 14054000 3.469229 Se36387¢ -2.17
uolJy P2, £59:67 133604641 3e4ES329 32402408 ol B
0LV 3 634467 10:222.,074 3e4€5322¢C 2.417181 =1+30
Jolu 4 Eo4eb? 4607 « 340 344569329 Je84363% -Ue:5U
vyl 5 E5IeO7 27184304 344853229 344606340 =Ce 20U
001U [3) 33V e07 pao.nv.cuhf Je48S5329 eaoBD22% -Qel2
PIVE RV 7 2957 1003.322 34469329 34464545 ~Ueld
vl U ) S09.67 m«.mwoomm 34.486532¢ tht.lv.f.lﬁ\.«; ~Qe43
JoiyV 9 EQ0Ye0T7 140634533 3425232 3210256 —-1l.c
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TABLE Se THE PREDICTION OF EXPERIMENTAL DENSITY DATA GF

KENNEDYs AMe Je CF 3Cles Ve 2559 724(1557) .
DATA T P RHO EXP RHO CALC ERRGR
1D KANKINE PSIA LBMCOL/FT3 LEMOL/FT3 PERCENT
001K 1 ES1.67 145038 0.01€882 C.016865 0«25
Q0QLK 2 386967 145038 06016406 0.,016451 027
001K 3 EB87.67 145038 0.015650 0.016036 0.29
VO 1K 4 EB7.67 2906076 0023919 0.034063 0e43
001K S 505,67 145,038 0.015601 0.015€48 0.30
V01K <) S05.67 290.076 0.032899% 0033040 0.43
CO01K 7 923467 145,038 0.015573 0.015283 —1.86
001iK 3 623.67 2506076 06031574 (0321403 Oe41
001K 9 923667 435114 0,050868 0.0500957 OQel7
001K 10 S41.67 145,038 0.014891 0.01493S 0.32
001K 11 S41e67 290076 0031122 0.031240 0.38
V01K 12 S41.67 435114 0.04S5139 0049293 Q.31
001K 13 659607 1456033 06014817 Ce014613 0.606
001K 14 55907 290076 Ce030330 0.030440 O0e36
091K 15 553467 4356114 0.047607 0047786 0.38
Q01K 16 S59.67 S80el52 04066654 Ca067117 0e24
Q01K i7 S$77.67 145038 0.014220 0.014304 0.59
0Q1K 13 S7767 2506076 040268592 Ce025665 0«35
001K 19 S7767 4356114 0.046224 06046418 Qe42
00 LK 20 S77.67 580152 0,0€4597 0064825 035
VO LK 21 S77.67 725190 04085424 0.08544E€ 0.03
001K 22 S$G65.67 145038 04013901 04014010 079
001K 23 55567 260,076 Q.028604 0.028997 0.32
Q01K 24 55567 4352114 Q044660 06045159 Oe44
001K 25 $95.67 5806152 C.082490 0.,0627665 0«45
VOLIK 26 555467 725e15C 0Q,0€2049 0.082222 0e21
UOlK 27 655467 870228 04104527 Qel04128 ~0e38
001K 28 1C13.67 145038 0.013714 0Q0.013730 Cel2
001K 29 1C1l3.67 2904076 0,028256 0.028341 0630
001K 3C 1Cl3es067 4354114 0043801 04043995 Ced4
001K 31 1C13e67 5806152 Ce0ECELZ2 (a060506 Qe49
001K 32 101367 72541G0 06076032 Q079375 Q.30
JUIK 33 1013.67 8706228 0.056833 C.0%6837 0.00
001K 34 1C13.67 101562€6 04123688 041229865 —-0.58
QOUIK 35 1C3l.07 1454038 04013448 040613462 Oell
JOIK 36 1G31len7 25300076 Qe.027€46 04027723 028
Q01K 37 1C3le07 435e114 0042738 © 04042913 . Osal
VOiK 3 1031.67 5806182 0.05£923 0096205 0.48
001K 39 1031.067 7254180 0,07€4S3 0.0786826 O.ta
JOLK 40 1C31.67 8706228 0.0S5886 0,096106 0e23
JO1IK 41 1C31.67 1015.266 0.11763€ 06117505 =0.15
Q01K 42 1C31457 1160304 041432018 Q141751 -0.28
001K 43 1049.67 145038 0.013192 0013207 "Qell
QQ1K 44 10439.67 2904076 0.027068 0.,027138 C.26
V01K 45 1C49.67 435114 06041745 06041902 0.38
JOIK 46 1C49.67 5806152 0405732 (4C5763G 0.45
001K 47 1C49e67 7256190 04074170 Q4074527 Oea8
JO1K 48 1C49.067 8706228 0406248 (C.092E0S 0«39
Q01K 49 104967 10154266 06112750 Qe.l1li2621 Ce 0O
V01K SC 149667 11606304 06135529 04135059 =0.35
001K s1 1C456067 12056342 0.1£1S514 <C.100282 -1.01
001K 52 1067.07 145038 0.012951 CeOlavce Ce VG
V01K 53 1C67.67 290076 0.026S19 0026584 Oe24
JC 1K S4 1C67.867 435114 0.,040812 0.040858 0.35
901K €5 107467 5806152 0.0E5%57 Q.05€1436 Cedl
V01K 56 1C67407 7256160 0.072C74 Ca072428 Ce oS
001K 57 1C67.067 8704228 (0086502 0.08%c58 Oe 40
Q01K S8 1C67.67 10152€E6 0Q.10E8483 Qe.10&727 0«23
JO LK 59 10€7.67 11603C4 06125410 04129379 -Q0602
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TABLE S« CCNTINUEC. KENNEDY.

DATA T P RHGC EXP RHO CALC ERROR
id RANKINE PSIA LBMCL/FT3 LBMCL/F T3 PERCENT
JO LK 60 1C67.67 1305342 0.152686 (.152315 ~0e44a
001K 61 1007467 14504380 CelB80073 0Ve17€315 ~C.98
Q01LK 62 110367 145038 04012493 0.012502 0607
OUJ 1K 63 1103.67 290076 Ce025453 0025555 0.22
001LlK 64 1103.67 435114 0.025091 0.03c222 0«33
VOLK 65 1103067 5804152 0053382 0.053579 Ce37
001K oo 1103.67 7254180 040683263 04068718 Ce48
001K 67 1103567 870.223 00843264 V.084755 Ce46
VO1K 68 1133.67 1015.2¢€6 0.101406 0.101£33 Ce%2
VO1IK ©9 1103457 115606304 0115717 J.1201 36 0.35
VO1K 70 110367 13054342 06139565 0.1396023 Ce25
Q01K 71 1103467 1450.380 041861237 0Q.l101482 0.06
001K 72 113907 145038 0012076 0e012077 O.01
YO LK 73 113367 2506370 0s024566 0.024&18 0.21
001K 74 1139467 435.114 0037551 J«037C €8 Ce3l
QD0 1LK 75 113307 580.152 0«051C93 J.051280 0«37
VOILK 76 1139467 7254160 Q.0€5216 U.2e5516 Cedb
JOLIK 77 113967 870228 D«0EQ07E (080451 Getb
Q0 1K 78 1139.487 1C15.2€6 0+0S5E€E74 UVe0SE171 0.52
JOLIK 79 113907 11604304 V6112203 01127 8¢ C.52
VOLK 80 113967 12354342 0.126895 (04130430 Qe
001K gl 113967 14504380 Q0es148722 Jels3271 Ce37
001K a2 1175067 145038 04011677 0.011€32 0«05
VOLK g3 1175467 2804076 06023722 04C23756 C.l6
001K 84 11735067 435114 0.036180 0.0362¢62 0«23
Q01K 85 117567 5804152 0046048 0045230 0e37
VOLK a6 1175467 7254150 De062445 0.062704 O«41
JO LK g7 1175467 870.228 Q076375 007734 Cea?
001K g8 1175.67 1015e2¢6 Js CS0GCT9 0.091378 Q.51
001K 89 117567 1160 3C4 Del1C60S4 0e4106702 Qe57
GO 1K GO 1175667 132056342 04122120 V122736 0.55
001K 91 1175.67 14504380 0139062 V.13¢72¢ 0.48
JO01LK g2 1211.67 1454038 06011312 0011318 Q003
JO1K g3 0lclleb7 2604076 0.022638 0.022507 Q.13
001K Ya 1211.67 435114 00324858 0.,034980 Ge23
V0 1LK S5 1211467 S80152 064047218 0.047330 Ce34
YOLK S6 1211.67 7254150 Ve0EGS72 (0.060196 0.38
0U1K S7 1211667 870 228 0073122 0073468 0e47
Q01K 98 121167 10152866 D.08€732 - 0087228 0.50
Q01K 99 121167 1160304 0.1C1C25 (.101522 Ce49
JOIK 100 1211.67 13054342 0115800 061183359 QeS2
Q01K 101 12llet7 14S5043E0 0.121321 Cel31517 Oe45
Q01K 102 12474067 145038 Q00109068 Ue010%72 Qe 03
001K 103 1247.67 2904076 Ve 022204 0.02223T3 Cel3
Q01K 104 124707 43S .114 0.033727 0.03Z2€e02 0.22
001K 105 124767 580 e152 0045562 04045698 030
VO LK 106 124707 7254160 0e0E77S5 (4057943 D32
OO 1K 107 1247467 870228 0.070235 0.0705¢0 0«46
QU LK 108 124767 1015e2€€ 0.083210 0.083575 Ce.44
Q001K 109G 124767 1160 432C4 Ve 0S6EC7 0.097020 0.43
JO1K 110 124707 13054342 0.110452 0.110%24 Ce43
Q01K 111 124767 14804380 04124800 0.12532c¢ Ced2
Q01K 112 1283467 1454038 0.010€45 0.010£50 .04
JO1IK 113 1283.67 290076 0021515 0.021550 O.l16
001K lla 1283.67 4350114 0.022620 0.032714 Ce29
001K 113 1283467 5804152 0«044041 0.044157 0.26
Q01K 116 L2€3.067 725165C Ce0ECS?75G (CeU558G4 Q.24
001K 117 1283467 8704228 Qe0CT7E€85 0.0067%41 Ce 38
Q001K 118 1283467 101542C6 0.080041 0.030318 035
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KENNEDY
T P

KANKINE PSIA
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131967 725160
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TABLE 5S¢ CONTINULEDs KENNEDYe

DATA T P RHC EXP RHdJ CALC ERROR
10 RANKINE PSIA LBMOL/FT3 LBMCGL/FT3 PERCENT
JO 1K 355 2147.67 5806152 0025304 0025506 ° 0e.01
VO LK 356 2147.67 7256160 04021656 Ce031t74 0«05
Q01K 357 2147467 8706228 00328037 0.03305¢ Qa5
001K 358 214767 10154266 04044424 04044457 0.07
001K 356 2147.,67 1160304 Ce 050846 0V.050872 0«05
001K 360 214767 13054342 04057259 Q037203 0.08
Q01K 3¢l 2147.67 14506380 0Q.0E32€83 0.063748 0.10
001K 362 2183.67 145038 0.00562901 CeQ0€137 -0.07
QU1K 363 2183.67 2604076 04012413 0.012406 -0.03
Q01K 364 clB3.67 4354114 0.01E64€ 0.018¢36 -0.05
00LK 365 2183407 ' 580e152 0024876 04024578 0«01
001K 3€0 2l&3.067 7250150 060321119 0Q.03113% 0,06
Q001K 307 2183467 870228 0.037381 0.C37406 0s07
001K 3638 2183.67 1015.2€E6 0.043€58 004391 0.08
VU1K 369 2183.67 11606304 0046552 0.0499SC 0.07
QC 1K 370 210367 13054342 0.0£€25€ C.C056393 0«08
Q01K 371 2183.67 14Z0.380 Q.0€2566 0.002L26 Cell
Q01K 372 2219.67 145,038 0.CC6101 0006096 -0.08
QO 1K 373 2219467 29064076 0.012208 0.012205 =0.02
Yo 1K 374 2219467 4356114 Ue01E331 Qe0182Z2E -C0.01
Q01K 375 2219eu7 5306152 024460 0Ne024465% 0e.02
QU1K 376 2219.67 7254150 V0320597 (4030614 C.006
001K 377 2215407 8706228 040368747 04036777 0.08
001K 378 219467 101542€6 06042923 CoC042952 007
001K 379 221967 11606304 04046067 04046135 0e 09
00 1K 3EQ 2213467 13056342 0405288 0055239 Qe %
O 1K 381 2219467 145043280 04061493 02.061551 0.09
Q01K 382 2255467 1454038 040CS69G 0005998 ~C.02
VOLK 3383 2255.07 2904076 04012009 2Je012008 -0.01
QO 1IK 384 22955.07 435114 Qe01EC35 Qe018031 =Ceu3
Q01K 3ES 2255467 5306152 06024C3E Ce0240c5 0.03
001K 386 22534067 7254150 (C.030C83 C.030112 .06
001K 337 2255.67 8704228 0+03€13E OC.030610¢ Ce02
VU1K 388 2255467 10156266 0042213 06042238 0.06
001K 3389 2255467 11604304 Qe04E263 0404863169 Cell
00 1K 390 2255407 13054342 06054352 Je.054410 Oell
vOiK 391 2255467 145063E0 (4060422 J.0H60512 O0.15
001K 352 Z2Z291l.b67 145,038 0005905 0.0059%03 =0.04
CO1lK 363 22Glel7 2904076 0011817 04011818 0.01
VO IK 354 2251467 4394114 34017740 Ca017742 Ce02
V01K 395 2251407 530e152 0023€69 Q.023L7Y CeD2
VO LK 366 22S1e67 7254160 04028605 0.029€2S Ced7
001K 397 2291.67 B70e228 0403553 0Q.035822 0.08
VU1K 348 2261467 10156266 0041505 04041546 Cell
001K 389 2201¢07 11604304 0eG47458 CeQu752¢ CslS
001K 400 2291.07 1335342 0.0£3447 O QL3612 Cel2
001K 401 2291467 1450380 06059407 J.059506 Cel?
THE AVERAGE ABSCLUTE ERRCR IN PERCENT IS Veldl

FCR 401 CATA FCINTS.
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3e47€447
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36491667
3e4CGECLI
3.503C31lE
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34430136
3.43236G1E&
3.43E342
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3e447164
3.4€1578
3¢48556G6S
3+460361
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3.3¢7232
3.4C1732
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343325699
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3e3€862E
36377533
3e18C€32
301E£4052
3.18£E6G14
36164750
3200465
34202837
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344593868
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3461201
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344063734
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36466223
3edb743¢8
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3.46%861
34471055
3472227
3.43€2460
3643Z76.6C
3.43E76%
3e440117
3e441455
3442782
3¢444101
3¢4454C7
36446708
3447945
3444274
3.45C5a¢t
3e451812
363G1CO0
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363533¢&1
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3.35€56¢C
34392130
3e36SEEL
3e4027€6E
364057%2
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3633€4237
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DATA OF
G34.

ERRCR

PERCENT

Oel17
O011
0«03
-0.0?
-Colb
=~Ce206
-0.35
—0.44
_0053
—0-62
*0071
_0.80
0e.28
Ce22
O.14
0e0S
‘0'04
-0e13
~0e22
—~Cel1l
~0e39
—0e 43
=C.50
-0.55
‘0-73
0.28
023
Cel5
0.07
‘0.02
-0all
=-0.19
—Ce36
—0052
‘0.68
0.23
0«23
Celd
0.07
-C.02
~-Jel0
—-0el18
—0e34
_0050
-0.686
Ce36
Ce31
Qe24
0.1S5
0.07
0e00
—0.0ﬁ
—0.24
-0e39
‘0054
Ce4d8
Oe¢40
Qe 33
0e26



229

TABLE 6+ CUNTINULEC. KEYESs AND SMITH.

DATA T P RHC EXP RED CALC ERROR
Io RANKINE PSIA LBMOL/FT3 L3MCL/FT3 PERCENT
002K 60 ESl1.67 19394738 3.030257 3.035761 0«18
002K 61 ES1e67 243748E5 3037683 3.040872 0.10
Q02K 62 ES51e67 33144148 3.081650 3.050758 =~0.04
Q02K 63 ES1e67 41504426 34065674 3.060224 -0e18
JO2K 64 E51¢67 S0E64703 3.075C68 34066313 ~0e32
002K &5 S4l1e07 573409 27721316 24733577 Ce b4
T U02K 66 S41.067 6834285 24774200 2.73622¢€ Oe43
002K 67 S41.67 11216357 2786129 247866523 0.39
002K €3 S41e07 15594475 24797588 2.807178& 0«34
002K 69 S4le.67 15974578 2.8CEE04 2.816548 Q.29
Q02K 70 S4leO7 24354685 2.819051 2.832631€ O0e24
002K 71 S41e87 33116615 246403202 2.843962 O«.13
002K 72 G4le07 41884176 24855841 2.2860369 0.02
002K 73 S41e067 500646426 24378E53 2.875717 =010
V02K 4 1C31.67 1285 46S 240471560 2.466121 ~0e24%
002K 75 183167 1561989 2.487251 2483573 ~Cel5
Q02K 76 1C31le67 1699573 24508624 2.507333 =006
Qgu2K 77 1C31e67 24384017 24526092 2.528791 -0.01
002K 73 1C31e67 331441488 24565041 250E5C4 0«03
002K 79 1C31e67 41504133 2.56€472 2.566050C 0.02
002K E£0 1031667 50604438 22628258 2.627612 -Ce.02
002K g1 1CE767 166323 2¢315985 242946060 =092
ou2K 82 1Cc7467 1867769 2342318 2.326921 ~0s66
002K &3 1CE7.07 2435.724 2372328G 24362311 -Q0e42
002K 84 1C87467 2873710 2.3554G1 2. 392E6¢ ~0e27
002K 85 1067¢67 33114708 2424089 24415930 ~0a17
002K €6 1C67e667 4187470 2468260 2.466515 ~0.08
V02K g7 1067667 5C63¢332 2650495 2.505430 ~0.04
Q02K 88 LCESeO7 19116015 24227225 20166980 ~-1e30
Cu2K 89 1C38S.07 169863577 2236829 2.20846G4 ~1l.27
002K S0 108567 24364459 2.276558 2.25E8304 ~0.32
JO02K S1 1085667 28744371 24311399 2.298%65 ~0e54
JU2K 52 1C383e67 3312.312 2341743 2.3335506 ~-0.35
V02K G3 1C385667 41836242 2364217 2.790874 -0el5
002K G4 1C85¢67 S064e2586 2643EG82 2.437205 ~0607
c02K 95 1103.67 2145.,036 24120034 2.078%¢7 ~1e5a
02K S6 1103667 24374209 26160769 24128958 ~le47
QUZK s7 1103.67 28754003 2e2CE225 24137422 ~Ce94
002K $3 1103.67 23124655 26247839 2.23396¢ ~-0.82
02K 59 1103467 327506782 2.282242 2.,27295¢ ~0e41l
Q02K 100 L103.67 4188.675 2312774 2.306¢18 ~0e.27
092K 101 110367 48264645 24340434 24336328 ~0.18
002K 102 1103667 50€4459C 2.32€E730 2.3629&C ~0.12
002K 103 1121667 2476489399 24010234 1.952823 ~2455
Q02K 104 1121e67 28756870 24079570 24034¢€3&3 ~1.60
002K 105 1121.,67 3313.604 2.13€215 2.114c74 ~1.01
002K 106 112167 3751413 24181693 2.1A7727 ~0.65
002K 107 112167 41894250 2.22€882 2.211414 ~0.43
002K 108 1121467 4627156 242545875 2.248730 ~0.28
902K 109 1121e87 S5SC654086 262ESE34 2.281360 ~0.18
002K 110 1139.67 278545580 1.862714 1.8073¢€7 ~2457
V02K 111 113967 2873.004 1661596 l1e841216 ~24.68
002K 112 1139407 QE77+.3516 le8G32E5E 1e 342834 ~2.68
002K 113 113%.67 3314.527 leG5c2811 1661702 ~1.61
002K 114 113987 32752e6C4 2.061E52 249040707 ~1.02
vQ 2K 115 113)e67 41904359 24114240 2.1000667 ~Qe 0%
002K 116 1129467 46284219 24158072 24146322 ~0.+41
002K 117 113567 SCO04102 26165599 264150541 ~0e25
002K 118 115767 31374600 le671416€ le640G2¢C ~-1.82



TASLE ©e CCNTINUEDe KEYES)
DATA T P
10 RANKINE PSILA
202K 119 115767 3312105
Q02K 120 115767 3486+%35
Q02K 121 1157.67 3€EL1.E10
092K 122 1157.67 3E3€.816
Q02K 123 1164487 32264852
Q02K 124 1164.37 3313.354
002K 125 11€4.387 34874744
Qo2K 126 1164.,87 3662.4806
Q02K 127 1164,.,87 3837.372
002K 128 116487 40124321
Q02K 129 1164.87 4C09G.816

ANC SMITHa

THE AVERAGE ABSCLUTE ERRUR IN PERCENT IS

FUR 129 CATA PLINTSe.

RHO EXP RHJ CALC
LBMOL/FT3 LEMOL/FT2
1e7727C4 167334 7E
1 e835553 1.80803¢&
148832040 le85242%
1e921642 leB55844
16437501 16516708
1.€CEQCS56 1e561427
1e723244 le6GCY G4
1762668 1e7b1762
1.£44886 le817172
1.886G62 1.862842
1.6C23260 1.332024

U058

230

ERKCR
PERCENT

_2021
=193
-1.€3
—1-36

4427
-O. gl
=137
-1 074
—1.50
-1.23
-1.33



231

THE PRECICTION QOF EXPERIMENTAL DENSITY DATA QF

TABLE 7a
KEYESs SAITH AND GERRY
DATA T

1D RANKINE
004K 1 £42.07
JO4K 2 E44 447
004K 3 €40427
004K 4 €48.07
204K S £4G4.37
004K 6 8951.067
JO4K 7 £51.67
V04K 3 E6Je07
004K 9 £69.67
JO4K 10 £74417
004K 11 EB7eH67
JO4K 12 £EB87467
V4K 13 87607
J04+K 14 EE7e0 7
V04K 15 S01l.17
Q04K 16 S0567
034K 17 S05.67
vaaK 13 S05.67
04K 19 50507
Q04K 20 S05.67
004K 21 505.067
CO4K 22 G23.67
Q04K 23 $23.07
04K 24 G523.67
0U4K 25 $23.67
004K 26 S23667
004K 27 623667
V04K 28 941.67
004K 2% S4le07
Q04K 30 54167
004K 31 S4le07
V04K 32 S4let?
VU 4K 33 S41e67
004K 34 S4le07
V04K 35 S41e67
004K 36 S41.67
JO4K 37 659.67
JO4K 38 589607
d04K 39 53407
004K 40 GS9%e07
J04K 41 659,67
V04K 42 ©OYeO7
004K 43 59667
Q04K 44 S5967
V04K 45 S59.67
JO4K 36 S6H.37
004K 47 S65.87
Q04K 48 Sbb.37
004K 49 SE68.67
004K S0 S7?7.67
004K S1 ST7:67
094K 52 G77.07
JO4K S3 3577067
004K 54 S77.567
004K 55 S77«07
QU 4K 56 97767
V04K 37 7767
004K s3 S77.07
004K 59 S77.67

PRCC o

AM e

=]
PSIA

202 «621
204 4252
205119
205 ¢ 795
2064 339%
206 «838
1544288
2124750
189 4740
2884228
301 « 434
2654154
2184551
2054046
385.6C7
3394192
389 45C1
3104185
303 638
2244151
2104189
401 « 259
401 «346€
318738
3l11.815
229 «662
2154259
578 « EES
573 4927
S14.127
4124707
4124657
327114
3196525
2354359
220 4241
596 « 550
£G4 4752
5294823
424 4052
424 4273
3354315
327.€88
240 43523
2254165
722 4538
717 453¢
7154557
720 ¢ 069
7394557
732 4709
732« 634
7314185
545 4CG2
434 4 ESY
435 4.281
343 « 384
3354447
245 4CG2

ACAC .

RHO EXP
LBMCL/FT3

0.024773
0024772
0e0Q24773
0024773
Q.024773
024773

[AY N3V ]
Sl
- -
~ N
-

~

)]
& G
(0,8 o
N
N -

~

NN
N~ N
— N -

&b
[V

NNOENO OO WG NGAN NS~ NN = NN NN N -
OQONNONPER OO NNONPRLE~OCNNONPPONLYS

OO ud DO ONCLISDONOCOOGOVNUEPNONWMESEOICOOMNLISESWU
AU =L WO L~ W~ WWO S DWW G =W~

~

850
QO
o

OCCOO00CO0CCnOCO0OOOCO00OLLCOCCCOOCCOCCCLOCOOOOOOO
(o))
-~
o
4]

® 0 &6 8 8 ¢ 0 0 06 % & 6 & 0 0 06 ¢ % e S O 0 % o0 00 0 g 0 0 00 s 0 e S S 00 s e s e 0

[o¥oYoYolaRoYolololoRoloeRoNoloYoNoloRooXoNoolooXololoNoToToolu oYolol oo el Ro ol ol oY ol

MO EENNGIWELEL TN NWWP 2O MMM MNP L DN

[&]
[ 3
o
mo
oo
N~
le) @]
[GX3;]

0.060216¢
0.046243
0046243
Q0325571
Ce 0Z4€E2
0.024773

ARTS SCIlas

R+O CTALC
LBMCOL/FT23

0.024&5€
Ce024797
0024836
Q.024850
Ce24345
06024835
0.023181
0.024863
0023204
Cel3a€ 44
0035537
0034745
06024833
0.02321€
CeCa6142
0e 0243
QelG0H28¢
Ce035621
Ce034732
0.024£3C%
0.023214
CeU46338
040446350
0«.C35€4u8
J«02478E4
0024384
0023209
Ve 06£6510
Qe06E7CE
Jeduwido?
Je0482Z6€C
06046401
CeU3566E
06034797
0e024¢038
Q06023200
060069457
Qe CHESL ST
Q6060148
Qe4EaD3
Q0e.0406431
0e0D3Z%0671
Ce03477E
0e02407C
Q.023193
0.08713¢©
0.086408
0. 0CEE08%
0.03¢432
Qe087041
Qe 08ESG2
Qe.0EESBS
0. 083061
0.00166
Qe046392
04046438
0.035¢71
06334769
0e024865%

V 70+319(1G326.

ERROR
PERCENT

-0.48
Oe190
0.26
0.31
0.29
0e25
Ce20
0.38
0«36

-0ell
De04
Cel8
Qeta
Coeul

’0022
000
0.UG
Oel4
029
Dedd
Ce40
Ve21
0.23
Ce22
030
Ce 45
.38
Ce2l

-0.86

—0e41
Ce27
Oe34
Ce26
0s33
0655
0.34
C.13

-0e24

=Qe28
0e35
Cedl
0.28
Ce28
OewZ
0.31

—0.70

-0e34

'0071

-0.31

=018

-0.13

-0.13

~Q0e40

-=0e20
Ve32
Oed2
G.28
0.25
0.51



TABLE 7« CCNTINUED. KEYESs SMITH
DATA T P
Lo RANKINE PSIA
V04K 60 $77.67 230.118
004K 61 S65.67 7644335
004K 62 $G5.67 757.355
004K &3 G565 .57 757032
04K 64 $95.67 7554650
VO 4K &5 6G5.07 633.242
204K 66 $G65.07 L3l.773
V04K o7 SG5.6 7 559955
OuvaK 68 595.67 4454565
Uo4K 69 69567 4464112
JOK 70 $55.67 351320
004K 71 $G5.07 3434251
V4K 72 5567 25141290
004K 73 965067 234 4567
QU4K 74 $G7e47 936.6C8
VO4K 75 SGTe47 $35.021
004K 76 101307 G63.30a
JI4K 77 1C13«67 G567 338
QU4K 743 101367 7864247
Q04K 75 1C13.67 780.722
V04K 80 1C13.67 E74e647
004K 81 1013.67 456 39S
RVE S 82 1C13.67 4560781
004K 83 1013.67 3594138
Q04K g4 1Cl3.67 350.7C3
JOaK 85 1C13.67 256.42S
004K 86 1013.67 239 .832
dU4K g7 103167 10024565
U04K 88 1C31e67 10014453
004K 39 1C3le07 8ll«073
004K 30 1C31.67 8C3.384%
Q04K 91 1031.67 804.015
v04K S2 1C31.67 8€C2.620
VOo4K 93 1C0C1.07 068441
04K G4 1C31e07 €86 .720
004K 95 1031l.67 589.0C6
Q004K S6 103107 4606 4864
004K G7 1C21.67 4ET7 6261
004K g3 1031.67 366.E884
004K S& 133157 358.271
V04K 109 103167 2614627
0u4K 101 1C31e067 244 4638
004K 102 149467 132604631
004K 103 1C4967 €33 .982
GoaK 104 1C49067 225.32¢€
U 04K 103 1C40667 1331561
004K 106 1040867 1330.018
VU4K 1¢7 104157 1333.527
Q04K 108 1C42e47 133944E3
vO4K 1C9 1C49507 £25.488
0g4K 110 1049.67 £€03.071
004K 111 1C49.07 4776283
004K 112 1C49.07 477577
JO4K 113 1C49.67 3744540
Q004K 114 1045.67 365 .663
004K 115 1C49.67 266682
004K 116 1049067 249 .414
004K 117 1CS55.07 1488564
004K 113 1C6707 1532.€39

AND GERRY.

RHG EXP
LEMOL/FT3

~OOCOOO0ONNE~NEPLP=O0COO0O0O0N

MR NMOC NG =~ O NN (W~ N N~
FAS
LUUWOONN~N~N~N—GWR =W C & LA MAN—~

0,023
QeCE7
0.0E&¢
C.CEE
0.086
0.066
0.0€ES
0.0€Q
Q.046
D.046
0.0 3E
0.0324
0024
Qe.022
Qe11S
JellE
QellE
Qell5
OeCE7
0.0256
Ce.0€C
Ce04€
0046
0603SE71
0034€82
0.024773
0.023121
0115607
06115607
Qe.C87802
Qe QEE?0S
0.CEB70S
0es0EB670E
0.066364
0s0EG3ESL
0.0E€EQ21€E
0.04€243
0.046243
Qe03EE7]
De034682
0.C24773
0.022121
Qel 73410
De CET7EO02
Qe0EH670S
0.173410
06173410
Cel173410
0173410
0.0EHB70S
C.0€03156
0.046243
0.046243
0.0ZE571
0.034€32
0e024773
0.023121
0.158183
D+1GEL183

RHO CALC
LBMGL/FT3

Q.C2318¢€
0087860
OeQB€E341l
0.026754
Q086593
Q0065650
0069456
Ce 060222
ODes04bl 22
0e045439
O« 035064
QeD34773
0.,024H65
C.022179
Oell4667

0036944
Ce060233
Qe046392
Qe 0465435
0035653
Q034747
Ce C243ES
0e 323170
0115535
Qal11535€4
00823098
De UdE 9G]
0.087075
0.086589
Ce DBU7SE
Qe Q6EYD4E
Ce 60240
Qe046378
Qel4d422
Ce 035641
0034740
O0s Q24557
Ce0231i062
0170435
J.0838303G
0«08704t
Oel70238

Oe 023152
Oel5439%
Calau32

232

ERKCR
PERCENT

OOCLOOOOOLOO00

CheEWLNCRNWEN
N O E O e O W

e & & 8 o 06 0 ¢ 0 o o

i
(o) s)
o o 0
(SN Rl \V]
OWo

Qe39

(@]
.

M)
C

0el?7
0e34
CelH
-1e43
0e33
Ce3%
=~1.83
'-2n01
-1e35
=150
034
-0.15
0.28
De30
Oslb
Oell
0e26
Oel4
-1,91



TABLE 7.
DATA

JU4K
004K
DTVEY 4
00«4K
VU4K
J04K
004K
004K
Q04K
0C%K
004K
V04K
004K
JO<+K
004K
V04K
QU 4K
V04K
004K
004K
JU4K
004K
Q04K
004K
004K
J04K
004K
JV4aK
JI4K
V04K
Q004K
JO+K
00aK
V04K
004K
004K
Vd4K
004K
004K
004K
JO4K
J04K
004K
004K
V04K
004K
004K
004K
004K
VoaK
V04K
JO4K
0daK
Q04K
004K
Vu4K
004K
004K
004K

CONTINUED

f-&'-'-‘l-n—o-b-'v-‘v—b—r""l-n—h‘v-ﬂ-""h‘
cwlittwlw WP NN DN -
NOUH W~ COENCULPWN~OO

[4)]
o

o aamtteMuin

P ot et ot s pus Pt s Pt P
GCONC U & G -

—
oo
~O

H
o
V)

—
» O
> d

KEYES»

T P
RANKINE PSIA
1C67.67 1415.287
106767 14174463
1C67e67 14154860
1C67.67 1C67.127
1CE7 67 856.233
1C6767 8§47 .077
1G67e07 847 1306
LCET 67 8484150
1067467 847151
ICETeO7 7014773
1C67.67 7004847
1067467 €164959
1C€7e57 4876247
106767 4876747
1Cé7.67 382.124
1067567 3736156
1067e07 2714914
1C¢c7.07 254 .2C6
1C71.27 1€74 4887
1C85.67 17404256
[C85.07 15676362
1C85.67 1469 ,7832
1CES.57 77 «6486
1083567 8684553
108567 8684505
1385667 ©30.730
108567 4974579
1085%5.67 4S57e770
1CS5.67 389 4663
1035.67 380522
1035467 2764867
1CE3.067 2583982
105017 1919.,2€0
110367 1693 .683
110307 13183225
1103e07 1£604528
110367 1523.351
1103.67 1522 .954
110357 1522356
110307 11296253
1103.67 112%.161
1103e07 891283
1103667 83906402
110367 73445604
110367 733361
1111.77 2231.414
1121067 2301 «574
1121467 2C€90.062
112167 1293 4467
1121.67 1721.7E53
1121607 15744040
113517 2621 .,385
1139.67 2665.784
113907 24264535
1139.57 2133.4C0
1129.67 1667.229
1139.67 1781 729
1139667 1624022

SMITH AMD GERRY.

RHUO EXP
LBMGL/FT3
0+1732410
0173410
0el173410
Cel115€07
0.115607
0. 087802
0+0E6705
0e0E6705
0.CEE70S
0.086705
0eGES264
0065264
0.060216
3.C4€E243
0e0462432
0.0325571
O0a0324682
0.024773
0e0Z3121
0e221213
0e221213
0e.158183
Uel73410
Ge CE7802
0.0£6705
0e 086705
0.0£C2l6
0e046243
0e046243
0«0325571
De034682
0024773
0.023121
0277456
Ce277456
0e231213
0el15818332
06123410
Oel 73410
0el173410
0e115607
Oe 115607
0+0E672S
De 0E67IS
0.0E$264
0.065364
0e34EE20
0346820
06277456
0.231213
0.168183
Oe1732410
0e& 62427
0es 62427
De346820
O0e27745€
0e231213
Cel58183
Ce173410

RHO CALC

LBMCL/FT3

O.171684

0.08e487
0036994
Ce.0E7119
0.0809Y36C
Ve U69731
0.06GC2S
DeD60O208
Oe 04€E325
0046377
0e035611
O0.034718
0.02483Y
0023149
0e2244 37
0e2265901
0e196045
0el72473
0.038074
0086955
0086985
Q.060191
0e04€6327
Ve Jut:34€E
0.035565¢
06034706
C.024616

23142
Q267745
Ce270211
0e228193

OO
[
-
~ O
we
0
(G4}

)]

O % @Dt~ -
'O N~NOD W
"N O~-O—CC
WroT o CcOo
—-MCCUrC

Ce330G75
Ve333¢22
Je272620
0226307
0e147539
Oe 173448
06432372
0e438385
0De.33812¢
Ce27422S
Ce230233
0.1080ug
Qel73712

233

ERROR

PERCENT

-1¢00
=076
-0093
0«24
Oe 16
036
033
033



TABLE 7.
DATA

004K
004K
004K
Q04K
004K
0C4K
004K
004K
04K
90aK
Q04K
Q04K
Q04K
Q04K
vO4K
004K
JO4K
004K
004K
004K
004K
034K
Q04K
D J4eK
004K
V04K
004K
004K
Q04K
V04K
004K
J04K
I0&K
004K
004K
004K
004K
004K
Q04K
V04K
004K
V04K
004K
004K
004K
004K
004K
004K
004K
004K
004K
004K
004K
004K
004K
JO«K
JO04K
004K
004K

I0

CONTINUED.

INUNCOCCLCOOmLEMEDOE~N~N
VNN~ COTNOUVEWUN—-OOVR

S e o o e e e o o e R el
C
(@]

2
210

el il X SN o

PN RN R RN
N@WE QS U -

KEYESs SMITH
T P

RANKINE PSIA
1139.67 1023316
1139.67 1624 ¢330
1139.67 1188439406
113967 1188079
1136667 G33.1E4
1138.67 G326 169
1139.07 766 «G31
113967 765 «761
1147.,77 28524855
1157.67 3233 567
1L157.07 2S67 «973
1157.67 28394745
1157.67 25484128
1157.67 274 «150
1160637 2CS7.786
117,67 3920 . 8€8
1175.,67 33934877
1175.67 33184749
11767 317063598
1175.67 30084123
117567 2665 « 725
117367 235G 4023
117567 2108 «257
11753407 1054827
1175.67 1720842
117567 17204210
1175.67 1721 «033
117567 1246 4524
117567 1246 4222
1175.67 G74406%
1175667 973276
117507 738 4137
1175.67 737 388
116367 4663 188
118367 38566421
1183.67 37144511
1211467 42754855
12lle07 5403 .227
12lle67 4032 233
121167 38314569
1211.,67 35788862
1211e67 3333474
1211.07 2EG3.872
1211667 2534 4151
121167 2243714
1211467 20084511
1211467 1814 4,076
121167 1E13.548
121167 18156332
1211657 1303.256
1211467 1303 .1G67
1211.67 1014.278
1211.67 1013.S14
121167 E29 «254
121167 E28.847
122967 463939945
1229.67 4343 340
1247.67 51284516
1247¢07 4661 4988

AND GERRY.

RH{ EXP
LEMOL/FT3
Cel73410
Qei1 72410
0el1155607
Cel115607
Qs CEET7CS
0+0EH6705
0.0£6364
0.0€£$364
Ca5354912
14734C9E
0e5E4G12
Ceb4E2427
De346E20
0e2?77456
Qe £S3€4C
1734068
Ue EE70G50
Ce86G3€40
De5E4G12
D.4€2427
06346820
Qe277456
Ce231213
0158183
0e173410
06173410
Qel7341C
06115607
Qell15607
0« CEBT705
040E67CS
Q.CESG3E4
Qe CES364
14734058
141 EEQES
CeE67050
l«1SEQES
14724058
0e8E7050
Qe€S3640
0.554G12
0eb4£2427
Qea34€EE20
Qe277456
Qa2321213
0«1GE183
Vel173410
04172410
0173410
Cell1S8607
04115607
0.086705
Ce CEET0QE
0.0€£5364
0.08G264
1156065
V867050
le1S€QES
0.8£67C50

06514321
1e5936316
DeH2339¢E
Celd4481LL
0e 340530
Q2754586
Je&HL1057
170671
Qe 607924
CeH740E5
04534378

CeCHILBTY
le720031
1e251822
0.51776¢C
lel90YWEL
14722244
0eB8742¢0

QJe5631€ 08¢’

D0 e54365¢
Qeld55244
Oe 3448546
Ce2773E5
Qe231765
06158963

(@]
[ ]
— .
NN
PN
—
[\V]

OO 0000COO0n
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TABLE 7.
OATA

V04K
Q04K
voarK
004K
V04K
QU 4K
004K
V04K
004K
004K
004K
CO4K
V04K
004K
004K
Q04K
Q04K
JO4K
Q04K
J04K
004K
J04K
V04K
004K
J04aK
Q04K
Q04K
Q04K
Q04K
V04K
Vo 4K
Q04K
QuaK
004K
J04K
VO4K
004K
004K
S 04K
C0a4K
004K
Uo4aK
004K
QO4K
004K
004K
004K

ID

CCNTLINUEC.

240
241

242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
2586
259
260
2¢l
262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
2&1

z82
283
284+
285
286

KEYES, SMITH
T P

RANK I NE PSIA
1247.67 43294035
124767 3964 ¢323
1247.67 36454452
124707 31124351
124767 26384425
124767 2373 .5€C0
1247067 21154267
124767 15054C19
1247.67 15054078
1247467 15054137
1247.67 13584529
1247.067 135845300
1247.67 10534475
124767 10534122
1247.67  £59.789
124767 553942320
1265.07 49754309
123367 52864477
1283.67 48184031
128367 4343.383
128367 35494171
1283¢67 33244040
128367 28574540
1283467 2499.786
1283467 22184554
12€3.67 1593.533
1283e067 16934669
1283667 16624757
1253.67 14134068
12683.67 141342320
1283.67 1052.244
1233467 1092.111
1283.67 &89.946
12683.67 839.814
1219.67 52934277
121967 47094402
12319667 42424875
121967 35294673
131967 3012.6CH
131967 2622.528
131967 232204371
1219.67 20804833
1319.67 20E0.730
1319.67 20794320
131967 14664549
131967 14674240
1319.67 11304851

AND CGERRY.
RHO EXP
L3MCL/FT3
06532640
0.5546G12
Qe 4€2427
0346820
06277458
0231213
0.158183
0.1732410
Ce1732410
0173410
0.115607
Cell5607
0.0££705
Ve 0EC705
0.06G364
De0EG364
D+EE7050
0e8E€7C50
0.6G3640

54912
Qe4€2427
Je34E820
0e277456
Qe221213
0.1628183
0.17341C
0173410
Q«17341C
Cel135€07
Qel115607
Q.,CEB705
D«0E6705
Ve C6S364
0.0£6G6364
0.663640
0.554S12
064852427
06346320
Ce277456€
Ce231213
Ce 1 C81ES
0el1732410
0«173410
04173410
O0e115€07
0.,115€07
0.0E6705

THE AVERAGE ABSCLUTE ERRCR IN PERCENT IS
283 DATA FCINTS.

FOR

AHO CALC
LBMCOL/F T3

NDe6B24682
0546486
Ced57528
06345322
Odﬂ??y-

PNEPLOCOD
TIVIWL G QO

0.548845
Ced5G4 34
Ce346471
C.2780169%
C.231G3¢
Cel98003
Oel742C9

DWHONNO0 $

Cel741 &L

235

ERROR
PERCENT

-1061
-le52
-0097
-0.27
Cel2
0.30
Ced2
Oes5
0.45
0+45
Ceat?7
Qelo
Oe43
0e 39
0e49
0.33
-1.40
~1.53
-1 241
-1.09
-0e10
V.20
0.31
0.35
0e40
Ced4h
0439
Ce45
0.46
0.37
Qe 3¢€
Ce35
0633
-1.42
~0e97
-0e352
—-0.01
Ce21
0630
Q.24
0«45
Oes4
Ce 30
Oe4l
Cedo
0«35



TABLE &
KELL AND

DATA
ID

V03K
0Q3K
003K
Ou3K
003K
V3K
003K
JO3K
003K
003K
QO3K
VO3K
JOIK
VQ3K
VI 3K
003K
0V 3K
JU3K
003K
JO3K
903K
V903K
Q03K
VJ3K
VO 3K
JU 3K
003K
J03K
003K
JOU3K
Q03K
Q03K
003K
JO 3K
JISK
UU3K
JUQ3K
QO 43K
JO3K
VO3K
VO 3K
Y O3K
003K
VO3K
vO 3K
Q03K
VI3K
VO3K
v 03K
Ju3K
Q903K
GO3K
003K
QO 3K
Qu 3K
Y03K
Q03K
VO3K
VO3K

236

THE PREDICTICN CF EXPERIMENTAL DENSITY DATA OF

WALLEY s PHIL
T
RANKINE
1 491467
2 £09.67
3 €27.00
4 €36.07
S S36e.07
6 E3be0E
7 €45.87
8 451467
S £09.67
10 €27.06
11 3067
12 £30.67
13 C3Lal08
14 £45487
15 451407
16 £0%.07
17 €27.60
13 €36e07
1S 326667
20 £36.63
21 £45.87
22 451,67
23 €09.07
24 Z227.6066
25 £36.67
26 S36+07
27 £364.068
28 £45487
29 451467
30 €09.67
31 £27.606
22 £36.67
33 E36.07
24 £326.68
35 £45.87
36 451467
37 €09.67
38 S27.66
29 £36.07
40 £36.67
41 £36.08
42 €45.87
43 451607
44 £09.07
45 £27.66
46 S36.67
47 €36.67
438 £36.68
49 S45,87
S0 491.67
51 £09.67
52 £27.6606
S3 £36467
S4 36607
85 E30.68
5¢& £45.87
57 4G1.67
58 £09.67
39 €2T7.66

TRANSe ROYe SCGCe(LOGNDCN)s 258A,

P RHO EXP RHO CALC
PSIA LBMOL/FT3 LBMCL/FT3
726 « 870 344068608 3.412975
76 4870 3467834 3.452%54
764870 3e462€70 34462022
766870 3e645EH56 34481755
760870 3445E652 3.451755
7068720 3.45£636 3.451749
76370 3.453673 3.459359
18326748 3.4€5892 3.41301€
1826 74E 3,46SC83 3433363
182.748 3e4€3E2) 3402346
1826748 3.4E5EC768 3.462006
1824748 3645771 364020066
1824748 34456771 3ea520€E
182.748 34454795 34456470
2504076 36471150 3e%14245%
2906076 34470321% 3.453738
2504076 2e4E4SGS 3446260607
290076 3,4€£0G4Cc 3.46238¢
250,076 3.,460637 3.40623726
2504076 34460531 36462338
2904076 34455628 3.456937
3G76404 34472457 2e4l14a863
397 404 3471531 3454112
3S7e404 344€E15F 34602762
3376404 3.4€Z2070 3462705
3976404 34462073 34462705
39746404 344E2C070 30402702
337404 34E7058 344603590
6106755 3475061 3¢416141
610755 24473294S 3.454844
61l0e755 3e4€E486 34403C38
106755 344€4266 3.45H3332
5106795 3644373 343332
6106755 344€4366 3.453331
6104755 34456324 3.460621
823e%01 36477651 36417375
E23.501 3e47€3271 3455582
E23 4561 3.470801 3.404233
8234961 3+48€E655 3J.4063955
823961 3.46E655 344063955
8236961 3.4666438 3453G5¢
£23.5€1 3.4€E1568 3.4C1541
103741867 34483205 3.418532
1C37e187 3.47E766 3456313
1037167 3.47208&8 3.4€4917
1037167 34CEB88E 344064581
1037167 3.4€EEEBS 3.464581
1037:.167 3.4€E8$2 3.4€4578
1037167 3646308 34462161
14654029 3.48531& 3.420958
1405.029 3.482571 36457757
14654029 3.447770€ 3.4&0137
1465.029 3473442 3465821
1455029 34472454 34465821
14656029 34473244C 3465819
130654029 3446E333 3.4033%¢
18934036 3.45C40&8 34423278
18G3.036 3.4EE351 3456200
183934036 3.4E2285 34467446

S565(19635) .

ERRCR
PERCENT

-1.60
—0e43
-0.02

0.09

C«065

Va9

OD.16
—-1.62
-0.45
-004

0.07

Q0607

0«07

Jeld
—le04
~0e%8
=007

Ce04

0.04

0«04

Del2
—1eb56
—-0e50
-0.0‘)

0es02

De02

Ve 02

0.09
“1070
~0e55
~-0el4
‘CQ 03
~0.03
‘.0003

0405
-1 73
-0160
~-0.18
-0 U8
-C.CO
~1e77
-0 e 65
-Qed4
-0.12
~0e 12
-0e12
‘0.0S
-1e85
-Qe74
~0433
“0'22
~-Je22
—=Ce 22
-0014
-1 .92
~0e 34
~-0e43



TABLE

Se

DATA

003K
VO 3K
JO3K
QOaK
003K
003K
V03K
U0 3K
V03K
003K
VI3K
003K
JO3K
V03K
VO SK
J03K
V3K
003K
J03K
003K
V3K
JOIK
003K
JU3K
003K
JOJIK
304K
V03K
003K
JO3K
003K
V03K
003K
JO3K
J03K
V03K
VI 3K
003K
UU3K
003K
003K
VO 3K
JO3K
005K
003K
V03K
Q03K
003K
003K
OU3K
003K
UQ3K
003K
003K
QU 3K
V03K
J03K
003K
003K

1D

P s Pt s (et e et b et o0 ot P e s et gt = e

CCNTINUED.

62

—_ e s e e O COOGCOOO OO
NP W=OoCO~NOC NP WO

T
RANKINE

30«67
€36467
£364.68
€454.87
461e67
0907
C27.6¢€¢
36697
€36467
236468
45487
45167
€0Ge67
€27.66
36467
£36e07
£30.68
£45.87
491467
0967
E27. 66
£E36e07
£30e¢67
36408
45487
451607
€09.67
£27.086
£36467
36467
E30e04d
£45,87
491667
£05.67
£27.66
36457
£36.07
536.68
£45.87
431467
E0ve07
L2766
536467
£30.67
€30.68
£43.87
46167
50967
E27460
E30eb7
£E36e07
£36.68
£45.87
45167
EU5.67
E27.606
36467
30467
236.638

304G 4859
J045 859
2049.859
30456859
3049.859
30484839
4742016
4742016
4742.,016
474240156
4742016
4742.016
4742010
6432285
64322 E5

6432285

E432242E5
6432 4285
8432e2E5
H43262E5
8123723
8123.723
8123.723
8123723
51234723
Bl1234723
8123723
G814 4859
S814.859
&l~.839
14.6:}‘:
144856
14.8:9
144859
054707
056707
505707
05.707
CS 707
505737
05737
SHbe277
S66e277
GH6e277
Sbe277
SEe277
S64277
GEe277
866547
8864547
148804547
14886547
14886547
148804547
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KELL AND WHALLEY.

RHG EXP
LBMCL/FT3

34477540
36477671
36477950
36472779
504003
Cl1190
S457¢
S0060
50074
S0064
8&719
3414

LPELONNe NN
NNNN(J(AQHJN(J-—-&
WPWPR=N s
FPuN-FoyO OO

€434
50727
4790

PRSP COOO D

JbH D

cooO
TN Om O
D e N
RdJOO

24863
BE2B
1813

n

&
&
~J

OO n
Uids &
eI

[\™

WWWLWWWWWOLWWLWWWWRLLIWWWWWWEWWWUUWLWWWURLWHKLLUIWLWUWWWL W W WL WW
~
ﬁ

® 0 5 0 06 0 02 0 0 00 4 0 0 0 0 % 0 0 00 040 0000 00t 000 b s s 00 e

OO OUCUC oMU OONNOCOOAOMUIOMOROOOGaAOOUuOB S0

oocommmmmmﬁowmqquﬂmmmmmmoﬂﬂ
WBWWncOo~=mmmubDtaOpPDONOODOOOM0

[}

o

fo:]

VLV HIVIRE o Ve WEN R N o Xi 1
FPUNO NN E&ENO
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RHO CALC
LEBMCL/FT3

3407053
34467053
3407052
e84t 15
36425213
3462961
3470794
34470334
3e47UZ34
24470333
340675738
3437267
3e4033552
3475573
34475011
3475011
3475007
3e472E34
36444t 71
2473496
34305198
3.47G55€
S 47G650c
3.47G556
3e477055
3451563
3.44728456€
3484053
34433574
34483974
36433672
3e48l4cl
3.,458043
3.483235
36489055
3.48827¢6
Je 438276
3e438276
36435752
304{)4143
JeadB378C4
3ea493301
36432471
3492471
3e4G24686
3ea4869sC
3469535
3649235

3497444
3e49€5061
36496561
34458557
34494C32
3e475448
3496565
3.50147¢€
3.50054¢%
350094¢C
3e50C546G
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ERROR
PERCEMNT

=0.31
'0031
~0e31
‘0024
~2e13
—-1.09
-0.05
‘0057
‘0057
"0157
~0e48
-2444
—1e45
-1 004
—0.52
-0e92
-0092
-2476
"1.80
-1e39
"1'.27
-1027
-1 027
‘10 l8
-2¢195
"1073
=161
-letl
-1060
“1.51
—-037
—-2¢43
"2. N6
=193
~1463
-1.93
"1.33
-3.67
—2‘80
-2.25
—2425
—2025
—2.14
-3.96
=211
—2+069
-2455
—2¢55
=255
e 45
"4. ‘3
-3e42
-2099
—2¢35
-2¢85
—-2489



TABLE

8e

DATA

J Q3K
JO3K
Q03K
0u3x
Q03K
003K
V03K
003K
V03K
0Q 3K
Q03K
Q03K
JO3K
JU 3K
003K
JOJ3K
Q03K
Q03K
QU 3K
003K
003K
VO 3K
VLV 3K
003K
V03K
U OIK
JO 3K
003K
V03K
003K
QUK
JO3K
Q03K
V03K
V03K
VUI3K
VO3K
QO3K
JO3K
YO JK
JOIK
JU3K
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GO03K
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V03K
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CUNTINUED.

T
RANKINE

€45.87
S63.067
€CEle08
£G69.067
E1767
635457
£S53.68
€714068
€367
£381.68
SEGY%eH 7
€El17467
83307
c53.68
E71.58&
Sv3.07
£&l.68
G907
€17407
€35.67
tE3.68
€C71s 88
E03.07
€8ls.068
869407
€l7e07
€35.67
£53.68
£E7168
€E€3.07
EEi«edS
£69.,67
E17.67
€3307
£53.68
€71.08
£63.07
SEl .08
£59.07
E17.67
€3340 7
€Sl b8
C71.068
SE€E3.67
£8l.08
£S5GH7
El7en7
€35.67
€E53.,08
E?71.638
SC3467
SEl.68
£SY%.67
€17.067
£35.67
€53.08
€714683
€63.67
SE1.68

P
PSIA

148864547
760870
76 4870
76.870
76870
764370
764870
76 4870

280.076
2904076
2904076
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KELL AND WHALLEY.

RHG EXP
L3MOL/FT3
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RHQO CALC
LBMCL/FTS

Je&4S80V2H
34450313
Sed43E37S
36420348
3.401338
3380447
3357763
333330
36450948
3437542
3421054
3e40214¢
33831200
3358629
36334608
34514900
3e43853¢
3422112
3.403278
3.382454
3300023
36 3360¢1
36453160
343984y
364235087
34404778E
3e384112
3e301T7ESG
34337936
3454414
36441160
Jed24541
3e30£265
3385725
3363537
3339868
3.455038
3442400
364206273
3307746
3e38732¢
3365274
3e3417G¢
36458975
3445924
36429948
3e4l116 34
3¢35155C
3306332
3e4H6371¢C
3450074
3643515%€

238

ERROR
PERCENT

—2e74
0.25
Ce28
0626
0.28
0.28
0428
0.28
0.20
0e23
Ce24
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TABLE 8¢ CCNTINUED. KELL AND WHALLEY.

DATA T P RHO EXP RHO CALC ERRCK
10 RANKINE PSIA LBMCL/FT3 LBMCL/FT3 PERCENT
V03K 173 E69e67 64324285 34473965 34440265 ~0.97
Q03K 179 E17:467 6432+285 3.455€37 3.42275% ~0495
003K 189 E35457 6432285 34435707 34403514 -0e54
003K 181 €53.H68 6432.285 3414376 3382813 ~0e92
vO3K 182 E71e68 H43262E5 36351726 33060866C —-0.91
QO3K 183 S63e067 B1l234723 3521808 34472520 =139
003K 184 £81e68 B12364723 J45CCET0 3460381 -1.32
003K 135 £69.87 81234723 3.485S41 3e4452E5 ~-1.28
V03K 186 €E1l7467 S1234723 3471576 3.428C70 -1e25
JI3K 137 35667 8123723 36421606 324406225 —-1le24
003K 1488 €53.68 8123723 3.420817 3.388¢7¢ -1e22
U 3IK 189 €71e68 81236723 304CE472 3367531 -1-20
003K 190 SO3¢67 QEL4e859 34527480 3477204 —=1e70
903K 191 CEElaBOB8 GCBLl4.85S 364522229 3464958 —=1.63
U O JK 192 89467 GE14.8B359 3.505465 3J.450106 ~1le53
JO3K 163 Cl7e¢067 SEL14.859 3.4E7108 3433242 —14E5
JI3K 154 €357 GE144ESS 3ed4lTC4E 34414773 -1le52
00JK 155 ES3.85E GELl4e859 3e44E77€E 36394955 ~1450
JO3K 156 E71e68 GEl4+859 3424707 237409C ~1448
SIVICT.S 197 E63667 L1505.707 345E2€27 3.4814€E5 -2.01
IJIK 1538 EEleLB 115054707 3537440 3e49H942¢C —-le%2
J O3 199 ES9467 1150564707 3520645 3.454833 =187
V03K 200 617.67 115054707 34502410 3.4282381 ~1483
JU3K 201 835467 115054707 3.483011 3420177 =180
OV 3K 202 €ES3.68 11505.707 3.4€2321 36400777 =178
003K 203 £71668 1150547C7 34440506 333027c =175
Y 03K 20% EC3667 13150277 3.567870 3.48556¢8 -2430
Q03K 581468 13166277 36552336 3e4737¢1 -2.21
VO 3K 59967 131964277 34535529 33455443 —-2e15
J Q3K E17667 131964277 3517307 3443165 -2e11
003K ¢ €35.07 131904277 3458036 3e«425441 —2.08
V03K 299 €53e68 131966277 3477508 3406435 =204
003K 210 E71e668 131566277 34455664 34386372 —2.01
J03K 211 E63+467 14886547 3582580 3489758 —-2:59
003K 212 CRle08 148EG6eSA7 265€EG24 3Sea7E057 —2e¢45
Q04K 213 EGYe67 143806547 34550063 2.4036523 —2443
JU3K 214 E17¢67 1482854547 35321893 34447995 —2.33
Q03K 215 £35.067 14886547 34512733 32430576 =234
003K 216 EE3e68 140886547 36462340 24411947 —-2.30
JI3K 217 €71l.68 148864547 3.471013 2.3623403 —2.27

THE AVERAGE ABSCLUTE ERRUR IN PERCENT IS

FOR

217 DATA PFCINTS.

103



TABLE 6.
USBURNE»

DATA

10

COCLOLOoOOCCOCLOULCOLCOCCLCOLLCGLULCLUOCCCCOULCUlODOCULCOUCOOCT
0COCCOCOO0OOGLOOCOCCOLOOCLOCOOCOOCOLOCLCLCCOOCOCOCOLOOCGCOULLOO
Pt g B 1o gt et et P s P s Bt e e B et et gt e P g Bt et s B b e e B B e B e B e P Bt B o e e s P et pet s e B e bt B e et e
cOooopcooCoOOoNGOCOCCCCoooQooooecococecooCococoooooCoCcOcCOooOoCo

O OENCURPUN~GCOGENOG HFUWN-

VISl e e N Sl T oS

T PREDICTION OF EAPERIMENTAL
STIMSON AND GINNINGS,

T
RANKINE

451607
E00.67
509667
Zld.67
S27.67
E36«67
€45.67
5467
C€3.67
C72.07
€8l.07
590,67
599467
E0B8.07
ﬁwﬂtc.ﬂ
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€35.67
C44¢67
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€E53467
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E87e067
EGHBe O7
505467
S14.67
S23.67
C3257
S4leb7
$50e07
G2Ge67
GEBOT

RP 122G+« NES, 1939

P RHU EXP HfHGC CALC
PSIA LBMOL/FT3 LBMCOL/FT3
Q089 34047471 3412506
Del260 34467520 36439543
Oe178 386569385 36452724
Qe247 364564907 Je45%270
0329 34461830 Jed€ 1791
0.459 Je457761 344601227
04615 Se4S52935 3459206
04815 3447342 24552485
1070 3441050 3.450083

1 .390 3424099 Sedd 3320
1789 Je&42€734 Sed43IECLBE
22833 3e41E630 2e42E720
248386 3+40c388 3420105
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4 .516 J 362884 3ea0113E
Se851 Je 3806669 33908 ¢&c

6 «369 3370454 3e33CLlE7
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10.1€8 3e324EC04 33257521
124259 3 33€088 3edubHe 22
14,6396 36223621 363333508
17520 3311243 33207385
20779 Se2%E333 3307763
24520 Re2E4G00 T e2G44E4
256755 3273%c0 36282824
33.681 3e25¢828 3.266857
39.177 36242215 3.25255%5
454335 34227130 3e237%17
£€2.410 3211850 322243
604263 3e15€201 36237626
694033 3e180082 341515959
78300 3. 163E37 317563€
. 839640 3el14c838 34195547
101.€36 34126861 3142778
114.8373 3e411216E€ 3.125¢20
1294441 3064398 3410R0E4
1456434 34076006 34090093
162,943 34087297 307102
182,026 3.028280 S«DB52841
2024896 3s01E711 3.033c2s
2254540 24555875 3013732
2504118 26e$78527 2¢$63428
2764729 24657700 2e5725%8
3Q5.489 2.%ZEL1BE 24351213
336310 2e914454 24925254
369,906 26ES20%94 2090683
4054808 2eBESIE2 2883474
4440323 24845817 24859598
48354585 2.821737 24 835CC5
529.734 24767160C 2809065
575 4899 24771898 2733528
627207 24745783 2735E5G3
680.314 2.71503S 2.7287C2
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DENSITY DATA UF

ERKCKR
PERCENT
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Qea?@
Ceab8
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TABLE 9« CCNTINUEDs OSBIORNE, STIMSON AND GINNINGS.

DATA T P RHC EXP RHO CALC E&RCGR

v RANKINE PSIA LBMCL/FT3 LEMCL /T3 PERCENT
dO01lJ S5 S77«07 73844350 2683132 2670035 Oe26
0o1d 50 Libeb? Bo2.758 2633807 2,639102 020
QQlCG 37 560667 931.017 24603857 2.€00Cw95 0413
JOuld s3 1C04.67 1003300 2572274 2.5736CS Q0«05
001G 53 1013.67 10794793 2.5325873 2.53354% —0.0%
00lu €9 1C22.67 11604667 2e50€104 24502570 =014
THE AVERAGE ABECLUTE ERRUR IN PERCENT IS J e30

For 6J CATA PLINTS.



TApLE 10

OF KEoNAN
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VRNV
wuld
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TRIE PREDICTION OF EXSQERIMENTAL ENTHALPY LEFARTUNE

00?

croeo
——C o
oA

[o2N SN LN O2X 04X &
P b b et e e
NP LI

[ae
-
oA T

C.C
P
-G

522
525
524
L25
dao
0aT
S22
5293
(ST 2]
c3l
S 32
033
u3a
=33
036
w37
638
SN LY
i)
S41
wél
240
LG
SN%S]
[ XN )
o477
D43
049
0D
PE=B1
wH2
053
34
oL
03U
057
[o}=Te!
o9
HOU
6e1l
Hea
(J\.JJ
OCH

KEYES

T
RANK T NE

COY e 7
€SS e 7
C34 07
Sore
S8Jetd 7
SOV eS7
294067
EUYe67
LUY e T
T84 L7
759667
734407
71307
S1lJdea87
SUYeC7
ES5Y e 7
ESGean7
Elvec?
1075 .07
1C5%e?
G596 7
S35 JQUT
11lu9e07
1159+.67
1109.67
1C0907

1159467
L4274C7
1 ‘53.07
1252467
Lzu3e07
l45Ye07
1259.07
15967
1239607
1E99e07
14d5,6567
1259.67
15967
1209 .67
1€59607
1559 .07
la5%e67
155467
1239, 7
1C5Svetc7

2T Al e

"HTEAM

P
P3STA

1436314
13367926
102214433
4400690 1=
2713133~
1464.760—
10034765~
4528354
140636933
10270430
67336867
3044 4042
124462379
1429594590
13417554
874649
32S35.137
2":1 «1 33
Jodl(}
31 <328
le233
1 .da‘:
od”q

——
fo W -
'\JOP‘U PJ

——
W~
p-C
L
= L
i OGN
G F

?7.485
Soeldd
7t) o“\,?
73.477

-
G S GIS & Wtd e

wwumﬂwurcﬂwwq
o
-~
L ]
'S
3 G
oy

42 77-‘+3£«
145044297
113U06s9183

7’& 32841

52388123

3.‘; JeH29
132544974

G75v4438

6257002

46374513
13770508
1f073.219

DUJI.SOQ

4320410
14434.461
122004600

$92%313

53224492

41374365

14 77.) e S03I

D

!0)

TABLESY JOHN wILEY.,
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TABLE 1V
DATA

JU1lU
JOLJ
vily
SIVERV]
Uoluy
valu
00ty
JO1uU
Uiy
QUL U
VAV N RV
(V'R NV
voly
volu
JOLU
Jaolu
NEVE Y]
Juluy
uolu
JOLU
uoly
Gol v
JOLlu
JoliuJy
201U
Suly
(V'R RV]
uolJ
vuld
uvliu
uulJ
VIR RV
Julu
voluv
uolJd
VIVERY]
oL J
JOlvy
Joid
NEVBRV]
JUulu
July
JUlJ
VIV RY]
JUld
Julu
RSN BV ]
JUulu
uoluy
NEVE RV
Jolu
001J
“v0ly
udld
gold

TAE
FOR

1D

CONT INUVED o

565
o OO
SY-¥4
el
wb
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o7l
<72
O73
74
S75
076
o?f

o679

NNNNNSN NN
b et ot ot et P e Pt et
DENCUEE WP -

T
RANKINE

459.67

14J9o07
12096067
259467
245967
1555.07
1435.07
1240907
2839407
2453467
1655467
1459.,067
120907
1159e07
110907
10%59.07
LCOYe 7
2c5%.67
24594067
155567
L4950 7
1159.467
95907

ESYe87
2ESVes 7
245367
195907
1459407
115367
$5S9ets 7

é:‘)‘“".b?

753ec 7
2ESY .67
2455067
1S53.07
145907
1159.07
S539407
59607

75"90!') 7
L3607
2889667
243767
155367
1453.67
115907
S59.6 7

ESYe0 7

75987

€53.07
59407

113 CATA PCLINTS .

7730344
47200324
391964446
131766977
JL024172
36836734
34345606
7612055
5040233
5006 ,043
33226923
22720351
31344036
204 %6325
2069 .637
la7440617
1137.050
1020.638
G485 o 245
3714038
6524204
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75461
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332,740
267 e4 1o
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50442
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346070
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17377
13796
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16200
Je0I3
7Te790
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26530
2e334
le736G

1 6331
1143
1.024
JeY 04
Je785

0 e

KEENANSKEYESY ET AL
P H EXP
PSIA ATU/LBMOL

~2€854637v
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-121e.2¢21
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AVERAGE ABICLUTE ERRUR IN BTJ/7LBEMCL
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TABLE 11

UF ANGUS AND NEWITT,

DATA
1L

003A
J03A
003A
Q03A
003A
003A
Q0 3A
003A
003A
V03 A
003A
003A
UO03A
003A
003A
003A
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THE PREDICTION OF EXPERIMENTAL ENTHALPY DEPARTURE

VNG U & WUN -~

PHILes TRANS.
T P

RANKINE PS1A
121167 870.221
121167 2900.738
1571.67 8706221
1€71.67 26004733
157167 S8014473
1£71.67 8702.211
157167 11602,945
1751.67 870.221
1751+.07 2500.738
175167 SE01 473
175167 &8702.211
175167 11602.945
121107 S801.473
1211.67 8702.211
121167 11602.945
121167 14503.688

RCOY. SOC.
H EXP
ETU/LBMOL

-41.5860
—197.5800
-20.1830
—-70.5180
—154,624%0
-237.6120
-311.£660
=12.53290
-52.4760
-107.28950
—-15&8.7380
-213.2030
-380.6948
-615.7698
—630.595%
-633.6108

THE AVERAGE ABSCLUTE ERRGR IN BTU/LBMCL

FCR

16 CATA FCINTS.

{LONDON) »

H CALC
BTU/LBMOL

~4643983
-185.8912
-21+444738
-73. 85065
-153.4383
-233.7884
-305.185¢
-16¢0740
-54.1390
=108.6571
—16243328
-2117525
~581.5754
~6184866¢C
—-632.7881
-639.6125

2490

Ve

259(1966)

ERROR
BTU/LBMCL

4041

—~24 08

1.26
333
le19

-382
=668

3e14
1.66
le67
359

~1e45

O.88
307
2419
600



TASLE [2.

THE PREDICT 10W UF EXPERIMONTAL EUNTHALRY

CALLENODAR AND EGERTUN,
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TABLE 12

DATA
D

Q92C
waC
vo2C
I02C
a02C
Vo2¢C
voacC
002
J02C
J02C
uo2C
Joz2c
0a2C
Q32C
J32C
202C
J02C
voeC
Jg2C
202C
J0z2C
J32C
00eC
wuac
vwOzC
ud2C
saaC
302C
J02C
J92C
uu2C
JO2C
Va2¢C
v02C
sugC e
ua2C
JuLC
UOel
V02C
wuacC
J02C
JuaC
0o uC
00l
udzC
V0eC
Jd2C
092C
uuz2C
vuoeC
g02C
JueC
Joz2C
UvzC
v0dLC
202C
vozC
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CONTINUEDe
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