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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 consists 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 (5) 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 KPa). A model of 48 
parameters was developed and then improved to a model of 43 
parameters 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 [19], 
BWR [3], and Vennix [27] equations. Since its development 
in 1940 the BWR equation has received several modifications
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to improve its high density, lov7 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. In 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 fluids by using hard spheres as a reference



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 technique 
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 ŷ ,

Y^(x^,%2' ••• ^2' —  ~ ^i^^^^n' (1)

where the x^'s are the independent variables (in this case 
temperature and density) and the a^'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

9distributed with known variance and mean Y. ({x}„; {a},),1 1 n X/
maximizing the probability corresponds to minimizing the

2function x
2 , ,_2 > r T X 2

X  =  2  l / a ^ [ Y ^  -  ( a ) j ^ )  ]

= 2 [Yĵ - {a}^ ) ] ̂  (2)



where is the experimental value for the ith sample point 
and is the weight for that point. The condition for a 
minimum is the Ü normal equations

llj = a/9aj Z o)̂ [Ŷ  - = 0

j=l,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, {a^}^, and truncated to first order in 
the corrections Aâ  becomes

& 9Y._
Yi({x>n! {a}j) = 3^—

(4)
2To the first order approximation, % can be expressed as

2 2 x" = Ï «).{ïi-[ïiO + £ ^  Aa.n" (5)

where the variables of y^q have been dropped for convenience. 
The normal equations are then

9Y. 3Y.
Ifs- = -2 Z w, . z ^  Aa.} ^

= 0  k = 1,2, ...,& (5)



where

and

In matrix form these equations are then

= Aa a = E Aâ â ĵ  (7)

= E a>itïi - ïiol ^  (8)

The equations are solved for Aa and the new estimates 
of the parameters are

â = âg + 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 a are increased by a factor 
X. The matrix equations are then

3 = Aa a', (11)

= Uj^Xl+X) , for j=k

, for i ^ k (12)

2The factor X is optimized to reduce x •



After the vector Aa is calculated, the parameters
are updated. This process of updating the parameters is

2continued until the minimum of % is reached.
When the function is linear in the parameters {â

Yi({x.}n; = s (13)

where ( ̂ î̂ n̂  are functions of the set of x, the normal 
equations can be obtained directly from 6 as

||- = -2 Z w. (Y. - Y.({x.}^; {a}^))X%({Xi)n) = 0

k = 1,2, . .., £ (14)

This gives rise to the equivalent matrix equations as 7 
through 9 in which Y^q = 0 and

3Y..
»k = J = J ''l

and

The derivatives with respect to the parameters were 
approximated by the finite difference method, i.e.

9f(x) _ f(x+h) - f(x-h)
9x 2h • ( )



Also by assuming the percentage error is constant the 
weight, , becomes

= 1/Y^ . (18)



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 Grout 
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 Grout 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 
per^otmed upon 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 OP 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, C^ and Ĉ . 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 various 
types of data as well as data for other compounds (this 
regression method is presently being used for studies 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 from 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. Information 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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FIGURE 2A. A Three-Dimensional PpT plot of the Typical 
Behavior of an Equation of State.
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f i gu r e 2B Isotherms of a Typical Equation of State
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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 13. The regions of the pressure-temperature 
surface that were covered by the various data references 
for density are shown on Figure 14.
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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* = aT/T^ (19)

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

P* = (20)

where 3 = 1 and p̂  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, T^, 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

A^jT*“lyTj(y) (21)

where y is the density reduced according to the relation

y = 3p/4p^. (22)

The full 72 parameter model which was used then is

 ̂  ̂ *_1 Z = 1 + E E A. .T yT. (y). (23)
i=o j=o ]

This equation was implemented in the subroutine PRES using 
a single subscript on the parameters. The listings of PRES 
and FIl and PI2, 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
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TABLE I

The first eight Tchebycheff polynomials

Tq(y) = 1

T̂ (̂y) = y

T^ (y) =1 2y^ - 1

T^ (y) = 4y^ - 3y

T (̂y) = 8y^ - 8y^ + 1

Tg(y) = 16y^ - 20y^ + 5y

Tg(y) = 32y^ - 48y^ + 18y^ - 1

Ty(y) = 64y^ - 112y^ + 56y^ - 7y

Tg(y) = 128y® - 256y^ + 160y^ - 32y^ + 1

Recursion relation;

"̂ n+1 " 2y^n + ^n-1 = °



TABLE II

Table of the parameter index corresponding to a term of the type T yT^(y) in
the equation of state. The numbers in parenthesis are

the indices of AXTN as implemented in EZFIT.

YTq yT^ yT2 yTg yTg yTg yT-y yTg
T*0 1 7 13 19 25 29 33 37 41(1)
T*-l 2 8 14 20 26 30 34 38 42(2)
T*-2 3 9 15 21 27 31 35 39 43(3)
T*-3 4 10 16 22 28 32 36 40 44(4)

5 11 17 23 53(13) 57(17) 61(21) 65(25) 69(29)
T*-5 6 12 18 24 54(14) 58(18) 62(22) 66(26) 70(30)
T*-6 45(5) 47(7) 49(9) 51(11) 55(15) 59(19) 63(23) 67(27) 71(31)
T-7 46(6) 48(8) 50(10) 52(12) 56(16) 60(20) 64(24) 68(28) 72(32)

W<y\
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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 properties by integration. This method 
was used by Starling and Han [24] in their work on the modi­
fied Benedict, Webb, Rubin equation of state. In each 
method, one can work with the base model and two derived 
relations from which all other properties are obtained.
When the free energy 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 * _

Z = P/PRT = 1 + Z Z A..T yT.(y) (24)
i=o i=o J

FI. = /P (Z-l)d In p* (25)o
*

FI- = /P 9Z/3T* d In p* (26) ̂ o

and the reference condition

FI3 = In(pRT) (27)

Using the definition of the compressibility, FIl and FI2 
are then given as

7 8 * .
FI, = Z Z A. .T T.(y)d y (28)

1 i=o j=o o :
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7 8

Pl2 = E E A. . T.(y)dy (29)
i=l j=o o ]

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* = T* FI^ + T* FÎ  (30)

U* = -T* FI^ (31)

H* = -T*^ FI^ + T*(Z-1) (32)

S* = -FI^ + T* FÎ  - FI^ (33)

G* = T* FI^ + T* FI^ + T*(Z-1) (34)

f/f° = exp(FI 2 + FI^ + Z-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 (0,y)

/Tq = y
/T^ = y^/2

fT^ = 2/3 y^- y

/Tg = y^ - 3/2 ŷ

/T̂  = 8/5 ŷ  - 8/3 ŷ  + y
/Tg = 8/3 y^ - 5 y^ + 5/2 y^

/Tg = 32/7 y^ - 48/5 ŷ  + 6 y^ - y

/T^ ;= 8 y® - 56/3 y® + 14 y^ - 7/2 y^

/Tg = 128/9 y^ - 256/7 y^ + 32 y^ - 32/3 ŷ  + 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 lb moles/ft^

18.015

0.348

10.7315 psia ft^/lb moles 
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 so 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 quick 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, Z = 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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9P/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 can be
solved by the selection of appropriate weights for the
individual pressure points instead of the usual method of

2selecting the weight to be 1/P , i.e. the maximum likeli­
hood weight. The weight of the point is proportional to the 
variance [4] and is theoretically given as

»i =

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.
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TABLE V

WEIGHTING FUNCTION FOR PRESSURE 
DEPARTURE REGRESSIONS

Reduced Density Weight
4.0-3.0 0.009
3.0-2.5 ' 0.001
2.5-1.2 0.10
1.2-0.5 10.0
0.5-0.1 1.00
0.1-0.001 10.0(Tj- > 1.2)
0.001-0.0 100.0 (Tj- > 1.2)
0.1-0.0 100.0(T- < 1.2)



CHAPTER VII

MODEL IMPROVEMENT BY REMOVAL OP 
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

2the regression. Statistical analysis of the variance a , 
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

where t̂  is the Student's t statistic at the a level, is 
the standard error, which is the square root of the variance 
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

2
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 stop 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 

to Zero
Set

Density(%) Vapor• pressure(1%)
Enthalpy
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 vapor 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 VII

Effects of removing parameters by setting to zero 
in the 45 parameter equation

Errors
Parameters Set 

to Zero Density(%)
Vapor
Pressure(%)

Enthalpy
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 sta,te 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

Z = 1 + Z Z A. .T 1 yT. (y) (39)
i=o j-o ^  ^
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where y - 6p/4p , T = aT/T and T. is the Tchebycheff poly-c c j
nomial. The parameters for the equation are given in Table VIII.

Data 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 values 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
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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
2 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 01 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



54

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 1.04%.

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,

2 2SSEj = Aj/Cj, which is the ratio of the parameter squared 
to its variance. This method was used to eliminate 5 para­
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 
pressure 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
DENSITY

*Working set 
Subsets
Holser, Kennedy^® Keenan, Keyesl^ 
Kennedy!
Keyes, Smith!”
Keyes, Smith, Gerry!?
Kell, Whalleyl4
Osborne, Stimson,Ginnings^O

Number 
of Data 
Points

TOTAL
ENTHALPY
Working set 
Keenan, Keyes! 
Angus, Newitt! 
Callendar, Egerton^

TOTAL
VAPOR PRESSURE
Osborne, Stimson, Ginnings^O

113
16
134
263

Pressure Range
Temperature

Range
Average Absolute 

Deviation
382 0.66-20,305 psia 491.67-2859.67 *R 0.43%
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%
216 1450.38-20,305 psia 707.67-2291.67 °R 0.50%
108 0.66-14694 psia 509.67-2859.67 “R 0.4 %
401 145.038-1450.48 psia 851.67-2291.67 ®R 0.31%
129 61.96-5066.71 psia 545.67-1139.67 ®R 0.58%
283 194.28-5403.28 psia 842.67-1319.67 °R 0.73%217 76.87-14,886.5 psia 491.67-671.67 °R 1.03%
60 0.089-1160.667 psia 491.67-1022.67 °R 0.36%

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

0.66-14,694
870.2-14,503
71.5-2842.
0.66-14503

psia 509.67-2859.67 °R 
psia 1211.67-1751.67 °R 
psia 851.67-1571.67 °R
psia 509-67-2859.67 °R

1.58 BTU/lbm 
2.90 BTU/lbm 
1.45 BTU/lbm
1.59 BTU/lbm

ui

53 0.089-3090 psia 491.67-1159.67 °R 0.12%

Included in individual density data sets also.
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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 [14]. 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/lbm (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 [1]. 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/g).

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 are^

A = U - T'S (1-a)
H = U + P'V (1-b)
G = U + P'V - T'S (1-c)
w. = (1-4)

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 the chemical potential of
a system of n moles of which there are n̂  ̂moles of the ith 
component.

The molar quantities are obtained by dividing by n 
to get the following relations in which the tilde (~) repre­
sents a molar quantity

A = U - T'S (2-a)
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H = Û + P/p (2-b)
G = U + P/p - T'S (2-c)

(2-d)

where [n̂  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

AU = U - SX.U? (3)1 1

in which the superscript ° represents the ideal gas condition 
of the same temperature and unit pressure. Similarly, equa­
tions 2 become

AA = U - T-S - ilXAJ° - TZX^S°) = AU - TAS (4-a)

AH =! U + P/p - (ZX.U? + ZX.RT) = AU + P-T(Z-l) (4-b)
^ X

AG = U + P/p - T S - (ZX^U° + PT - TSX^S°)

= AU - TAS + RT(Zr-l) (4-c)

Ah = (3A/3n.)T Y (*-4)
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where R is the universal gas constant and Z is the compressi­
bility Z = P/pRT.

*By defining a dimensionless temperature, T = aT/T^, 
where a is a scaling parameter and is the critical tempera­
ture and using the universal gas constant, dimensionless pro­
perties are given as

A* = aAA/RT^ (5-a)
U* = aAU/RT^ (5-b)
H* = aAH/RT^ = U* + T*(Z-1) (5-c)
* * * *S = AS/R = (U -A )/T (5-d)

G* = aAG/RT^ = U* - T* S* + T*(Z-1) (5-e)
= aAu./RT^ = (3A*/3ni)T y (5-f)

The fugacity f, which is defined as

RT In f^ = (6)

then is

T* In f./f? = y. (7) ̂ i ^

where f? 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 equation of state as^

A = /” (P-nRT/V)dV-RT2n. ln(V/n.RT) + In.(U°-TS°) (8)
V  1 1  1 1 1

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

A = /" (P-RT/v)dv - RTSX. ln(v/X.RT) + EX.(U?-TS?) (9)
V  1 1  1 1 1
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The modified excess form (4-a) then is

A* = ct/RT (P-RT/v)dv - T*2X. ln(v/X.RT) (10)
C Y  1 1

2By using the relationships P = ZpRT, dv = -dp/p , and 
*p = 3p/p^, where 6 is a scaling factor and p^ is the critical

density, 10 is further reduced to

A* = a/RT^ (ZpRT-pRT) (-dp/p^) + T*ZX. ln(X.pRT)
C p 1 1

= T* {/P*(Z-l)d In p* + EX. InX.p*T* + ln(Rp T /Ba)} o 1 1  c c

(11)

In a similar fashion, the internal energy is given as

U = /" (P-T(9P/3T)„ „)dv + En.U° (12-a)V V, n 1 1

U* = a/RT /“ (P-TOP/3T)„ _)dv (12-b)c V  V ,  n

U = Ci/RT̂  / (ZpRT - pRT(Z+T9Z/3T) ) (-dp/p ) o p

= -T*2 ;P* 3Z/9T* d Inp* (12-c)o

By defining the following terms

FI, = /P*(z-1) d Inp* (13-a)1 m
)*
O

> * * *PI, = /P 9Z/9T d Inp (13-b) ̂ o
PI3 - SX^ ln(X^p*T*) + ln(Rp̂ T̂ /Bct) (13-c)



and using the previous results the thermodynamic properties 
are given from an equation of state as

A* = T* PI^ + T* FI3 (14-a)

U* = -T*2 FI2 (14-b)

H* - -T*2 + T*(Z-1) (14-c)

S* = -FI^ + T* Fig - Fig (14-d)

G* = T* FI^ + T* Fig + T*(Z-1) (14-e)

In f^/f° = l/T*(3A*/3Xi)py X (14-f)

For a pure fluid the fugacity reduces to

In f%/f° = Fig + FI^ + Z-1 (15)

^Prausnitz, 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 flexible 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 Marquart^. 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 3 00 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

^Bevington, Phillip R., "Data Reduction and Error Analysis 
for the Physical Sciences", McGraw-Hill, New York, 1969.
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Program Organization
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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 1-5̂ , 
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 the various 
calculation options of Gauss-Newton, Marguart and linear 
regression 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
1 cc. 1-5? lOUT; 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 Y, Ycalc' and % 
error, regression summary statistics, output 
tables of calculated properties and corre­
lation coefficients.

3 The echo print is omitted from the features 
of type 1,

4 Correlation coefficients is omitted.
5 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.
2 cc. 1-5? idata? Selection of data input routines as:

1 DATA; Compound cards, then preBANKED data.
2 DATA2? Blocked, BWR original data format.
3 DATA3? Blocked form of data in BANKED format.

3 cc. 1-10? DFLMDA: Selection of regression method as:
.001 Marguart

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(S); Selection of derivative calculation mode:
0 Numeric derivative with precision test
1 Numeric derivative with delta of ,01 of parameter.
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6 cc. 1-5; ISTATE(4); Selection of error message mode:
0 Pull messages
5 Minimum of error messages

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

8 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.

9 cc. 1^5; NNTERM: dummy
10 cc. 1-5; NUlFR; Initial number of parameters to be fitted 

in a series of regressions, 
cc. 6-10; NUITO; Final number of parameters to be fitted.

11- 1615; ITERM(40) ; Parameter numbers in order to be fitted.
13 As standard 40 may be supplied but no more than

30 can be fitted.
14- 8F10.0; Al(40); Initial values of parameters in ascending
18 order form parameter 1.
19 cc. 1-5; NCODE: Weighting mode selected as

1 Weights supplied by data input routine.
0 Equal weights
-1 Weight as l/y^^p

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

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

22 cc. 1-5; NPTS; Number of data points.
23 Control cards as specified by the selected data

input routine

COMPOUND CODE CARD 
Short Form

1 cc, 1-8; Eight character acronym for compound, 
cc. 9-10; Two digit compound code, 
cc, 11-20; TCRIT; critical temperature in Rankine. 
cc. 21-20; PCRIT; critical pressure in psia. , 
cc, 31-40; RHOC; critical density in Ibmole/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/PRW/RGAS , RENRGY, TCRIT, PCRIT, RHOC, W, ALPHA, BETA, XMW,
1 A(40) ,B(7) ,NTERMS,NPARM^NUMB,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 The critical temperature in consistent absolute
units.

PCRIT The critical pressure in consistent units.
RHOC The critical 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
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NUMB Used
RTOP The 1
RMIDL The ]
RMIDV The 1
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Algorithm for MAIN Program

1. Initialization
1. Set CPU clock
2. Zero ICOMP, ISTATE

2, Data Input
1. 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=1, Call DATA
2. If IDATA=2, Call DATA2
3. If IDATA=3, Call DATA3

4. Echo data points if desired.
If I0UT<3, Print DATAID and X

3, Initialize regression; IPRES=0, NPART=1, CHI=1
4. Do series of regressions 

For NU1=NU1FR to NUlTO
1. Initialize;

NTERMS=NU1-NNTERM
NPARM=NU1+NFPARM
DF=NPTS-NU1CHI=10G0

2. Store parameters; STORE(LL)=A1(LL)
3. Check for output only

1. If IOUT<10 Go to 4,4
2. Move parameters to COMMON; A=A1^_^Q, AXTN-AI^^^-ĵqq
3. Go to 1110

4. Initialize for regression
1, FLAMDA-DFLAM.DA
2, STORE (.1)-CHI
3, STORE Cl+L) =A1(L)



73

Perform regression iterations 
For 1=1 to 20 .
1. Do one iteration; Call CURFIT
2. Calculate and output relative change in parameters; 

STORED (L) = (STORED (L+1) -A1 (L) ) /A1 (L)
3. Calculate and output length of change as 

SSQ= Z(STORED(L+1)-Al(L) ) 2
4. If first iterations store variances; STORE(1+NPARM+L)= 

SIGMAA(L)
5. Evaluate results of iteration

1. If chi^squared increased, CHKCHISQR, 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>10^^,
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; 

ST0RE(1)=CHI, STORE(1+L)=A1(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. Output results

1. Retrieve parameters and variances from STORE.
2, Output tabled parameter index, ITERM(J), 

parameter, Al, standard error, SE= SIGMAA*CHISQR, 
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, FCHI, F-statistic for adding 
term to regression.

4, Store unreduced chi-squared for next 
FCHI, CHIl-CHIN

5, Output results for points; call OUTPUT 
5, Stop program with regression series complete.
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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) The BANKED compound identification code.
CPC(20) The critical pressure for the compound in con­

sistent units.
CRC(20) The critical density in consistent units.
CMW(20) The molecular weight.
CW(20) The Pitzer acentric factor.
CTC(20) The critical temperature in consistent units.
CA(20) The reduced temperature scaling parameter.
CB(20) The reduced density scaling parameter.
CNAME(20,2) An eight character compound acronym.
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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. Output;
1. Arguments; I CHAR, CHAR.

c. Intermediate:
1. IFACT power of 256 place keeper.
2. 110 working variable.
3. I, working variable,
4. J, do-loop parameter.
5. IDUM, DUM equivalenced variable for changing 

type specification.
4. Algorithm;

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

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

110 -I/IO
ICHAR = (1-110*10+240) *IPACT+ICHAR

2, Prepare for next digit;
I = 110
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3. Prepare next place value; IFACT = IFACT*256,
4. Move bit pattern to real variable:

1. IDUM=ICHAR
2, CHAP=DUM
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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 = (3H/3T)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;

Tf absolute 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. Hierarchy; Called By; FUNCN

Calls; U
2. Functional Description;

This subroutine calculates the specific heat at con­
stant volume, C , by numerical derivative of the internal 
energy as

C^ = (9U/3T)y

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 algorithm 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:

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 components.
Card 2-NCOMP+l; NCOMP physical properties cards 

BANKED short form: CNAME, IWHOLE, CTC,
CPC, CRC, CMW, CW, CA, CB 

Cards NC0MP+2-; NPTS cards in pre-BANKED format. 
CONTROL, T,P,Y,DATAID(2X,4F10.0,26X,3A4)

b. Output:
1. Arguments :

X,array of independent variables for data points
y, dependent variables for data points
WEIGHT, weights for data points
YEAR, 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)
c . 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. Initialize 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
4. Input data cards;

For 1=1 to NPTS
5. 1. Read the Ith X's, Y, and DATAID

2. Prepare weight; WEIGHT(I)=Y(I)
3. Separate control variables;

IWH0LE=|X(I,1)I+.005
IFRACT=I X(1,1)-IWHOLE+.0051 *100

4. Calculate subtotal for data types;
If IFRACT=0, NPTRH0=NPTRH0+1
If IFRACT=10, NPTH=NPTH+1 
If IFRACT=20, NPTVP=NPTVP+1

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

7. For 1=1 to NPTS
1. Evaluate weights;

1. If NCODE<0, and Yÿ̂ O, WEIGHT ( I) =1/[ Y (I) j
2. If NC0DE<0, and Y(I)=0, WEIGHT(I)=1
3. If NC0DE=0, WEIGHT(I)=1
4. If NCODE>0, WEIGHT(I)=1/WEIGHT(I)**2

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



83

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

9. Calculate weighted variance;
1. Initialize accumulator; SUMY=0
2. For 1=1 to NPTS,

SUMY=SUMY+WEIGHT(I)*(Y(I)-SUM)**2
3. YVAR=SUMY*NPTS/(SUMW*(NPTS-1))
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Subroutine DATA2
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 vapor 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,Ÿ,DATAID (2X, 4F10. 0 ,26X, 3M) 
NPTRHL cards in Han density format 
(T,P,p,CODE-3F10.0,20X,l5)
NPTHL cards in Han enthalpy format 
(T,P,AH,CODE-3F10.0,20X,I5)
NPTVPL cards in Han vapor pressure 
format (T,P-F5.0,F10.0)

Repeat from Card 2 NCOMP times.
b. Output:

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)
c. Intermediate

1. COMMON/P RM/RHOC
2. I, do-loop and index parameter
3. J, L, JA, do-loop parameters
4. P, inputed pressure
5. T, inputed temperature
6. Dl, 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
1. Initialize counters to 0; NPTL, NPTRHO, NPTH, NPTVP=0
2. Input and echo print NCOMP
3. 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-1.
SCALE-SQRT (SCALE)

4. Read in any data in pre-BANKED form;
1, If NPTA-0 go to 3.5
2, For JA=1 to NPTA

1. Read Ith data point; I=JA+NPTL
2. Calculate WEIGHT=Y/SCALE



86

3. Calculate subtotal for data types; 
IWH0LE=|X(I,1)1+.005 
IPRACT=jX(I,l)-IWHOLE+.005|*100 
If IPRACT=0 NPTRH0=NPTRH0+1 
If IFRACT=10, NPTH=NPTVP+1 
If IPRACT+20, NPTVP=NPTVP+1

3. Update index offset; NPTL=NPTL+NPTA
5. Read in any density data;

1, If NPTRHL-0, go to 3.6
2, For J=1 to NPTRHL

1. Read the Ith data point; I=J+NPTL 
DATAID(I,1)=D1, DATAID(I,2)=D2

2. Convert to pre-BANKED form;
T=T+460, C0DE=-1
If RHO<RHOC, C0DE=1 
If C0DE<0 X(I,1)=-IWHOLE 
If C0DE<0, X(I,1)=IWH0LE 
X(I,3)=P, X(I,2)=T, Y(I)=RHO

3. Prepare weight; WEIGHT=Y(I)/SCALE
3, Update counters ;

NPTRHO=NPTL+NPTRHL
6. Read in any enthalpy departure data;

1. If NPTHL=0, go to 3.7
2. For J=1 to NPTHL

1. Read the Ith data point; I=J+NPTL 
DATAID(I,1)=D1, DATAID(I,2)=D2

2. Convert to pre-BANKED form;
T=T+460,
If C0DE<0, X(I,1)=-(IWHOLE+.10)
If CODE>0, X(I,1)=IWHOLE=.10 
X(I,2)=T, X(I,3)=P, Y(I)=DELH

3. Prepare weight; WEIGHT=Y(I)/SCALE
3. Update counters;

NPTH=NPTH+NPTHL
NPTL-NPTL+NPTHL

7. Read in any vapor pressure data;
1. If NPTVPL=0, go to 3.8
2. For J-l to NPTVPL

1. Read the Ith data point; I=J+NPTL 
DATAID Cl,1)=D1, DATAID(I,2)=D2

2. Convert to pre-BANKED form;
T=T+460;X(1,1)=IWHOLE+.2; X (1,2)=T; 
X(I,3)=P; Y(I)=P
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3. Prepare weight; WEIGHT=Y(I)/SCALE
3. Update counters ;

NPTVP=NPTVP+NPTVPL
NP.TV=NPTL+NPTVPL

8. Continue read loop
4. Initialize accumulators for mean and variance;

SUM=0, SUMW=0
5. For 1=1 to NPTS

1. Make character id number for data in Han's format; 
If DATAID(1,1)=D1 and DATA(1,2)=D2 , Call
CONVR Cl,ICHAR,DATAID(1,3)

2. Evaluate weights;
1. If NCODE<0, and Y(I)/0, WEIGHT(I)=1/(Y(I) j
2. If NC0DE<0, and Y(I)=0, WEIGHT(I)=1.
3. If NC0DE=0, WEIGHT(I)=1
4. If NCODE>0, WEIGHT(I)=1/WEIGHT(I)**2

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

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

7. Calculate weighted variance;
1. Initialize accumulator; SUMY=0
2. For 1=1 to NPTS,

SUMY=SUMY+WEIGHT(I)*(Y(I)-SUM)**2
3. 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 1; 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, Y, ICONT, 
DATAID

Repeat from Card 2 to Card 4 NBLKS times.
b. Output;

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
DATAID, array of data identifications for points

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

1. I,JBLK,J,K,JJ,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

4. Algorithm:
1. Initialize counters and control;

NPTL-0, ICOMP (D-O, 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:
1. L1=L-1

3. For JL=1 to LI
1. Check if IWHOLE is already present 

If ICOMP (JL)=IWHOLE go to 4.4
4. IWHOLE is not present so include in PRP

1. ICOMP (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

4. Read data control card; IFILE, NPTA, SCALE
5. Prepare group weights; IWT=0

1. If SCALE>0, go to 3.4.1.2
1, Else, Set code for equal weights for points 

in group;
IWT=1,
SCALE= j SCALE I

2, If SCALE=0, SCALE-1
3, SCALE-1/SCALE

6. 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,1),X(I,2) ,X(I,3),Y(I) ,ICONT,DATAID
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3. Prepare to read following card for point; 
JL=3,
If XC0NT=0, go to 3,5.5, no more cards.

4. Read rest of cards for point :
For JJ=1 to ICONT
1. Set indices for X's;

JS=JL+1
JL-JS+5 
If JL>N, JL=N

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+1) to X(I,N) with 0.

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

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

5. Update Number of points, NPTS=NPTL, and go to 6.
6. Print end of file error message and stop.
7. Initialize accumulators for mean and variance: 

SUM=0, SUMW-0
8. For 1=1 to NPTS

1. Evaluate weights;
1. If NCODE<0, and Yÿ̂ O, WEIGHT ( I) =1/1 Y (I) |
2. If NCODE<0, and Y(I)=0, WEIGHT(I)=1
3. If NCODE=0, WEIGHT(I)=1
4. If NC0DE>0, WEIGHT(I)=1/WEIGHT(I) **2

2. Accumulate sum of weights and weighted Y's; 
SUM=SUM+WEIGHT ( I ) *Y ( I )
SUMW-5UMW+WEIGHT ( I )

9. Calculate weighted mean;
SUM-SUM/SUMW; YBAR-SUM

10. Calculate weighted variance;
1. Initialize accumulator; SUMY=0
2. For 1=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, FLASH?

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. PI, P2, P3, intermediate pressures used in the 

search
4. DEL, search interval
5. CODE, status variable
6. EPSP, tolerance in pressure, lO”^
7. EPSR, tolerance in density, lO"^
8. PMIN, minimum pressure in secondary search.
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9. RHOMIN, density corresponding to PMIN
10. RHOl, RH02, RH03, intermediate densities used 

in search.
11. SRHO, 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. If 

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. 
C0DE=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 I5TATE(9)^0, RH01=PH02

4. Set up initial values for false position; 
RHO2=1.01*RHQl
P1=PRES(T,RH01)-P0 
P2-PRES(T,RH02)-P0
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Start false position iteration;
1. Check for convergence;

If |P1-P2|<EPSP*P0 or 1RH01-PH021<IPH021*EPSR 
go to 6

2. Check if exceeded
2. Check if exceeded 20 iterations;

If IT>ITMAX, go to 7
3. Project by false position;

RH03=(RH01*P2-RH02*P1)/ (P2-P1)
4. If RH03 is out of bounds randomize start

1. If RH03>RT0P or RH03<RMIDL, RH03=RT0P*(50+IT)/50
2. Select pair with positive slope to continue

1. If RH0KRH02 and P1>P2 go to 5.5
2. Make start:

RH02=RH01
RH01=RH03
P2=P1
IT=IT+1
P1=PRES(T,RH01)-PO 
go to 5.1

5. Update for next iteration 
RH01=RH02
RH02=RH03
P1=P2
P2=PRES(T,RH02)-P0

6. Go to 5.1
Check for positive slope for correct root;
RH01=.99*RH02 
P1=PRES(T,RH01)-PO
If RH02<RMIDL it is out of range, go to 7 
If PKP2, go to 11.
Initialize for search to bound root;
ITMAX =40
RHOl=RT0P
P1=PRESCT,RH01)
Check for root outside top bound;
1. If P1>P0, go to 9
2. Check if error messages desired;

If ISTATEC4) 5, print Root too large,
3. Select root as bound;

RH02=RH01
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4. If not in FDERIV return;
If ISTATE(9)=0, go to 11

5. Modify bound root so that derivative will have 
correct sign;
1. P1=PRES(T,RH02)
2. If PKPS/ go to 8.5,3

1. Else, RHO2=RH02“DEL, go to 11.
3. RH02=RH02+DEL, go to 11.

Begin search for bound;
1. P1=PRES(T,RH01)
2. Check for bounded root;

If PKPO, go to 10
3. Check for first minimum;

If P2<PMIN and CODE=0, go to 9.8
4. First minimum found; C0DE=1
5. Update iteration values;

RH02=RH01
P2=P1

6. Check for reaching left bound;
If RHOKRMIDL go to 9,9

7. Continue search;
RH01=RH01-DEL
Go to 9.1

8. Update minimum with lower values;
PMIN=P1
RHOMIN=RH01 
Go to 9, 5

9. Since out of bounds use minimum;
1. Check if error messages desired;

If ISTATE C4) <5, print minimum used
2. RH02-RH0MIN
3. Go to 11,

10, Begin successive bisections
1, Calculate values at interval center; 

RH03-(RH01+RH02)/2 
P3-PRES(T,RH03)
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2. Check for convergence;
If |P1-P2|<EP5P*P0 or 1PH01"RH02|<1RH02]*EPSR, 
go to 11.

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

4, Find interval containing root;
1. If P3>P0, go to 10,4.3
2. Between top and middle;

RH01-RH03
P1=P3
Go to 10.1

3. Between bottom and middle;
RH02=RH03
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=RH02
2. If ISTATE(9)=1, return
3. Not in derivative so store result;

SRHO=DENSL
SP=PRES(T,SRHO)
Return
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Subroutine DENSV
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. PO, local storage for P
3. Pi, P2, P3, intermediate pressures used in

the search,
4. DEL, search interval
5. CODE, status variable
6. EPSP, tolerance in pressure, 10 ^
7. EPSR, tolerance in density, 10 ^
8. PMAXf maximum pressure in secondary search.
9. RHOMAX, DENSITY corresponding to PMAX,
10. RHOl,RH02,RH03, 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 
RH01=,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) RH01=RH02

4, Set up initial values for false position?
RH02+.8*RH01-L
P1=PRES(T,RH01)-PO 
P2=PRES(T,RH02)-PO

5, Start false position iteration?
1, Check for convergence;

If jpir-.p2KEPS*P0 or ]RH01-RH02l <|RH02| *EPSR 
go to 61

2, Check if exceeded 20 iterations;
If IT?ITMAX go to 7

3, Project by false position?
RH03- (RH01*P2-RHQ2*P1) / (P2-.pl)

4, If RH03 is out of bounds randomize start
If RH03>RMIDV or RH03<0/ RH03=. (1-IT/5G) *P0/(RGAS*T)

5, Update for next iteration?
RH01=RH02
RH02=RH03
P1=P2
P2=PRES(T,RH02)-PO IT=IT+1
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6, Go to 5,1

6, Check for positive, slope for correct root; 
RH01=.99*RH02
P1=PRES.(T.,RH01) -PO
If HH02<RM1DV/, it is out of range, go to 7 
If P1<P2 go to 11,

7, Initialize for search to bound root;
ITMAX=RJMIDV/DEL+5 , set limit as 5 steps past RMIDV 
IT=0
Convert differences from PO into pressures;
P1=P1+P0
P2=P2+P0
RH01=DEL

8, Begin search to bound root;
1, P1=PRES(T,RH01)
2, Check to be sure PI is below PO, i,e. on the 

left;
1. If PKPO, 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, RH02=RH01
3, Go to 11,

3, Start search;
RH02=RH01+DEL
PMAX=P1
RH0MAX=RH01
CODE-0.f shows start of search

4, P2=PRES(T, RH02)
5, Check for bound;

If P2>P0, go to 9,
6, Check for first maximum;

If P2>PMAX and CODE=0, go to 8.12
7, First maximum found; code-1
8, Update iteration values;

IT=IT+1
RH01=RH02
P1-P2
RH02=RH02+DEL
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9, Test for end of iterations;
If IT>XTMAX^ go to 8,11

10, Continue search if not at bound;
If RHOKRMIDV, .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. RH02=RH0MAX
3. Go to 11.

12, Iteration exceeded without finding bound;
1, Check if error messages desired;

If (ISTATE(4)<5 print V root not found
2, Go to 11,

13, Update maximum with higher values;
PMAX=P2
RH0MAX=RH02 
Go to 8,8

9, Root bounded so initialize for bisections;
IT=0

10. Begin successive bisections
1, Calculate values at interval center;

RH03=(RH01+RH02)/2
P3=PRES(T, RH03)

2, Check for convergence;
If |P1-P2|<EPSP*P0 or 1RH01-RH021<IRH021*EPSR 
Go to 10,5

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

4, Find interval containing root;
1, If P3>P0, go to 10.4.3
2, Between top and middle;

RH01-RH03
P1-P3
Go to 10,1

3, Between bottom and middle;
RH02-RH03
P2?=P3
Go to 10,1
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Transfer middle solution root for result;
BH02=RH03
Go to 11,
Search failed;
1, Check if error messages desired;

If ISTATE (4.) <5 y Print V density did not 
converge.

11, Return result; 
DENSV=RH02 
Return
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Subroutine CURFIT

1, Hierarchy; Called by jMAIN
Calls; GJEL, FUNCNf MESSG, FDERIV, LBLEZ, FCHISQ

2. Functional Description:
This subroutine calculates one iteration in a regression 

by the method of Marguart 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. Output ;

1, Arguments :
SIGMAA, YFIT, CHISQl

2. COMMON/DAT/ISTATE(1), ISTATE(2), ISTATE(3)
c. Intermediate;

4, 1, I,J,K,L, Do-loop parameters,
2, DET, determinant from GJEL
3, 1ER, error code for the results of GEJEL
4, IBD, control code for calling LBLEZ
5, NRN, dimension of transfer vector to FUNCN
6, BETA, constant vector for normal equations
7, DELM, largest delta for parameters
8, JN, index corresponding to DELM
9, FACT, reducing factor for constrained parameters
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10, PERC, percent error in calculating Y
11, SUMl, accumulator for percent errors
12, ALPHA, triangular matrix to accumulate the normal equations
13, ARRAY, scaled coefficient matrix for normal equations
14, DERIV, array of derivatives of Y with respect to the A's
15, NFREE, degrees of freedom
16, CHISQR, trial value of chi-squared
b. Algorithm:
1, Initialize;

IC/5/Output counter
IBD/0/, label control saying LBLEZ not called

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

3, Inialize Percent accumulator, SUM1=0, and FACT=,99
4, Check to see if program dimensions are exceeded;

If NTERMS>100, NTERMS=100, print only 100 fitted
5, Calculate transfer vector dimension; NPN=NPTS+NPARM
6, 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=1000CHISQR=1055
Go to 24

7, Evaluate alpha and beta matrices;
1. Zero matricies;

For J-1 to NTERMS 
1„ BETA(J)=0
2, For K=1 to J

1, ALPHA(J,K)=0
2, Put parameters into transfer vector?

For L=1 to NPARM
1. Z(L+N)=A(L)
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3, Zero ARRAY
4, Accumulate terms by data point;

For I-l 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 Y(I)=0, go to 7.4,3.3
2. PERC=100*(Y{I)-YFIT(I))/Y(I))
3 , SUM1=SUM1+1 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 Y,YFIT,PERC

4, Evaluate parameter derivatives;
For L?=l to NTERMS
1, JJ-ITERM(L)+N, get index,
2, DERIV(L)=FDERIV(Z,JJ,NPN), calculate derivative
3, Accumulate derivatives for average 

ARRAY(L)=ARRAY(L)+IDERIV{L)1
4, Check for 0 derivative;If Ideriv(l)I<10-30, deriv(l )=o
5, Accumulate matricies;

For J=1 to NTERMS
1, Check if Linear or Nonlinear

1, Nonlinear; If FLAMDA^O,
BETACJ) =BETA(J) +WEIGHT* (Y^YFIT) *DERIV(J)

2, Linear; If FLAMDA<0,
BETA(J)=BETA(J)+WEIGHT*Y*DERIV ( J)

2, For K=1 to J
1, ALPHACJ,K)=ALPHA(J,K)+WEIGHT*DERIV(J) * 

DERIV(K)
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5, Print average percent error;
SUM1=SUB41/NPTS ,PRINT, SUMl

8, Update print control;
IC-XC+1
If 105 IC=1

9, Evaluate and print CHISQl as FCHISQ
10, Calculate and print average absolute derivatives as 

ARRAY(J)/NPTS
11, Form scaled augmented matrix;

1, DIAG=1
2, Check for Mar quart; If FLAMDA <0, DIAG=DIAG+FLAMDA
3, For J=1 to NTERMS

1, Check for invalid-diagonals
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)
Calculate coefficients;
For K=1 to J _________
1, ARRAY (K,J) =ALPHA(K,J) / VALPHA(J/J) *ALPHA(K,K)
2. ARRAY (J,K)=ARRAY(K,J)

4. ARRAY (J,J) =DIAG
12, Initialize search value for largest delta, DELM=0
13, Solve normal equations;

1, Check for special case of one parameter;
If NTERMS>1, go to 13,3

2, One term;
1, ARRAY Cl)-1/ARRAY CD 
2 , ARRAY C2) =ARRAY (2) * ARRAY (1)
3, Go to 14.

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

If ISTATE C2)-9, go to 20
If ISTATE C2)-8, go to 19
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15, Calculate new parameters;
For J-1 to NTERMS
1, Get index, JJ=ITERM(J)
2, Check for largest parameter change,*

1. If .|aRRAY(NTERMS+1, J)[<DELM, go to 15,3
2, Else, save larger delta;

DELM=1 ARRAY (NTERMS+1, J) I
3, 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)>0r go to 15,3.4
3, Else, constrain parameter against change in sign;

1, Print message that parameter changed sign
2. BCJ)=A(JJ) * (1-FACT)

4, Continue loop
16, Print largest delta and index, DELM,JM
17, Evaluate chi-squared at new parameters ;

1, Insert new parameters in transfer vector;
For L=1 to NTERMS
1. JJ=ITERM(L)
2, Z (JJ+N) =B (L)

2, Evaluate YFIT;
For 1=1 to NPTS
1, Move X's to Z;

For L=1 to N; Z(L)=X(I,L)
2, Evaluate point;

1, ISTATE(10)-I
■ 2, YFIT (.1 ) =FUNCN ( Z ,NPN)

3, CHISQR=FCHISQ ( , , , )
4, Output results;

Print IPRES,CHISQR
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18, Optimize acceleration parameter FLAMDA for reduction 
in chi-square;
1, If Gaussr^Newton or linear selected skip optimization;

If FLAMD'Â O, go to 21
2, If Chi-square decreased don't optimize;

If (CHISQl^CHISQR)>0, go to 21
3, Change FLAMDA 

FLAMDA=10 *FLAMDA 
FACT=FACT/2

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

5, If FLAMDA is small save variances;
\

1, If FLAMDA>,01, go to 11,
2, Calculate variances in SIGMAA 

For 1=1 to NTERMS
1, SIGMAA(I)=ARRAY(I,I)/VALPHA(I,I)

3, go to 11
19, Output correlation coefficients;

For 1=1 to NTERMS;
1. • For J=1 to I

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

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

1, For J=1 to NTERM3
1, SIGMAA (J)=ARRAY(J,J)/VALPHA(J,J)
2, CHISQR+CHISQl 

Return
21, Move parameters and variances for leaving;

1, For J=1 to NTERMS
1, Insert new parameters;

JJ-ITERM(J)
A(JJ)=B (J)
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2, Check for invalid variances,*
If ARRAY(J,J)<0, ARRAY(J,J)=10"^° 
Print variance is negative,

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

2, PLAMDA-FLAWDA/10
22, Output correlation coefficients;

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

2, For 1=1 to NTERMS;
1, For J=1 to I

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

2, Output row of coefficients; Print B, 1 to I
3, go to 24

23. Evaluate at original parameters;
1, Insert parameters in transfer vector;

For L=1 to NPARM;
1, Z(L+N)=A(L)

2, Evaluate YFIT;
For 1=1 to NPTS;
1. Move X's to Z ;

For L=1 to N; Z(L)=X(I,L)
2, Evaluate point;

1, ISTATE(1)=I
2, YFIT(I)=FUNCN(Z,NPN )
3, CHISQR=CHISQ1

24, Return
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Subroutine ENTH

1, Hierarchy; Called By; FUNCN, CP
Calls: PRES, F12

2, 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 = T^ (r-T*̂  FI2 + T* (Z-l))/a

3, Variables:
a. Input ;

1, Arguments;
T, absolute temperature,
RHO, density,

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

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

1. TSTAR, reduced temperature.
2: HDEV, reduced enthalpy departure

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

HDEV=(TSTAR**2) *FI2{T,RHO)+TSTAR*(PRES(T,RHO)/(RGAS*T*RHO)-1)
3, Unreduce the departure;

ENTH:=HDEV* RENRGY *TCRIT/ALPHA
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Subroutine CHISQ

1, Hierarchy; Called By; CURFIT
Calls; -

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 :

Yf 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 zero; CHISQ=0.
2, Check to be sure that the degrees of freedom are 

positive;
If NFREE£0 FCHISQ=0 and return,

3, Calculate chi-'squared;
For I-l to NPTS
1, CHISQ-CHISQ + WEIGHT/ (Y^YFIT^)**2
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Subroutine ENTRPY

1, Hierarchy; Called By; FUNCN
Calls; FIl, F12

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 = Rg(Tln(pRT)^FIlrT* 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* (̂ In (RHO*RGAS*T) -FIl-'TSTAR*FI2)
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4, Reduce chi’->squared;
1, FREE=NPKEE
2, FCHISQ=CHISQ/FREE
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Subroutine FDERIV

1. Hierarchy; Called By; CURFIT
Calls ; 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, FDERIVf the calculated derivative
2, ISTATE(9), the state of FDERIV being active,

c. 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, FI, FUNCN evaluated at Xrdelta
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

f̂ .T̂ fg f2 (x+Ax/2)-f^ (x-Ax/2)
 KT" - -------

Let the two functions differ by Ab in the t^^ least significant 
digit, then

Ab.lO't) _

f ' = — --    = f, . (+Ab.lO /Ax (2)
Ax  ̂ -

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 = t’ - N, (4)

Therefore,

f  = f^/Ax(±Ab'10^(^' " ) (5)

which gives the following inequality

|f'|<|fl/Ax|,10"t+N (6)

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

|f'|>|f^/Ax|'10"t'+N (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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b. 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=|EPS*SAVE|,

4, For IT=1 to 3
1. Calculate upper and lower functions and 

derivative ;
f2 = FUNCN(Xi+DEL) 
fl = FUNCN(Xi+DEL)
DFDX=(f2-fi)/2DEL

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

3. Check for equal values;
If |fi-f2l<rflll0-5,f2=fj.

4. Check number of significant digits;
If 1 f ]_-f 2 110** (6-N) > I fj_ I , go to 6,

5. Determine new delta;
ESP=ESP*10
IF 1 SAVE|<10"^f DEL=EPS 
Else del=|eps*save|

5, Check for 0 derivative;
If |fi-f2l<|fi|lO-5, DFDX=0

6, Indicate leaving FDERIV;
ISTATE(9)=0 
FDERIV=DFDX
^i=SAVE



115

Subroutine Fil

1, Hierarchy; Called By; FUGCOF, ENTRPY
Calls ; -I

2, Functional Description;
This subroutine calculates the integral of 9Z/9T d In p 

from 0 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. Output;

1, FIl; the value of the integral.
4, Algorithm;

The method is any that will calculate the integral

FIl = /P*3Z/3T d In p* o
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-l)/d in 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

FI2 - /P* (Z-l)d In p* o
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 FLASH?

1. Hierarchy; Called By; FUNCN
Calls ; DENSV,DENSL,PUGCOF

2. Functional Description;
This subroutine performs an adiabatic flash for a pure 

fluid to find the saturation pressure.
3, Variables;

a. Input;
1,. Arguments:

T, the absolute saturation temperature,
POf initial estimate of saturation pressure

2, COMMON/DAT/ISTATE(4),ISTATE(9)
b. Output ;

1. FLASH?, the calculated saturation pressure,
c. Intermediate:

1, ?, 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, ?CRIT, critical pressure
8, RVALUE, equilibrium ratio.

4, Algorithm;
1, Initialize precision and maximum iterations; 

E?S=.001 
ITMAX-20
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2, If called by derivative routine FDERIV, use previous 
pressure for initial value;
If ISTATEO) ̂ 1, P-PO

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

4, Start loop, IT=1
5, KVALUE=FUGCOF(T,RHOL)/FUGCOF(T,RHOV)
6, Update pressure;

P=P*KVALUE
7, Make sure pressure does not go too high;

If P>1.3*Pg,P=1.3*Pc, If ISTATE(4)<4 print 
error, FLASHP=P return.
Else;

8, Check for convergence;
If 11-RVALUE I<EPS,FLASHP=P, return.
Else;

9, Check for exceeding iteration maximum;
IT=IT+1
If IT>ITMAX, and if ISTATE(4)<4, print error, 
FLASHP=P, return,
Else ;

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

11, Go to 5
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Subroutine FUGCOF

1, Hierarchy; Called By: FLASH?
Calls: FIl and PRES

2, Functional Description;
This subroutine calculates the pure fluid fugacity 

coefficient from an equation of state in EZFIT form as

f/f® = expCln(pRT)+FIl+(Z-D)
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=ln(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: CURPIT, OUTPUT
Calls; 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(2G,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, XI, 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, LIQVAPr 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=NDIMrNPARM 
For 1=1 to NPARM
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1, Ai"*N+i
2, Separate control variables?

Xl=|Xll
1WHOLE=X1+.005 !
IFRACT- |X1^IWH0LE+,005|*100
LIQVAP=SIGN(1,,X^)

3, Find index of compound;
For L=1 to 20
1, If ICOMP]_ = IWHOLE, go to 5

4. Print error message.
5. 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=1.987 2/CMW(L)
W=CW(L)
ALPIiA=CA(L)
BETA=CB(L)
RT0P=4*RH0C
RMIDL=RHOC
RMIDV=RHOC
SL=L

Calculate prope
If IFRACT 30
If IFRACT 30
If IFRACT 40
If IFRACT 40
If IFRACT = 75,
If IFRACT = 60,
If IFRACT 25,
If IFRACT 25,
If IFRACT ;= 20,
If IFRACT 20,
If IFRACT 12,
If IFRACT 12,
If IFRACT =; 14,
If IFRACT = 14,

and LIQVAP= 
and LIQVAP= 
and LIQVAP= 
calculate 
calculate 
and LIQVAP 
and LIQVAP 
and LIQVAP=^1,

-1, calculate DENSL
1, calculate DENSV
-1, calculate DENSL, ENTH
1, calculate DENSV, ENTH
FLASHP
PRES
=-1, calculate DENSL, CV 
=1, calculate DENSV, CV 

calculate DENSL, CP
and LIQVAP=1, calculate DENSV, CP 
and LIQVAP=1, calculate DENSL, U 
and LIQVAP=1, calculate DENSV, U 
and LIQVAP=rl, calculate DENSL, ENTRPY 
and LIQVAP=1, calculate DENSV, ENTRPY
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Subroutine GJEL

1, Hierarchy; Called By; CURFIT
Calls ; -

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,
1ER, the error code;

IER=0, successful inversion 
IER=ND+1, pivot element was zero.
XER=I, pivot was smaller than 10"20

c, Intermediate;
1, I,J,K,II,JJ,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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Algorithm;
1. Initialize;

1ER=0, N=ND,M=!jyiD,DET=l
2, Begin Elimination;

For I“1 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 11=1 to N 
1, For JJ=1 to N

1, If ACJJ^II) FACT go to 2.1.3.1.3
2, Else, save larger pivot;

FACT = A(JJ,II)
LPIVOT=JJ
XPIVOT=II

3, Continue loop
4, Trade columns ;

1. record trade; CPIVOT(I)=IPIVOT
2, For K=1 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 (LPIVOT ,K)=FACT

6, CPIVOT(N)=N 
LPIVOT (N)=N

2, Test for invalid pivot;
1, If A(.lfl)=0, ,DET=0, IER=N+1, return
2, If 1a (I,I) 1<EPS,DET=0, and IER=I

3, Generate determinant; DET=DET*A(I,I)
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4, Test for ill conditioned matrix;
If IDET.j<10"’̂ ^, Print error message, DET=o

5, Normalize pivot row;
1, FACT=A(I,I) , A(I.,I)=1
2. For J=1 to M

1. A(I,J)=A(I,J)/FACT
6, Reduce other rows;

For J=2 to N;
1, Select row; L=M0D(I+J-'2,N)+1
2, If A(L,I)=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)t̂O, A(L,LL)=A(L,LL)-A(I,LL) *FACT

6. Continue loop.
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+1
2, See if transfer was made;

If PIVOTS (I) =1, go to 3.1,5
3 , LPIVOT=PIVOTS ( 1 )
4. For J=1 to N

1. Trade terms ;
FACT=ACJ,I)
A(J,I)=A(J,LPIVOT)
ACJ,LPIVOT)-FACT

5, Continue loop,
2, Transfer rows of solution and inverse;

For IR^l to N
1, Calculate index so that transformation is in 

reverse; I-N-IR+1
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2. See if transfer was made; 
If CPIVOTCl)=I go to 3.2,5

3 , JPIVOT-CPIVOT(I)
4, For J=1 to M

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

5, Continue loop,
4 . Output determinant ; DETD-DET
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Subroutine LBLEZ

1. Hierarchy; Called By; MAIN, CURFIT
Calls ; «

2, Functional 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

1. 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 on stream printer,

4. Algorithm;
1. Print TEXT after advancing one line on stream printer,
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Subroutine OUTPUT

1. Hierarchy; Called By; MAIN
Calls ; 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. COMMQN/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 location for the fraction portion of

the control variable
3, LW the sa,ve location for the whole portion of 

the control variable.
4, SUMl, 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, thé accumulator for the average absolute 
percent error 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, XI, the absolute value of the control variable.
13, IWHOLE, the whole portion of the control variable 

for the point.
14, IFRACT, the fraction portion 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, RHOV/ saturated vapor density at vapor pressure 

point.
21, PRESC, calculated pressure for density point.
22, PERC2, percent error in calculated pressure. 

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
Calls; FI2

2. Functional Description;
This subroutine calculates the internal energy 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

AU = R T (^T*^ FI,)/a e c ^

3, Variables;
a, Input :

1. Arguments:
Tf absolute temperature,
RHOf density.

2. COMMON/PRM/RENRGY , TCRIT , ALPHA
b, Output;

1. U, the calculated internal energy departure.
c, Intermediate ;

1. TSTAR, reduced temperature.
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 G'en'eiral' Function

EZFIT can be adapted for fitting any general function 
of parameters [A.]̂  and variables [X]̂ , y==f([X]̂ ; [A]̂ ), 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 ,YEAR,YVAR,NCODE,DATAID,ND) 
DIMENTION X(NPTS,N),Y(NPTS),WEIGHT(NPTS),DATAID(NPTS,ND)

The arguments are ;

X The matrix of experimental data of NPTS
points with N independent variables in eacĥ  
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 inputed.

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

YEAR The weighted average of the dependent variables,
YVAR The variance of the independent variable,
NCODE The control variable selecting the method of 

calculation of the weights given as ;
->1 the weighting is l/Y^^p
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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 = ZWĵ

The vaiiance is then given as:

Var(Y) = Ew^(Y^-Y)^,

A sample routine is given in Table I, It reads from a card 
unidentified data on which the first N are variables and the 
last is the experimental value of Y, The data are in PIO.O 
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=fC[x]^; [A]̂ ) 
The form of the definition and the arguments are

FUNCTION FUNCN(X/NDIjyi)
DIMENSION X(NDIM)
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The arguments are;
X A transfer, vectpr 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,

Y = A^ + AgX + AgX^ + , . , +

Subroutine^ OUTPUT, The subroutine OUTPUT 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 OUTPUT(X,N,Y,NPTS,NPARM,Al,WEIGHT,DATAID,ND) 
DIMENSION XCNPTS,N) ,Y(;NPTS) ,A1 (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, the 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, =; E| CY^-Y^^p)/Yg^p|*100/NPTS 

A.A.D, = Z|%orYexpl/NPTS

where the summation is over all data points, The transfer 
vector Z of 44 variables is used to communicate with FUNCN,



TABLE 1

An Example of Modifying EZFIT for Polynomial Regression

Source Listing

//NL.W LXEC r u E T G C L O  ,L iW='54 .KGOI h.MU D • .PAIU1.LKED- 'LIST, LET • F Z PLOO10

c.cc
c
c
c
c
c
c
c
c
c:

c

F U N C T l U M  F U N C N ( X ,N D I M )
P UR PO SE

E V A l U A T t S  T HE F I T T E D  F U N C T I O N  AT THF P U I N T  X
U 3 U A G E

R E S U L T  = F U N C N I X , N D I M )
D E S C R I P T I O N  UF P A R A M E T E R S

X - A R R A Y  U F  V A L U E S  OF I N D E P E N D E N T  V A R I A Ü L E S  
N D I M  - N U M O L R  UF I N D E P E N D E N T  V A R I A H L E S
F U N C T I O N  F U N C N I X , N D I M )
D I M E N S I O N  X(N D I M )
C O M M O N  / P R M / R Ü A S . R E N R G Y . T C R I T . P C R l T . R M U C .W .A L P H A , M E T A , X M W  

I . A( 4 0 ) .0(7 ) . N T E R M S , N P A R M . R U MÜ.r îT OP.RMIU L. R M I D V  DUUBL E P R E C I S I U N  S U M  
N = N D I M - N P A R M  
DO 20 1 = 1 .NPA RM

2 0 A( I )=X(N+I )
SU M= 0

P O L Y N O M I A L  IN X .Y = A ( I ) T A ( 2 ) * X + A ( 3 ) *X2 .......
X 1=X( 1)
DO 30 1 = 1 , N P A R M
SUM = S U M * X I + A ( N P A R M - I  FI )

3 0 C O N T I N U E
F U N C N = S U M  

40 RET URN 
END

E2PL0020 EZPL0030 EZPLOOAG eZPLOOSO EZPL0060 EZPL00 7 0 
EZPLOOOO 
EZPL0090 EZPLOl00 EZPLOI I 0 
EZPLOl20 
EZPLOl30 EZPLOl40 
EZPLOl50 EZPLOI 60 EZPLOl70 EZPLOI 80 EZPLOl90 EZPL0200 EZPL02I 0 EZPL02 2 0 E2PL0230 
EZPL0240 E2PL0250 
EZPL0260 EZPL0270 EZPL0280 EZPL0290 EZPL0300

WLn
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2 WEIGHT(1)=1 
GÜ TU 103 WE I G U T (I) = l/WEIGhT( I )**2 

10 CONTINUESUM=SUM + WL'!GMT( 1 )*Y( I )SUMW=SUMW+WLIGMT(11 60 CONTINUE
SUM=GUM/SUMW CALCULATE THE WEIGHTED MEAN AND VARIANCE YOAU=SUM 
SUMY=0
DU GO 1=1 .NET 3SUMY=SUMY + WE 1ÜHT ( 1 )<=( Y{ 1 )-5UM)+*2 

5 0 CONTINUE YVAR=SUMY 
RETURN END

EZRLOOlO EZRL0fl20 EZPL0Ü30 EZRL0O40 EZRL0050 n?r>L0 860 EZPLOn/O 
EZPL0800 EZPL0R90 EZf>L0900 EZRL0910 
EZPL0920 E2PL0930 EZPL09 4 0 EZPL0950 
EZPL0960 EZPL0970

SUOFJ.UUT I NE OUTPUT! X . N f Y , HP T S . NPARM * A 1 , WE I GMT . DA T A ID . ND )COMMUN /PRM/RGAS.RENRGY,1CRIT,PCRIT,RHOC,W.ALPHA.BETA.XMW 1 .A(40) .0(7) .NTERMS.NPAR1 .NUMB,RTOP.RMIDL.RMIDV
0 IMENSION X!NPT3.N).Y (NPTS ) ,Al(NPARM),WEIGHT(NPTS),DATAID(NPT S.ND 
DIMENSION HEADER(20)DIMENSION 7(44)100 FORMAT(IX.ÜG14.6)200 FURMAT(20A4)300 F O RMAT(/////IX.'AVERAGE ABSOLUTE D E V 1 AT ION•.G 14.6 )

400 K O R M A T (26X,20A4//)500 F O RMAT( IHl )
I 1 00 F O R M A T (1015)DATA IRHO, IDH.1VP/30.40./5/

r e a d  200. h e a d e rPRINT 500 
PRINT 400.HEADER PRINT 100 PRINT 1600

16 0 0 FORMAT(5X.'DATAID',BX.'YEXP".OX. 'YCALC',7X.'PERCENT' ,7X,'DELI A*1 ,0X, 'WE 1 GUT ' .uX.'CONTROL' ,9X.'X2' ,11X,'X3' .11X.»X4'/57X.'X''S...2 .//)SUMl=0 J0 = 0 SUM2=0 SUM=0

EZPL0980 EZPL0990 
E Z P L 1000 

)EZPLI010 
EZPLI020 EZPLI030 EZPLI040 E Z P L 1050 EZPL1060 EZPLI070 
EZPLlOaO EZPL1090 EZPLllOO 
EZPLII I 0 
EZPLI 120 EZPLII 30 
EZPLI140 E ZPLI150 
EZPLI160 •EZPLII 70 
EZPLII 80 EZPLI190 E Z P L 1200 
EZPLI2 IO EZPL1220

ui
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ü MINIMUM CURFIT OUTPUT3 SUBROUTINE DATA3 2O.OOl MARÜUARTÏ5. 0 0 UNCONSTRAINED .PRECISION5 NO ERROR MESSAGES
O DUMMY

DUMMY3 4I 2 3 4 5 6 7 E 9  10
0 0 0 0 0 0 Û 0 0 0 0 0 0 0 0 0

+ 1I 0.731 5 
I 10I• 1.012. 7.993. 27.014. 63.995. 75.016. 215.997. 343.01O. 5 11.999. 729.01

10. 999.99 POLYNOMIAL REGRESSION DEGREE 2POLYNOMIAL REGRESSION DEGREE 3

w
VO



Example Output EZFIT for a Polynomial Regression
PROGRAM STATUS SUMMARY 

EiiFIT IS OPERATING IN MODE TYPE

DATA r e a d  OY ROUTINE DATA3INITIAL VALUE OF ACCELERATION PARAMETER LAMBDA* 
METHOD OF DERIVATIVE CALCULATION IS = 0
CONSTRAINT MODE IS = 0ERROR MESSAGE CONTROL IS = 5
c o n v e r g e n c e  c r i t e r i a  EPS= o.ioooooe-oz 
WEIGHT METHOD IS = I
UNIVERSAL GAS CONSTANT IS = 10.7315

O. lOOOOGE-02

T IME 
25.OOOO 

PARM FITTING ORDER
I
9000

INITIAL VALUES

NUMO NOT FITTED PARMS FITTED PARHS NNTERM 
0 0 3 0

FITTING RANGE

210000

30
0o0

4000
o

0.00.00.00.00.0

0.00.00.00.00.0

0.00.00.00.00.0

0. 0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0. o 0.0
NUMBER UF PUINTS.NO OF INDEPENDENT VAR 10 I

5000
o

6000O

0.00.00.00.00.0

0.00.00.00.00.0

7000
o

s000
o

0.00.00.00.00.0

n p t r h u0 NPTH0 NPTVP0 NPTS10

o



NUMBER OF PAR AMI TLRS, NTERMS 
3 3

ITERAI ION 1
AVERAGE ABSOLUIE DEVIATION 09.9498INITIAL VALUE OF OBJECTIVE FCN 

1.42057
AVERAGE ABSOLOTE DERIVATIVE OF FCN .

I.0 0 0 0 0  5 . 5 0 0 0 0  3 0 . 5 0 0 0
MAX SCALED FARM DELTA.FARM NO.

U . 2 1 0 4 7  3TRIAL OBJECTIVE FCN0 0.12 5804
RELATIVE CHANGE IN PARAMCTFRS

i: -i.oo 2 : - I.00 3: -i.oo
LENGTH OF PARAMETER CHANGE 

14.79 29
NEk PARMS

6 . 2 3 1 9 5  - 1 1 . 7 3 9 8  6 . 4 9  380
OBJECTIVE FCN 

0.125804
PARM VARIANCE

I: 11.4 2: 14.5 3: 3.62
ELASPED TIME 

0 . 2 1 7 3 1 5

ITERATION
RAGE At 
2 4 . 2 9  12

AVERAGE AliSOLUTE DEVIATION



INITIAL VALUr or flflJl-CTIVE FCN O.I 25804
AVERAGE AaSULUir DERIVATIVE OF FCN1,00002 5.50000 38.5002
MAX SCALED FARM DELTA.PARM NO,I.79770 3TRIAL OBJECTIVE FCNO O . 10 7375
RELATIVE CHANGE IN PARAMETERS

l:-0.43O 2:-0.346 3:-0.170
LENGTH UF PARAMETER CHANGE 

7.966 80
NFVd PARMS

II.05 31 -17.046 9 7.9 1424
OBJECTIVE FCN 

0. I 073 75
PARM VARIANCEi: 13.0 2: 17.8 3: 4.30
ELASPED TIME 0.301577

ITERAT I UN 3
AVERAGE AUSdLUTE DEVIATION 

21.3401INITIAL VALUE OF OBJECTIVE FCN 0.107375
AVERAGE AU SOLUTE DERIVATIVE OP FCN

0.999005 5.4909 7 36.4098
MAX SCALED PARM DELTA.PARM NO.0.101095 3 F*
TRIAL OBJECTIVE FCNO 0.107319



RtLATIVfc CHANGL IN PARAMETERS
l:-0.24kE-0l 2 :-0.19‘5E-01 3:-0.l01E-0l

LENGTH OF PARAMETER CHANGE 0.4 599 6URATIO OF CHANGE IN OBJECTIVE FUNCTION IS LESS THAN EPS 0«I00000E-02

PART = I ITERATION = 3WEIGHT COOE= 1
NUMBER PARAMETER STANDARD ERROR VARIANCE (A/SE)**21 11.0531 1.22257 13.9203 81.7361

2 -17.9469 1.38066 17.7529 168,9693 7.91424 0.679 306 4.29763 135.734
ChlSQUARED 0.10 73 75 DEGREES UF FREEDOM 7F-STATISTIC FUR CORRELATION COEFFICIENT FR= 20,8120F-STATISTIC ON CHANGE IN CHISOUARED FROM PREVIOUS PART= 1.90272DEGREES OF FREEDOM ARE NU1= 3 NU2= 6

W



PULYNOM I AL REGRESSION DEGREE 2

OATAIU YLXP YCALC PERCENT DEL TA WE IGNT CONTRULX* S . . .

GEN Ouül 1.0 100 1.0204 1.03 08 -0.104 11E-01 0,96030 1 .0000GEN 0002 7.99 00 6.8163 -14.690 1.1737 0. 1566 4E-G1 2.0000
GEN 00 03 27. 01 0 28.441 5.29o5 -1,4306 0 . 1370 7E-02 3.000 0GEN 0004 63.990 65.893 2.9745 -1.9034 0.24422E-03 4.0000GEN 00 05 75.0 1 0 119.17 58.878 -44.165 0 . 17773C-03 5.0000GLN 00 06 215.99 168.23 -12.827 27 .705 0.21435E-04 6.0000GLN OOOf 343.01 273.22 -20.346 69.787 0.84994F-05 7. 0000GEN 0003 511.99 373.99 —26.954 136.00 0.36146E-05 8.0000
GLN 0009 729.01 4 9 0.58 -32.705 238.43 0.18816E-05 9.0000GEN 001 0 999.99 62 3.01 -37.699 3 76.9 8 0 . lOOOOE-05 10.000
AVE. A US . PERCENT, NU MC) E R P T S . .AVE.ADS .DEVIATION

2 1.3401 1 0 8 9.95a;

AVERAGE AaSüLUTE DEVIATION 21 .340 I

4̂



NUMÜEW OF PAfC'AMETfcUS. NTERMS 4 4
ITERATION I
AVERAGE AOGOLUTE DEVIATION 2 1.3401
i n i t i a l  v a l u e  o f  Û13JECTIVE FCN 

0.1252/1
AVERAGE AOSOLUIE DERIVATIVE OF FCN0.999095 5.49997 38.4990 302.500
MAX SCALED HARM DEL TA,HARM NO.

6.27766 4TRIAL 003ECTIVE FCN
0 0.a/37 73E-0I

RELATIVE CHANGE IN PARAMETERS
I: 0.4 17 2: 0.5 13 3: 0.696 4 : -1.00

LENGTH OF PARAMETER CHANGE 7.6362/
NEW PARMS

7.79956 -11.8647 4.66699 0.434999
003LCTIVE FCN 0.8/3/736-01
PARM VARIANCE

I : 14.3 2: 21 .5 3 : 9.05 4 : 1.0 9
ELASPED riME 

0. 54 82 58

ITERATION 2
AV LR AGE AOSOL UIL 06 V IA TION 16.4010
INITIAL VALUE OF OITJECTIVE FCN0. 8 / 3 7 /3E-0I ^
AVERAGE AOSuLUTL DERIVATIVE Of FCN W

0.9999/4 5.49906 38.4994 302.500



MAX SCALIIO PARM DHL TA. PARM NU.IÜ.U5/V 4TRIAL OUJLCTIVE FCNO 0.44 8 0 0 IL-01 I
RELATIVE CIIANÙL IN PARAMETERS

I : -2.94 2: -2.05 3: -2.80 4:-0.O18
LLMÙTH UF PARAMETER CHANUE 22.9225
NEW PARMS

-4.01550 6.40577 -2.51203 1.I306L
OBJECTIVE FCN 0.448001C-01
PARM VARIANCEI : 26.8 2: 41 .1 3: 10.4 4: 1.73
ELASPED TIMF 

0. 64 /24U

ITERATION 3
AVERAGE ABSOLUTE DEV I AT I UN 

I I.6921INITIAL VALUE UT OBJECTIVE FCN 
0.448Û8IE-01

AVERAGE ABSOLUTE DERIVATIVE UF FCN1.00004 5.49985 38.5002 302.494
MAX SCALED PARM DELTA,PARM NU.7.51088 4TR I AL UR JEC T I VF F CN0 0.408196E-OI
RELATIVE CHANGE IN PARAMETERS

i:-0.540 2;-0.532 3:-0.53l 4Z-0.I96 M
LENGTH UF PAR A ME TER CHANGE 9.13138



NEW PAWMS
- A.73173 13.6027 -5.36026 1.41659

OBJECTIVE FCN 
0.4 00196E-0I

PARM VARIANCEI : 31.3 2 : 43.0 3: 19.1 4 : 1.97
ELASPED TIME 0.74 36 12

IlERAllUN 4
AVERAGE ABSOLUTE DEVIATION I 1 .3 756INITIAL VALUE OT- OBJECTIVE FCN 

0.400196E-01
AVERAGE ABSOLUTE DERIVATIVE OF FCNl.OUOOO 5.49999 30.5002 302.499
MAX SCALED PARM DEL I A,PARM NO.0.3024 99 4TRIAL OBJECTIVE FCN

O O . 4 U O 1 3 6 E - 0 1
RELATIVE CHANGE IN PARAMETERS

I:-0.21JE-0I 2:-0,21OE-01 3:-0.209E-0I 4:-0.70JE-02
LENGTH OF PARAMETER CHANGE 0.367744RATIO OF CHANGE IN OBJECTIVE FUNCTION IS LESS THAN EPS O.lOOOOOE-02

4̂



PART = ITLRATIGN = 4WEIGHT c u d l: =
NUMhER12 

à 4

PARAMETER 
-ti. 73 i 7 3 13.6827 -b.360261.4 165%

STANDARD ERROR 1 . 1204 7 
1 .3091 5 0.6 62 32%0,263790

VAR IANCE 31.2520 47.9582 10.07 10 1,9 730 0

BirrîiîîcDEGREES UF FREEDOM ARE tsU I = 4 N02= 5

(A/SC)*t2 S O . 7660 
95.6341 36.9071 2 4.9170

10.3444

POLYNOMIAL REGRESSION DEGREE 3

DATAlO Y EXP YCALC PERCENT DELTA WE IGHT CONTROLX •S. . .

GLN 000 I 1.01OU 1.0073 -0.26590 Ü.26855E-02 0.98030 1 .0000GEN 00 02 7.9900 a.5254 6.70 08 -0.53540 0. 15664E-01 2.0000GEN 0003 27. 010 22.322 -17.356 4.6879 0. 13707E-02 3.0000GEN 0004 63.990 50.097 -20.461 13.093 0.24422E-03 4.0000GEN 00 05 75.0 10 102.75 36.981 -2 7.74 0 0. 17773E-03 5.0000GEN 00 Go 215.99 186.38 -13.709 29.61 1 0.21435E-04 6.0000GLN 00 0 7 34 3.01 310.29 -9.5402 32.72 4 0 . 84994E-05 7.0000GLN OOOtl 511.99 482.97 -5.6683 29 .021 0.3814 8E-05 8.0000GLN 00 09 729.01 7 12.93 -2.2059 16.082 0.18816E-05 9.0000GLN 00 1 0 999.99 iooa.7 0.86 7 29 -8.6729 0 . lOOOOE-05 10.000
AVE. A US . PERCENT . NUMrlLR P T S ..A VE.A85 .DEVIATE UN11.3 756 10 16.2168

•P-00

AVERAGE AOSOL OTE DEVIATION 11.3756
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01MENS IÜN X{lOÜO.3j ,Y(1000}.SIGMAY f 1000),YFITl 10 00),1 WEIGHT! lOOO).XX(JOOO),DATA ID(I 000.3) .00(3000)MODIFIED FUR EZ E X T E N S I O N  DIMENSION I TERM(1005 .A1(I 00).STORE(205).SI GMAA (100).STORED!100)
.FPARMINTEGER OF REAL NAME(5)EQUIVALENCE EQUIVALENCE 

CALL LBLEZ PRINT 500 CALL CPUTIM 
DO BO 1-1.20 
ICOMP( I ) = 0 ISTATE( I)=0 BO CONTINUE INPUT 
READ 1200,lOUr READ 1200.IDATA READ 1100.OFLMDA.EPS IF(EPS.EQ.0)EPS=.00l 
READ 1100 .TMAX1200.ISIATE(3). 1200. ISTATE(4) 1200.NUMB

1200 .NFPARM.FPARM 1200.NNTERM 1200.NUIFR.NUlTO 1200. ITERM 1100.A1 1200 .NCOOE 1 lOO.RGAS 1200.N 12 00.NPTS 2700 . laUT

(XX(l).X(l.1)).(WEIGHT!1).SIGMAY(1 (DD(I).DATAID(1.1)) ))

READREADREAD
READREADREADREADREADREADREADREADREADPRINT

CONTROL DATA

ISTATE15)

PRINT 2900.1 DATA.DFLNDA,1STATE(5).I STATE(3). ISTATE14) PRINT 3400,EPS.NCOOE,RGAS 
PRINT 2800PRINT 100.TMAX,NUMB.NFPARM.FPARM,NNTERM,NUIFR,NUITO 
PRINT 100CALL M E S S G C P A R M  FITTING ORDER',18)PRINT 100 PRINT 100, ITERM PRINT 100CALL M E S S G C  INITIAL VALUES',14)
PRINT 100 
PRINT 100,A1 PRINT 100CALL MESSG!•NUMBER OF POINTS.NO OF INDEPENDENT VAR'.40) PRINT lOO.NPTS.N PRINT 100

EZMN0510 EZMNQ520 E2MN053G EZMN0540 
EZMN0550 EZMN0560 E2MN0570 EZMNOSeO 
E2MN0590 EZMN0600 E2MN0610 E2MN0620 EZMN0630 EZMN064C E2MN065C EZMN066G 
E2MN0670 EZMN0680 EZMN0690 EZMN070C EZMN0710 E2MN0720 EZMN0730 E2MN074C EZMN0750 EZMN0760 EZMN0770 EZMN0780 EZMN0790 EZMNOaOO E2MN0810 
EZMN0820 EZMN0830 EZMN0640 EZMN0850 EZMN0860 
EZMN087C EZMN0880 
EZMN0890 
EZMN0900 EZMN0910 EZMN092C EZMN0930 EZMN0940 EZMN0950 
E2MN0960 EZMN097C EZMN0980 EZMN0990 EZMNl000

HOlo
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60

40

CONTINUE EZMN2510
PRINT 100 EZMN2520

CALCULATE STATISTICS EZMN2530PRINT 2200,CHISQR,DF E2MN2540
NU2=NPTS-NUl-l EZMN2550CHIN=CHISQR*(NÜ2+1 ) EZMN2560FR=Cl-CHIN/YVAR)♦NU2*YVAR/CHIN/NUI EZMN2570
FCHI=(CHI1-CH1N)*NU2/CHIN EZMN2580
CHI1=CHIN EZMN2590
PRINT 200,FR,FCHI,NUI,NU2 EZMN2600
PRINT 100 EZMN2610
PRINT 100 EZMN2620
SAVE=ISTATE(41 EZMN263C
ISTATE(4)=0. EZMN2640OUTPUT RESULTS FOR DATA POINTS EZMN265CCALL OUTPUT!X.N.V.RPTS.NPARM.Al.WEIGHT.DATAID.NO) EZMN2660
ISTATEC4)=SAVE EZMN2670
CONTINUE EZMN2660
STOP EZMN2690
END • EZMN2700

inA



cccccccccccc.c

SUBROUTINE CONVR
PURPOSECONVERTS A 4 DIGIT INTEGER INTO EBCDIC CODE
USAGECALL CONVRIINUM.ICHAR.CHAR)
DESCRIPTION OF PARAMETERSINUM - INTEGER TO BE CONVERTEDFCHAR - EBCDIC CODE IN AN INTEGER VARIABLECHAR - EBCDIC CODE IN A REAL VARIABLE

SUBROUTINE CONVRIINUM,ICHAR.CHAR } EQUIVALENCE!IDUM.DUM)ICHAR=0 IFACT^l 1=1NUM DO 40 J=l,4110=1/10ICHAR=(I-I10*10+240)♦IFACT+ ICHAR 
1 =  1 10IFACT=IFACT*256 

40 CONTINUE IDUM=ICHAR CHAR=DUM RETURN END

EZCNOOlO EZCN0020 EZCN0030 EZCN0040 EZCN0050 EZCN006C EZCN007C EZCN0080 EZCN0090 EZCNOlOO EZCNOl10 EZCNO120 EZCN0130 EZCNOl40 EZCN0150 EZCNOl60 EZCNOl70 EZCNOl80 EZCNOl90 EZCN0200 EZCN0210 EZCN0220 EZCN0230 EZCN0240 EZCN0250 EZCN0260 EZCN0270 EZCN0280

CCCCCCCCCCCCcc

FUNCTION CP 
PURPOSECALCULATES HEAT CAPACITY OF PRESSURE BY NUMERICAL DERIV,
USUAGERESULT = CPIT.RHO)
DESCRIPTION OF PARAMETERS T-ABSOLUTE TEMPERATURE RHO-DENSITY
SUBROUTINES NEEDED 

ENTH(T.RHO)

EZCPOOl0 EZCP0020 EZCP003Û EZCP0040 EZCP005C EZCP0060 E2CP007CEzcpooaoEZCP0090 EZCPOlOO EZCPOl10 EZCPOl20 EZCPOl30 EZCPOl40

in
in
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cccccccccccccccccccccccccccccccccc

CALL CURFIT (X .N .Y .W E IGHT.NPTStNTERMS.A . SIÜMAA.FLAMÙA.YFIT.CHISQR.NPARM#ITERM)
DESCRIPTION ÜF PARPMETEfiSX - ARRAY üF DATA POINTS FOR INDEPENDENT VARIABLEY - ARRAY UF DATA POINTS FOR DEPENDENT VARIABLEWEIGHT - ARRAY OF WEIGHTS FOR DATA POINTSN - NUMBER OF INDEPENDENT VARIABLESNPTS - NUMBER OF PAIRS UF DATA POINTSNTERMS - NUMBER OF PARAMETERSA - ARRAY OF PARAMETERSSIGMAA - ARRAY OF STANDARD DEVIATIONS FOR PARAMETERS A

FLAMDA - PROPORTION OF GRADIENT SEARCH INCLUDEDYFIT - ARRAY OF CALCULATED VALUES OF YCHiSQl - REDUCED CHI SQUARE FOR FIT
ITERMS - ARRAY OF INDICES TO BE REGRESSED

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED FUNCN (X.NDIM)EVALUATES THE FITTING FUNCTION FCHISQ (Y.WEIGHT.NPTS.NFREE.YFIT)EVALUATES REDUCED CH SQUARE FOR FIT TO DATA FDERIV (X.I.NDIM)EVALUATES THE DERIVATIVES OF THE FITTING FUNCTION WITH RESPECT TO THE ITH VARIABLE GJELIARRAY.NTERMS.NTERMS+I.DET.IER)SOLVES A SYSTEM BY THE GAUSS JORDAN METHOD RETURNING THE DETERMINANT AND THE INVERSE IN PLACE

COMMENTSDIMENSION STATEMENT VALID FOR NTERMS UP TO SET FLAMDA =0.001 AT BEGINNING OF SEARCH 1 0

I 00 700

5000

SUBROUTINE CORFIT (X.N.Y.WEIGHT.NPTS.NTERMS,A.1 SIGMAA.FLAMDA,YFIT.CHIS Û R ,NPARM. I TERM)
COMMON /DAT/IPRES.ISTATEI20)DOUBLE PRECISION ALPHA.DSQRT.ARRAY DOUBLE PRECISION DABSD IMËNSICN X I NPTS,N).YINPTS ) .WE1GHTINPTS),YFIT<NPTS)DIMENSION SIGMAAINPARM) .AT NPARM).ITERMCNPARM)OlMENS ION ALPHAI 1830).BETA I 60).DERI VI60).ARRAY I 366 0 ).BI60).ZIli0) DATA I C/S/DATA IBD/0/FORMAT (1X.8G14.6)FORMAT!IX.13.•.■ IFtlBD.EQ.l) GO 1BD=1CALL LBLEZ CONTINUE

,81 13.'TO 3000 ,G10.3)./I5X.8II3«*:•.G10.3)) )

EZCR0080 EZCR0090 
EZCROlOO EZCROl10 
EZCR0120 EZCROl30 
EZCROl40 EZCROl50 EZCROl60 EZCR0170 EZCROl80 EZCR0190 EZCR0200 EZCR0210 
EZCR0220 EZCRÜ230 
EZCR0240 EZCR0250 EZCR0260 EZCR027C EZCR0280 EZCR0290 EZCR0300 EZCR0310 EZCR0320 E2CR0330 EZCR0340 
EZCR0350 
EZCR0360 
EZCR037C EZCR0380 EZCR0390 EZCR0400 EZCR04 10 EZCR0420 EZCR0430 EZCR0440 EZCR045C EZCR0460 EZCR047C EZCR0480 EZCR0490 ËZCR050G EZCR0510 
EZCR0520 EZCR0530 EZCR0540 EZCR0550 EZCR0560 EZCR0570

ui-J



non

Cl n  •n “1113 n  M 2  S' n  ? TlTĴ'W'n>DDDOri
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67

70

130

2100

a
9 11

80

110

2200

90

DATAlOlI.2 1=02 EZ020620READ 2100.T.P.RHO.CÜDE EZD20630T=T+460 E2D2064CC0DE=-1 EZ020650IF(RHQ.LT.RH0C1CU0E=1 EZD20660IF (C0DE15.6.6 EZO20670X( I ,1)=-(I WHOLE*.31 EZD20680GO TO 7 EZD20690X(1.1)=IWHQL£*.3 EZ020700X(I,3)=P EZD207I0X (X .21=T EZD20720Y(I)=RHO EZD20730WEIGHT*I) = Y( I 1/SCALE EZD20740CONTINUE EZD20750NPTRHO=NPTRHC*NPTHHL EZO2Q760NPTL=NPTL+NPTRHL EZ020770IF(NPTHL.EQ.O) GO TO 110 EZD207800080 J=1.NPTHL EZD20790I=NPTL+J EZ020800OATAIO* 1 • 1 1=01 EZ020810OATAIO*1,21=02 E2D20820READ 2100.T,P.OELH,CQOE EZO2O830FORMAT(3F10.0.20X,151 EZ020840T=T+46 0 EZO2O850IF(COOEia,9,9 EZ020860X(l . 1l=-(IWHÜLE + .4) E2D20870GO TO 11 EZO20880X(1.11=+1WH0LEF.4 EZD20890X(1,21=T EZD20900X*I,31=P EZD20910Y ( 11=0ELH EZO20920WEIGHT!11 = Y( 1 1/SCALE EZ020930CONTINUE EZD20940NPTL=NPTL+NPTHL EZD20950NPTH=NPTH+NPTHL EZO20960IFINPTVPL.EQ.OI GO TO 120 E2D20970
OO 90 J=1.NPTVPL EZD20980I=NPTL+J EZD20990DATA I0(I,I 1 = 01 EZ021000OATAIDII.21=02 EZ021010READ 2200,T.P EZD21020FORMAT <F£.0,FI 0.01 EZO21030T=T+460 EZ021040
X *  1 ,  1 1 =  1WHCLE + . 7 5 EZD21050
X {1 ,2}=T EZ021060X(I,31=P EZD21070Y C I 1 = P EZO21080
WE IGHTl I 1 = Y( I 1/S C A L E EZO21O90CONTINUE EZD21100NPTVP=NPTVP+NPTVPL EZ021110

o\m



12030

1 70CCC

3 
1 0

60

50

NPTLs=NPTl_ + KPTV/PL CONTINUE CONTINUE NPTS=NPTL CACULATE AVERAGE AND VARIANCE SÜM=0 SUMW=0
DO 60 I=1.NPTSIF((DATAID(1.1).NE.Ol).OR.(0ATA1D( CALL C G N V R d  « I CHAR, DATA ID ( 1.3) ) CONTINUE

EVALUATE WEIGHTS
IF (NCQDE) 1,2.3 IF (Y(l).EQ.O) GO TO 2 WEIGHT!I) = 1/ABS! Y( I ))GO TO 10 WEIGHT!I)=1 GO TO 10WEIGHT!I)=1/WE1GHT!I)*»2 CONTINUESUM=SUM+WE1GHT!I)«Y!1) SUMW=SUMW+WE1GHT!I)CONTINUESUM=SUM/SUMWYBAR=SUMSUMY=0DO 50 1=1,NPT5SUMY=SUMY+WEIGHT!I)*!Y!I)-SOM)**2 CONTINUEYVAR=SUMY + NPTS/SUMW/!NPTS-1 )RETURNEND

1,2).N£.D2)) GO TO 170

EZD21120 EZD21130 EZD21140 EZD21I5Q EZD2I160 EZD21I7C EZD21180 
EZD21190 
EZD21200 EZD21210 EZD21220 E2D2I230 EZD21240 EZD212S0 E2D21260 EZD2127C EZO2I280 EZD21290 EZ021300 EZD21310 EZD21320 EZD21330 EZD21340 EZD213S0 
EZD21360 EZD21370 EZD21380 EZD21390 EZD2140C EZD2I410 E2O21420 EZD21430 
EZD21440 EZD21450

CCcCC
cc

SUBROUTINE DATA3 PURPOSEINPUTS DATA IN BANKED FORMAT AS BLOCKED WITH GROUP A NEGATIVE GROUP WEIGHT CONVERTS TO EQUAL WEIGHTS WEIGHT

SUBROUTINE DAT A3 ! X ,N ,V,NPTS,WEIGHT,YBAR,Y V A R ,NCOOE,DATAID,ND) MODE - DETERMINES METHOD OF WEIGHTING LEAST-SQUARES FIT + 1 I INSTRUMENTAL) WEIGHT! I) = U/SIGMAY!I)**2

EZD30010 EZD3002C 
EZD30030 EZD30040 
EZD30050 EZD30060 EZD300 70 EZD3O080



c PERCENT ERROR CONSTANTC 0 (Nü WEIGHTING) WEIGHT!I)= IC -1 (STATISTICAL) WEIGHT =1/Y(I)COMMON /PRM/RGAS.RENRGY,TCRIT,PCRIT .RHOCtW,ALPHA * BETA,XMW 1 •A(40)*8(7),NTERMS.NPARM,NUMB,RTOP,RMIOL,RMIOVCCKMON /PRP/IC0MP(20),CPC(20),CRC(20).CMWC20 ),CW(20) ,010(20)
1 ,CA(20),08(20)•CNAME(20,2)20 FORMAT(4Fi0.0,26X,12.3A4)

1100 FORMAT(aFlO.O)1200 FORMAT(1615)1300 FORMAT(3F10.0.110)1500 FORMAT(2A4*I2,7F10,0)1600 FORMAT(6F10.0J 1700 FORMAT(215,F 10.0,15)DIMENSION X(NPTS.N),YINPTS ) ,WE 1G H T (NPTS)DIMENSION DATAIDINPTS,ND)C DATA INPUTNPTL=0READ 1200,N8LKS ICQMP(1 )=0 L=1
DO 300 J8LK=1,N8LKSREAD 1500,(CNAME(L,J),J=1,2),I WHOLE,CTC(L),CPC(L),CRC(L),CMW(L) ICW(L) ,CA(L),CB(L)LI=L-1DO 160 JL=1,L1IF( ICOMP(JL).EU.I WHOLE) GO TO 170 160 CONTINUEICOMPIL)=IWHQLE L=L + 1IF(L.GT.20) GO TO 180 IC0MP(L)=0 GO TO 170 180 CONTINUEPRINT 1400

1400 FORMAT!IX,20(•♦«),'MORE THAN 19 COMPOUNDS REQUESTED TO BE READ' STOP 170 CONTINUEREAD 1700. IFILE.NPTA,SCALEPRINT 1800.(CNAME!L.J),J=1 ,2),I WHOLE.IF ILE,NPTA,SCALE 1800 FORMAT!IX. 'CUMPOUND • .2A4. •,•, I3.• ON UN IT',12.'.'.IS.1 ' DATA POINÏS WITH WEIGHT '.G14.6 )IWT=0IF!SCALE.GE.O) GU TO 150 
SCALE-ABS!SCALE)IWT-l 150 CONTINUEIF!SCALE.EQ.0)SCALE=1.SCALE=SGRT(SCALE)DO 40L=1.NPTA

E2D30090 EZD30100 EZD3011O EZD30120 
EZD30130 EZD30140 EZD30150 
EZD30160 
EZD30170 EZD30ia0 EZD30I90 EZD30200 EZD30210 EZD30220 EZD30230 EZ030240 EZD30250 EZD30260 EZD30270 EZD302a0 EZD30290 EZD30300 • EZD30310EZD3032C EZD30330 EZD30340 EZD30350 EZD30360 EZD30370 EZD30380 EZD30390 EZD3040G 
EZD30410 EZO30420 EZD30430 //)EZD30440 
EZD30450 EZD30460 EZD30470 EZD3O480 EZD30490 EZD30500 EZD30510 EZD30520 
EZD30530 EZD30540 
EZD30550 EZD30560 EZD3057C E2D30580

<y>
00
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cc DIVIDE BY NUMBER OF DEGREES OF FREEDOM
31 FREE =NFREE32 FCHISQ=CHISQ/FREE 
40. RETURNEND

EZFC0330 EZFC0340 EZFC0350 EZFC0360 
EZFC0370 EZFC0380

CC
CCCCCccccccccccc

FUNCTION FDERIV
PURPOSEEVALUATE NUMERICALLY TO THE ITH VARIABLE DERIVATIVE OF FUNCTN WITH RESPECT

USUAGERESULT = FDERIV(Xtl.NDIM)
DESCRIPTION OF PARAMETERS

X - ARRAY OF INDEPENDENT VARIABLE VALUES I - NUMBER OF VARIABLE FCR DERIVATIVENDIM - NUMBER OF INDEPENDENT VARIABLES
SUBROUTINES NEEDED FUNCNIX.NDiMEVALUATES THE FUNCTION AT POINT X

1 4

FUNCTION FDERIV (X.I.NDIM) DIMENSION X(NDIM)COMMON /DAT/IPRES.ISTATEI20jISTATEI9)=1EPMAX=.IEPS=.01N=3SAVE=X(I)
IFIABS(SAVE).LT.EPS) GO TO 10 
OEL=ABS(EPS*SAVE)CONTINUE OO 12 IT=l»3 X(I ) = SAVE + OEL F2=FUNCN(X.NDIM)X(I)=SAVE-DEL F1=FUNCN(X.N0IM)OFDX=(F2-FI)/2./DELIF!1STATE(5).EQ.l) GO TO 40

EZFDOO 10 EZFD0020 
EZFD0030 EZFD0040 EZFD0050 EZFD0060 EZFD0070 EZFDOOaO EZFD0090 EZFDOIOO EZFDOl10 EZF00120 EZFD0130 EZFDOl40 
EZFDOISO EZFD0160 EZFD0I70 EZFDOl80 EZFD0190 EZFD0200 EZFD0210 EZFD0220 EZFD0230 EZFO0240 EZFD0250 EZFD0260 
EZFD02 7 0 EZFD0280 EZFD0290 EZFD0300 EZFD0310 E2FD0320 EZFD0330 EZFD0340 EZFD0350 EZFD0360
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ccc TESTS PRECÏSIÜN ÛF DERIVATIVE
IFIABSIFI-F2 J.LF.AaSlFI)*1 .E-5) F2=F1 IFCABS(F1-F2)*!l0**(6-N))«GT.ABSIFl)) Gü TO 40 

20 CCNTINUE EPS=EPS*I0IFIAGS(SAVE)•LT,l.E-61 GO TC 30 DEL=ABS(SAVE*EPS)GO TO 12 30 CONTINUE DEL=EPS 12 CONTINUEIFI ADS (F1-F2 ) .i-T .ABSIFi .E-5 ) DFDX=0.GO TO 40 10 DEL=EPS Gü TO 14 4 0 FOERIV=DFDX 00 FGRMATCIX,8G14.6)XI I ) = SAVE ISTATE(9I = 0 RETURN END

E2FD0370EZFD0380EZFD0390EZFD0400EZFD0410EZFD0420EZFD0430EZFD0440EZFD045CEZFD0460EZFD0470E2FD0480EZFD0490EZFD0500EZFD0510EZFD0520EZFO0530EZFD0540EZFD0550EZFD0560EZFD0570EZFDOSaOEZFD0590

CCCCCCcccccccccccc

FUNCTION FLASHP
PURPOSEEVALUATESMODIFIED
USUAGERESULT =

THEFOR VAPORCURVE PRESSURE FITTING FOR A GIVEN TEMPERATURE

FLASHPIT)
DESCRIPTION OF PARAMETERS T - TEMPERATURE
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED PRESS - CALCULATES PRESSURE GIVEN T.RHO RHOL - CALCULATES LIQUID DENSITY RHOV - CALCULATES VAPOR DENSITY FUGCOF - CALCULATES THE FUGACITY COEFFICIENT

FUNCTION FLASHPIT.PO )

EZFLOOlO E2FL0020 EZFL0030 EZFL0040 EZFL0050 EZFL0060 EZFL0070 EZFL0080 EZFL0090 EZFLOlOO EZFLOl10 EZFL0120 EZFL0130 ËZFL0140 EZFL0150 EZFL0160 EZFL017C EZFLOl80 EZFL0190
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4 RHOV=DENSV(X(2).X13)) FUNCN=ENTH(X(2).RHOV)GO TO 40
VAFOR PRESSURE5 FUNCN=FLASHP(X(2),X{3))GO TO 40
PRESSURE

6 FUNCN=PRES(X(2),X(3))GÜ TO 40
SPCEIFIC VOLUME HEAT CAPACITY

7 FUNCN=CV{X(2).X(3))GO TO 4 040 RETURN END

EZFN0770 EZFN0780 
EZFN0790 EZFN0800 E2FN0810 EZFN0820 EZFN0830 EZFN0840 EZFN0850 
EZFN0860 EZFN0870 EZFN0880 EZFNÛ890 EZFN0900 EZFN0910 EZFN0920 
EZFN0930 EZFN0940 EZFN0950 EZFN0960

CCCC
CCCccccccccc

SUBROUTINE GJEL(A .ND.MD.OETO.1ER)
PURPOSESIMULTANEOUS SOLUTION OF LINEAR EQUATIONS BY GAUSS-JORDAN 
USUSGECALL GEJEL(A.ND.MD.UETO.IER)
DESCRIPTION OF PARAMETERS A IS THE ND BY MD AUGMENTED MATRIX THE FIRST ND COLUMNS RETURNS THE INVERSE MATRIX THE LAST MD-NÛ COLUMNS CONTAIN THE SOLUTION VECTORS DETD RETURNS THE DETERMINANT
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED NONE

SUBROUTINE G JEL(A.ND,MD.DETD,1ER)DIMENSION A(ND,MD)DOUBLE PRECISION A.FACT.DABS INTEGER*2 PIVOTSIlOJ).CPIVCT(100)DATA EPS/I.E-20/IER=0

EZGJOOlO EZGJ0020 EZGJ0030 EZGJ0040 
EZGJ0050 EZGJ0060 EZGJ0070 EZGJ0080 
EZGJ0090 EZGJOIOO 
EZGJOI10 EZGJ0120 
EZGJOI30 EZGJ0140 EZGJ0150 EZGJOI60 EZGJ0170 EZGJOI80 EZGJ0190 EZGJ0200 EZGJ0210 EZGJ0220

00w
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5040

8070

00 5 J=l.M EZGJ0730NORMALIZE EZGJ0740
Al I , J)=A(I .JJ/FACT EZGJ0750CONTINUE EZGJ076000 6 J=2.N E2GJ077GL=M0DII+J-2.Ni+l EZGJ0780IF(A(L> D.EQ.Û.IGÜ TO 6 . EZGJ0790FACT=A(L,I ) EZGJOaOO
A(L.I )=0. EZGJ081000 7 K=1»M EZGJ0820LL=MOD(I+K-2.M )+1 EZGJ0830IF(A( I .LD.Eû.O, »GÜ TO 7 EZGJ0840REOUCE EZGJ0850A(L.LL)=A(L.LL)-A{I.LL)*FACT EZGJ0860CONTINUE EZGJ0870CONTINUE EZGJ0880CÜNTINUE EZGJ0890TRANSFER COLUMNS UF INVERSE EZGJ090000 40 IR=1.N EZGJ0910I=N-IR+1 EZGJ0920IFIPIVOTSI1).EQ.l) GO TO 40 EZGJ0930LPIVOT=PlVOTSfI) EZGJ094000 50 J=1»N EZGJ095GFACT-AIJ, I > EZGJ096GA(J.I)=A(J.LPIVOT) EZGJG97GA(J.LPIVOT)=FACT EZGJ098GCONTINUE EZGJ099GCONTINUE EZGJIGGGTRANSFER RU*S OF INVERSE EZGJIGIGDO 70 IR=l.N EZGJi 02GI=N-IR+1 EZGJ1G30IFICPIVOTII }.EÛ.I) Gü TO 7 0 EZGJI040JPIV0T=CPIVÜT(I) EZGJiOSO00 80 J=1.M EZGJIGGGFACT=A(I.J ) E2GJ1G70A(1 ,J)=A(JPIVCT,J) EZGJ108GA(JPIVÛT.J)=FACT EZGJIG9GCONTINUE E2GJI1GGCONTINUE EZGJl1 IGDETÛ=DET EZGJl120RETURN EZGJl130END EZGJl140
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SUBROUTINE LBLEZ EZLBOOlODATA 1/0/ EZLB0020IPII.EQ.O) PRINT 20 EZLBOO3020 FORMAT* IH1 .20(/).5OX.•♦*,6(4X,•♦•) / / 5 0 X . I2X. 'EZFIT*.I2X.'*'. EZLB00401 / / 5 0 X , , 4 X . ‘NONLINEAR REGRESS I O N •.5 X / / 5 0 X , EZLB00502 ‘* ‘ .I3X,‘BY‘ ,14X.‘ / / S O X . ,9X.‘KEVIN GOIN* . lOX.•♦•// EZLB00603 S O X . . 7 X . ‘OCTOBER 20. 1 S76‘.6X,‘♦ ‘//SOX.‘ . EZLB00704 6I4X.‘* ‘)////) EZLBOOaO
1=1 EZLB0090RETURN EZLBOlOOEND EZLBOllO

CCCccccccccc

SUBROUTINE MESSGITEXT.N C H R )
PURPOSE

PRINTS A MESSAGE OF UP TO 80 CHARACTERS
USAGECALL MESSGITEXT.NCHR)
DESCRIPTION OF PARAMETERSTEXT - CHARACTER STRING TO BE PRINTED NCHR - NUMBER OF CHARACTERS TO BE PRINTED

SUBROUTINE MESSGI TE X T .NCHR I LOGICAL+I TEXT 
DIMENSION TEXT(NCHR)PRINT 2000.TEXT 

2000 FORMAT(IX.80AI)
RETURNEND

EZMSOOlO 
EZMS0020 EZMS0030 
EZMS0040 EZMS0050 EZMS0060 EZMS0070 EZMSOOaO EZMS0090 EZMSOIOO EZMSOl10 EZMS0I20 EZMS0130 EZMS0140 EZMS0150 
EZMS0160 EZMSOl70 
EZMSOI80 EZMS0190

00at
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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
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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 Cards
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 variables 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, the independent variable, the sequence number, bib­
liography code and data point identification number. (The 
format is 4F10.0, 26X, 12, IX, A4,17) 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,12,1X,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

= 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 (16,IX,12). The value of H specifies 
whether the datum is for a mixture or pure fluid. 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 X]_ is less than 1000. The sign, S, specifies whether the 
point is for a gas(+), i.e. p < or a liquid(-), p > p̂ .
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 99 9 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

XXX Specie
Codes for Chemical Species

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 CI3 F 012 Dodecane
037 R-12 C CI2 F2 002 Ethane
038 R-13 C Cl F3 022 Ethylene
039 R-14 C F4 007 Heptane
040 R-21 C H CI2 F 006 Hexane
041 R-22 C H Cl F2 014 Isobutane
042 R-23 C H F3 015 Isopentane
043 R-113 1C CI2 F C Cl F2 001 Methane
044 R-114 'C Cl F2 C Cl F2 009 Nonane
045 R-115 'C2 Cl F5 008 Octane
046 R-C318 C4 Fg 005 Pentane
047 R-500 C CI2 F2/C H3 C H F2 003 Propane
048 R-502 C H Cl F2/C Cl F2 C F2 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 II

Codes for Data Types

DD Type
05 Tb / Bubble point temperature

06 Pg, Bubble point pressure 

10 Adiabatic flash pressure

12 Au, Internai energy departure

14 AS, entropy departure

15 Adiabatic flash temperature

20 Cp, specific heat at constant P

21 Cp

25 Cy, specific heat at constant v

26 CV

30 p, density

35 a, diffusivity

36 a, diffusivity

40 AH, enthalpy departure

Variable 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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TABLE II (continued)

DD Type
41 ÀH/ enthalpy departure

45 Flash V/L ratio

50 Hj, Joule Thompson coefficient

60 P, pressure

65 W, speed of sound

70 K, thermal conductivity

75 Pc, vapor pressure 

80 B2, 2nd Virial coefficient

85 B3, 3rd Virial coefficient

90 V, viscosity

95 Tq , dew point temperature

96 Pq , dew point pressure

Variable Order
Control, temperature, 
density, AH; (mixture; 
compositions)
Control, temperature, 
pressure, V/L; compo­
sitions, K-values
Control, temperature, 
pressure, Hj; (mixture: 
compositions)
Control, temperature, 
density, P; (mixture: 
compositions)
Control, temperature, 
density, W; (mixture: 
compositions)
Control, temperature, 
density, K; (mixture: 
compositions)
Control, temperature, 
pressure, Pc-
Control, temperature, 
blank, 63
Control, temperature, 
blank, B3
Control, temperature, 
density, v ; (mixture: 
compositions)
Control, pressure, 
blank, Tq ; (mixture: 
compositions)
Control, temperature, 
blank, Pg; (mixture: 
compositions
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TABLE III

Format of Control Variable,

= SHXXX.DD

S =
+ Gas, P<P^
- Liquid, p>p

H =
0 Pure Fluid
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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(a ) • -1 .3 0  £‘16. oOÛ 363S.45 1.68180 0 001G 1011

( b ) 1002.60 582.011 0.0624100 37?.000 01 0033 1915
1.98700 3-01300 00 0033 1915

(c )  1004.55 504.000 1071.000 10.95 02 0043 1392
1.95000 3 . 0375 0 7.01245 1 0.00005 3 .5  1.15 01 0043 1 392

.001 ’ 00 0043 1392

Figure 1- Example Data Cards; (a) Methane density; (b) Pressure for 
methane and propane mixture; (c) K-vaiue for light com­
ponent in mixture of methane, propane, heptane, and decane.

to
o
to
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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;

OOlM, MICHELS, WXJKER, WXJKER, "ISOTHERMS OF ARGON. .. "PHYSXCA, 
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. 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 Ideal gas parameter 1,2/3,4,5, 
species code, 03

Card 4 Ideal gas parameter 6,7, blank, blank, 
blank, species code, 04

The ideal gas parameters are for the equation for ideal gas 
enthalpy

H* = + BgT + B^T^ + B^T^ + B^T^ + BgT^

where the enthalpy is in BTU/lb and temperature, T, in 
degrees R. For the heat capacity

C * = B~ + 2B-T - 3B.T^ + 4BgT^ + SB.t'̂  p 2 3 4 5 o

and for entropy

S* = Bgĵ nT/Tg + 2B^ (T-T̂ ) + | B^(T^-Tg^) + | Bg(T^-Tg^)

+ I

Where T^ is the base temperature for the entropy equations(1®R) 
The data bases are 0 Btu/lb at 0°R for enthalpy and 0 Btu/lb 
at 0°R and 1 atm pressure for entropy. The coefficients for
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the hydrocarbons were extracted from the work of Passut and
Danner^. The properties are given in psia, Btu/lb, lb mole/ft ,

2and °R. The primary reference for them is Sherwood and Reid .
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 
FIO.O formats, critical temperature critical pressure, critical 
density, molecular weight, acentric factor, a a temperature 
scaling factor and 3 a density scaling factor.

References
(1) Passut, C. and Danner, R,, "Correlation of Ideal 

Gas Enthalpy, Heat Capacity and Entropy", lEC, Process Design 
and Development, Vol. II, pp. 543-546 (1972).

(2) Sherwood and Reid, Properties of Gases and Liquids, 
2nd Ed., McGraw-Hill, New York (1966).
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DATA T P RHG EXP Rh •J CALC EF- U R
lU RANK INE P S  1 A L B M U L / F T u Ld.«iOL/FT3 .'■’ERC ENT

0Ü1U 95 2 2 5 9 . 6 7 3 4 . 0 6 9 0.001110 0 00 1 1 IV -0 .) 0
OOl U 96 2 4 5 9 . 6 7 29 .3 01 O . O C l 110 0 0 0 1110 -0 0 0
001 U 9d 1459.67 17 .3 77 0 . 0 0 1 1 1 0 0 0 0 11 10 0 '.) o
OOl U 9 7 1 959. 67 2 3 . 3 4 0 0 . O C 1110 0 0 0 1 1 1 V 0 0 0
OOl'J 99 1 159.67 13. 796 0 . 0 0 1 1 lU 0 0 01110 0 0 1
OOiU 100 959.6 7 1 I .4 04 0 . 0 0  11 10 0 0 0 111. j ■j ■0 2
oOlu 101 25 9.6 7 10.2 06 O . C C l l 1C 0 001111 0 04
UOi u 1 02 759.67 J .0 03 0 . 0 0 1 1 1 0 0 001111 0 6
00 iJ 1 03 65 9 . 6 7 7. 790 0 . 0 0 1 1 1 0 0 0 0 1111 0 1 0
00 i J 1 04 2 2 5 9 . 6 7 3 .4 37 0.000111 0 0 0 0 1 1 1 0 02
0 0 lU 105 2459 . 6 7 2 . 9 3  0 0.000111 0 00)111 0 JO
00 I J 1 06 1959.6 7 2 .335 0.000111 0 000 111 0 0 3
001 J 1 07 1459.67 1 . 739 0.000111 Û 0 0 0111 'J 02
u 0 1 J lOd 1159.6 7 1 . o 31 0 . OCCI 1 1 a 0 0 0111 -0 0 1
00 I J 1 09 959.6 7 1 . 1 43 0.000111 0 0 0 0 1 1 1 0 0 1
00 IJ 110 259.6 7 1 .024 0.0 0 0111 0 000111 Ü 0 4
OOlu 1 1 1 759.67 0 .905 0 .cool I 1 0 0 0 0111 0 0 7
001 J 1 12 659.67 0 .735 0.000111 0 000 I 1 1 0 0
001 J 1 13 569.67 0.666 0 . 0 Q C 11 1 0 0 0 0111 0 U -r002K 1 545.6 7 6 2 . 0 6 3 3 . 4 5 3 3 3 6 3 4  5  9- 3  fc 8 V 1 7
u02K 2 5 4 5 . 6 7 3 2 4 . 9 3 9 3.4 564 99 3 4 CJ 0 15 5 0 I 10Û2K 3 545.67 6 8 2  .353 3 . 4 6 0 2 1 9 3 4 012 01 0 0 3
ooa K ‘1 545.67 1 1 2 0.520 3 . 4 6 4 8 4 8 8 4624 75 C 7
0 0 2K 5 545.67 1 5 5 8 . 6 9 6 3 . 4 6 9 4 0 2 3 4 0 3 7 3 ^ - J 1 c
002 K 6 5 4 o .67 19 9 6 . 3 4 3 3.4 73966 3 4649 82 — 0 2  60 02K 7 545.6 7 24 3 5  .0 04 3. 4 7 £44 7 "3 4 6 6228 .3 5
00^:K. a 545.67 28 7 3 . 1 5 7 3.6£2901 3 4  6 74 5 8 - 0 44.
0 0%K 9 545.6 7 3 3 1 1 . 2 3 2 3 . 4 8  7295 3 4o 8681 -■0 5  3
O O G K 1 0 54.5.67 3 7 4 9 . 4  29 3.4 916 97 3 4 6 9691 - 0 c 2
0 0 2 K 1 I 545.67 418 7.570 3.4 96019 3 4710 95 -  0 7  1
O 0 2 K 12 545.67 46 2 5  .730 3. 5  00315 3 4 7 2 2 8 7 3 0
0 0  I  Û 60 1022.67 1 1 6 0 . 6 6 7 2.506 1 0 ^ 2 5  0 2 5  7c> - 0 14
oOlJ 5 9 1 0 1 3 .o 7 10 79 .7 93 2 . 5 3 9 8 7 3 2 - 0 0 4
00 10 5 6 1004.67 100 3.300 2 . 5 7 2 2 7 4 2 5  7 3 c  0 9 ) 0  5
0 0 1 0 57 995.67 9 3 1 . 0 1 7 2 . 6 0 2 5 5 7 2 6069 95 0 1 3
0 010 36 936.67 £62 .7 83 2.6 33807 2 6 3 9 1 u2 ■J 3  :)
0 0  1 0 5  5 977.67 79a .^56 2.663 1 3 2 2 6 7 0035 0 2 o
00 10 5 4 9od . 6 7 73 7 .036 2 . 6 9 1 4 4 0 2 6 9  9 8  7 6 31u 0 1Ü 53 959.6 7 6 8 0 . a 14 2.7 190 8 9 2 72 87.) 2 0 3 5
OOl u 5 2 950.67 6 2 7 . 2 0 7 2.745 733 2 7565 6 3 0 3 V
0  0 1 0 5 1 941.67 5 7 6 . 3 9 9 2.7 7 1£98 2 733530 0 4  2
0 0  10 50 9 3 2 , o7 52 9 .7 34 2 . 7 9 7 1 6 0 2 309co5 0 4 5
001 Ü 4 9 -,23.07 435 .535 2 . 6 2  1737 2 8 3 5 0 0 5 j 4-7OOIU 48 914.67 4 4 4.323 2 . 8 4 5 8 1 7 2 35 95 ,5 0 46
00 1 Ü 47 905.67 4 0 5 . 8 0 6 2 . 8 6 9 3 6 2 2 6334 74 I) -+ 9
0010 46 296.67 3 6 9 . 9 0 6 2 . 8 92094 2 906 6 83 0 50
OOI U 45 237.67 336 . 5 10 2.9 14454 2 92 92 5 4 0 5 1
OOlu 44 £76.67 3 0 5  .439 2 . 9 3 6 1 6 5 2 951213 5-1
oOl U 43 369.67 2 7 6 . 7 2 9 2 . 9 5 7 7 0  0 2 97259.5 V 50
00 10 42 £60.67 2 5 0  . 1 1 8 2 . 9 7 6 5 2 7 2 9 9 3428 0 5 0
OUlO 41 £51.0 7 22 5  .540 2 . 9 9 8 8 7 5 3 0  13732 5 0
0 0  10 40 £42.6 7 2 0 2 . 8 3 6 3.0 18711 3 03352 9 0 4 9OOI U 39 £33.07 132 .0 59 3 . 0 3 8 2 8 0 3 032841 ■j 4 a
0010 3 3 £24.67 1 6 2 . 9 4 3 3 . 0 5 7 2 9 7 3 0 716 9 2 0 4 7
OOIU 37 £15.07 1 4 5 » 4 34 3 .076009 J 090093 0 4  6Û01 Ü 36 C Ü 6 .67 129 .441 3 . 0 9 4 3 9 5 3 1030 6 4 0 a. 4
00 10 35 797.67 I 14.£73 3 . 1 1 2 1 6 6 3 125620 t> ‘♦ 3
O O I U 34 783.67 10 1 .6 36 3 . I 29861 3 14-27 78 0 •4 1



211

T m D l E 1 .  C C N r i N Ü c Ü .  P R E o S U R E i  dELCW 1 Ü . 0 0 U  P S I A .

DATA RHC EXP RHO CALC err, OR
ID RANK 1,ME PS lA L 8 M L L / F r 3 LB •ILL/F Tc: PEP CENT

D01Ü J3 779.6 7 39 640 3 1 4 6 8 9 6 3 . I S': 3 4 7 0 40
DÜ1Ü 32 770.07 78 800 3 1 6 3 8 3 7 3 .175935 0 3 8
DO IÜ 31 7 o l .67 6 9 033 3 18 0 032 3 . I 91959 0 37
OOiO 30 752.67 60 253 3 190201 3 .£076 26 0 3 o
o 0 1 Ü 29 743.67 52 410 3 £ 1 189C 3 . 22 2943 0 34
UOlU 23 734 .07 45 405 3 2 2 7  130 3 .23 79 17 0 35
0010 Z7 723.6 7 39 177 3 2 4 2 2 1 5 3 .252555 c 32JO i 0 2c 716.67 33 661 3 £ 5 6 8 2 8 t« 2c6 85 7 0 3 1
0010 25 707 .6 7 2 3 795 3 2 7096 0 3 .2808 2 4 0 3 0
JO 10 24 698.6 7 24 520 3 2 8 4 9 0 0 3 . 2 9 4 4 6 4 G 29
00 10 23 689.6 7 20 7 79 3 2 9 83 33 3 . 3 07768 0 2 9
JO 10 22 68 0.6 7 1 7 520 3 3 i 1243 3 . 32 07 35 29
JO 10 21 6 71.67 14 c96 -} 3 23621 3 .333358 0 2 9
001 u 20 662.6 7 12 259 3 3 3 6 0 8 6 3 . 3 4 56 22 2 9
00 10 19 6 3 o .67 I 0 1 68 3 3 4 8 0 0 4 o .35 75 3 1 2 3uO 10 \q 644.6 7 a 384 3 3 £ 9 3 5 5 3 .369055 Ô Z 9
0 0 i Ü 1 7 63 5 . 6 7 u 369 3 3 70 454. 3 . 3 8 0 1 c 7 0 2-1
JO 10 16 6 2 0 . 6 7 5 5 11 3 3 £0969 3 . 3908 3c 0 2 9
00 10 13 6 1 7 . 6 7 4 5 19 3 3 9 0 S 34 3 .401136 0 3 0
J01Û 14 6 08.6 7 3 6 27 3 4 0 0526 3 .410892 0 jO
JO 10 13 £',9.6 7 2 389 3 4 09888 3 . 4 2 0 I 0 5 0 30
JO 1 0 12 £ 9 0 . 6 7 2 283 3 4 1 C6 3 0 3 .4287 2 0 0 30
0010 1 1 £81.67 I 739 3 4 2 6 7 3 4 3 .43 6(-i £ 5 0
00 10 10 £ 72 . 6 7 1 390 3 4 34 0 99 3 .443 620 0 2 6
0 0 10 9 £63.6 7 I 070 3 4 4 1 0 5 0 3 .43 0 0 ‘33 } 26
0 0 10 3 £54 .6 7 0 ■3 15 3 4 4 7342 3 .455235 Ü 23
0010 7 £■+5 .6 7 0 6 15 3 4 5 2 9  35 3 .45920c 0 180010 6 £36.67 0 459 3 457791 ■a.46 1527 0 1 1
00 1 G 5 £27.67 0 3 39 3 4 6  1630 3 .461791 -0 GO
JO 10 4 £18.67 0 2 4 7 3 4 649 0 7 3 .4592 70 Ic
00 1Ü 3 £0 9.6 7 0 1 78 3 4 6 6 9 8 5 3 .452 724 - 0 4 1
00 10 2 500.67 0 1 26 3 4 67920 3 .43 95 63 -_)2
00 10 1 49 1 . 6 7 0 089 3 4 6 74 7 1 3 . 4 1 2 5 J t - 1

TH E  AVERAGE ABSCLUTE ERRUR 
FOR 2 G5  DATA P O I N T S .

IN PERCENT I : 0 .0  I
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TABLE 2. THE ;vüKKI '4 G ThE PREDICTION QF EXPERIMENTAL DENSITY DATA SET. PRESSURES AEÜVE lÜ.OOO PSIA, DATA :jr

DATA10 TRANK!NE PPS 14 RHO EXP L8MUL/FT3 RhÜ CAL C L0MUL/FT3 CHi-r EHf CRciiT
Oü Ii1 20 9 707 67 20305 3 16 3.4 7 4451 3 371170 9 7JUIH 201 707 67 1 7404 547 3.4 4 922e 3 360277 5.30 0 l H 1 93 707 6 7 13053 406 3.4 09220 o 34 29 1 2 - 1 '.■<4üülH 210 77 9 67 20 305 3 16 3.378994 3 235140 _ 6 78Ü J IH 1 as 707 67 1 0 152 ÔS6 3.33 0639 J 330545 -T 4 0ûù Irt I 94 779 6 7 13053 406 3.305564 3 247353 -1 7oJO IH 202 7 79 67 17404 547 3.350917 3 2707 12 — 2 39Oül H 1 86 7/9 6 7 1 0 1 52 656 3.273430 3 230444 - 1 3 100 IH 2 03 ESI 67 17404 547 3.240397 3 170572 1 500 IH 1 87 £31 o7 l 0 152 636 3.150901 3 116120 - 1 1 GOülH 1 95 cSl 6 7 1 3053 4 06 3.188561 3 13 9300 - 1 6 4o 0 IH 2 04 ü7 1 7404 547 3, 1 1 7762 3 05 90 9 1 - 1 8; d00 IH 212 923 o7 20305 316 3.15520 1 3 03385 0 ■2 cOOIH 213 995 o7 20305 316 3.026860 2 967181 - 1 9 7OU IM 183 923 67 10 152 a 36 3.0 12660 2 93551 S — 0 :! 00 0 1 H 1 96 923 67 13 053 4 06 3. 05 7297 3 0 l7357 - 1 3 lOOIH 197 995 6 7 1 3053 406 2,911029 2 67 94 l 1 - 1 0 90 0 1 H 2 OS 9 95 o 7 1 7404 54 7 2.96339c 2 935046 -1 62OülH 1 89 9 90 67 10 152 65o 2.8 35659 2 8333o8 -0 7 1OOIH 206 1 067 67 1 7404 54 7 2.635813 2 7974 1 4 -1 35OülH 2 14 1 06 7 67 20305 316 2.88 7279 2 83,6883 -1 ■6 :■
00 IH 198 1 06 7 67 13053 406 2.746869 2 723166 -u 36OOIH 215 1 13 9 67 20305 316 2, 73646 7. 2 6 988 6 1 - I 37
O 0 1 ri 190 1 Go 7 67 10 152 656 2.6 74840 2 Ce 150 à -0 3 000 Ih 207 1 139 67 1 7 4 0 4 547 2.673603 2 645t. 26 -1 J5OOIH 1 99 i lo9 67 13053 4 06 2.560690 2 546 2 5 7 -G 56OOIH 2 16 1211 67 20305 316 2,5 6 523 4 2 54 7704 ~ 0 o aOOIH o5 124/ 6 7 2030 5 3 16 2.480228 2 462224 -0 51OOIH 1 91 1 139 u7 10 152 656 2.464258 2 4 5 63 13 -0 24OOIH 2 03 1211 6 7 1 74 04 5 47 2.491521 2 4 796U7 — 0 -r.i
OOIH oo 1319 6 7 20305 316 2.3 1 0591 2 3 024 3 0 — 0 c 5OOIH 57 124/ o7 17404 347 2 .39c820 2 391379 -c 23OOIH 2 00 12 11 67 l 3053 406 2.348136 2 346023 -0 090 J 1 H 49 1247 o7 14S03 739 2.293781 2 29 5333 0 0 7OOIH sa 1319 67 1 74 04 5 47 2.206232 2 2 05 19 8 j 500 IH 1 92 1211 67 10 152 656 2.2 17518 2 21 72 5 7 — 0 0 1J 0 1H 41 1 24 7 6 7 1 1603 027 2,158131 2 1659 1 a • y .3 6OOIH 07 1391 67 20 30 5 316 2.13 559 0 2 12 95 16 -0 2 a0 0 i i-i SO 1319 o7 1 4LÜ3 7 59 2 .06809c 2 078241 G 49OOIH 59 139 1 6 7 1 7404 547 2.005898 2 00 8413 0 1 3OOIH 68 1 463 6 7 20305 3 16 1.95 7222 1 953329 -G •?0OOIH 60 1 463 67 1 7404 54 7 1.8J 1661 1 807c23 0 3 lO 0 i H 42 1319 o7 1 1603 027 1.£ 74 701 1 3 942 94 1 05OOIH 51 1391 o7 14 503 7 59 1.330182 1 844132 j V CiJO IH 69 1535 67 20 305 3 16 1.779475 1 7 79940 0 3OOIH 70 16C7 67 20305 3 16 1.614617 1 6 16924 0 14OOIH 61 67 1 7404 547 1.6 J 7135 1 6 1 32 28 0 3 3OülH 52 1403 67 1 4503 7 59 1.59324c 1 6 .0 7 G 3 6 0 5 50 0 1 H 43 1391 6 7 1 1603 027 1 .580044 1 394t. 82 0 '1 3OOIH 71 16 79 6 7 20305 316 1.472070 1 4707 92 -0 G 9OOIH 62 1607 67 1 7404 547 1 ,434917 1 468913 0 ;.l 6OOIH 53 1 535 67 1 4503 73 9 1 .390615 1 39 17 90 J 0 aOOIH 44 14 63 67 1 1 6 0 3 02 7 1 .3 15704 1 314510 — 0 Ù900 1 ri 72 1751 67 20305 3 16 1 .347395 1 34 4 5 6 6 — 0 2 1OOIH 63 16 79 67 1 7404 547 1 .292 1 74 1 291664 -ü 0 4OOIH 54 16 07 6 7 14503 739 1.2 17766 1 2 16303 -ü 1 200 1 H 1 3 7 i /67 67 20305 3 le 1.292174 1 2888 52 -00 0 1 H 1 29 1 787 6 7 1 7404 547 1.123434 1 1l99 05 -0 32
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TAU4-E 2. CÛNTINUEÜ. PRESSURES ABU VE 1 0,000 PSIA.
DATA T P RHC EXP RHC CAL C EP.rCH
iù RANKING PSIA L6MUL/ETJ L 0;-1OL/f-T I-i PERCENT

0 0 lU 30 .1209.67 10162.066 2.220370 2.22507C 0.21

THc AVERAGE ABSCLüTE ERRUR IN PERCENT 15 0.63FUR 117 data peints.



215

T A B L E  3 .  ThE P R E D I C T I O N  OF E X P E R I M E N T A L  D E N S I T Y
H C L 5 E R  AND K E N N E D Y , A M .  J .  OF S C I . . V .  2 5 6 .  7 4 4 ( 1 9 5 3 ) .

DATA OF

DATA T . P RHG EXP Kh.Q CALC ERROR
ID RANKINE PSIA LBM0L/FT3 LBMCL/FT3 PERCENT

DO IH 1 1247.67 2175.570 Û.2C5706 0 .206447 0 .36
OOIH 2 1319.67 2175.570 0.182625 0. 1 337 94 0.53
OOIH 5 1391.67 2 175.570 0. 166580 0.107426 0.51
00 IH 4 1463.67 2175.570 0.154 142 0.154701 0.36
OOIH 5 1535.67 2175.570 0.143909 0.144546 0.30
OOIH 6 1607.67 2175.570 0.135265 0.135654 0.29
OOIH 7 1679.67 2175.570 0.127789 0.128191 0.31
OOIH 8 1751.67 2175.570 0.121306 0.1216 75 0.30
00 IH 9 1247.67 3625.950 0.457606 0.453154 -0.97
OOIH 10 I 319.67 3625.950 0.561120 0.360677 -0.12
OOIH I 1 1391.67 3625.950 0.3 I 130 1 0.312293 0.32
OOIH 12 I 463.67 3625.950 C.279131 0.280147 0.36
OOIH 1 3 1535.67 3625.950 0.255371 0.256330 0.39
OOIH 14 1607.67 3625.950 0.236656 0 .237684 0.43
OOIH 15 1679.67 3625 .950 0.221327 0 .222369 0.47
OOIH Id I 751.67 3625.950 0.208425 0 . 20 94 69 0. 50
OOIH 17 1247.67 5076.324 1. I 24578 1.122955 -0.14
OOIH 18 1319.67 5076.324 0.640007 0.63 0 754 -1.45
OOIH 19 I39I.67 5076.324 0.498806 0 .4985 96 -0.04
OOIH 20 1463.67 5076.324 0.423649 0 .429022 0. 09
OOIH 21 I 535.67 5076.324 0.382550 0 .3832 75 0.19
OOIH 22 1607.67 5076.324 0.346568 0.3497VO 0 .32
OOIH 23 1679.67 5076.324 0.3221 14 0 .323675 0.4 8
00 IH 24 1751.67 5076 .324 0.3 00902 0 .302433 0.51
OOIH 25 1247.67 6526 . 703 1.660219 1 .662582 0.14
OOIH 26 1319.67 6526 .7 03 1.056022 1 .0 440 64 -1.26
OOIH 27 I39I.67 6526.703 0.744249 0.740 I 61 — 0.55
OOIH 23 14 63.67 6526.703 0.603136 0.605156 -0.49
OOIH 29 1535.67 6526 .703 0.527483 0.5260 07 -0.23
OOIH 30 1607. 67 6526.7C3 0.471735 0.471939 0. 05
OOIH 31 1679.67 6526 .703 0.430565 0.431788 C. 28
OOIH 32 1751.67 6526.703 0.398460 0.40OlcS 0.43
OOIH 33 I 247.67 3702.273 1 .955015 I.96 33 91 0. 43
00 IH 34 1319.67 8702.273 1.546993 1 .564987 1 .03
OOIH 35 I39I. 0 7 3702.273 I.170501 I . 1663/3 -0.35
OOIH 36 1 4 63 . 6 7 8702 .273 0.922884 0.913092 - 1 . 06
00 IH 37 1535.67 3702.273 0.772599 0.766183 -0.33
OOIH 38 1607.67 8702.273 0.67 4c16 0.67 1590 -0. 45
OOIH 39 1679.67 8702.273 0.605165 0 .6 046 39 -0. 09
OOIH 40 1751.67 3702.273 0.552965 0.533996 0. 19
OOIH 41 1247.67 I 1603.027 2.158131 2. lt>59 I 8 0. 3c
OOIH 42 I3I9.67 I 1603.027 1.874701 1 .8942 94 1 .05
OOIH 43 1391 .67 I 1603 . 027 1.530044 1.594682 0. 93
OOlH 44 1463.67 I 1603.027 1 .3 15704 1 .3146 1 0 -0. 09
OOIH 45 1535.6 7 I 160 3.0 27 I.108758 1.101233 — 0 .63
OOIH 46 1607.67 I 1603 .027 0.958 066 0.951978 — 0.64
0 0 IH 47 1679.67 11603.027 0.849008 0.845622 — 0.40
OOIH 48 1751.6 7 I 1603 .027 0.767640 0.766363 -0.17
OOIH 49 1247.67 14503.789 2.293781 2.295333 0. 07
OOIH 50 1319. 67 14503.739 2.06 8096 2,0 7 8241 0.49
OOIH 5 1 1391.67 14503.739 1.830182 1 .844132 0.76
OOIH 52 1463.67 14503.739 1.598246 1.607036 0.55
OOIH S3 1 535. 67 I 4503 .759 1.390615 1 .391790 0. 08
OOIH 54 1607.67 14503.789 1.217766 1 .216303 -0.12
OOIH 55 1679. 6 7 1450.3. 739 1.083472 1 .080622 —  0 . 2 6
OOIH D O I75I .67 14 5 0 3.739 0.979441 0 . 9760 52 -0.35
OOIH 57 1247.6 7 17404.547 2.396820 2 .3913 79 -0.23
OOIH 58 1319.67 I 7404.547 2.206232 2.2 05198 -0.05
OOIH 59 I39I.6 7 I 7404 .547 2.005898 2.008413 0.13
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DATA I P RHO EXP RHG CALC ERROR
ID RANKINE ASIA LE3MCL/FT3 LBMCL/FT3 PERCENT

00 IH 60 1463.67 17404.547 I .801661 1.8073 23 0.31
Û01H 61 1£55.67 17404.547 1.607 135 I,613228 0,38
OOIH 62 1607.67 1740 4.547 I.434917 I,438913 0.23
001 H 63 1679.67 1 7404.547 1.292174 1,291664 -0. 04
00 IH 64 1751.67 I 7404.547 1.174465 1.171303 -0.27
OOIH 65 1247.67 20305 *3 16 2.480828 2,468224 -0.51
OOIH 66 1319.07 20305.316 2.3 1059 I 2.302430 -0.55
OOIH 67 1391.67 20305.316 2, 135590 2. 12 95 16 -0.23
00 1 H 68 1463.67 20305.3 16 1.957222 1,953329 -0,20
OOIH 69 1555.67 20305 .3 16 I.779475 1,7 7994 0 0,03
00 IH 70 1607.67 20305 .3 16 1.614617 1,6 16924 0, 14
OOIH 71 1679.67 20305.3 16 I,472070 1.47 07 92 -0.09
OOIH 72 1751.67 20305.3 16 1,347395 1,344566 -0,21
OOIH 73 1 787.67 2175.570 0 , I 18369 0,116707 0,29
00 IH 74 I 659.67 2 175.570 0.I 13044 0,113261 0,19
OOIH 75 IS31.67 2175.570 0.IC8246 C,10H3o7 0.11
OOIH 76 2003.67 2 I 75.5 70 0.I 03838 0,1039 36 0.09
OOIH 77 2075,67 2175.370 0,099833 0,099696 0,06
OOIH 73 2 147.67 2175.570 0,096125 0,096193 0.07
OOIH 79 2219.67 2175.570 0.092708 0,092781 0.08
OOIH ao 2291.67 2175.570 C.089525 0,089624 0,11
OOIH 81 I 767.67 3625.950 0 .202819 0.203707 0, 44
OOIH 82 1659.67 3625.950 0.I 92676 0,193330 0,34
OOIH 83 1931.67 3625.950 0.I 23794 0,134188 0,21
OOIH 84 2003.67 3625.950 0 . I 75783 0.176042 0.15
OOIH 85 2075. 67 3625.950 0.168523 C.168713 0, 1 1
OOIH 86 2147.67 3625.950 0.16 1914 0.162068 0. 09
OOIH 87 2219.67 3625.950 0.I 55804 0.156003 0.13
OOIH 88 229 I .67 3625.950 C,I 50203 0,150436 0.15
00 IH 89 1787.67 5076.324 0.291739 0.293167 0.49
OOIH SO lcS9.67 5076.324 0.2 75604 C ,276731 0.41
OOIH 91 19 31.67 5076 .324 0.261771 0,262522 0.29
00 IH 92 2003.67 5076.324 0.249565 C.250050 C. 19
OOIH 93 2075.67 5076 .324 0.238643 G.238968 0.14
00 IH 94 2147.67 5076.324 0.228773 0 .229025 0.11
OOIH 95 2219.67 5076.324 0,2 19784 C.220028 0.11
OOIH 96 2291.67 5076.324 0.21 1347 0 .21 lu3 1 0, 23
OOIH 97 1787.67 6526.703 0.384928 0.385647 0 . 45
00 I H 98 IES9.Ô7 6526 .703 0.36 1572 0.363031 0.4 0
OOIH 99 1931.6 7 6526 .703 0,34 1930 0,342964 0.30
00 I H 1 00 2003.6 7 6526,703 0.324920 0,325595 0.21
OOIH I 0 I 2075.67 6526 .7 03 0.309354 0.310337 0. lo
00 IH I 02 2 147.67 6526.703 0.296377 0.296773 0.13
00 1 H 1 03 2219.67 6526,703 0.284139 0,284599 0.16
OOIH I 04 2291.67 6526,703 0.272872 0 ,273580 0.26
OOIH I 05 I 767.67 3702.273 0.53 1525 0.532857 0.2 5
OOIH I 06 1859.67 8702 ,273 0.495174 0.496633 0. 29
OOIH I 07 I93I.67 8702 ,273 0 .465405 0 .4665 10 0.24
OOIH 1 08 2003.67 8702,273 0,440071 0,44 0889 0, 19
OOIH I 09 2075.67 8702.273 0,42I46I 0.418705 — 0.65
OOIH 1 10 2 147.67 8702. 273 0.3 98460 0.399221 0.19
OOIH I 1 I 221 9.6 7 8702.273 0,381037 0.361909 0.23
OOIH 112 2291.67 8702.273 0.365882 0,360375 0.13
00 IH I 15 1787.67 I 1603.027 0.734477 C .733762 -0.10
OOIH 114 I 859.6 7 11603.027 0,678575 0.6786 7 5 0,01
OOIH 1 15 1931.67 11603,027 0.6 33345 0.633É 65 0,05
00 1 H 116 2003.67 11603,027 0.595399 0.595968 0,10
00 IH 1 17 2075.67 I 1603.027 0,562745 0.563763 0. 18
001 H 118 2 147.67 I 1603.027 0.534391 0,535804 0. 26
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DATA T P RhC EXP HHO CALC ERROR
ID RANKINE PSIA LBM0L/FT3 LBMCL/F T3 PERCENT

JOIN I 19 2219.67 11603.027 0.509355 0.511207 0.36
OOIH 120 2291.67 11603.027 0.4 87 107 0.489326 0. 40
OOIH 121 1787.67 14503.789 0,935581 0.9326 27 -0 .32
OOIH 122 1659. 67 14503.789 0.86 1023 0 . 65 9129 -0. 22
OOIH 123 1931.6 7 14503.739 0.600231 0 . 799226 -0.13
OOIH 124 2C03.67 14503.789 0.749233 0.7493 I 3 0.01
OOIH 1 25 2 0 75.67 14503.739 0,705779 0.706926 0.16
OOIH 1 26 2147.67 14503.739 0.668247 0.670352 0 .32
OOIH 127 2219.67 14503.789 0.635551 0.63836 1 0.44
OOIH 128 2291 .67 14503.789 0,606647 0.61005o 0.56
OOIH 129 1767.67 17404.547 1,123434 1.1199 05 -0.32
OOIH 130 1E59.67 17404,547 1 .034664 I.031532 -0.30
OOIH 1 31 1931.67 17404.547 0.960454 0.9586 45 -0.19
OOIH 132 2CÜ3.67 17404.547 0.697800 0.8 9 76 05 -0.02
OOIH 133 2075.67 17404.547 0,8444o0 0.6457 00 0. 15
00 IH 134 2147.67 17404.547 C.798205 C .300936 0.34
OOIH 135 2219.67 17404.547 0.758076 0.761351 0.50
OOIH 136 2291.07 17404.547 0.722643 0.727342 0 .62
OOIH 137 1787.67 20305.3 16 1.292174 1.286352 -0.26
OOIH 138 1859.67 20305.316 1.193871 1 . 190322 -0.26
OOIH 139 1951.67 20305.316 1 . 109822 1 , 1082 0 3 -0.15
OOIH 140 2003.67 20305.316 1.038382 1 .036094 -0.03
OOIH I 41 2 075.6 7 20305.316 0.976958 0,9780 18 0.11
OOIH 142 2 14 7.67 20305.316 0.923130 0.925987 0.31
OOIH 143 2219.67 20305.316 0.876029 0.3304 55 0.51
00 IH 144 2291.67 20305.316 0.634705 C .84 0221 0,66
OOIH 145 707.67 1450.320 3.287703 3.286570 0. 03
OOIH I 46 779.67 1450.330 3.164415 3.170595 0.20
OOIH 147 £51 .67 1450.350 3. 0 1 8449 3.02 9176 0.36
OOIH 143 923.67 1450.380 2.643719 2.855227 0.40
OOIH 149 995.67 1450.380 2.622060 2.627660 0.21
OOIH 150 1067.67 1450,380 0.180073 0.1783 I 5 -0.98
OOIH 151 1 139.67 1450.380 0.148722 0.14927 1 0 .37
OOIH 152 1211.07 1450,330 0.13 1321 0.131917 0.45
OOIH 153 707.6 7 2900.760 3.303990 3.296171 -0.24
OOIH 154 779.67 2900.760 3.164170 3.181765 — 0,08
OOIH 155 £51.67 2900.760 3.0 4 3347 3.04614 4 0.09
OOIH 1 56 923.67 2900.7oO 2.677216 2.8825 1 5 0.18
OOIH 157 995. 67 2900.760 2.673396 2.676924 0.13
OOIH 158 1 067.67 2900.750 2,403463 2.394662 -0.37
OOIH 159 1139.67 2900.760 1.900381 1.650967 — 2 . 60
OOIH 160 1211.67 2900.760 0.347693 0.3462 96 — 0.46
OOIH loi 707.67 4351.137 3.3 198 04 3.503509 -0.49
OOIH 162 7 79. 6 7 4351. 137 3.2 02991 3.192388 -0.33
OOIH 163 £51.67 4351 . 137. 3.066439 3.0619 1 £ -0.15
OOIH 164 923.67 4351.137 2.907853 2.906894 -0 .03
OOIH 165 995.67 4351 . 137 2.7 1 7596 2.7175 4 0 -0.00
OOIH 166 1 067.67 4351.137 2,476576 2.474079 — 0.10
OOIH 167 1 139. 67 4351.137 2.131257 2.1195 96 -0 .55
OOIH 168 1211.67 4 351,137 1.232479 1.265021 2. 64
OOIH 169 707.6 7 5801.520 3.335446 3.310596 -0.75
OOIH 170 779.67 5801.520 3.22 1436 3.202519 -0.59
OOIH 171 £51.67 5801.520 3.088833 3.0 766 71 — 0.40
OOIH 172 923.67 5801.520 2.936414 2.92 89 9 7 -0.25
OOIH 1 73 995.6 7 5801.520 2.756696 2.752366 — 0.16
OOIH 174 1067.67 5801.520 2.537271 2.534334 -0.12
OOIH 175 1 139. u7 5801.520 2.249156 2.246029 -0 . 05
OOIH 1 76 1211.67 5801.520 1.803535 1.811907 0.46
OOIH 177 707.67 7251.895 3.350917 3.317452 — 1.00
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DATA 7 P RHG EXP RHO CALC ERROR
ID RANK I NE PS I A LBWCL/FT3 LBMGL/FT3 PERCENT

OOIH I 78 779.67 7251.895 3.239188 3.2122 13 -0 .83
OOIH 179 £51.67 7251.895 3.110493 3. 0905 51 — 0 .64
OOIH I ao 923.6 7 7251.895 2.963260 2 .9492 72 -0 .47
OOIH lei 995.67 725 I.£95 2.792431 2.783003 -0 .34
OOIH 182 I 067.67 7251.£95 2.5££9£1 2 .583420 -0 .21
OOIH I £3 I 139.67 7251.895 2.335173 2.3350 76 0 .02
OOIH 184 1211.67 7251.£95 1.998961 2.007324 0 .42
OOIH 1 £5 707.6 7 10152.656 3.360639 3 .330545 -1 .48
OOIH 1 £6 779.6 7 I 0152 .656 3.273430 3 .230444 - 1.31
00 IH I 87 £51.67 10152.656 3. 150901 3. I 16120 - 1. 10
OOIH 188 92 3.0 7 10152.650 3.0 12630 2.48 55 IS -0 .90
OOIH 189 995.67 10 15 2.6 56 2.855659 2. 83 53 6 8 -0 .71
OOIH 1 90 1067.67 10 152.656 2.6 74£4 0 2.661508 -0 .50
OOIH 191 I 139. 67 10 152.656 2.464253 2 .4583 I 3 -0 .24
00 I H 152 1211.67 10 152.656 2.217518 2.217257 -0 .01
OOIH 193 707.67 13053 .406 3.409220 3.3429 12 -1 . 94
OOIH 194 779.67 1 3053.4.06 3.305564 3.2473 6 3 -I .76
OOIH I 95 £51.67 13053.406 3 . I££56 1 3.139300 - 1.54
OOIH 1 96 923.67 13053.406 3.057297 3.0 I 73 57 -1 .31
OOIH 197 995.67 13053.406 2.911029 2.£794 I I -1 . 09
OOIH 193 1067.67 13053.406 2.746869 2.723166 -0 .86
OOIH 199 I 139.67 13053.406 2.560690 2.546257 -0 . 56
OOIH 200 1211.67 13053 .406 2.34£136 2.346023 -0 . 09
OOIH 201 707.67 17404.547 3.449228 3.3602 77 -2 .58
OOIH 202 779.67 17404.547 3.3509 1 7 3.2 707 I 2 -2 .39
OOIH 203 £51.67 17404.547 3.240397 3.170572 — 2 . 15
OOIH 204 923.67 17404.547 3.117762 3.05909 I -1 .38
OOIH 205 993 .67 17404 .547 2.983396 2.935046 - 1.62
0 0 IH 206 I 067.67 17404.547 2.835813 2.797414 -1 .35
00 IH 207 1 139. 67 17404.547 2.673603 2 . 6 4 5 c. 2 c -1 . 05
OOIH 203 1211.67 17404.547 2.491521 2.479607 -0 .48
OOIH 209 7 0 7.67 20305.3 16 3.474451 3.37 1 I 70 -2 .97
00 IH 210 779.67 20305.316 3.37£994 3 .285140 -2 . 73
OOIH 211 £51 .67 20305.3 16 3.272502 3.189548 -2 .53
OOIH 2 12 923.67 20305.316 3.155201* 3.083650 -2 .26
OOIH 213 995.6 7 20305.3 16 3.026E30 2.96 716 I - 1. 97
00 IH 214 i 067.67 20305.316 2.867279 2.83 88 63 -1 .68
OOIH 2 15 I 139.67 20305.316 2.736467 2.695081 -1 .37
OOIH 216 1211.0 7 20305.316 2.565234 2.547704 -0 .68

THE AVERAGE AÜECLUTE ERROR IN PERCENT IS FOR 216 DATA FClNTS.
0.50
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DATA T p RHO EXP f:h c CALC El-, üRlû RANKINE P51A LBN0L/KT3 L8MCL/FT3 PERE EN'
00 lU 64 1 459 67 5633.734 0.50463ù G. 503982 -ü 1 3001 J 65 1209 67 34 34 .6 06 0 .504630 U .4 953 IV? - 1 65001 U 66 2E6V o7 7612.117 0.252515 0. 25341i 0 4 30 0 1 Ü 67 2459 6 7 0564.293 0.252315 0.2520 04 ) 2b
0 0 1 U 65 1 959 o 7 5 0 06 .0 74 0.2=2315 0 .25373l 0 3bOO lU 64 1459 Ô7 3322,942 0.252315 0 .25346 2 0 4b
001 J 70 1209 6 7 23 72.063 0.252315 C. 252332 0 03UOl u 71 2659 6 7 3104.061 0 . l 0 0 926 G .101233 0 30OOlU 72 2 459 67 2644.306 Ü. 10092b 0 .10 1134 0 2 l
0 0 1 u 73 1959 67 2069 .674 Ü.100926 0 .1012 6 4 ■j 34
00 I J 74 1459 67 1474.609 0.10 0926 0. 10137 : G + 4001 ü 75 1209 6 7 115 7.043 0.100926 0 .1014 6 1 G 5 3
OUI ü 7b 1159 6 7 1039 .934 0.10 0926 0 .10 14 8 1 0 55
oO 1J 77 1 109 6 7 102 0 .631 U .100926 0 .10 14 6 0 0 530 0 1 D 7 3 1 059 67 945 .2Jü 0.10 0926 0 .10 13 2 4 •J 3900 lü 79 1 009 6 7 a 7 1 .402 0.10 0926 G. 1 0 0 9 1 0 1
001 ü 50 2659 67 552,2 05 0.027755 C. 02 77 3 7 0 12JOl u 51 2 459 6 7 730.966 0.027755 ü .02777b •J V <j0 01 ü 52 1959 o7 579 .492 0.0 27755 G. 027784 1 0
0 0 1 u 33 1 459 o7 4 2 c . b 1 7 0.0 2775 5 0 .0 2 7bU3 J i 7
j 0 lü 54 1 159 67 332.747 0.027755 G .027830 0 27
0 0 1 u 35 959 6 7 267.416 0.02 7755 0. 027876 0 44001 ü 5u 659 6 7 232 .317 0.0 27755 0 .02 78 70 0 4 2001J 37 2 6 59 67 170.363 0.005551 G .0055 52 '\J 02
oO 1 ü 36 2459 67 146.430 0.005551 0 .00 5532 V •0 100 l ü 59 1959 67 116.564 0.0 05551 C .0 0 55 5 2 Ü 020 JlU 90 1459 o7 86 ,624 0.005551 0. 0 055 ô 3 0 04
00 l ü 91 l 159 67 68.574 0.005551 G .0 0 55 54 •J 0600 l ü 92 959 6 7 56.4 42 0.005551 0 .0 0 5556 12OOIÜ 93 659 6 7 50 .3 00 0.005551 0. 0055b1 0 1 3u 0 1 ü 94 759 67 44.034 0.005551 0. G055c'- ü 2 7
0 01 ü 95 2659 6 7 34.069 0.001110 0 .00 11 10 -0 0 0001 ü 9 b 2459 67 29 .301 0.001110 0 •00I1 10 -ü 0 000 l ü 97 1959 b7 23 ,3 40 ■0.001110 0 .0 011 10 ü 0 000 1 ü 95 1459 67 1 7 .3 77 0.001110 0 .00 1110 0
oO lU 99 1159 67 1 3 . 7 96 0 . û Ü 1 1 1 ù 0 .0 011 10 J 0 1
00 1 ü l 00 959 67 1 l .4 04 0.0011l0 ü .0 0 11 10 G 02oûlü 1 01 659 o7 10,2 0o ü . 0  c l 11 0 J .001111 0 4ooiü 1 02 759 6 7 9. 0 03 o . û c i n  u 0 .001111 C 0 6Oûlü 1 03 c59 67 7.790 0.001110 u .001111 0 i  U
00 lü 1 04 2659 67 3 .4 0 7 0.000111 ü .■uUO 1 1 1 G J200 lü 1 05 2459 67 2 .930 0.0001 1 1 0 .0001 l l 0 0 0
001 ü 1 Ob 1959 67 2 .335 0.000111 0 .OOL1 1 l 0 0 3oûlü 1 07 1459 6 7 1 . 7 39 0.000111 c.00 01 1 1 G 02001 ü 1 05 1 15 9 6 7 1 .381 0.000111 0 .0 0 0 1 l l — 0 0 lOOlü l 09 959 6 7 1 . 1 43 0.000111 ü .00011I 0 1OOlü 1 10 65 9 67 1 .024 0.000111 0 .0001 i I 0 0 4oûlü 1 il 75 9 6 7 0 .905 0.0001 1 1 c .000 1 1 1 0 G 7
OOlü 1 12 659 67 0. 785 0.000111 0 .0001 11 - G 0 0OOlü 1 13 559 6 7 0 .666 0.000 1 1 1 G .0001 l 1 G 0 9

THE AVERAGE ABbLLüT E  El■cRüS IN PERCENT 15 0 .45FOA 103 DATA PEINTS
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TAâLE 5. T H E  P R E D I C T I O N  O F  E X P E R I M E N T A L  D E N S I T Y  D A T A  O F
. E N N E Ü Y  . A M . J .  C F  S C I . . V .  2 5 5 * 7 2 4 (  1 9 5 7 ) •

D A T A T P R H O  E X P R H U C A L C E R R O R
1 0 R A N K I N E P S  I A L B M C L / F T 3 L E M C L / F T 3 P E R C E N T

Ü 0 1 K 1 E S I . 6 7 1 4 5 . 0 3 8 0 . 0  1 6 8 5 2 0 0 1 6 8 9 5 0 . 2 5
0 Û 1 K 2 3 6 9 . 6 7 1 4 5 . 0 3 8 0 . 0  1 6 4 0 6 0 a 0 1 6 4 5 1 0 . 2 7
0 0  I K J 8 3 7 . 6 7 1 4 5 . 0 3 8 0 . 0 1 5 9 9 0 0 .0 1 6 0 3 6 0 . 2 9
0 0  I K 4 £ 8 7 . 6 7 2 9 0 . 0  7 6 0 . 0 3 3 9 1 9 0 .0 3 4 0 6 3 0 .  4 3
O Q I K 5 9 0 5 . 6 7 1 4 5 . 0 3 8 0 . 0 1 5 6 0 1 0 a 0 1 5 6  4 8 0 . 3 0
O O I K 6 9 0 5 . 6 7 2 9 0 . 0 7 6 0 . 0 3 2 8 9 9 0 a 0 3 3 0 4 0 0 . 4 3
0 Ü 1 K 7 9 2 3 . 6 7 1 4 5 . 0 3 6 0 . 0 1 5 5 7 3 0 .0 1 5 2 8 3 - 1  . 8 6
O O I K 3 9 2 3 . 6 7 2 9 0 . 0 7 6 0 . 0 3 1 9 7 4 0 a 0 3 2 1 0 3 0 . 4 1
O O I K 9 9 2 3 . 6 7 4 3 5 . 1 1 4 0 . 0 5 0 8 6 8 0 a 0 5 0 9 5 7 0 .  1 7
0 0  I K 1 0 9 4 1 . 6 7 1 4 5 . 0 3 8 0 . 0 1 4 8 9 1 0 a 0 1 4 9 3 9 0 . 3 2
O O I K 1 1 9 4 1 . 6 7 2 9 0 . 0 7 6 0 . 0 3 1 1 2 2 0 a 0 3  1 2 4 0 0 . 3 8
O O I K 1 2 9 4 1 . 6 7 4 3 5 . 1 1 4 0 . 0 4 9 1 3 9 0 a 0 4 9 2 9 3 0 . 3 1
O O I K 1 3 9 5 9 . 6 7 1 4 5 . 0 3 8 0 . 0 1 4 5 1 7 G a 0 1 4 6 1 3 0 . 6 6
O O I K 1 4 9 5 9 . 6 7 2 9 0 . 0 7 6 0 . 0 3 0 3 3 0 0 a 0 3 0 4 4 0 0 . 3 6
O O I K 1 5 9 5 9 . 6 7 4 3 5 . 1  1 4 0 . 0 4 7 6 0 7 0 a 0 4 7 7 8 9 0 . 3 8
O O I K 1 6 9 5 9 . 6 7 5 8 0  . 1 3 2 0 . 0 6 6 9 5 4 0 a 0 6 7 1 1 7 0 . 2 4
O O I K 1 7 9 7 7 . 6 7 1 4 5 . 0 3 8 0 . 0  1 4 2 2 0 0 a 0  1 4 3 0 4 0 . 5 9
O O I K 1 3 9 7 7 . 6 7 2 9 0 . 0  7 6 0 . 0 2 9 5 9 2 0 .0 2 9 6 9 5 0 . 3 5
O O I K 1 9 9 7 7 . 6 7 4 3 5 . 1 1 4 0 . 0 4 6 2 2 4 0 .0 4 6 4  1 8 0 . 4 2
O O I K 2 0 9 7 7 . 6 7 5 8 0 .  1 5 2 0 . 0 6 4 5 9 7 0 a 0 6 4 8 2 5 0 . 3 5
O O I K 2 1 9 7 7 . 6 7 7 2 5  . 1 9 0 0 . 0 8 5 4 2 4 0 a 0 8 5 4 4 8 O a  0 3
O O I K 2 2 9 9 5 . 6 7 1 4 5 . 0 3 8 0 . 0 1 3 9 0 1 0 a 0 1 4 0  1 0 0 . 7 9
0 0  I K 2 3 9 9 5 . 6 7 2 9 0 . 0 7 6 0 . 0 2 8 9 0 4 0 a 0 2 8 9 9 7 0 . 3 2
O O I K 2 4 9 9 5 . 6 7 4 3 5 -  1 1 4 0 . 0 4 4 9 6 0 0 a 0 4 5 1 5 9 0 . 4 4
O O I K 2 5 9 9 5 . 6 7 5 8 0 . 1 5 2 0 . 0 6 2 4 9 0 0 a 0 6 2 7 6 9 0 . 4 5
O O I K 2 6 9 9 5 . 6 7 7 2 5  . 1 9 0 0 . 0 8 2 0 4 9 0 a 0 8 2 2 2 2 0 . 2 1
O O I K 2 7 9 9 5 . 6 7 8 7 0 . 2 2 8 0 . 1 0 4 5 2 7 0 a 1 0 4 1 2 8 - 0 . 3 8
O O I K 2 8 1 0 1 3 . 6 7 1 4 5 . 0 3 8 0 . 0  1 3 7 1 4 0 a 0 1 3 7 3 0 0 .  1 2
O O I K 2 9 1 0 1 3 - 6 7 2 9 0 . 0  7 6 0  . 0 2 8 2 5 6 0 a 0 2 8 3 4 1 0 . 3 0
0 0  I K 3 0 1 0 1 3 . 6 7 4 3 5 . 1 1 4 0 . 0 4 3 8 0 1 0 a 0 4 3 9 9 5 0 . 4 4
O O I K 3 1 1 0 1 3 . 6 7 5 8 0 . 1 5 2 0 . 0 6 0 6 1 2 0 a 0 6  0 9  0 6 0 . 4 9
O O I K 3 2 1 0 1 3 . 6 7 7 2 5 . 1 9 0 0  . 0 7 9 0 9 2 0 a 0 7 9 3 7 5 0 . 3 6
O O I K 3 3 1 0 1 3 . 6 7 8 7 0 . 2 2 8 0 . 0 9 9 8 3 3 0 a 0 9 9 8 3 7 0 . 0 0
O O I K 3 4 1 0 1 3 . 6 7 1 0 1 5 . 2 6 6 0 . 1 2 3 6 8 8 0 a 1 2 2 9 6 9 - 0 .  5 8
O O I K 3 5 1 0 3 1 . 6  7 1 4 5 . 0 3 8 0 . 0 1 3 4 4 8 0 a 0  1 3 4 6 2 0 . 1 1
O O I K 3 6 1 0 3 1 . 6 7 2 9 0 . 0 7 6 0 . 0 2  7 6 4 6 0 a 0 2 7 7 2 3 0 . 2 8
O O I K 3 7 1 0 3 1 . o 7 4 3 5  . 1 1 4 0 . 0  4 2 7  3 8 0 a 0 4 2 9 1 3 0 . 4 1
O O I K 3 3 1 0 3 1 . 6 7 5 8 0 . 1 5 2 0 . 0 5 8 9 2 3 0 a 0 5 9 2 0 5 0 . 4 8
O O I K 3 9 1 0 3 1 . 6 7 7 2 5 .  1 9 0 0 . 0 7 6 4 9 3 0 a 0 7 6 8 2 9 0 . 4 4
O O I K 4 0 1 0 3 1 . 6 7 8 7 0 . 2 2 8 0 . 0 9 5 8 8 6 0 a 0 9 6 1 0 6 0 . 2 3
O O I K 4  1 1 0 3 1 . 6 7 1 0  1 5 . 2 6 6 0 .  1 1 7 6 3 6 0 a I 1 7 5 0 5 - 0 .  1 5
O O I K 4 2 1 0 3 1 . 6 7 1 1 6 0 . 3 0 4 0 .  1 4 3 0 1 8 0 a 1 4  1 7 6 1 —  0 . 8 8
O O I K 4 3 1 0 4 9 . 6 7 1 4 5 . 0 3 8 0 . 0 1 3 1 9 2 0 a 0 1 3 2 0 7 0 . 1 1
O O I K 4 4 1 0 4 9 . 6 7 2 9 0 . 0 7 6 0 . 0 2 7 0 6 8 0 a 0 2 7 1  3 8 0 . 2 6
O O I K 4 5 1 0 4 9 . 6 7 4 3 5 .  1 1 4 0 . 0 4 1 7 4 5 0 a 0 4  1 9  0 2 0  . 3 8
O O I K 4 6 1 0 4 9 . 6 7 5 8 0 . 1 5 2 0 . 0 5 7 3 8 2 ca 0 5 7 6  3 9 0 . 4 5
O O I K 4 7 1 0 4 9 . 6 7 7 2 5  . 1  9 0 0 . 0 7 4 1 7 0 0 a 0 7 4 5 2 7 0 .  4 8
O O I K 4 3 1 0 4 9 . 6 7 3 7 0 . 2 2 8 0 . 0 9 2 4 8 5 0 a 0 9 2 6 0 9 0 . 3 5
O O I K 4 9 1 0 4 9 . 6 7 1 0 1 5 . 2 6 6 0 .  1 1 2 7 5 0 0 a 1 1 2 8 2 1 0 .  0 6
O O I K 5 0 1 0 4 9 . 6 7 1 1 6 0 . 3 0 4 0 .  1 3 5 5 2 9 Ûa 1 3 5 0 5 5 - 0 . 3 5
O O I K 5 1 1 0 4 9 . 6 7 1 3 0 5 . 3 4 2 0 .  1 6  1 9 1 4 ca 1 6 0 2 8 2 - 1 . 0 1
O O I K 5 2 1 0 6 7 . 6 7 1 4 5 . 0 3 8 0 . 0 1 2 9 5 1 0 a 0  I 2 9  6  2 0 .  0 9
O O I K 5 3 1 0 6 7 . 6 7 2 9 0 . 0 7 6 0 . 0 2 6 5 1 9 0 .0 2 6 5 8 4 0 . 2 4
O O I K 5 4 1 0 6 7 . 6 7 4 3 5  . 1 1 4 0 . 0 4 0 8 1 2 0 a 0 4 0 9 5 5 0 . 3 5
O O I K 5 5 1 0 6 7 . 6 7 5 8 0 . 1 5 2 0 . 0 5 5 9 5 7 0 a 0 5 6 1 8 9 0 . 4 1
O O I K 5 6 1 0 6 7 .  6 7 7 2 5 . 1 9 0 0 . 0 7 2 0 7 4 0 a 0 7 2 4 2 8 0 .  4 9
O O I K 5 7 1 0 6 7 . 6 7 8 7 0 . 2 2 8 0 . 0 8 9 5 0 2 0 a 0 8 9 6 5 0 0 .  4 0
O O I K 5 8 1 0 6 7 . 6 7 1 0 1 5  . 2 6 6 0 . 1 0 8 4 8 3 0 a 1 0 8 7 2 7 0 .  2 3
O O I K 5 9 1 0 6 7 . 6 7 1 1 6 0  . 3 0 4 0 .  1 2 9 4 1  0 0 a 1 2  9 3 7 9 - 0 . 0 2
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D A T A R H C  E X P  R H O  C A L C E R R O R
ID RANK I NE PS IA LBMCL/FT3 LB.MCL/F T3 PERCENT

OOIK 60 I 067 67 I 305 342 0.152986 0.152315 — 0.44
OOIK 61 1067 67 1450 . 380 0.130073 0.1763 IS -0.98
OOIK 62 1 103 67 145 . 038 0.012493 0.012502 0.07
OOIK 63 1 103 67 290 . 076 0.025498 0.025555 0.22
OOIK 64 1 103 67 435 « 114 0.039091 0.039222 0.33
00 IK 65 1 103 67 580 . 152 0.053382 0. 0535 79 0.3 7
OOIK 66 1 103 67 723 a 190 0 .068393 0.0687 18 0.48
OOIK 67 1 103 67 870 . 223 0.084364 J.084755 0.46
OOIK 63 I 103 67 1015 a 266 0.101409 0.101833 0.42
OOIK o9 I 103 67 1 160 a 304 0.1 19717 0.120 I 36 0.35
OOIK 70 I 103 67 1 305 a 342 0.139565 0.139903 0.25
OOIK 71 1 103 67 1450 a 380 0. 161337 0.161482 0 . 06
OOIK 72 1 139 67 145 a 038 0.012076 0.0 120 77 0.0 1
OOIK 73 1 139 67 290 a 076 0 .024566 0 a 0246 I a 0.21
OOIK 74 I 139 67 435 a 114 0.037551 0.0376 68 0.31
OOIK 75 1 139 67 530 a 152 0.051093 0.0512 80 0.37
OOIK 76 1 139 67 725 a 190 0 . 0652 16 0.065516 0.46
OOIK 77 1 139 67 87-0 a 228 0.080078 0.08045 1 0 .46
OOIK 78 1139 67 1015 a 266 0.095674 0.096171 0.52
OOIK 79 I 139 67 I 160 a 3 04 0.112203 0.112786 0.52
OOIK 8 0 I 139 67 1305 a 342 0.129895 0.130430 0.41
00 IK ai I 139 67 1450 a 380 0.148722 0.14 9271 0.37
OOIK 32 I 1 75 67 145 a 038 0.011677 0.01 16 83 0 .05
OOIK 83 1 I 75 67 290 a 0 76 0.023722 0. 023759 0. 16
OOIK 04 1 175 67 435 a 1 14 0.036180 0 .036 262 0.23
OOIK 85 1 I 75 67 580 a 152 0.049048 0.0492 30 0.37
OOIK 86 I 175 67 725 a 190 0.062445 0 . 06 27 04 0.41
00 IK 87 1 1 75 67 870 a 223 0 .0 76375 0.076734 0.47
00 IK 80 1 175 67 1015 a 266 0. CSÛ909 0.091378 0.51
OOIK 09 1 175 67 1 160 a 304 0. 1 06094 0 . 1067 02 0.57
00 IK 90 1 175 67 1305 a 342 0. 122120 0.122786 0.55
OOIK 91 1 175 67 1450 a 380 0. 1 39062 0.139726 0.48
OOIK 92 1211 67 145 a 038 0.0 11312 0.0113 15 0.03
OOIK 93 .1211 67 290 a 076 0.022938 0.022967 0.13
OOIK 94 1211 67 435 a 1 14 0.034898 0.0349 80 0.23
OOIK 95 1211 67 580 a 152 0.0 4 721S 0.04 73 8 0 0 .34
OOIK 96 1211 67 725 a 190 0.059972 0.06 0199 0.38
OOIK 97 1211 67 870 a 228 0.073122 0.073468 0 .47
OOIK 98 1211 67 1015 a 266 0.086792 ■ 0. 0872 28 0.50
OOIK 99 1211 67 1160 a 3 04 0.101025 0.10 1522 0.49
OOIK 1 00 12 11 67 1305 a 3 42 0.115800 0.I 16399 0.52
OOIK 101 1211 6  7 1450 a 380 0.131321 0.131917 0.45
OOIK 1 02 1 247 6 7 145 a 038 0.010968 0.0 109 72 0.03
00 IK 103 1247 67 290 a 076 0. 022204 0. 022233 0.13
OOIK 104 1 247 67 435 a 1 14 0.033727 0. 033602 0.22
OOIK 103 1247 6 7 580 a 152 0 .045562 0.0456 98 0.30
00 IK 106 1247 67 725 a 190 0.057755 C. 057943 0.32
00 IK 107 1247 67 870 a 228 0.070235 0 . 0705C.0 0.46
00 IK 100 1247 67 1015 a 266 0.083210 0.ÜÜ3576 0.44
OOIK 109 1247 6 7 1 160 a 3 04 O a  096607 0.09/0 20 0.43
OOIK 110 1247 67 1305 a 342 0 . 1 10452 0 . 1 10924 0.43
OOIK 1 1 1 1247 67 1450 a 380 0. 1 24800 0  . 1 2 5 3 2 c 0. 42
OOIK 1 12 1203 6 7 145 . 038 0.0 10645 0 .0 I 06 50 0.04
OOIK 1 13 1283 67 290 a 076 0.021515 0. 021550 0.16
OOIK I 14 1 283 67 435 a 1 14 0. 032620 0.0327 14 0.29
00 IK 115 1 283 6 7 580 a 152 0 .044041 0.044157 0 .26
00 IK 1 16 1283 67 725 a 190 0. 055759 C.055894 0.24
OOIK 117 12 83 6  7 670 a 228 0 .067685 0.067941 0.38
OOIK 1 13 1283 67 1015 a 266 0.080041 0.0803 18 0 .35
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DATA I P RHC EXP R H O  CALC ERROR
ID RANKINE PSIA LBM0L/FT3 LBMÜL/FT3 PERCENT

OOIK 11 9 1283.67 1 160.304 0 092683 0 .093044 0.39
OOIK 120 1233.67 1305.342 0 • 105706 0.106142 0.41
OOIK 121 1283.67 1450.380 0 «119141 0.1196 35 0.41
00 IK 122 1319.67 145.038 0.0 1 0340 0.010347 0.06
OOIK 123 1319.67 290.0 76 0 .020880 0.0209 1 2 0.15
OOIK 124 1319.67 435 .1 14 0 .031624 0.031705 0.26
OOIK 125 1319.67 580.152 0 « 042643 0.042737 0.22
OOIK 126 1319.67 725.190 0 . 0 5 3913 0.0540 18 0.20
OOIK 127 1319.67 870.228 0 . C65401 0.065562 0.25
OOIK 123 1319.67 1015.266 0 . 0 ? 7140 0.07738 1 0.31
OOIK 129 1319.67 1160.304 0 . 089157 0.089490 0.37
00 IK 130 1319.67 1305,342 0 10 1469 0.101903 0. 43
OOIK 131 1319.67 1450.380 0 .114161 0 . 1 1 46 3 7 0.42
OOIK 132 1355.67 145.038 0 .010056 C.0 10062 0.06
OOIK 133 1355.67 290 .0 76 0 ■020294 0.020314 0. 10
OOIK 134 1355.67 435 . 1 14 0 .030697 C .030765 0.22
OOIK 135 1355,67 580.152 0.041242 C.04 1421 C. 19
OOIK 136 1355.67 725.190 0 .052200 0.052291 0. 17
00 IK 137 1355.67 870.223 0 .063277 0.063384 0.17
00 IK 138 1355.67 1015.266 0 .074505 0.074710 0.26
OOIK 1 39 1355.67 1 160.304 0 .085995 0.080279 0.33
00 IK 140 1355.67 1305.342 0 097668 0. 0951 0 1 0.44
OOIK 141 1355.67 1450.380 0 1 09718 0.110188 0. 43
00 IK 142 1391.67 145.038 0 .009789 0.009793 0.04
OOIK 143 1391.67 290 .076 0 0 19739 0.019753 0. 07
OOIK 1 44 1391.67 43 5.114 0 .029660 0 .029885 0. 09
OOIK 145 1391.67 580. 152 c « 0 40132 0.04 0190 0.16
OOIK 146 1391.67 725.190 0.050608 0.050692 0. 16
OOIK 147 1391.67 870.228 0 ,061243 0.0613 79 0 .22
00 IK 143 1391.67 1015.266 0 «072104 0 . 072254 0.22
00 1 K 1 49 1391.67 1 160.304 0 a 083090 0.083355 0.32
OOIK 150 1391.67 1305,342 0 . 094270 0. 0946 59 0.41
OOIK 151 1391.67 1450.380 0 « 1 C5770 C . 106 I 83 0.39
OOIK 152 1427.67 145.038 0 . 009536 0.009539 0.03
OOIK 153 1427.67 290.076 0 . 0 19214 0.0 192 24 0. 05
OOIK 154 1427.67 435,114 0 029023 0 . 029060 0.13
00 IK 155 1427. 6 7 580.152 0 « 039004 0.0390 53 0.13
OOIK 156 1427.6 7 725.190 0 a 049139 0 . 0492 05 0. 13
00 IK 157 1427.67 870.228 0 . 059397 0.059522 0.21
00 IK 153 1427.6 7 1015.26c u . 069895 0.070010 0. 16
OOIK 159 1427.67 I 160 .304 0 « 080450 0 . 08Cc7 3 0.28
00 IK 160 1427.67 1305.342 0 . 09 1220 0.0915 17 0.33
OOIK 161 1427.67 1450.380 0 • 102246 0 . 10254 7 0.29
OOIK 102 1463.67 145.038 0 009296 0 .009297 0 .02
00 IK 163 1463.67 290.0 76 0 « C 18727 0,013725 -0.01
OOIK 164 1463.67 435 . 1 14 0 028259 0 .028234 0. 09
OOIK 165 14 63.6 7 580.152 Ü . 037941 0 . 03 79 3 1 0.10
OOIK 166 1463.6 7 725 . 190 c . 04 7758 0.047817 0. 12
00 IK 167 1 4 63 . 6 7 870 . 228 0 , 057688 0 . 057796 0.19
OOIK 163 1 463.67 IC 15.266 0 067778 0.06792 2 0.21
OOIK 169 1463.67 1 160.304 0 . 073025 0 . 078199 0.22
OOIK 170 1463.67 1305.342 0 . 088429 0 . 0806 3 0 0.23
00 IK 171 1463.67 1450.380 0 099006 0 . 09922 1 0.22
OOIK 1 72 1499.67 145.038 0 009067 0 . 0090C9 0.02
00 IK 1 73 1499.67 290.076 0 . 0 18244 0. 0182 52 0. 04
00 1 K 1 74 1499.67 435.114 0 . 027536 C . 027553 0. 06
OOIK 175 1499.67 580 . 152 0 036939 0 .0369 73 0 . 09
OOIK 1 76 1499.67 725.190 0 046472 0 . 0465 1 6 0. 09
OOIK 1 77 14 9 9.67 870.228 0 «056111 0.056 183 0.13
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TAdLE d, CCNTINLED. KENNEDY.
DATA T P RHC EXP RHD CALC ERROR
ID KANKINfc PSIA LBM0L/FT3 LBMCL/FT3 PERCENT

OOIK I 78 1499.67 1015.266 0.065885 0.065979 0. 14
OOIK 179 1499.67 1 160.304 0.07S79I 0 .075905 0.15
OOIK ISO 1499.67 1305.342 0.085846 0. 085964 0. 14
OOIK 1 cl I 499.67 1450.380 0.095992 0.096159 0.17
OOIK 182 1535.6 7 145.038 0.008852 0.00 88 51 — 0.01
OOIK 183 1535.6 7 290 .076 O.OI 7804 0.017804 0. 00
0 0 IK I 84 1535.67 435 . I 14 0.026854 0 . 02686 1 0.03
OOIK 185 1535.67 580 . 152 0.036000 0.036023 0.07
OOIK 186 I 535.67 725 .190 0 .045259 0.045293 0.08
OOIK 187 1535.67 870.228 0.054626 0.054673 0.09
OOIK 1 38 1535 .67 1 0 15 .266 0 . 064095 0.064164 0. 1 1
OOIK 189 1535.67 1 160.304 0.0 73666 0.0737 6 8 0.14
OOIK 190 1535.67 1305 .342 V.083410 0.083^8 8 0. 09
OOIK 191 1535.07 1430.380 0.093156 0.093325 0.18
OOIK 192 1571.67 145.038 0.008645 0.00 86 +4 — 0.01
OOIK 193 1571.67 290.0 76 0.0 1737c 0.017379 0. 02
OOIK 194 1571.67 435. 1 14 0.026213 0.0262 06 -0.03
OOIK 195 1571.67 580 . 152 0.035114 0.035126 0. 03
OOIK 1 96 I57I.67 725. 190 0. 0 44113 0.0441 4 I 0 .06
OOIK 197 15 71.67 870.228 0.053234 0.053253 0.03
OOIK 1 93 1571.67 I 015 .2 66 0. 06241 I 0.062462 0.03
OOIK 1 sy 1571.67 I 160 .304 0.071687 0.071770 0.12
OOIK 200 1571.67 1305.342 C.CS1108 0.081179 0. 09
OOIK 201 1571.67 145 0.3 80 0 .090530 0.0906 90 0. 18
00 IK 202 1607.67 145.038 0.008451 0 . 0084 47 -0. 05
OOIK 203 1607.67 290.076 0.0 16984 0.016974 -0.06
00 IK 204 1607.67 435 . 1 14 0 .025599 0.025534 -0.06
OOIK 205 1607.67 580. 152 0.034274 0.034276 0.01
OOIK 20o 1607.67 725.190 0.043030 0 . 043053 0. 05
00 IK 207 1607.67 870.223 0.051896 0.051914 0.04
OOIK 203 1607.6 7 1015.266 0.060814 0.060662 0.08
OOIK 209 1607.67 I 160.304 0.06 9811 0 .069896 0.12
OOIK 210 1607.67 1305.342 0.078930 0.0790 18 0. 1 1
OOIK 211 1607.67 1450.380 0.088070 0. 088230 0.18
OOIK 2 12 1643.67 145.038 0.008263 0. 008258 — 0 . 06
00 IK 213 1643.6 7 290.0 76 0.0 16594 0.016589 -0.03
OOIK 214 1043.67 435. 1 14 0.025005 0.024993 -0.05
OOIK 215 1 643.67 580.152 0.033477 0.0334 71 -0. 02
OOIK 216 I 643.o 7 725.190 0.04 1998 0.042023 0. 06
OOIK 2 17 1643.67 870.228 0.050631 0.050650 0.04
OOIK 218 1643.67 1015.2 66 0 . C59306 0.059353 0. 08
OOIK 219 ■ 1643.6 7 1160.304 0.068044 0 . 06 8 I 33 0.13
00 IK 220 1643.67 1305.342 0.076900 0.0 76 99 0 0.12
OOIK 221 1043.67 1450.380 0.085762 0.005924 0.19
00 IK 222 1679.67 145.038 0.008086 0.000079 -0.10
OOIK 223 1679.67 290 .076 0.0 16237 0. 016222 -0. 09
00 IK 224 1679.67 435. 114 0.02444 I 0 .024430 -0. 04
OOIK 225 1679.67 580. 152 0.032713 0 . 032705 — 0.02
OOIK 226 1679.67 725.190 0.041024 0.041045 0. 05
OOIK 227 1679.67 870.228 0 .049435 0.049452 0.04
OOIK 223 1679.67 I 0 15.266 0.057880 0.057927 0. 08
OOIK 229 1679.67 1160.304 0.066377 0 . 066469 0.14
OOIK 230 1679.67 1305.342 0.0 7481 0 0.075079 0.36
OOIK 231 1679.07 1450.380 0.08361 I 0.063758 0. 1 7
0 0 IK 232 17 15.67 145.033 0.007913 0.0079 06 -0.08
00 IK 233 1715.67 290 .076 0.015880 0.015871 — 0.06
OOIK 234 1715.67 435 .1 14 0.023902 0.0230 94 -0.03
OOIK 235 17 I 5. 67 580.152 0.031986 0.031975 -0. 03
OOIK 236 1715.67 725.190 0.040095 0.0401 16 0. 05



TAdLE 5. CCNTINUED. KENNEDY.
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DATA T P RHO EXP RHO CALC ERROR
ID RANK INE PSIA LBMUL/FT3 L8MCL/F T3 PERCENT

OOIK 237 1715.67 870 .223 0.04829 7 0.0483 16 0. 04
ÛOIK 238 1715.67 1015.266 0.056531 0.056576 0 .08
ÜÜ IK 239 1715.67 I160.304 0.064814 0. 064895 0. 13
00 IK 240 1715.67 1305.342 0.073169 0.073275 0. 15
OOIK 241 1715.67 1450.380 0.081547 0.0817 15 0.21
00 IK 242 1751.67 145.038 0.OC 7748 0.007742 -0. 09
OOIK 243 1 751 .67 290 .076 0.015545 Ü .015535 -0.07
OOIK 244 1751.67 435.114 0.023386 0.023382 -0.02
OOIK 245 1751.67 580.152 0.031293 0.031280 — 0.04
OOIK 246 1751.67 725 .190 0.03921 5 0.039232 0 .04
00 IK 247 1751.67 870.228 0.047231 0 . 04 7236 Û. 01
OOIK 248 1751.6 7 1015.266 0.055252 0.0 55 2 93 0.07
OOIK 249 i 751.67 l160.304 0.063334 Û. 0634 04 0.11
OOIK 250 1751.67 I305.342 0.0 71450 0.07 15 68 0.16
OOIK 251 1751.67 1450.380 0.07963 7 Û.079785 Û . 19
OOIK 252 1787.67 145.032 0.007591 0 . 00 7584 -0. 09
ÛOIK 2 53 1787.67 290 .076 0.015225 0.015214 — 0.07
OOIK 254 1787.67 435.114 0.022892 0,022892 . -0.00
OOIK 255 1787.67 580.152 0.030630 0.03 06 1 6 — 0.04
OOIK 256 1737.67 725.190 0.0 3 83 73 Û .038363 0.04
OOIK 257 1737.67 870.223 0.046206 0.0462 C7 0.00
OOIK 258 1787.67 1 0 I5 .266 0.054047 0.0540 74 0,05
OOIK 259 1 787. 6 7 1160.304 0.061932 0.06 1908 0.09
OOIK 260 1787.67 1305 .342 0.069853 0.069949 0.14
OOIK 261 1787.67 1450 .380 0.077832 Û .077957 0.16
OOIK 262 1523.6 7 145.038 0.00 7439 0 . 007432 — 0.10
OOIK 2 63 1823.6 7 290 .076 0.014917 0.0I49 0 6 -0.07
OOIK 254 1823.67 435.114 0.022448 Ü.022423 -0.11
OOIK 265 1823.67 580.152 0.029994 0,029982 - 0. 04
OOIK 2 c6 1823.67 725.190 Û .037567 0.03 75 63 0.04
OOIK 267 1823.67 870.228 0.045229 G . 045227 -0.01
OOIK 268 I 823.67 1015.266 0.052893 0 .0529 1 2 Ü. 04
OOIK 269 1823.67 1160.304 0.060580 C.060640 0. 10
OOIK 270 1823.67 1305 .342 0.06822% 0.06 8410 0.12
OOIK 271 1823.67 1450 .380 0.076124 0.Ü76222 0.13
OOIK 2 72 I 859.67 145.038 0.0 0 72 92 0.00 72 8 7 -0. 08
OOIK 2 73 1859.6 7 290.076 0.014621 0 . 0 I 46 1 1 -0.07
00 IK 2 74 1859.67 435.114 0.021964 0.021974 0. 04
OOIK 2 75 1859.67 580.152 0.029384 0.0293 75 -0. 03
OOIK 2 76 1859.67 725.190 0.0 26794 0 . 0368. 1 3 0.05
OOIK 277 1859.67 870.228 0.044294 0. 044290 -0.01
OOIK 278 1859.6 7 1015.266 0.051787 0 .051804 C. 03
OOIK 2 79 1 £59. 67 1160.304 C. C59206 0.059356 ü . 08
OOIK 280 1859.67 1305.342 0.066876 0.Oü6945 0.10
OOIK 281 I859.67 1450.380 0.074489 C . 074572 0.11
OOIK 2 82 1895.67 145.038 0.00 7154 C.007147 -0.10
OOIK 2 63 1895.67 290.076 0.014337 0.014326 -0.07
OOIK 284 I895.67 435.114 0.021555 0.02 1543 —  0 . 06
ÛOIK 285 1895.67 530 .152 0.028803 0.02 87 93 -0. 04
OOIK 2 86 1895.67 725.19Ü 0.036059 0.0360 76 0 .05
OOIK 287 1895.67 870.228 Û.043396 0.043394 -0.01
ÛOIK 288 1 895.67 1015.266 0.050734 0.050745 0.02
00 IK 289 1895.67 1 160.304 0.058094 0.058130 0.06JOiK 290 1895.67 13 05.3 42 0.065487 C.065548 0. 09
ÛOIK 291 1895.67 1450.380 0.072923 0.073000 0.11
00 IK 292 1931.67 145.038 0.007019 0.007012 -0.10
OOIK 293 1931.67 290.076 0.0 14064 0,014 055 — 0.06OOIK 2 94 1931.57 435.114 Ü.021135 0.02 U  29 -0. 02
OOIK 295 1931.67 580.152 0.028245 0.028234 — 0.04



TABLE 5, CUNTINUED. KENNEDY,
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DATA T P RHD EXP PHD CALC ERROR
10 RANK I NE PS lA LBM0L/FT3 LBMCL/F T3 PERCENT

OOIK 296 1931.67 725. 190 0.035354 0.035370 0.05
ÛOIK 297 1931,67 870 .228 0.042534 0 . 042536 0. 00
ÛOIK 298 1931.67 1015.266 C.049716 0 .049732 0 .03
00 IK 299 1931.67 1 160 .304 Ü.056930 0.056958 0.05
OOIK 300 1931.67 1305.342 0.064155 0.0642 14 0.09
ÛOIK 301 1931.67 1450.380 0.071436 0.07150 0 0.09
00 IK 302 1967.67 145.038 0.006888 0.006883 — 0.08
OOIK 3 03 1967.67 290 .076 0.013801 0.013793 —  0.06
00 IK 304 1967.67 435. 114 0.020743 0.020732 — 0.05
OOIK 305 1967.67 580.152 C .027708 0 .0276 98 -0 .04
OOIK 3 06 1967.67 725.190 0.034675 0.0346 92 0 . 05
OOIK 307 1967.67 870 .228 0.041705 0 . 04 1 7 1 3 0.02
OOIK 308 19o7.67 1015.266 0.048738 0.04876 1 0 .05
OOIK 309 1967.67 I160.304 0.055813 0.055636 0. 04
ÛOIK 310 1967.67 1305.3 42 0.062887 0.06 29 38 0. 08
00 IK 3 11 1967.67 1450.380 0.Û 70008 C .070067 0.03
OOIK 312 2003.67 145 .038 0.006763 0.006758 — 0.08
00 IK 313 2003.67 290 .076 0.013553 0 .01 554 1 -0.09
OOIK 3 14 2003.67 435. 1 14 G.020365 C .020350 -0.08
00 IK 315 2003.67 580. 152 0.02719 1 0 .0271 03 — 0.03
OOIK 316 2003.67 725.190 0.034022 0.034041 0.06
OOIK 3 17 2003.67 870 .226 0.040913 0.040924 0. 03
OOIK 318 2 0 03.67 1015.266 0.0478 04 0 . 04783 1 0 .06
JOIK 3 19 2003.67 l 160.304 0.054747 Ü. 054762 0.03
OOIK 320 2003.67 1305.342 0.06 1668 0.0617 1 7 ü. 08
OOIK 321 2003.67 1450.380 0.068650 0 . 06 86 95 0.07
00 IK 322 2 039.67 145 .038 0.006641 0.0 066 38 — 0.06
00 IK 323 2 03 9.6 7 290 .076 0.01 3303 0 .01 329 8 — 0.08
00 IK 324 2 039.67 435.114 0.019990 0.01998 1 — 0. 04
OOIK 325 2 039.67 580 .152 0.026693 0 .02u687 -0.02
00 IK 326 2039.67 725 . 190 0.033396 0 .0334 15 0.06
OOIK 327 2039.67 3 70 .223 0.040150 0.040165 0. 04
00 IK 32 8 2039.67 1015.266 0.046912 0.046937 0 . 05
00 IK 329 2039.67 1 160.304 0.C53704 0 . 05 37 3 1 Û. 05
OOIK 330 2039.67 1305.342 0.060495 C .060546 G. 08
OOIK 331 2039.67 1450 .380 0.067344 0 .067332 0.06
OOIK 332 2075.67 • 145.038 Ü.006526 0 .006522 -0. 07
OOIK 333 2 0 75.67 290 .076 0.0 13073 0 . 0 I 3 0 ô 4 -0.07
00 IK 334 2073.67 435. 1 14 0=0 19639 0.01 9627 — 0 . 06
OOIK 335 2075.67 580 .152 0.026213 0.0262 1 Û — 0.01
ÛOIK 336 2075.67 725 . 190 0.032796 0 .0328 13 0.0 5
OOIK 337 2075.67 870 .223 0.039420 0.0394 36 0. 04
OOIK 338 2 0 75.07 l015.266 0.046052 0.046C78 0 .06
00 IK 339 2075.67 1 160.304 0.052716 ü .052 740 0.05
OOIK 340 2075.67 1305.342 0.059377 0 .05 94 22 0. 08
00 IK 341 2075.6 7 1450.380 0.066099 0.066122 0.03
00 IK 342 2111.67 145.038 0.0 14415 Û .0064 1 0 -55.53
00 IK 343 2111.67 290 .076 0.012845 0.012838 — G. 06
00 IK 3 44 2 111.67 435 .114 0.0 19289 0.0192 85 -0.02
OOIK 345 211 1.67 580.152 0.025751 0.025750 — 0.01
OOIK 3 46 2111.67 725.190 0.032217 0.032233 Û.05
00 IK 347 2 111.67 8 7 0.228 0.038716 Û . 03 8 73 4 0. 05
OOIK 348 2111.67 1015 .266 0.045224 0.045252 0.06
00 IK 349 2 111.67 1 160.304 Û.05 1764 0.051738 0.05
OOIK 350 2 111.67 1305.342 0.058299 0.05 83 41 0.07
00 IK 351 2111.67 1450 .380 0.064862 0 . 06 4 9 I 1 0.08
00 IK 352 2 147.67 145.038 0.006305 0.0063 01 -0.05
OOIK 353 2147.67 290 .076 0.0 1 26 21 0 .0 1 2o20 — 0.01
0 0 IK 354 2 147.67 435.114 0.ü 1£859 û .018955 0.51



t a b l e  5. C O N TINUED, KENNEDY.
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DATA T P RhC EXP RHU CALC ERROR
ID RANKINE PSIA L8M0L/FT3 LBMCL/FT3 PERCEN

OOIK 3b5 2 147 67 580 • 152 0.025304 0 .025306 ■ 0.0 1
00 IK 356 2 I 47 67 725.190 0.03 1659 0.0316 74 0.05
OOIK 357 2 147 67 870 .228 0.038037 0.038038 0. 05
00 IK 358 2 147 67 I 015.266 0.044424 0.044457 0.07
OOIK 359 2 147 67 1 160 .304 C.050846 0.050872 0.05
OOIK 360 2 147 67 1305.342 0.057259 0.057303 0.08
OOIK 361 2 147 67 1450.380 0.063683 0.063748 0.10
00 IK 362 2 183 67 145 .038 0.006201 0.006197 -0.07
00 IK 363 2 133 67 290 .076 0.012413 0.0124 09 -0.03
00 IK 364 2 183 67 4 35 . I 14 0.01 8646 0.0186 36 -0. 05
OOIK 3 65 2 183 07 • 58 0.152 0.024876 0.0246 78 O.OI
00 IK 3 66 2 183 67 725o 190 0.031119 0.031135 0. 05
OOIK 367 2 183 67 870.223 0.037381 0.0374 06 0.07
OOIK 368 2 183 67 1015.2 66 0.043658 0.04 36 91 0.08
00 IK 369 2 183 67 1 I 6 0 .. 3 04 0.049952 0.049990 0.0 7
OOIK 3 70 2Io3 67 1305.342 0.056256 0 .0 563 03 0.08
OOIK 371 2 183 67 l450o380 0.062569 0.0o26 29 0.10
OOIK 3 72 2219 67 145 . 038 0.006101 0.0 06 0 96 -0. 03
00 IK 3 73 2219 67 290.076 0.Cl 2208 0.0 12205 -0.02
00 IK 3 74 22 19 6 7 435 .114 0.0 I 8331 0.018328 -0. 01
OOIK 375 221 9 o7 580.152 0.024460 0.024465 0.02
OOIK 3 76 22 19 67 725.190 0.030597 0. 0306 14 0.06
00 IK 377 2219 67 870 .228 0.036747 0.0367 77 0.03
OOIK 378 2219 67 I 015.266 0.042923 0.042952 0.07
OOIK 3 79 2219 67 I 160.304 0.049097 0.049 139 0. 09
00 IK 380 2219 67 1305.342 0.055288 0.055339 0. 09
OOIK 331 2219 67 1450.380 0.061493 0.06 1551 0. 09
OOIK 382 2255 67 145.038 0.005999 0.0 05998 -0.02
OOIK 3 63 2 255 6 7 290 .076 0.0 12009 0.012008 -0.0 I
OOIK 384 2255 67 435.114 0.0 I 8035 0.018031 — 0 . 03
OOIK 385 2255 67 580 . 152 0.024058 0.024065 0.03
0 0 IK 386 2 25-3 67 725.190 C.030093 0.030112 0. 06
00 IK 337 2255 67 870.228 0.036138 0.0361o9 0. 09
00 IK 388 2255 6 7 1015.266 0.. 0 4 2215 0.042238 0.06
00 IK 389 2255 67 I 160.304 0.048263 0 .0463 I 9 0.11
00 IK 390 2255 07 1305.342 0.054352 0.0544 1 0 0.11
00 IK 39 1 2255 67 1450.380 0. 060422 0.060512 0.15
OOIK 392 2291 67 145 .038 0.005905 0.005903 -0 , 04
OOIK 393 2291 67 290 .076 0.0 11317 0.011818 0 .01
00 IK 394 2291 67 435. 114 0.017740 0.017743 0. 02
OOIK 395 2291 6 7 580. 152 0.023669 0.02 36 79 0.04
00 IK 396 2291 67 725.190 0.C29605 0.029625 C .  07
OOIK 397 2291 6 7 870.223 0.035553 0. 0355 32 0.08
OOIK 398 2291 67 1015.266 0.041505 0.0415 49 0.11
00 IK 399 2291 6 7 1160.304 0.04 7458 0 . O h  7526 0.15
OOIK 400 2291 67 13 05.3 42 0.053447 0 .053513 0.12
OOIK 40 1 2291 67 1450.380 0.059407 0.059509 0.17

THE AVEAACE ABSOLUTE ERROR IN PERCENT IS FOR 401 DATA FCINTS.
0.3 1
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TABLE 6.KEYES AND
THE PREDICTION UF SMITH, PRUC. AM» ACAD. EXPER IMENTALARTS AND SC I DENSITY DATA OF , 233(1934.

DATA T P RHO EXP RhC CALC ERROR
ID RANKINE PS I A L0MGL/FT3 LBMCL/F T3 PERCENT

0Û2K 1 £43.67 62.063 3.453388 3 .459368 0.17
0 02K 2 545.6 7 324.9 29 3.456499 3.460155 0. 1 1
ÛÜ2K 3 545.67 682.358 3.460219 3.46120 I 0.03
002K 4 £45.67 1 120.520 3.464846 3.462475 — 0.07
ÛÜ2K 5 545.67 1558.6 96 3.469402 3.463734 — 0.16
Ü02K Ô £45.67 1996 .843 3.473966 3.464982 -0 .26
002K 7 £45.67 2435.004 3.476447 3 .466223 -0. 35
002K a 545.6 7 2873.137 3.482901 3.46 74 5 6 -0 . 44
002K 9 545.67 3311.282 3.487295 3.46 66 3 1 -0,53
002K 10 545.6 7 3749.429 3.49 1697 3.46989 I — 0.62
ÛU2K 11 £45.67 4 187.5 70 3.496019 3 .471095 -0.71
002K 12 545.67 4625 .720 3.5003 I 5 3.472237 -0.30
002K 13 £81.67 o l .960 3.427279 3 .4368 46 0.28
002K 14 £31.67 324.851 3.430139 3.45 76 6 C 0.22
002K 15 581.67 682.270 3.43391 8 3.438769 0.14
U02K 16 581.67 1120.422 3.438342 3 .440 1 17 0.05
JÛ2K 17 £81.6 7 1558.608 3.442808 3.441455 -0.04
0Q2K 18 £81.67 1996.755 3.447194 3.442762 -0.13
0 0 2K 19 £81.67 2 434.9 21 3.451578 3.444101 -0.22
002K 20 £81.67 2873.063 3.455995 3.4454 07 -0.3 1
DU2K 21 £81.67 331 1.2 09 3.460361 3.446708 -0.39
0 0 2K 22 £81.67 3749.385 3.464575 3.44 79 95 — 0 . 4 8
002K 23 561.67 4187.527 3.46 £801 3.449274 — 0 .56
002K 24 £81.67 4 625.7 03 3.473043 3.450546 — 0.65
002K 25 581 .67 5063 .852 3.477221 3.451812 -0. 73
002K 26 626.67 62.475 3.381586 3 .3910 99 0.23
Ü02K 27 626.67 325.351 3.384429 3.392068 0.23
ÛÛ2K 23 626.67 682.755 3.388290 3 .393381 0.15
0Ü2K 29 626.67 1120.9 16 3.3 92756 3.394975 0 .07
0Û2K 30 626.6 7 1559.078 3.397232 3.396560 -0.02
002K 31 626.67 1997.240 3.401732 3.398130 -0.11
0Ü2K 32 626.67 2435.372 3.4C6172 3 .3996 £t — 0.19
002K 33 626.67 3311.665 3.4 14992 3.402765 — 0.36
Û0 2K 34 626.67 4137.973 3.423674 3.4057 92 -0 .52
0Û2K 35 626.67 5064 .266 3.432 1 98 3 .408772 — 0.68
Ü02K 36 671.67 62 .666 3.324335 3.3335 76 0.28a02K 37 671.67 325.571 3.327233 3.334782 0.23
002K 38 671.07 683.020 3.331563 3.3364 07 0.15
0 02K 39 671.67 1121.181 3.335999 3.33 83 7 7 0.07
Û02K 40 671.67 1559.343 3.340964 3.340330 -0. 02
002K 41 671.67 1997.489 3.34 5 6 06 3.342269 — 0.10
D02K 42 67 1.67 2435.651 3.350359 3.3441£1 -0.18
002K 43 6 71.67 3311.958 3.359548 3.34 79 61 -0.34
0Ü2K 44 671.67 4 180.277 3.368626 3.35 1668 -0.50
ÜÛ2K 45 671 .67 5064.590 3.377533 3.3553 1 C — 0.66
U02K 46 761.67 102.522 3. 180632 3.192213 0.36
002K 47 761.67 326.747 3.1£4052 3. I 93889 0.31
002K 48 761.67 684.136 3.188914 3.1965 25 0. 24
002K 49 761.67 1122.269 3.194 79 0 3.199718 0.15
002K 50 761.67 1560.401 3.200495 3.202661 0.07
002K 51 761 .67 1998.518 3.205837 3.205957 0.00
Û02K 52 761.67 2 436.6 65 3.2 1 1693 3.209009 -0.08
0Û2K 53 761.67 3312.928 3.222671 3.214987 -0.24
002K 34 761.67 4189.203 3.233426 3 .22 06 0 1 -0.39
Ü02K 55 761.6 7 5 06 5.480 3.243937 3 . 226466 -0. 54
Q02K So £51 ,67 240.332 2.999573 3.0 13924 0.48
0Ü2K 57 £51.67 685.341 3.0 07576 3.019639 0.40
002K 58 £51.67 1123.459 3.0 15302 3.025162 0.33
Û02K 39 851.67 1561.606 3 .022776 3.030521 0.26



TABLE 6. CCNTINLEO. KEYES, AND SMITH.

229

DATA T P RHC EXP RHO CAL C ERROR
ID RANKINE PSIA LBM0L/FT3 L3MGL/FT3 PERCENT

Ü02K 60 851.67 1999.736 3.030257 3.035761 0.18
0Û2K 61 851.67 2437.885 3.037683 3.040872 0.10
002K 62 £51.67 3314.148 3.05 1950 3.050755 -0.04
002K 63 £51.67 4190.426 3.065674 3 .060224 — 0 .18
002K 64 851.67 5066.703 3.079068 3.06 9313 -0.32
002K 65 941.67 573.409 2.7 7 1319 2.733677 0.44
0Ü2K 66 941.67 683.255 2.774200 2.7B62 2 6 0.43
0 02K 67 941.67 1121.357 2.766129 2.796953 0.39
002K 68 9 41.67 1559.475 2.797538 2.507178 0.34
002K 69 941.67 l997.578 2.808804 2.816948 0.29
0Û2K 70 941.67 2435.695 2.6 19051 2.8 263 15 0.24
002K 71 941.67 331i.915 2.840302 2.843962 Ü. 13
002K 72 941-67 4188.176 2.85924 1 2.860369 0. 02
002K 73 941.67 5064.426 2.378553 2.5757 17 — 0 . 1 Ü
U02K 74 1C3l.67 1289.469 2.4 7 1990 2.4 66121 -0.24
002K 75 1031.67 1561.959 2.487291 2.453578 -0.15
0Û2K 76 1C3 1 .ô 7 1999.973 2.508924 2.507333 — 0 . 06
002K 77 1031.67 2438.017 2.529092 2.528791 -0.01
Ü02K 78 1031.67 3314.148 2 .565041 2.5665 04 0.03
002K 79 1031.67 4 190. 133 2.596472 2.599050 0.02
002K 80 i031.67 5066.438 2.628258 2.627512 -0. 02
ÛG2K ai 1067.67 1656.383 2.315985 2.294660 -0.92
0Ü2K 82 iCo7.ô7 1997.769 2.34231 G 2.326921 — 0 . 66
0Ü2K 83 1067.67 2435.724 2.372389 2.3623 1 1 -0.42
UÜ2K 84 1067.67 2873.7 10 2-399491 2.39289c -0.27
Û02K 85 1067.67 3311.708 2r 424069 2.4 1 9930 -0. 17
O02K 86 1067.67 4187.750 2.468260 2.4663 15 — 0.08
0Û2K 37 106 7.67 5063.852 2.506495 2.505430 — 0.04
0Û2K 83 i 085.67 1911.015 2.227225 2.196 9 80 — 1.36
C J2K 89 1 cas.67 1998.577 2-236829 2.2 084 94 -1.27
002K 90 1035.67 2436.459 2.276958 2.258304 -0. 32
002K 51 1035.67 2874.371 2.311399 2.298965 -0.54
0Ü2K 92 1085.67 3312,3 12 2.34 1743 2.333556 -0.35
002K 93 1035.67 4133.242 2.394217 2.3yOé 74 -0.15
0 02K 94 1085.67 5064.266 2.438992 2. 4372 05 -0.07
002K 95 1103.67 2145.086 2.120034 2-075967 -1 . 94
002K 96 1103.67 2437.209 2.160769 2.128958 -1 .47
002K 97 1103.67 2875.003 2.2 08 229 2.137422 -0.94
002K 98 1103.67 3312.855 2.247839 2.233996 -0.62
J02K 99 1 103.67 3750.752 2.282242 2.272955 — 0.41
002K 100 1103.67 4188.676 2.312774 2.5 066 18 -0.27
0ü2< ICI 1 103.67 4626.645 2.340434 2.336328 -0.18
Ü02K 102 1 1 03. 67 5064.590 2.365730 2.362986 -0. 12
002K 1 03 1121.67 2476.889 2.0 10234 1.9586 83 -2.55
002K 104 1 121.67 2875.870 2.079570 2.046383 — 1.60
Ü02K 1 05 1121.67 3313.604 2.136215 2. 1 146 74 -1.01
Ü02K 1 06 1121.67 3751.413 2.181993 2 . 167727 — 0 .65
Û02K 107 1121.67 4189.250 2.220882 2.211414 -0.43
002K 1 08 1 121.67 4627.l56 2.254975 2.245730 -0.28
ÜÛ2K 109 1121.67 5065.086 2.28 5534 2. 2813 90 -0.18
ÛÜ2K 1 10 1139.67 2785.560 1.86 2 714 1.8 0 73 67 -2. 97
Ü02K 1 11 1139.67 2873.004 1.69 1999 1.041216 — 2.68
002K 1 12 1139.6 7 2877.516 1.893556 1.342034 -2.63
002K 113 1139.67 3314.927 1.993811 1 .9617 02 -1.61
0Ü2K 1 14 1139.67 3752.604 2.06 1652 2.0407 07 -1.02
0Û2K 1 15 1130.67 4190.359 2.114240 2 . l00667 — 0. o4
002K 1 16 1139.67 4628 .2 19 2.158072 2.149323 -0.41
002K 1 17 1139.6 7 5066.102 2.195999 2.190441 -0.25
002K 1 18 1157.67 3137.600 1.671416 1.640926 -1 .82
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TA5Ltï 6. CCNTI NUED. KHYESf ANC SMITH-
DATA T P RHÜ EXP RHÜ CALC ERKCR
ID RANKINE PSIA LBM0L./FT3 LBMQL/FT3 PERCENT

D02K 1 19 1157.67 3212.105 1 .772704 1 .7334 78 -2.21
002K 120 1157.67 3486.935 1 .835553 1.800038 -1 .93
Û02K 121 l157.67 3661 .8 10 1,622040 1 .852429 — 1 .63
002K 122 1157.67 3836.816 1 .921942 l .895644 — 1.36
002K 12 j i164.87 3226.852 1.457501 1 .519706 4.27
0 02K 124 1164.37 2313 .354 1.606056 1 .591427 -0. 91
002K 125 1164.37 3487.744 1 .723244 1.690964 — 1.87
Û02K 126 1164.87 3662.486 1.792998 1 .761762 -1 . 74
ÜÛ2K 127 1164.87 3637.372 1 .£44886 1.317172 -1 .50
002K. 128 1164.87 4012.321 1 .886962 1 .862843 -1 .23
0Û2K 129 1164.87 4C99.8 16 1.908260 1 . 3330 24 -1 .33

THE AVERAGE ABSCLUTE ERRUR IN PERCENT IS FUR 129 DATA PEINTS.
0.58
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TABLE 7. THE PREDICT ION
KEYES. SMITH AND G E R R Y , PRCC.

OF EXPERIMENTAL DENSITY DATA OF
AM. A C A D . ARTS SCI,» V 7 0 ,S19(1936,

DATA T P RHG EXP RHG CALC ERROR
ID R A N K I NE PS I A L 8 M L L / F T 3 L 8 M G L / F T 3 PER C E N T

004K 1 342.67 202 *621 0 . 0 2 4 7 7 3 0 , 0246 55 -0. 4 8
0Ü4K 2 844.47 204 « 252 0.024773 C. 02479 7 0.10
0Û4K 3 £46.27 205 . 1 19 0 . 0 2 4 7 7 3 0 . 0 2 4836 0.26
004K 4 848.07 203 . 795 0 .024 7 7 3 0, Û246 50 0.31
J04K 5 849.37 206 339 0 . 0 2 4 7 7 3 G. 0 2 4 3 4 5 0.29
Û04K 6 8 5 1 . 6 7 206 •338 0 . 0 2 4 7 7 3 Ü. 0246 35 0,25
OOaK 7 8 5 1.67 194 288 0.023121 0 , 0231 a I 0.26
004K a 869.07 212 790 0 . 0247 73 0 , 0 2 4868 0.38
Û04K 9 869.67 199 740 0.023121 0 . 0 2 3204 0.36
004K 10 874.17 288 • 228 0 . 0 3 4 6 8 2 0.33 4644 -0.11
004K 11 887.67 301 «434 0.035571 0.0355 37 0,04
004K 12 887.67 295 194 0.034 6 8 2 0 . 0 3 4 7 4 5 0.18
004K 13 £87.67 218 • 551 0 . 0 2 4 7 7 3 0 . 0 2 4 8 3 3 0. 44
0 0 ■+K 14 887.07 205 • 0 46 0.023121 0. 0232 16 0 , 1
Ü04K 15 901. I 7 385 ,6C7 0 , 0 4 6 2 4 3 0 , 0 4 6 1 4 2 -0.22
Û04K 16 9 0 5 . 6 7 389 1 92 Ü . 046243 0.046 2 43 0.00
Û04K 17 903.67 389 SGI 0 ,046243 0 .0462 8c 0.09
v04K 13 905.67 310 « 185 0.035571 0 . 0 3 5 6 2  1 0, 1 4
004K 19 903.67 303 638 0.0 34682 0 . 0 3 4 7 3 2 0.29
0Ü4K 20 905.67 224 « 151 0.024 7 7 3 0 , 0 2 4 8 0 5 0.4b
0Û4K 21 9 0 5.67 2 10 , 189 0 ,023121 0 , 0232 1 4 0.40
OO'^K 22 923.67 401 259 0,046243 0 . 0 4 6 3 3 8 0.21
004K 23 923.6 7 401 •3 46 0 , 0 4 6 2 4 3 0 , 0 4 6 3 5 0 0. 23
004K 24 9 2 3.67 318 733 0.035571 0.03 56 4 8 0.22
Ü04K 25 9 2 3 . 6 7 3 1 1 .815 0,0 34682 0,034 7 84 0.30
004K 26 923.67 229 * 662 0 .024 7 7 3 0 . 0 2 4 3 8 4 0.45
0Ü4K 27 9 2 3.67 215 259 0 , 0 2 3 1 2  1 0.0232 09 0.38
004K 23 9 4 1.67 578 865 0,069364 0. 0695 1 0 0.21
004K 29 941.67 573 927 0 . 0 c 9364 0.06 37 6 S — 0 ,86
0Û4K 30 9 4 1.67 5 14 127 0 . 0 6 0 3 1 6 0. 0 o 0 0 6 7 -0.41
ÛU4K 3 1 941.67 412 a 7G7 0. 0 4 6 2 4 3 0 , 0 4 6 3 6 9 0.27
0 04K 32 941.07 412 •957 0.046 2 4 3 0 . 0 4 6 4 0 1 0.34
0 0 4K 33 941.67 327 a 1 14 0.03557 1 0.03 56 6 5 0,26
004K 34 941.6 7 319 a 923 0 . 0 3 4 6 3 2 0 . 0 3 4 7 9 7 0. 33
004K 35 9 4 1 . 67 235 3 50 0,024773 0.0249 08 0,55
004K 36 941.67 220 a 241 0,023121 0 . 0 2 3 2 0 0 0.34
004K 37 95 9.67 596 a 560 0 . 0 6 9 3 6 4 0 . 0 6 9 4 5 7 0,13
0Ü4K 33 9 5 9 . 6 7 59 4 a 752 0 . C69364 0. C6 91 97 — 0.24
0 04K 39 959.6 7 52 9 a 823 0.060 3 1 6 0 . 0 6 0 1 4 8 - 0 , 2 0
Û04K 40 9 5 9.67 424 . 0 52 0 , 0 4 6 2 4 3 0,0464 03 0.35
Û04K 41 959.67 424 a 273 0.046243 0 , 0 4 6 4 3  1 0.4 1
OO^K 42 959.6 7 333 a 3 15 0.035571 0,0356 7 1 0,20
0Û4K 43 9 5 9.67 32 7 a 633 0.034682 C . 034778 0.28
004K 44 939.6 7 240 a 523 0 . 0 2 4 7 7 3 0,02 46 7 9 0, 43
Ü04K 45 959.67 225 a 1 95 0.023121 0 . 0 2 3 1 9 3 0,31
004K 46 966.37 722 a 538 0.087802 0. 0871 89' — 0.70
004K 47 9 6 5.87 717 a 586 0.086 7 0 5 0.0864 08 -0 .34
004K 48 966,37 715 a 557 C.086705 0 , 0 86089 -0,71
ÜÛ4K 49 968.6 7 720 a 069 0 ,086705 0 , 0 3 6 4 3 2 -0,31
Ü04K 50 977.67 739 a557 0.087802 0 , 0 8 7 6 4  1 -0.18
0 04K 51 977.6 7 732 a 709 0 , 0 8 6 7 0 5 0,0865 92 -0.13
OO^K 52 977.67 732 6 94 0 , 086705 0 , 0 8 6 5 8 9 -0. 1 3
004K 53 977.67 731 195 0 . 0 8 6 7 0 5 0.0 863 61 -0,4 0
Û04K 54 9 7 7.67 645 092 0.060316 0 . 03 0196 - 0 , 2 0
Û04K 55 977.67 434 a 899 0 , 046243 0 , 0 4 6 3 9 2 0.32
004K 56 9 7 7.67 435 a 281 0,046 2 4 3 0 , 046438 0.42
Ü04K 57 977.67 343 a 384 0 .035571 0.0356 7 1 0.28
004K 53 9 7 7 . 6 7 33 5 a 447 0.034682 0 , 0 3 4 7 6 9 0.25
ÛÛ4K 59 9 77.6 7 246 a 0 92 0 . 0 2 4 7 7 3 0 . 0 2 4 8 9 9 0,51



TABLE 7. CCNTINUEU. K E Y E S , SMITH AND GERRY .
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D A T A T P R H Ü  EXP RHO CALC ERROR
lü R A N K I N E PS I A L B M 0 L / F T 3 L B M C L / F T 3 P E R C E N T

004K 60 9 7 7 . 6 7 230 . 1 13 0 . 0 2 3 1 2 1 0 0 2 3 I86 0.28
004K 61 9 9 5 . 6 7 764. 3 3 5 0 . C87802 0 .087860 0.07
ÜÛ4K 62 995. 6 7 757.355 0 . 0 8 6 7 0 5 0 ■ 0868 4 1 0. 16
004K 63 995.6 7 757.032 0 . 0 8 6 7 0 5 0 .086794 0. 10
004K 64 9 9 5 . 6 7 755.650 0 . 0 8 6 7 0 5 0 .086593 -0.13
ÜÛ4K 65 9 9 5 . 6 7 6 3 3 . 2 4 2 0 . 0 6 9 3 6 4 0 .069650 0.41
004K 66 995.6 7 631.773 0 . 0 6 9 3 6 4 0 •06 94 56 0.13
004K 67 995.6 7 5 59. 9 9 5 0 . 0 6 0 3 1 6 0 .060222 -0. 16
0Ü4K 68 9 9 5 . 6 7 4 45. 9 6 5 0 . 0 4 6 2 4 3 0 «046422 0.39
Ü04K 69 9 9 5 . 6 7 4 4 6 . 1 1 2 0 . 0 4 6 2 4 3 0 . 046439 0 .43
OOa K 70 9 9 5 . 6 7 3 51.320 0 . 0 3 5 5 7 1 0 * G3SDÔ4 0.26
Û04K 71 9 9 5 . 6 7 343.251 0 . 0 3 4 6 8 2 0 . 034773 0.26
004K 72 995.6 7 2 51.120 0 . 0 2 4 7 7 3 G ,024865 0.37
0Û4K 73 9 9 5 . 6 7 2 3 4 . 9 9 7 0 . 0 2 3 1 2 1 G . 023179 0.25
004K 74 997. 4 7 936. 6 0 8 0. 1 15607 0 • 114667 — 0 . 8 1
004K 75 997.4 7 935.021 0. 1 15607 0 « 114395 -1.05
004K 76 1013.6 7 968.806 0 .1 15607 0 « 115212 -0. 34
J04K 77 1013. 6 7 967. 3 3 8 0 . 1 1 5 6 0 7 0 . 114972 -0.55
004K 76 1 0 1 3 . 6 7 786.247 û.ce 7802 0 . 087994 0.22
004K 79 1 0 1 3 . 6 7 730.722 0.0 86705 0 . 0869 44 0.28
004K 80 1 0 1 3 . 6 7 8 74.647 0 . 0 6 0 3 1 6 0 «060238 -0.13
0Û4K 81 1 0 1 3 . 6 7 456. 3 9 9 0 . 0 4 6 2 4 3 0 . 046392 0.32
004K 82 1 0 1 3 . 6 7 456.781 0.0 4 6243 0 . 046435 0.42
004K 83 1 0 1 3 . 6 7 359.138 0 . 0 3 5 5 7 1 0 .035653 0.23
0Û4K 84 1 0 1 3 . 6 7 3 5 0 . 7 0 3 0 . 0 3 4 6 8 2 0 a 054747 0.19
OÛAK 35 1 0 1 3 . 6 7 256.425 0 . 0 2 4 7 7 3 c . 024365 0.37
OOAK 86 1013.6 7 239.832 0 . 0 2 3 1 2 1 0 . 02 3170 0.21
004K 87 1 0 3 1 . 6 7 1002.595 0 . 1 1 5 6 0 7 0 . 115535 — 0.06
U04K au 1 0 3 1 . 6 7 100 1.493 0. 1 15607 0 . 115364 -0.21
U04K 89 1031 . 6 7 811 .o73 0 . C87802 0 .088098 0 .34
0Û4K 90 1031 . 6 7 803.384 Û . 08 6 7 0 5 0 . 086 991 0.33
0Û4K 91 1 0 3 1 . 6 7 804.0 16 0 .CS6705 0 .087075 0.43
0Ü4K 92 1031 . 6 7 802.620 0 . 0 8 6 7 0 5 0 .086389 0.21
OOAK 93 1031 . 6 7 668.441 ü . 0 6 9 3 6 4 c . 069756 0.57
ÜÛ4K 94 1051 . 6 7 fcôô.720 0 . 0 6 9 3 6 4 0 «06 93 46 0.2d
0Û4K 95 1031 . 6 7 589.006 0 . 0 6 0 3 1 6 c , 060240 -0.13
004K 96 1031 . 6 7 466.8 64 0 . 0 4 6 2 4 3 0 . 046378 0. 29
004K 97 1031. 6 7 457.261 0 . 0 4 6 2 4 3 0 a046422 0 .39
0Q4K 98 1031. 6 7 3 6 6 . 8 8 4 0 . 0 3 5 5  71 c . 035641 0.20
0Û4K 99 1031 . 6 7 358.271 0 . 0 3 4 6 8 2 0 .034740 0.17
Ü04K 100 1 0 3 1 . 6 7 261.627 0 , C 24773 0. 02 48 5 7 0.34
004K 101 1031.6 7 244.638 0 . 0 2 3 1 2 1 c .023162 0.18
ÛÜ4K 102 1 0 4 9 . 6 7 1360.631 0 .173410 0 . 1709 35 -1 .43
004K 103 1049.6 7 833.952 0 . C87802 0 .083089 0.33
Û04K 1 04 1 049-.6 7 825.826 0 . 0 8 6 7 0 5 0 .087046 0.39
004K 105 1040. 6 7 1331.561 0 . l 73410 0 . l 7 02 35 -1 .83
004K 106 1040.6 7 1330.013 0 . 1 7 3 4 1 0 0 . 16991 a -2.01
004K 107 1041. 5 7 1333.927 0 . 1 7 3 4 1 ù 0 . 170 195 -1 .35
004.K 108 1042. 4 7 1339.453 0 . 1 7 3 4 1 0 0 « 17 0807 -1.50
JÛ4K 109 1 049. 6 7 825. 4 8 8 0 . 0 8 6 7 0 5 c .067003 0 .34
d04K 110 1 049. ô  7 603-071 0 . 0 6 0 3 1 6 0 . 06 0225 -0.15
0 04K 111 1 0 4 9 . 6 7 4 7 7 . 2 8 3 0 . 0 4 6 2 4 3 0 .046370 0.28
004K 1 12 1 0 4 9 . 6 7 477.577 0 . 0 4 6 2 4 3 û .046402 0.34
004K 113 1049.6 7 374. 5 4 0 0.0 35571 c . 035627 0.16
004K 114 1 049. 6 7 365.663 0 . 0 3 4 6 8 2 0.034721 0.11
0Û4K 115 1049. 6 7 266.632 0. 0 24773 0.024838 0.26
Û04K 116 1049.6 7 249.4 14 0.023 1 2 1 0.023153 0. 14
004K 1 1 7 1055. ü 7 1488.564 0 . 1 9 8 1 8 3 0.194399 -1.91
004K 118 1 0 6 7 . 6 7 1532.639 0 . 1 9 8 1 8 3 c • 194892 -1 .66



TABLE 7. CCNTINÜEO. KEYES» SMITH AND GERRY*
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DATA T P R H Ü  EXP RHO CALC ERROR
ID RANK I NE PSIA L B M G L / F T 3 L B M C L / F T 3 P E R C E N

J04K l 19 1C67.67 1415.287 0 . 1 7 3 4 1 0 0. 1 7 1 6 8 4 -1 . 00
ÛOAK 120 1 067.67 1 417.463 0 . 1 7 3 4 1 0 0. 1 7 2 0 8 9 -0. 76
004K 121 1 C67. 67 1415.890 0 . 1 7 3 4 1 0 0. 1 7 1 7 9 6 - 0 . 9 3
ÜÜ4-K 122 1067.67 1067.127 0 . 1 1 5 6 0 7 0 . 1 1 5 8 8 5 0.24
004K 123 1067.67 1066. 4 9 5 0 . 1 1 5 6 0 7 0. 1 15797 0. 16
0Û4K 124 1067.67 856.233 0 . 0 8 7 3 0 2 0 . 0 0 8 1 1 8 0.36
Û04K 123 1067.67 847.077 0 . 0 8 6 7 0 5 0 . 0 3 6 9 8 7 0.33
004K 126 1 067.67 84 7 . 1 3 6 0 . 0 8 6 7  05 0.036 994 0.33
ÛÜ4K 127 l 067. 67 048. ISO 0 . 0 8 6 7 0 5 0 .087119 0. 48
0C4K 128 1067.67 847.151 0 . 0 8 6 7 0 5 0.0869 96 0.34
004K 129 1067.67 701 .773 0 . 0 6 9 3 6 4 ü. 06973 1 0.53
J04K 130 1 067.67 700 .847 0 . 0 6 9 3 6 4 0.0696 25 0.33
Û04K 131 1 067.67 6 16.959 0 . 0 6 0 3 1 6 0.0602 08 - 0 . 1 8
JÛ-fK 132 1067. 6 7 487 . 2 4 7 0 . 0 4 6 2 4 3 0.04 6 3 2 5 0.18
ÛÛ4K 133 1067.ô 7 487 . 747 0 . 0 4 6 2 4 3 0.0463 77 0.29
004K 134 1067.67 3 8 2 . 1 2 4 0 . 0 3 5 5 7 1 0.0356 1 1 0.11
004K 135 1 067. 67 37 3 . 1 5 9 0 . 0 3 4 6 8 2 0.03 4 7 1 8 0. 1 0
004K 136 1 067. o7 2 7 1 . 9  14 0.0 247 73 0 . 0 2 4 6 3 9 0.27
ÜÛ4K 137 1067. 6 7 254 . 2 0 6 0.023121 0. 023149 0.12
Û04K 138 1071.27 1674.887 0 . 2 3 1 2 1 3 0 . 2 2 4 4 3 7 - 2 . 9 3
J04K 139 1085.67 1740.256 0 . 2 3 1 2 1 3 0.2265 01 - 2 . 0 4
Ü04K 140 1035.67 1 597.362 0 . 1 9 8 1 8 3 0.196 045 - 1 . 0 8
ÛÜ4K 141 1085.67 1469 .732 ü .1 7 3 4 1 0 0 .172 4 7 3 - 0 . 5 4
004K 142 1085.67 8 77.6 46 0 . C87802 0 . 0 8 8 0 7 4 0.31
0Û4K 143 1085.ô 7 8 68.593 0 . 0 8 6 7 0 5 0 . 0 8 6 9 9 5 0.33
Ü04K 144 1085.6 7 868.505 0 . 0 8 6 7 0 5 0 .086 9 8 5 0.32
004K 145 1 cas. 67 6 30.730 0 . 0 6 G 31 6 0.06 019 1 -0.21
004K 146 1085.6 7 4 9 7 . 5 7 9 0 .046243 0 . 0 4 6 3 2 7 0.18
004K 147 1035. 67 497.770 0 . 0 4 6 2 4 3 0.046346 0.22
004K 148 1 085.67 389 .663 0.0 35571 0.035596 0.07
004K 149 1035.67 3 30.522 0 . 0 3 4 6 8 2 û . 034 7 06 0.07
004-K 150 1085.67 276 . 867 0 . 0 2 4 7 7 3 0.02 4816 0.17
ÜO'+K 151 i 083. 67 258.952 0 . 0 2 3 1 2 1 0.023142 0. 09
004K 152 1050. 1 7 19 19.260 0 . 2 7 7 4 5 6 0.267 7 4 5 - 3 . 5  0
004K 153 1103.67 1993 .683 0. 2 7 7 4 5 6 C.270211 — 2.61
Ü04K 154 1103.6 7 13 18 .325 0 . 2 3 1 2 1 3 0 . 2 2 8 1 9 3 -1. 3 1
U04K 155 1103.07 1660.528 0 . 1 9 8 1 8 3 G .196 955 - 0 . 6 2
004K 1 56 1103.6 7 1523.351 0 . 1 7 3 4 1 0 0.173160 — 0.14
Ü04K 157 1103.67 15 22 . 9 54 0 . 1 7 3 4 1 0 Û. 173094 — 0.18
Ü04K 158 1103.67 15 22.396 0 . 1 7 3 4 1 0 C.i 73003 -0 . 2 3
Ü04K 1 59 1 103.6 7 1129.293 0 . 1 1 5 6 0 7 0. 116109 0 .43
J J4K 160 1 103. 6 7 1129. 161 0 . 1 l5607 0.1160 92 0.42
Û04K 161 1103.o 7 691 .283 0 . 0 8 6 7 0 5 0.0 8 7  166 0. 53
Ü04K 162 1103.6 7 890.402 0.0 86 7 05 Ü . 037065 0.41
004K 163 1103.67 734.604 0 . 0 6 9 3 6 4 0. 06 97 3 1 0.53
004K 1 64 1103.67 733.561 0 . 0 6 9 3 6 4 0 . 0 6 9 6 1 8 0 .57
Ü04K 165 1111.77 2 2 3 1 . 4 1 4 0 . 3 4 6 8 2 0 C .350975 - 4 . 5 7
Ü04K 166 1121.67 2 3 0 1 . 5 7 4 0 . 3 4 6 8 2 0 0 . 3 3 3 9 2 2 - 3 . 7 2
Û04K 167 1121.67 2 0 9 0 . 0 6 2 0 . 2 7 7 4 5 6 0.272 6 2 0 -1 .74
004K 168 1121.67 1893.467 0 . 2 3  1213 0 . 2 2 9 3 0 7 -0. 82
Ü04K 1 69 1121 .67 1721.753 0. 198183 0.197 5 8 9 - 0 . 3 0
004K 1 70 1121.67 1574.040 û. 1 7341 0 0.173448 0.02
0 04K 171 1 135. 17 2 621. 8 8 5 0 . 4 6 2 4 2 7 0 . 4 3 2 3 7 2 — 6.50
004K 1 72 1139.67 2665.784 0 . 4 6 2 4 2 7 0.435 3 8 5 -5. 85
0Û4K 1 73 1139.67 2426. 9 3 6 0 . 3 4 6 8 2 0 0 . 3 3 8 1 2 5 -2.51
004K 1 74 1139.67 2 1 8 3 . 4 0 0 0 . 2 7 7 4 5 6 0.274285 — 1.14
ÛÛ4K 175 1139.67 1967.229 0 . 2 3 1 2 1 3 C.230233 -0. 4 2
Û04K 1 76 1139.67 178 1.729 0 . 1 9 8 1 3 3 0.198 0 9 8 - 0 . 0 4
Ü04K 177 1 139. 6 7 1624.022 0 . 1 7 3 4 1 0 0. 173712 0.17
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DATA RHO EXP RHO CALC ERROR
I D R A N K I N E P S I A L 3 M Ü L / F T 3 L B M Û L / F T 3 P E R C E N T

0 Q 4 K I 7 3 1 1 3 9 . 6 7 1 6 2 3 3 1 6 G a 1 7 3 4 1 0 0 a 1 7 3 6 0 8 0 . 1 1
Û 0 4 K 1 7 9 1 1 3 9 . 6  7 1 6 2 4 a 3 3 0 0 a 1 7 3 4 1 0 0 a 1 7 3 7 5  7 0 . 2  0
0 Ü 4 K I a o 1 1 3 9 . 6 7 1 1 8 8 a 9 4 6 0 a 1 1 5 6 0 7 0 a 1 1 6 1 8  4 O a 5 0
Ü Û 4 K I S  I 1 1 3 9 . 6 7 1 1 8 8 a 0 7 9 0 a 1 1 5 6 0 7 0 a 1 1 6 0 8  1 0 . 4 1
Ô U 4 K 1 8 2 1 1 3 9 . 6 7 9 3 3 a 1 6 4 0 G 8 6 7 C 5 0 a 0 8 7 1  7 2 O a 5 4
0 C 4 K 1 8 3 1 1 3 9 . 6 7 9 3 2 a 1 6 9 0 0 8 6 7 0 5 0 a 0 8 7 0 6 2 O a 4  1
0 Û 4 K I 8 4 1 1 3 9 . 6 7 7 6 6 a 9 3 1 0 0  6 9 3 6 4 0 a 0 6  9 7 4 4 O a 5 5
0 0 4 K 1 8 5 1 1 3 9 . 6 7 7 6 5 a 7 6  1 0 • 0 6 9 3 6 4 0 . 0 6  9 6  2  0 O a 3 7
Û 0 4 K 1 8 6 1 1 4 7 .  7 7 2 8 5 2 a 8 5 5 0 a 5 5 4 9 1 2 0 . 5  1 4 3 2  1 - 7 a 3 1
0 0 4 K 1 8 7 I 1 6 7 . 6 7 3 2 3 3 a 5 9 7 1 a 7 3 4 0 9 6 1 a 6 9 6 3 1 6 —  2  a 1 8
0 0 4 K 1 8 5 1 1 5 7 . 6 7 2 9 6 7 a 9 7 3 0 a 5 5 4 9 1 2 0 a 5 2 3 3 9 8 - 5 . o 8
0 0 4 K 1 8 9 I 1 5 7 . 6  7 2 8 3 9 a 7 4 5 0 a 4 6 2 4 2 7 0 . 4 4 4 8 1 L - 3 . 8 1
0 Ü 4 K 1 9 0 1 1 5 7 . 6 7 2 5 4 3 a 1 3 8 0 a 3 4 6 8 2 0 0 a 3 4  0 6 3  0 —  1 a 7 3
0 Ü 4 K 1 9 1 1 1 5 7 . 6 7 2 2 7 4 a 1 5 0 0 .2 7 7 4 5 6 0 a 2 7 5 4 5 6 —  0  . 7 2
0 0 4 K 1 9 2 1 1 6 0 . 3 7 3 C 9 7 a 7 8 6 0 . 6 9 3 6 4 0 0 a 6 6  1 0 5  7 —  4  . 7 0
Ü Ü 4 K 1 9 5 1 1 7 5 . 6 7 393o a 8 6 8 1 . 7 3 4 0 9 8 1 a 7 0 9 7  1 6 —  1 . 4  1
J 0 4 K 1 9 7 1 1 7 5 . 6 7 3 3 9 3 a 8 7 7 0 a 6 6 7 0 5 0 0 a 8 6  0 7  9 4 —  0  . 7 2
Ü 0 4 K 1 9 3 1 1 7 5 . 6 7 3 3 1 8 a 7  4 9 0 a 6 9 3 6 4 0 0 a 6 7 4 0 8 5 - 2 a 8 2
Û 0 4 K 1 9 9 1 1 7 6 . 6 7 3  1 7 6 a 3 9 8 0 . 5 5 4 9 1 2 0 a 5 3 4 8 7 8 —  3  a 6  1
0 0 4 K 2 0 0 1 1  7 5 . 6 7 3 0 0 3 a 1 2 3 0 a 4 6 2 4 2 7 c. 4 5 0 1 3 1 - 2 . 6 6
0  0 4 K 2 0 1 1 1 7 5 . 6 7 2 6 6 5 a 7 2 5 0 a 3 4 6 8 2 0 0 a 3 4 2 5 7 9 —  1 . 2 2
Ü Û 4 K 2 0 2 1 1 7 5 . 6 7 2 3 5 9 a 0 2 3 0 a 2 7 7 4 5 6 0 a 2 7 5 5 9 3 —  0  . 6 7
0 0 4 K 2 0 3 1 1 7 5 . 6 7 2 1 0 8 a 2 5 7 0 a 2 3 1 2 1 3 0 . 2 3 1 2 2 7 O a 0 1
a  J 4 K 2 0 4 1 1 7 5 . 6 7 1 9 0 5 a 8 2 7 0 a 1 9 8  1 8 3 0 a 1 9 9 9 3 7 O a 3 9
Û 0 4 K 2 0 5 1 1 7 5 .  6 7 1 7 2 0 a 8 4 2 0 a 1 7 3 4 1 0 0 a 1 7 4 0 1 6 0 . 3 5
Ü 0 4 K 2 0 6 1 1 7 5 . 6 7 1 7 2 0 a 2  1 0 0 a 1 7 3 4 1 0 0 a 1 7 3 9 3 1 0 . 3 0
0 0 4 K 2 0 7 1 1 7 5 . 6 7 1 7 2 1 a 0 3 3 0 a 1 7 3 4 1 0 0 a 1 7 4 0 4 2 O a 3 6
0 Ü 4 K 2 0 8 1 1 7 5 . 6 7 1 2 4 6 a 9  2 4 0 a 1 1 5 6 0 7 0 a 1 1 6  2  1 1 0 . 5 2
Û Ü 4 K 2 0 9 1 1 7 5 . 6 7 1 2 4 6 a 3 2 2 0 a 1 1 5 6  0 7 0 a 1 I t  1 4 4 0  a •46
0 Ü 4 K 2 1 0 1 1 7 5 . 6 7 9 7 4 a 0 6 9 0 a 0 8 6 7 0 5 0 a 0 3 7 1 5 2 O a 5 2
0 0 4 K 2 1 1 1 1 7 5 . 6 7 9 7 3 a 2 7 6 0 a 0 8 6 7 0 5 0 a 0 8 7 0 7  1 0 . 4 2
0 Ü 4 K 2 1 2 1 1 7 5 . 6 7 7 9 8 a 1 3 7 0 a 0 6 9 3 6 4 0 a 0 6 9 6 8 7 0 . 4 7
0 0 4 K 2 1 3 1 1 7 5 . 6 7 7 9 7 a 3 8 8 0 a 0 6 9 3 6 4 0 a 0 6 9 o  1 5 0 . 3 b
0 Ü 4 K 2 1 4 1 1 9 3 .  6  7 4 6  6 3 a 1 6 8 1 « 7 3 4 0 9 8 1 a 7 2 Ü 0 3  1 - 0 . 7 8
0 0 4 K 2 1 5 1 1 9 3 .  6 7 3 8 5 6 a 4 2 1 1 . 1 5 6 0 6 5 1 a 2 5 1 8  2 2 6 a 2 8
0 0 4 K 2 1 6 1 1 9 3 . 6 7 3 7 1 4 a 5 1 1 c . £ 6 7 0 5 0 0 a 9 1  7 7 6  0 5 . 8 5
0 0 4 K 2 1 8 1 2 1 1 . 6 7 4 2 7 5 a 8 9 5 1 a 1 5 6 0 6 5 1 a 1 9  0 9  2 1 3  a 0 2
Û 0 4 K 2 1 7 1 2 1 1 . 6 7 5 4 0 3 a 2 2 7 1 a 7 3 4 0 9 8 1 . 7 2  3 2  4  4 —  0  . 3 4
0 Ü 4 K 2 1 9 1 2 1 1 . 6 7 4 0 3 2 a 2 3 3 0 a 8 6  7 0 5 0 0 a 8  7 4 2 9 0 0  . 8 4
Û Û 4 K 2 2 0 1 2 1 1 . 6 7 3  8 3 1 a 5 9 9 0 a 6 9 3 6 4 0 0 .6 3 1 6  0 6 ' —  1 . 73
Û Ü 4 K 2 2 1 1 2 1 1 . 6 7 3 5 7 8 a 8 6 2 0 a 5 5 4 9 1 2 0 a 5 4 3 9 5 9 —  1 . 9 7
0 0 4 K 2 2 2 1 2 1 1 . 6 7 3 3 3 3 a 4  7 4 0 a 4 6 2 4 2 7 0 a 4 5 5 5  4 4 —  1 . 4 7
0 0 4 K 2 2 3 1 2 1 1 . 6 7 2 8 9 3 a 8 7 2 0 a 3  4 6 8 2 0 0 a 3 4 4 8 4 9 — 0 .5 7
Û 0 4 K 2 2 4 1 2 1 1 . 6 7 2 5 3 4 a 1 9 1 0 a 2 7 7 4 5 6 0 a 2 7 7 3 6 5 — 0 .0 3
Û Ü 4 K 2 2 5 1 2 1 1 . 6 7 2 2 4 3 a 7 1 4 0 a 2 3 1 2 1 3 0 a 2 3 1 7 6  5 0. 2 4
0 0 4 K 2 2 6 1 2 1 1 . 6 7 2 0 0 8 a5 1 1 0 a 1 9 8 1 8 3 0 a 1 9 8 9  9  3 O a 4 1
0 Û 4 K 2 2 7 1 2 1 1 . 6 7 1 8 1 4 a 0 7 6 0 a 1 7 3 4 1 0 0 a 1 7 4 1 2  1 0 a4  1
0 0 4 K 2 2 3 1 2 1 1 . 6 7 1 8  1 3 a 5 4 2 0 * 1 7 3 4 1 0 0 a 1 7 4 0 5 6 O a 3 7
0 0 4 K 2 2 9 1 2 1 1 . 6 7 1 Ü 1 5 a 5 3 2 0 » 1 7 3 4 1 0 0 . 1 7 4 3  0  I 0. 5 1
Ü 0 4 K 2 3 0 1 2 1 1 . 6 7 1 3 0 3 a 2 5 6 0 a 1 1 5 6 0 7 0 a 1 1 6 1 8 0 0 . 5 0
Û Û 4 K 2 3 1 1 2 1 1 . 6 7 1 3 0 3 a 1 9 7 0 a 1 1 5 6 0 7 0 . 1 1 6 1 7 4 O a 4 9
Û Û 4 K 2 3 2 1 2 1 1 . 6 7 10 14 a 2 7 8 0 . 0 8 6 7 0 5 0 a 0 6 7 1 3 3 O a 49
Û 0 4 K 2 3 3 1 2 1 1 . 6 7 1 0 1 3 a 5 1 4 0 a C E 6 7 0 5 0 a 0 8 7 0 5 9 0. 4  1
0 0 4 K 2 3 4 1 2 1 1 . 6 7 8 2 9 a 2 6 4 0 • 0 6 9 3 6 4 0 a 0 6 9 6 7  3 O a 4 5
0 0 4 K 2 3 5 1 2  1 1 . 6 7 8 2 8 a 6 4 7 0 a 0 6 9 3 6 4 c . 069c lb O a 3 6
J 0 4 K 2 3 6 1 2 2 9 . 6 7 4 6 9 9 a 9 4 5 1 a 1 5 6 0 6 5 1 . 1 6 5 5 8 8 0. 8 2
0 0 4 K 2 3  7 1 2 2 9 . 6 7 4 3 4 3 a 3 4 0 0 a 8 6 7 0 5 0 c a 8 5 8 4 1 6 —  1 a 00
0 Ü 4 K 2 3 8 1 2 4 7 . 6 7 5  1 2 3 a 5  1 6 1 . 1 5 6 0 6 5 1 a 1 5 4 7 8 5 — 0 a 1 1
0 0 4 K 2 3 9 1 2 4 7 . 0  7 4 6 6  1 a 9 8 8 0 a 8 6  7 0 5 0 0 a 8 5 7 0  1 1 — 1 a 1 6
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TAtiLc 7. CCNTINUED. KEYES» SVITH AND GERRY.
DATA T P RHO EXP RHO CALC ERROR
ID RANK I NE PS I A LBMCL/FTS LBMOL/F T3 PERCENT

004K 240 1247.67 4329.025 0.693640 0 .682468 -1.61
Û04K 241 1247.67 3 964.323 0.554912 0 . 54-64 86 -1.52
U04K 242 1247.67 3645.452 0.462427 0.457928 -0.97
004K 243 1247.67 31 12.351 0.346820 0.345882 -0.27
UÛ4K 244 1247.67 2638.425 0.277456 0.27 77 .35 0.12
0 0 4K 245 1247.67 2373 .SCO 0.231213 0.231896 0.30
0Ü4K 246 1247.67 2115.267 0 . 1 98183 0. 1990 19 0.42
Ü04K 247 1247.67 1905.019 0. 1 7341 0 0.174 132 0.45
004K 248 1247.67 1905.078 0.173410 0.174189 0.45
0Û4K 249 1247.67 1905.137 0.173410 0. i 74196 0.45
Û04K 250 1247.67 1358.529 0.115607 0.116145 0.47
OÜ-+K 251 1247.07 1353.500 0.1 15607 0. 111 1 4 3 0.46
004K 252 1247.6 7 1053.475 0.086705 0 . 037075 0 .43
004K 253 1247.6 7 1053.122 0.0Eo705 0.087042 0.39
004K 254 1247.67 859.789 0.069364 0 . 069639 0.40
Ü04K 255 1247.67 859.230 0.069364 0.06 95 90 0.33
0Û4K 236 1265.d 7 4975.309 0.867050 0.854950 — 1 .40
004K 257 1233. 67 5286.477 0.66 7050 0.853789 -1 .53
004K 258 1283.6 7 4818.031 0.693640 C .68388 I -1.41
004K 259 1 283.67 4343.383 0.554912 0 .54 .38 45 -1 .09
0Û4K 260 1283.67 3949.171 0.462427 0.4594 34 -0. 65
0Q4K 261 1263.67 3324.040 0.346620 C .3464 71 — 0.10
004K 262 1233.67 2857.940 0.277456 0.278019 0.20
004K 263 1283.67 2499.786 0.23 1213 0.231936 0.3 1
004K 264 1283.67 2218.554 0.198103 0 . 193903 0.36
G04K 265 1283.67 1993.933 0.17341C 0.174209 0.46
004K 266 1283.67 1993.669 0.173410 0.1741 a I 0.44
004K 267 1283.67 1992.757 0.I 7341 0 0. 1740 83 0.39
004K 268 12o3.6 7 1413.098 0.115607 0 . 1 I c 1 2 8 0.45
004K 269 1283.67 1413.230 0.115607 0.116140 0.46
OO^K 270 1283.67 1092.244 0.086705 0.087027 0.37
004K 271 1283.67 I 092 .111 0.086705 0 . 0870 1 6 0. 36
004K 272 1283.67 889.946 0.069364 0.06 96 04 0.35
ÛÛ4K 273 1283.67 839 .8 14 0. 06 9364 0 . 069593 0.33
004K 274 1319.67 5293.277 0.693640 0.6638 23 - 1 .42
0 04K 275 1319.67 4709.402 0.554912 0.549520 -0.97
004K 276 1319.67 4242.8 75 0.462427 C .4000 20 -0. 52
J04K 277 1319.67 3529.673 0.346820 0.346768 — 0.01
OÛ-+K 278 1319.67 3012.6CÔ 0.277456 0.2760 4 1 0.21
0G4K 279 1319.67 2622 .928 0.231213 0.2319 04 0 .30
004K 260 1319.67 2320.371 C.198183 G .198355 0.34
004K 261 1319.67 2080.833 0.173410 0 . 174 1 at 0. 45
U04K 282 1319.67 2080.730 0.173410 0.174175 0 .44
004K 283 1219.67 2079.320 0.173410 0.174034 0. 3.Ü
0 04K 264 1319.67 1466.549 0.115607 0.110077 0.41
Q04K 285 1319.67 1467.240 0.115607 0.1lo139 0 . 40
ÜÛ4K 286 1319.67 1130.851 0.086705 0 . 087007 0.35

THE AVERAGE ABSCLUTE ERRGR IN PERCENT IS FOR 283 DATA FCINTS.
0.73
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TABLE b. THE PREDICTIGN CF EXPERIMENTAL DENSITY DATA OFKELL AND .VALLEY, PHIL. TRANS. ROY. S O C .<L O N D O N ), 253A, 565(1905)
DATA T P RHO EXP RHO CALC ERRGR
ID RANKINE PSIA L3M0L/FT3 LBMCL/FT3 PERCENT

Ü03K 1 491.67 76.870 3,468608 3.4 12975 — 1 . 60
0 0 3K 2 509.67 76.870 3.457884 3.452994 -0.4J
0 03K 3 527.06 76,870 3,462670 J .462022 -0 .02
OOJK 4 536.67 76,870 3.458656 3.461755 0. 09
OOJK 5 5J6.67 76,870 3,458652 3.46 17 55 0. 09
OOJK 6 536.68 76,870 3,458636 3.451749 0 . 09
OOJK 7 545.37 76,870 3.453673 3.459359 0.16
OOJK a 491.67 182.748 3.469892 3.413616 -1 .62
OOJK 9 509.67 182.748 3.46 9033 3.45JJ63 -0.45
OOJK 10 527.06 182.748 3.462 821 3.402249 -0.04
OOJK 11 526.57 182.748 3.459768 3.462069 0.07
OOJK 12 536.67 182,748 3.459771 3.402069 0.07
OOJK 1 J 536.68 182,743 3.459771 3.462068 0.07
OOJK 14 545,37 182.748 3.454795 J.45967C 0.14
OOJK 15 491.67 290,076 3.4 7 1190 3.4 14249 -1.64
OOJK 16 509.67 290.076 3.470219 3.453728 -0 . 48
OOJK 17 527.66 2 9 0 .0 7c 2.464999 3.462667 -0. 07
OOJK 1 a 536.07 290.076 3.460946 3.462386 0 . 04
OOJK 19 526. 67 290.076 2.46 0 937 3.462386 0 . 04
OOJK 20 536.6 3 290,0 76 3,460931 3.462388 0.04
OOJK 21 545.87 290 ,076 3.455928 3.459937 0.12
OOJK 22 491,67 297,404 3.472497 3.414893 -1 . 66
OOJK 23 509.67 297.404 3.471531 3.454112 -0. 50
OOJK 24 527. 66 397.404 3,466159 J.452992 -0 . 09
OOJK 25 536.67 397.404 3.462070 3.462705 0. 02
OOJK 26 536,67 397.404 3.462073 3.462705 0.02
OOJK 27 526,68 297.404 J.462070 3.402702 0,02
OOJK 23 545.87 397.404 3.457058 J .460300 0 . 09
OOJK 29 491,67 610.755 3.475061 3.4 16141 -1 .70
OOJK JO 509.67 6 10. 755 3.472945 3.454844 -0. 55
OOJK 31 527.66 6 10.755 3.468486 3.4636 38 -0.14
OOJK 22 526.67 c 10.755 3.464 266 3.463332 -0. 03
OOJK J3 526.07 610.755 3.464273 3.4632 32 — 0 . 03
OOJK 24 526.68 6 10.755 3.464366 3.463331 -0 . 03
00 JK 35 545.87 610.755 3.459224 3.46 0921 0 . 05
OOJK 36 491.67 323 .961 3.477651 3,4 1 7375 -1 ,73
OOJK 27 509.67 623.961 3.4 76 371 3.455582 — 0,60
OOJK J3 527.66 823.961 3 .470801 J ,4642 83 -0.19
OOJK 29 536.67 823.961 3,466655 3.463955 -0 .08
00 JK 40 536.67 823 .951 3.466655 3.46J955 -0.08
0 0 JK 41 536.68 823.961 3.466648 3.463956 —0 « u a
OOJK 42 545.87 323.961 3.46 1599 3.461541 -0 . CO
OOJK 4J 491.67 I 037. 167 3.480205 3.4 18582 -1 . 77
OOJK 44 509.67 1037. 167 3.4 78766 3.456313 -0 .65
OOJK 45 527.66 1037.167 3.473068 3.464917 -0. 24
OOJK 46 526.67 1037.167 3.468888 3.464531 -0. 12
OOJK 47 526.67 103 7.167 3.468885 3.4645 81 -0. 12
OOJK 48 526.68 1037.167 3.46 8892 3.464575 -0. 12
OOJK 49 545.87 1037.167 3.463808 3.462161 -0 ,05
OOJK SO 491.67 1465.029 3.48521 a 3.420958 -1 . 85
OOJK 51 509.67 1465.029 3 .48257 1 3.457757 -0 . 74
OOJK 52 527.66 1465.029 3.477706 3.466137 -0 .33
OOJK 53 526.67 1465.029 3.472442 J .46582 I -0.22
OOJK 54 526.67 1465.029 3.473454 3,465821 -0 . 22
OOJK 55 5Jo.6 6 1465.029 3.472440 3.465819 -0. 22
OOJK 56 545.87 1465.029 3.468233 3.46339c -0.14
OOJK 57 491.67 1893.036 J.49C408 3.423278 -1 ,92
OOJK 58 509.67 1893,036 3.48 835 1 3.459200 — 0 . 84
OOJK 59 527.66 1893.036 3.482285 3.467446 -0 .43
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DA l A T P HHO EXP HHO CALC cHROP
ID RANKINE PSIA LBM0L/FT3 LBMCL/FT3 PERCENT

Ü03K 60 336 67 1093.036 3.477940 3 .467053 -0.3 1
ÜÛJK 61 536 67 1893.036 3.477971 3,467053 -0.3 1
JÜ3K 62 636 68 1893.036 3 .477950 3.487052 -0.31
OÛÔK 63 £45 87 1893.036 3.472779 3,484615 -0.24
Û03K 64. 491 6 7 3049.859 3.504003 3.429213 -2.13
Ü03K 65 £09 67 3049.859 3.501190 3 .4629 91 -1 .09
0Û3K 66 527 66 3 04 9.8 59 J.494579 3.4 707 99 — 0.63
UÜ3K 67 536 67 3049.859 3 .490060 3.4/0334 -0.57
0Û3K 68 536 67 3049.859 3.490074 3.470334 -0.57
003K 69 536 68 3049.859 3 .490064 3.470333 -0.57
JÛ3K 70 £45 87 3049.839 3.484719 3 .46 70 78 — 0 .48
Ü03K 71 491 67 4742 .0 16 3.523414 J.43 72 6 7 -2.44
JÜ JK 72 509 67 4742.016 J.515470 3 .408352 -1 . 45
OOJK 73 £27 66 4742.016 3.51 2146 3.4 755 73 -1.04
OÛJK 74 536 6 7 4742 .0 16 3.5C7337 3,475011 -0.92
J03K 75 636 67 4742.0 16 3.507340 3.4750 1 ! -0.92
OOJK 76 536 63 4742.0 16 3.507347 3.4750 07 -0.92
OOJK 77 545 87 4742.0 16 3.50 1812 3.472534 -0.84
OOJK 78 491 67 6432.285 3.542324 3.44 46 71 -2.76
OOJK 79 509 67 6432.285 3 .537311 3.4 734 96 -1 .80
OOJK 60 527 66 6432.285 3 .529247 3.4 80198 -1 .39
OOJK 31 £36 67 6432.255 3.524238 3.479556 -1,. 2 7
OOJK 32 £36 67 6432.285 J.524244 3,479556 -1 .27
OOJK 33 536 68 6432.285 3.524234 3.479556 -1 .27
OOJK 84 545 87 6432.2 65 3.5 1 6484 3.477055 -1,18
OOJK 85 491 67 8123.723 3.560727 3 .45 1568 -3.07
OOJK 86 509 67 8123.723 3.554790 3.476456 -2.15
OOJK 37 527 66 8123.723 3.546070 3.4840 93 -1 .73
OOJK 88 £36 67 8123.723 3.540810 3.483974 — 1,61
OOJK 89 536 67 8123.723 3.540817 3.4839 74 — 1.61
OOJK SO 536 68 8123.723 3.540795 3 .483972 — 1.60
OOJK SI £45 87 a 123. 723 J.534863 3.481481 -1.51
OOJK 92 491 67 9814.859 3.578628 3.458043 -3.37
OÜJK 93 509 67 98 14.859 3,57 1813 3.483235 -2.48
OOJK 94 52 7 66 96 14.859 3.562447 3.489055 — 2 .06
OOJK 95 536 67 9814.859 3.558948 3.488276 -1 .93
0 0 JK 96 £36 67 9 8 14.859 2.556944 3.40 8276 -1 .93
OOJK 97 536 68 98 14.859 3.556952 3.488276 - 1 .93
OOJK 98 545 87 9814.859 3.550800 3.485753 -I .33
OOJK 99 491 67 11505.707 3.596067 3.46414 3 -3.67
OOJK 1 CO 509 o7 11505.707 5.586377 3.407864 -2.80
OOJK 101 £27 66 1 1505.707 J.576424 3.4933Ü 1 -2.3 3
OOJK 102 536 67 1 1505.707 3.572700 3.492471 -2.25
OOJK 103 536 67 11505.707 3 .572700 3.49 24 7 1 -2.25
OOJK 104 536 68 11505.7 07 3.572718 3.492466 -2.25
OOJK 105 545 87 1 1505.707 3.566396 3.48994b — 2.14
OOJK 1 06 491 67 13196.277 3.613068 3.469935 -3.96
OOJK 1 07 509 67 13196.277 3.604592 3.49235 1 -3.11
OOJK I 08 527 66 13196.277 3.594077 3 .497444 -2 .69
OOJK. 109 £36 67 13196.277 3.566142 3.4 965 61 -2.55
OOJK 110 5o6 67 13 196.277 3.566154 3.4965 61 -2.55
OOJK 1 1 1 £36 68 13196.277 3.566154 3.496557 -2.55
OOJK 1 12 545 37 13196.277 3.56 1673 3.494032 -2. 45
OOJK 113 491 67 14886.547 3.629610 3 .475448 -4,25
OOJK I 14 509 67 1 4886.547 3.620406 3.4 966 93 -3.42
OOJK 115 527 68 14886.547 3.609371 3.501476 -2.99
OOJK 1 16 £36 67 14886.547 3.603233 3.50 05 4 9 -2.35
OOJK 117 536 67 14886.547 3.603244 3 .5005 4 9 -2. 85
OOJK 1 18 £36 68 14886.547 J.603241 3 .500549 -2.85
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RHC EXP RHÜ CALC ERROR
lo RANKINE PSIA L8M0L/FT3 LBMCL/FTJ PERCENT

OOJK 119 545 87 14886.547 3.596597 3.498026 -2.74
OOJK 120 563 67 76.870 3.441860 3.450313 0.25
OOJK 121 551 68 76 .870 3 .427254 2 .436879 0.28
OOJK 122 599 67 76.870 3.410579 3.420348 0.29
OOJK 1 2J 617 67 76.870 3.39 1722 3.401338 0 .28
OOJK 124 635 67 76.8 70 3.371054 3 .38044 7 0.28
OOJK 1 25 6 53 68 76 .370 3.348559 3.35779J 0.26
OOJK 126 671 68 76.870 3.324474 3.3336 30 0. 28
OOJK 127 5 63 67 290.076 3.444122 3.450948 0.20
OOJK 128 581 68 290 .076 3.429581 3.437542 0.23
OÜJK 1 29 599 67 290.076 3.412807 3.421Ü54 0 .24
OOJK 1 JO 6 17 6 7 290.076 2.39396 1 3.402145 Ü. 24
OOJK 1 J1 636 o7 290 .0 70 3.372224 3 .38 1206 0. 24
0 0 JK 1J2 653 68 290. 0 76 3.3509 l 7 3.3586 89 0.23
OOJK 1 J3 671 ô b 290 .076 2.326853 3 . J34O05 0.23
OÜJK 1 J4 6 63 o7 610.755 3.447450 3 .45 190 0 0.13
OÜJK 1J5 561 68 6 10. 755 3.422897 3.438538 0. 16
OOJK 136 599 67 OlO .755 3.416130 3.422112 0. 1 B
00 JK 137 617 67 610.755 3.397346 3.403278 0.17
OOJK 1 38 635 67 610.755 2.376739 3.382494 0.17
OOJK 139 653 68 610.755 2.354397 3 .3o0Ü23 0.17
OOJK 1 40 671 68 610.7 55 2.32040 8 3.336061 Ü. 1 7
00 JK 141 563 6 7 1 037.167 3.45 1374 3.45316 0 0.04
OOJK 142 581 68 1027.167 3.427250 3.439849 0.03
OOJK 143 599 6 7 1037. 167 3.420517 3.4235C7 0. 09
OOJK 1 44 617 o7 1037.167 J .40 1 76 4 3.404778 0.09
OOJK 1 45 635 67 1037.167 3.28 1231 3.384112 0. 09
OOJK 146 653 68 1037.167 3.35S97C 3.36 1764 0. 08
OÜJK 147 671 68 1037.167 3.325112 •0.09
OOJK 148 563 6 7 1465.029 3.456212 3.4544 14 -0. 05
OOJK 149 551 ô ô 1465.029 3.44 167 1 3.44 1160 -0.01
OOJK 150 599 67 1465.029 2.424920 3.424891 -0 .00
OOJK 151 6 17 67 1465.029 2.406209 3 .40.6265 û. 00
OÜJK 152 635 6 ( 1465.029 3.385745 2.385725 -0 . 00
OOJK 153 653 68 1465 .029 3.362559 3.363537 -0. 00
OOJK I 54 671 0 8 1465.029 3.229823 3.339898 0 .00
OOJK 155 563 67 189J.026 3.460707 3.455038 -0.15
OOJK 156 581 ô 8 1893.026 3.446018 3.442460 — 0.10
OOJK 157 599 67 1893.036 3.429303 3. 42627 3 -0 . 09
OOJK 158 617 67 1893.0 26 J.410593 3.4 0 7746 -0. 08
OOJK 1 59 625 o7 1893.036 3.3902 11 3.387326 -0 . 09
OOJK 160 653 6 8 1893.036 3.368097 3.3652 74 -ü . 08
OOoK 161 6 71 68 1893.036 3.344485 3 .341796 -0. 00
OOJK 162 563 67 3049.859 3.472456 3 .45 89 75 -0 .39
OOJK 163 581 68 3049.859 3.457712 2.445924 -0. 34
OOJK 1 64 599 6 7 3049.859 3.44 1007 3.429948 -0.32
OOJK 165 6 17 67 3049.859 3.422337 3.4116 04 -0.31
OOJK 166 635 67 3 049 .859 3.402149 3 . 3 9 15 .8 0 -0.31
OOJK 1 67 6 53 o 8 3049 .359 3.380273 3.369892 -0.31
OOJK 168 671 63 3049.£59 3. 3569 12 3. 346828 — 0 . 30
OOJK 169 563 67 4742 .0 16 3.489296 J.463716 -0.73
OOJK 170 581 68 4742.016 2.4 74269 3.45ÛO 74 — 0.68
OOJK 171 599 6 7 4742 .0 16 3.457709 3.435196 — 0.65
OOJK 1 72 617 67 4742 .0 16 3.429162 3.4 17306 — 0 . 64
OOJK 173 6J5 67 4 742.0 16 2.419160 3.397642 — 0 . 63
OOJK 1 74 653 68 4 742 .016 3.397566 3.37646 1 — 0.62
OOJK 175 671 68 4742.0 16 3.374595 3.355969 — 0.61
OÜJK 1 76 563 67 6432.285 3.505689 3.4 68327 -1 . 07
OOJK 1 77 581 68 6432.285 3.490667 3.455635 -1 .00
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TABLE a. CCNTI NUED. KELL AND WHALLEY.

DATA T P RHO EXP RHO CALC ERROR
lü RANKINE PSIA LBMCL/FT3 LBMCL/FT3 PERCENT

OÜJK 1 76 £99.67 6432.285 3.473965 3 .4-40295 -0.97
OOJK 1 79 617.67 6432.285 3.455537 3.422759 -0. 95
OOJK 180 6 53.67 6432.225 3.435707 3.403514 -0.94
OOJK 181 653. 68 6432.285 3.4 14376 J. 382813 -0.92
uOJK 182 671.68 6432.285 3.391726 3 . 36C66C -0.91
OOJK 1 8J S6J.6 7 8123.723 3.521808 3.472620 -1 .39
OOJK 1 84 £81.68 8123.723 3,506670 3.460301 -1 . 32
OOJK 135 599.67 8123.723 3.489941 3.445265 - 1 .28
OOJK 186 617.67 2 123.723 3.471576 3.42 80 7 0 -1 .25
OOJK 137 635.67 3 123.723 J.45 1909 3 .4 092 25 -1 .24
OOJK 1 88 653.68 8123.723 3.430817 3.388976 -1 .22
OOJK 1 89 671.68 a 123.723 3,4C8472 3. 36 753 1 -1 .20
OOJK 190 563.67 9814.859 3.537480 3.477204 -1 .70
OOJK 191 £61.68 9814.859 3.522229 3.464958 -1 .63
OOJK 192 £99.67 9814.859 3.505465 3.450106 -1 . 58
OOJK 1 93 C17.67 9614.859 3.487168 J .4 3 32 42 -1.55
OOJK 1 94 6 35.67 9814.859 J.467646 3.414773 -1 .52
UOJK 195 6 53.68 9814.859 3.446776 3.394959 - l .50
OOJK 1 96 671.68 9814,859 3.424707 3-3740 00 -1 .48
OOJK 197 563. 67 l 1 505.707 3.552827 3.481466 -2.01
OOJK 1 98 £81.08 l 1 505.707 3.5 37440 3.46^426 - 1 .92
OOJK 1 99 £99. 6 7 1 1505. 707 3.520645 3.454533 -l .37
OOJK 200 617.67 1 1505.707 3.502410 3.43 82 31 -1.83
OOJK 201 635.67 11505.707 3.483011 3.420177 -1.30
OOJK 202 653. 68 11505.707 3.462321 3.400777 -1 . 78
OOJK 2 05 671 .63 1 1505 .707 3.440509 3.330276 -1.75
OOJK 204 £63. 67 13 196.277 3.567370 3.485668 -2.30
OOJK 2 05 581.68 13196.277 3.552339 J . 4737 91 -2.21
OOJK 2 0o 599.67 13196.277 3.535529 3.45 94 4 3 -2.15
OOJK 207 617,67 13 196.277 3.517307 3.44 3195 -2. 1 1
OOJK 208 635.67 13 196.277 3.498036 3.425441 -2.08
OOJK 209 653.68 13 196.277 3.477508 3.4 06435 -2 .04
OOJK 2 10 671.6 8 13 196.277 3.455964 3.386372 -2.01
OOJK 211 563.6 7 14886.54 7 3.582580 3.489758 -2 ,59
OOJK 2 12 £81.68 14886.547 3.566924 3.478057 -2.49
OOJK 213 £99,67 14836.547 3.550063 3.46 3953 -2.43
OÜJK 214 617.67 14886.547 3.5 3 1893 3.447995 -2. 33
OOJK 215 635.6 7 14886.547 3.512733 3.4305 76 -2.34
OOJK 216 653. 68 14886.547 3.492340 3.411947 -2.30
OOJK 2 17 671.68 14886.547 3.471013 3.3923 03 -2.27

THE AVERAGE ABSCLUTE ERRUR IN PERCENT IS FOR 217 DATA PClNTS. 1 . ÜS
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TAdLd y. CCNTtNUEiU. 0S80HNE, STIiMSÜN AND Ü I N M N G S .
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DATA T P RHO EXP RHÛ CALC ERRUR
ID RANK I NE ASIA L8MC1L/FT3 LENGL/PTS PERCENT

OOIÜ 55 9 7 7.67 798.456 2.6 63132 2.670035 0.26
001Ü 56 966.6 7 862 . 788 2 .633607 2.639102 0.20
0010 57 9 95.6 7 931.0 17 2 .6 03557 2.cD69y5 0.13
JOIQ 53 1C04.67 1003.300 2.572274 2.5 736C9 0.05
0010 59 1013.67 1 0 79. 7 93 2.539673 2.538649 -0.04
OOlU 60 1 G22.6 7 1163.667 2.506104 2.5 0 25 76 — 0.14

THE AVERAGE AÜ5CLUTE ERROR FUR 60 DATA PCiNTS.
IN PERCENT IS 0 .36
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T A o t - t  i O .  T r i t  P P E D I C r i G N l  
Ü F  K E E n A N .  K E Y E î i .  E T  A L . ,

GF EXPERIMENTAL "GTEAM TABLES"
e n t h a l p y  g  e p  p t  ur e
J O H N  . , 11  C Y , l Y O S .

D A T A  
1 û

T
P AN X  I  i l E

P
P S

H E X P  h  C A L C  
I  A B T U / L B i V O L  R Ï U / L  □ M G l

E P P g P 
5 r U / L 3 P 5 L

0 0  1 J 6  0 7 c o v o  7 1 4 o 9 3 3  1 6  - 9 4  3 6  6  3 6  —9 4 1 9 3  7 3 - 1 7 3
J O i Ü o 0 8 £ 5 9 6 7 1 2  3 6  7 9 2 6  - 9 5 1 8 3 5 7  - 9  5  0 4 u 3  4 - 1 3 7
J 0  1 G 6  0 9 6 3 4 6 7 1 0 2 2 1 4 3 3  - 9 7 2 1 4 2 1  - 9  7 1 6 7  0 9 _  Q ■4 7
u O i  J G 1 0 5 ü 4 o 7 4 6 0 o 9 o 1 - 1 0  1 1 7 2 6 6 - 1 0 1 2 5 0  1 0 V 7 7
O O l U o  11 5 5  G o  / 2 7 1 3 1 0  3 - 1 0 3 0 4 9 7 1  - 1  0 3  1 0 0 4  2 ■J 31
0 0  1 J o 1 2 3 GG 6 7 1 4 6 4 7 6 0 - 1 0 4 4 6 8 1 4 - 1 0 4 4 2 9 0  3 — 0
O O I U 6 1 G 5 2 9 6  7 1 0 0 3 7 6 5 - 1 0 6  1 4  1 5 8  — 1 0 5 0 4  7  9 7 - 0 9 4
0 0  i ü 0 1 4 5 0 9 6  7 4 5 2 5  9 4 - 1 0 6 4 0  1 0 5 - 1 0  6 3 8 0  9i.-. - c 2 0
0 0  1 u 6 1 5 6 0 9 6  7 1 4 0 6 3 9 2 8  - 8  7  2 5 8 5 2  - 3  7 0 4  7 5 3 - 1 1 1
o O  1 J 5 1 6 7 8 4 6 7 1 0  3  7 0 4 3 0  - 8 9 2 c  o  2  3  —3 9 0 8 9  7 7 - 1 9 7
0 0  i  G 6  1 7 7 5 9 6  7 6  7 9 3 8 6  7  - 9  1 3 2  7 9 J  - 9  11 4  0 5 3 - 1 G 7
0  0 1 u o  1 3 7 3 4 ü 7 2 2 4 4 0 4 2  - 9 3 3 £ 3 6 7  - 9 3 2 0 4  3  1 - 1 7 9
^  0  l G u 1 9 71 9 6  7 1 2 4 4 3 7 9  - 9 4 t 2 2  5  6  — 9 4 4 4  9  9 - 1 7 3
0 0  l  G g 2 0 9 1 9 6 7 1 4 5 0 5 6 9 6  - 8 1 2 G 5 3 c  - c 1 2 1 4  ' f .. - 0 1
0 0  l  G 0 2 1 9 0  9 o 7 1 3 4  1 7 5  9 4  - 6 2  0 2  4 2  2  - 8 1 9 C 9  7 .o - 0 t.
0 0 1  G 0 2 2 6 5 9 6 7 6 5 8  7 6 4 5  —6 5  8 3 C 2 5  - 8 5 7 7g  9  3 — 0 3 6
OO l  U 5 2 0 5 3 4 ■5 7 3 2 5 5 1 0 7  - 8 7 7 6  3  0 9  - 3 7 6 9 5  5 g 0  >3
OO I G 6  2 4 51  9 c  7 1 2 9 1 1 2 3  - 8 8 9 3 4  0 6  —8 8 a 5 5  1 3 - 0 7 9
0 0  1 G 6 2  5 1 0 / 9 o 7 1 5 7 2 0 d l o  - 7  2  3 2 4  10  - 7  2 2 4 0  2 , - 0 7 3
o O l G 6 2 o 1 C 5 9 c 7 1 3  5 5 1 3 2 8  - 7 3 5 £ 9 3 1  - 7 3 5 4 3 2 4 - ■ j 6
0  0  1 G o 2 7 1 0 0 9 6  7 8  1 1 1 2 3 6  - 7 6 6 1 2 9 9  - 7 6  8 2  o  9 1. c 1 6
0 0 1  G 6 2  0 9 5 9 6 7 2 7 0 1 6 3 9  - 3 0  1 3 3  7 9  - a  0 1 6 6  2 9 3 4
0  0 1  G 5 2 9 9 2  J o 7 5  7 6 2 2 5  - 6 l « - 9 0 2 0  - 8  1 6 1 o 9  '■> 0 2 o
v O l G o GO 1 l o 9 6  7 1 4 4  71 3  0 4  - 6  6  6 2 9  2 5  - 6 6  7 2 9  1 0 - 1 0 0  ■
0 0  1 G c 3 1 1 1 5 9 6 7 1 3 5 9 4 3  0 9  - 6  7 3 8  7 0 6  - 6  7 3 0 5 0 3 - 0 8 2
0 0  1 G 0  3 2 1 1 0 9 6  7 9 1  7 7 4 8 6  - 7 0 2 2 1 4 4  - 7 . J 2 1 1. 1 4 — u ü ô
O O I G 0 2 3 1 C 5 9 6 7 4  7 5 6 1 6 6  - 7 2  1 4 3 0 7  - 7  2  1 5  9' 6  4 j 1 7
o O l G o 3  O 1 0 3 4 c  7 2  5  7 6 4  6 7  - 7 4  6 4 0 7 5  - 7 - 4  6 S o l o - 0 0 8
0 0  1 G o 3 5 1 2 5 9 o 7 1 3  3  7 5 ‘, 7 7  - 6  0  3 5 7 6 7  - 0 0 3 4  7  ù 5 — 0 1 1
O O l G 6 2 6 1 2 u 9 6 7 1 0  1 6 2 4 0 6  - o 2 6 0 6 2 3  - 6 2 8 8 2 3  5 u 7  4
0 0 1  G 0 2 7 1 1 5 9 6  7 6  7 4 6 5  9 4  —6  5  3 3 9 4 3  - 0 2 4 3 3  2 3 0 9  4
O O I  G 0  3 3 1 1 3 4 6  7 5  0 5 9 7  7 0  - 6 6  6 4 1 9 2  - 6  6 6 9  7 3 4 C' 5 5
o O  I G 6  3 0 1 0 5 9 6  7 2 6 3 -2 0 6  - 7 0 7 5 4  8 1  - 7 0 1 5 4  5  4 — o 0 0
O O l G 6 4 0 1 2 0  9 U 7 1 5 2 0 3 2  7 3  - ; o 3 5 9  1 3 5  - 5  2 5 4 5  9 3 4  6
0  0  I G 5 4 1 1 3 0 9 6 7 1 2 4  5 9 o 7 6  - 5 5  7 4  1 7 5  - S . ' ,  8 l  l  6 0 7 0
0  0  1 G o 4 2 1 2 5 9 6  7 9  6  9 6 3 5 9  - 3 7 9 5 6 2 3  - 5 1 1 2  1 7  0 1 6 3
0  Ü 1 G 6 4 3 1 2  0 9 o 7 6  9 4  8 6  2 5  —6 0 2 6  5 2 0  — 6 ' > 4 4 5  1 9 1 3  0
0 0  1 G o 4 ‘+ I  1 5 9 6  7 4 2  7 7 4 3 6  - 6 2 7 0 2 2 0  - 6 2  7 0 9  4  0 0 0 7
O O l G o 4 5 1 4 2 9 6 7 1 4  6  0  4 2 9 7  - 4 7 8 3  1 -2 a  - 4  7 7 2 0 6 7 - 1 3 1
o  0  1 G o4t > 1 2  5 9 6 7 1 1 6 0 6 4  1 3  —5 0 5 4  1 0 2  - 5  0  5 7 9  C' 4 0
O O l G 0 4 / 1 2 5  9 6 7 7 4 3 2 6  4 1 —5 4  6 5 1 7 1  - 5 . S t. 7  6  9 1 6
o 0  1 G ■54 g 1 2 0 9 o 7 5 3  0 8 6  6 3  - 5  6  9 1 2 6 5  - 5  7 0 3 3 < ;  1 1 4 1
O O l G 6 4 0 1 1 5 9 6 7 3 2  0 3 6  2 9  - 5 9 4 0 8  9 4  - 5  9 2 2  1 5  3 - 1 8:7
o o 1 G o g O 1 4 0 9 o 7 1 2 2 5 4 0  7 4  - 4  3  3 £ 1 2 0  - 4  j 1 le.  2  4 - 2 3 5
0 0  I G 6 5  1 1 3 5 9 6 7 9  7 5 9 4  3 3  - 4  o  9 1 0 4 8  - 4 j 9 l  0 G.-'; — V 0.3
O O l G 6  5 2 1 2 5 9 6  7 6 2 9 7 6 0 2  - 5 0 9 2 4 2 2  - 5  11 0  C. < G 1 5
O O l G o 5 3 1 2  0 9 o 7 4  6 3  7 9  1 3  - 5 3 2 5 5 4  0  —5 . 0 5 0 7  1 3 5 2
O O l G 6  5 4 1 £ 5 9 g 7 1 3 7 7 6 5 0 8  - 3 6 0 £ 2 6 2  —3 5 t . 3  7  2 6 - 4 4 5
0 0 1  G 6 5 5 1 4 5 9 6  7 1 1 0  7 3 2 1 9  - 3 9 1 0 7 3 0  - 3 6  7 0  7 9  7 — S 9 9
0 0 1  G o 5 g 1 3 5 9 6 7 8 3 4 2 1 3 3  - 4 2 5 " 3 9 3 0  - 4  3 3 3 0  5 2 G G
0 0  1 G 6 5 7 6  7 5 o 2 1 6  0 9  —4 6 5 3  Oi ü f . — 4  C 6 1 9  1 G- 9 3
O O l  G o 5 d 1 2 0 9 6  7 4 3 2 0 4  1 0  - 4 9 0 0 0 . 3 6  - 4  9  7 2 9  7 9 7 2 3
0  0  1 G o 5 9 1 6 5 9 6 7 1 4 4  3 4 4 6 1  - 3 0 4 6 9 1 9  - S O I 1 2  0 6 5  7
O O l G 0 6 0 1 5 5 9 6  7 1 2 2 0 0 6  6 0  - 3  3  1 9 3 0 3  - 3 2 7 0 7  7 1 - 4
v O  I G 6 6  1 1 4 5 9 6  7 9 9 2 9 d 1 3  - 3 6 1 1 7 5 3  - 3  5 7 0  0  2 2 — 4 1 7
O O l G 6  6 2 1 2 5 9 6 7 5 3 2 2 4 9 2  - 4 3 3 5 4 6 4  —4 3  4 7 3 1 9 1 1 5
u 0  1 G 6  6 3 1 2 0 9 6  7 4  1 8  7 9 6 5  - 4 5 9 0 4  5  7  - 4  5  8 0 0  08. o •■'6
OO 1 G 0 0 4 1 S 5 v 6 7 1 4  7 7 5 5  o  2  - I S O 4 6  7 0  -  1 -15 4 3  0 9 4 9 ti
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TAÜLE lü. C ù.mTINUE ü , KEENAN ,KEYL S, ET AL.
DATA T P H EXP h CALC Ef-; ■ CR10 r a n k i n e PS I A 5TU/LRMÜL BTU/L8MCL aTU/Lri

Jü l J 665 1 459 67 7 73 0.344 -285.637U -2 80 04 5 7 -5 500 1 J ü 66 1269 6 7 4720.324 -351.8643 -347 0239 -4 u 4vUlU üo7 120 9 6 7 3919.446 -376.9893 -3/0 6135 — c o8OOIU 6 68 245 3 67 13 176.9 77 — 89.4416 — ci 9 93 c 4 0 5 0
001 U o6v 19 59 67 9602.172 -12 1.8621 - 127 616 7 C 7 5OOIU 6 70 1 469 67 5683.734 -199.5204 -1 96 9110 6 1
00 l U cj 71 1209 67 3434 «6 06 -271 .681 6 — 264 1957 - 7 6 üOOIU 6 72 2c59 67 7812.055 -48.6976 -3 7 8584 - 10 8 400 lU 673 2459 67 6504.238 -47.6701 — 48 59 66 0 9 8OOIU o74 1 959 6 7 5006,043 -63.9347 -38 62 5 7 4 6 9
0 0 lu 6 75 1 459 6 7 3322.923 -106.9013 -107 7o32 0 8 c
0 0 1 u 6 76 1209 67 2372.031 -148.3819 - 1 45 61 1 0 0 4 3
0 0 1 u o77 2c59 67 3 l 04 . 0 36 -20 .3742 — 1 6 0 74 7 -4 3 u
0 0 lu 678 245 3 67 26 4 4.3 25 -20.19 73 -2 0 4 1 C'y C 2 2OOIU o 7y 1 939 6 7 2069.687 -26 .199c -28 64 14 4 400 lU udO 1 459 o7 1474.6 17 -43.7233 - 45 382 ô 1 6 tr
0 0 1 u 6 ai 1209 67 1137.050 -60,9395 -03 372c t. 3
0 0 1 u 682 1 159 6 7 1083.941 -66.3042 —o 9 03 55 2 7300 lU u83 1 1 09 u7 1020.638 -72.96 3 “ - 75 44 07 2 4 7OOIU u 84 1 059 o 7 940.245 -81.4961 — 42 9c 4 1 1 4 9OOlU o35 1009 6 7 8 71.403 -92.C945 -9 1 35 2 7 -0 a 40 0 1 u 686 2c59 6 7 652.204 -5 .7548 -4 54 6 6 - 1 2 1OOIU 687 2459 67 73 0.965 -5.7576 -5 74 c 7 — c v: 100 lU 6 38 19 59 6 7 5 79 .4 91 - 7.2624 03 4 1 Ü 7700 1 u üdO 1 459 67 426.617 -12.0220 - 12 76 0 9 0 7 4
0 0 lu 690 1 159 6 7 332.746 -16.1158 - 1 9 51 l 7 1 4 000 1 u u 91 95 9 67 267.416 -27.3270 - 2 y 50 2 c c. 1 aOOIU 692 85 9 67 232.317 -37.0611 — 36 730 1 1 .J 7OOIU 6 93 2859 6 7 170.362 -1.1615 -0 91 7b — 0 24OOIU 6 94 2469 6 7 146.450 -1 . 1655 -1 15 79 — 0 0 1
0 0 1 u 695 1959 6 7 116.5 63 - 1.4548 -1 6 164 c le
0 0 l u 6 96 1459 67 36.623 -2,3993 -2 56 79 0 1 7
00 lu 69 7 1 159 67 68 .5 73 -3,6057 -3 9294 0 32OOIU 6 38 959 o 7 56.442 -5.2823 -5 94 4 2 û Cl 6
0 0 1 u o99 869 6 7 30 .299 — c. .9615 -7 a 1 7 7 0 8 6
0 0 1 u 700 75 9 o 7 44.0 34 -10,0181 -1 1 0063 0 J ' 3

0 0 1 u 70 1 2 659 6 7 34.0 70 -0 ,232 7 -0 1 OM-O -0 -.15
0 0 1 u 702 2459 6 7 29 .301 -0 ,2337 — 0 232 1 -ü 0 0OOIU 703 1959 o7 23.340 -0.2911 -0 325c 0 0 8
0 0 1 u 7 04 1459 6 7 17.377 -0.4797 -û 51 44 0 j 300 lU 706 1 159 o7 13.796 -0.7204 -0 78 70 û J7ou lu 706 959 67 11.404 — 1 .048c - 1 19 02 0 1 ’+OOIU 707 659 67 1 0 .206 -1.3731 -1 56 4 9 1 9
0 0 l u 703 759 u 7 9 .0 03 -1.9634 -2 20 26 c 2 4OOIU 709 66 9 67 7. 790 -3.0645 -3 42 1 7 0 3 6OulU 7 10 2659 67 3.406 -û,0233 -0 013 5 — 0 0 0OOIU 71 1 2 459 6 7 2.930 -0.0234 -0 0233 -0 0 0OOlU 7 12 1 95 9 67 2 .334 - 0 . 0292 -0 03 24 0 0OOIU 713 1453 67 1 .739 -0.0480 -0 05 1 5 0 Jü
OOIU 714 1 159 6 7 l .381 -0.0720 -0 0 7 co 0 J lOOlU 715 959 6 7 1 . l 43 -0.1047 -0 119 1 .} 010 0 lU 716 659 o 7 1 . 024 -0 . 1369 — 0 156 7 0 ü 2
0 0 1 u 717 759 67 0 .904 -0, 1954 -0 22 0 2 0 0 2OOIU 718 65 3 o7 0 . 785 -0 .3050 -0 34 20 0 04
0 0 l u 719 559 6 7 0 .uu6 -0.47 70 -0 61 65 0 1 4

TriE aV cRAOE AB3CLUTE ERftüR IN DTJ/LBYCL FUi< 113 DATA PCINTS.
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ABLE i1• THE PREDICTION OF EXPERIMENTAL ENTHALPY DEP ARTURE
IF ANGUS AND NEW ITT. PH IL. TRANS. ROY. SOC . (LONDON). V. 259

DATA T P H EXP H CALC ERROR
ID RANKINE PSIA ETU/LBMOL 8TU/LGM0L 8TU/LBI

OOSA 1 1211.67 870.221 -41.9860 -46.3983 4.41
003A 2 1 211 .67 2900.738 -197.9800 -195.8912 -2. 09
003A 3 1571.67 870.221 -20.1830 -21.4478 1 .26
003A 4 1571.67 2900. 733 -70.5180 -73. 8509 3.33
003A 5 1571.67 5801 .473 -154.6240 -153.4383 - 1.19
ÛÜ3A 6 1571.67 8702.211 -237.6120 -233.7884 -3.82
Ü03A 7 1571.67 11602.945 -311.£660 -305.1855 — 6 . 68
003A a 1 751 .67 870.221 -12.9390 -16.0740 3. 14
ÜQ3A 9 1751.07 2900.738 -52.4760 -54.1390 I .66
003A 10 1751.67 5801 .473 -107.2850 -108.9571 1.67
ÜÛ3A 11 1751.67 8702.211 -158.7380 -162.3328 3.59
003A 12 1751.67 11602.945 -213.2030 -211.7525 — 1.45
UG3A 13 1211.67 5801 .473 -580.6948 -581.5754 0.88
0 0 3A 14 1211.67 8702.21 I -615.7998 -618.866 0 3.07
003A 15 1211.67 1 1602 .945 -630.5999 -632.7881 2. 19
Û03A 16 1211.67 14503.688 -633.6108 -639.6125 6.00

THE AVERAGE ABSCLÜTE ERROR IN 8TU/LBMCL 
FOR 16 CATA PCINTS*

2.90
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TAbLC 12. THE PH EDICT lUN UF EXPERIMENTAL ENTHALPY UFP/'.h T'Jl.E UF CALLENDAR AND EüERTüN, PHIL. TRANS. ROY. SOC.(LCNDCN) , V2S2( 1 9c J )
DATA r P H EXP H CALC ERi- üiiID RANK INE PSIA BTU/L8MÜL :3T J/LdMGL L TD/L l MCL

J J2C I 651 6 7 71 J53 -10 . .1990 -1 1 51 9L 1 IEUÛ2C 2 c5 I 6 7 142 1 0 7 -22 .2790 -23 6823 1 40J02C 3 896 67 71 0 33 — 8 .4540 -9 53 14 1 0 8J02C 4 £96 67 142 107 -1 7 .8140 -19 46 92 1 U 11002C 5 941 o 7 71 053 -7 .201 0 - 6 01 32 ,1 31J02C 6 941 6 7 142 107 - 14 .9410 - 16 29 33 1 5 aU02C 7 941 6 7 355 267 -4 1 .4010 -43 06 1 E .1 t> 60 jec 6 986 67 71 053 —6 .2670 — 6 32 95 540 J2C 9 986 o7 142 107 -12 . 76 7 0 -13 83 9 6 1 07002C 10 986 6 7 355 267 -34 . I 670 -3 6 12 26 1 9 '■+V J2C 1 1 986 67 710 535 -79 . 54 7 0 -78 99 1 6 5bEoac 12 1 081 ü7 71 053 -5 .0350 - o 86 -06 0 3 5JOciC 1 3 103 I 6 7 142 1 0 7 -I 1 .1150 - 1 1 90 46 0 79Ù02C 14 1 031 o7 3 55 267 -23 . 9350 - 3 0 79 3 9 1 •3oUO*;C 15 1031 o7 7 10 535 -64 . 3950 — 6r> as 14 i 4 1..JJ2C 16 1031 67 1 065 802 -111 . 374 0 -1 0 7 7o5 3 — J 1uOLC 17 10 76 6 7 71 053 — 4 .9470 -5 1 J lo 0 1 '0OÜEC 18 1 0 7o 67 142 1 0 7 -o .6070 - 1 0 35 21 0 55J02C ID 1 0 76 67 355 267 -25 .1070 -2t.' 59 92 1 •1 'J002C 20 1 0 76 6 7 710 o35 -53 . 7270 -56 02 6 0 ..3 0U02C 21 10 76 o7 1 065 5 02 — 6 3 . 64 7 0 -89 476.-0 (} 63o02C EE 1076 67 1421 039 -134 . 00 70 - 129 30 95 — ■+ 700 02C E3 1 121 67 71 0 33 -4 .3300 -4 51 lb — 0 02J02C 24. 1 12 1 67 142 107 -8 . 3500 — 9 03 76 J 2 't-0Ü2C 25 1 121 67 355 2 67 -2 1 .9900 -23 23 0 9 1 2 VUÜ2C 26 1 lEl 67 710 335 — 45 . 93 0 J — 4 8 40 7 1 4 aJ02C 27 1 121 6 7 I 065 802 -74 .0100 - 76 1275 2 1 Euü<:C 28 1 121 6 7 1421 0 69 -107 . 31 00 -1 07 37 5 V 0 0 70 DEC 2D 1 121 6 7 1 776 337 -148 . 53 0 0 -1 4 3 993 1 — 4 34aOEC 30 1 121 67 2131 Û 04 -20 1 .270 0 — 1 j 0 31 2 0 - 1 0 9oJ J2C 31 1 166 6 7 71 0 53 — 4 . Et:4 0 — 3 99 35 -0 2 9üOEC 32 1 1 66 6 7 142 107 -7 . 8340 04 4 1 0 IcOUEC 33 1 166 o 7 355 267 - 19 . 5640 -2 0 43 16 0 \!'J0 0 EC 34 1 I 60 o7 710 535 -4 0 .1040 -42 33 i a 2 23 .0 0 EC 3 o I 166 67 1 065 .802 -c3 .5040 -65 0 6 J 4 3 6J j e c 36 1 166 6 7 1421 069 — 3 9 .9640 ■-•J 1 5 s.- 1 Ü 10 OEC 37 1 166 6 7 1 776 33.7 -1.20 .3640 -120 1731 — G 21oOEC 38 1 166 6 7 213 1 6 04 -156 .5640 -1 52 85 66 7 1JOEC 30 1 166 o7 2486 a 71 -199 . 0430 -1 02 06 3 9 J oOOEC -fO 1 160 6 7 2642 139 -258 .8040 — 2 'f 4 1 J 64 — 1 4 c 5
j OEC 4 I 1211 6 7 71 053 -3 . 8 52 0 Sc 9- J -0 ,2.5OOEC 42 1211 6 7 142 I 07 -7 .2720 - 7 1/30 -0 1 0OOEC 43 121 1 o 7 353 2o7 - 1 7 . 5320 -13 20 5 7 j 7oOEC 44 12 11 6 7 710 5 35 — 3 5 . 53EÜ -.3 7 4021 1 6 7uOcC 45 1211 6 7 1 066 6 02 -55 ,5120 - 57 76 c 1 2 2 3u02C 46 1211 o 7 1421 069 -77 . 6520 -79 S3 31- 1 6 3OOEC 47 1211 6 7 1 776 337 - 1 01 .9520 - 1 03 ÜË £5 1 08OOEC 48 lEl 1 67 2131 604 -128 .7720 -12 3 7168 0 6OOEC 4 9 1211 67 2486 871 -1 59 .3720 -137 3 0 9 6 — 2 GoOOEC so 1211 Ô 7 2842 1 39 - 1 94 . 8320 - 1 89 ■96 2 3 — 4 ;;5•JOEC 31 121 1 67 3197 406 -2 3 7 . 1320 -22 3 92 5 6 -6 2 1OOEC 52 1256 6 7 71 053 -3 . 5570 - 3 2060 -0 75 ■OOEC 33 1250 6 7 1 42 1 0 7 — 6 .8370 — 6 43 3 1 -0 4 0OOEC 54 1256 67 355 267 - 15 . 8370 - 1 6 29 91 j 4 0OOEC 55 1256 o 7 7 10 535 -3 1 .85 70 -33 32 43 1 4  7JOEC o6 1256 67 1 065 802 -49 . 1370 -5 I 1 76c 0 4JOEC 57. 1256. 6 7 1421 06 9 — 66 .0370 -6 9 96 1 I 1OOEC ü8 1256. 6 7 1 776 337 -67 .8370 -89 8960 2 j 6
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■DATA T P H E X P H C A L C F F l 3 R
I ü Fi AMK I  NE P S  I  A R T U / L B M O L d t U / L 8 M Ü L 6 T 3 / L 8 M C L

U 0 2 C ÜÇ 1 2 6 6 6 7 2 1 3 1 o  0 4 - 1 1 0 1 5  7 0 - 1 1 1 . 1 2 5 5 .J V 7
J 0 2 C àO 1 2 5 6 6 7 2 4 8 6 3 7 1 - 1  3 4 8 1 7 0 - 1 3  3 . 9  3  : .5 - 0 a .'!
U 0 2 C ô  1 l  2 5 6 6  7 2 8 4 2 1 3 9 - 1 6 2 5 3 7 0 - 1 5  8 . 7 0 5 4 — 3 3 3
0  0 2 C 6 2 1 2 5 o 6  7 3  1 9 7 4 0 b - 1 8 8 4 5 7 0 - 1 5 5 . 9 3  8  1 - 2 3 2
J 0 2 C àà 1 3 0 1 6 7 7 1 0 5 3 2 8 1  0 3 9  6  5 - 0 9  8
0  0 2 C ÔA 1 3 0 1 6 7 1 4 2 1 0 7 - 6 5 8 1  0 — 5  . 8 1 2 5 - 0 7 7
0 0 2 C 6 3 1 3 0  1 6 7 3 5 3 2 6 7 - 1 4 6 8 1 0 - 1 4 . o 8  4  7 0 0 0
0 Û 2 C 6 6 1 3 0  1 6 7 7 1 0 5 3 5 - 2 6 7 2 1  0 — 2 9  . 9 0 8 8 1 1 9
D 0 2 C 6  7 1 3 0  1 6 7 1 0 6 5 3 0 2 - 4 4 0 2 1  0 — 4 0  . 7 3  0 5 1 7 1
0 Û 2 C 6 3 1 3 0  1 6 7 1 4 2 1 0 6 9 — 6  0 2 2 1  û - 6 2  . 2  1 7 5 2 0  O
Ü 0 2 C 6  y l  3 0  1 6 7 1 7 7 6 3 3 7 - 7 7 6 8  1 0 -  7 9  . 4 5  1 e 1 7 7
0 Û 2 C 7 0 1 3 0 1 6 7 2 1 3 1 6  0 4 - 9 6 0 4 2 0 - 9  7 . 5 2 8 4 1 4 9
0 0 2 C 7 1 1 3 0 1 6 7 2 4 3 6 3  7 1 - 1  1 6 5 6 2 0 — 1 1 6 . 3  6  5 9 ü 0 0
J 0 2 C 7 2 1 3 0  1 6 7 2 8 4 2 1 3 9 - 1 3 8 1 6 2 0 — 1 3 ô  . 6  9  8 5 -  1 4  6
J 0 2 C 73 1 3 0  1 6 7 3 1 9 7 4  0 6 - 1  5 8 6 2 1  0 - 1 5  8 . 1 0  1 2 8
J Û 2 C 7 4 1 3 4 0 6 / 7 1 0 5 3 - 3 9 S c  C — 2  . 6 3  0  1 - 1 3 o
J 0 2 C 7 5 1 3 4 6 6 7 1 4 2 1 0 7 —6 3 2 6 0 - 5  . 2  7  5  4 - 1 OS
■JÛ2C 7 6 1 3 4 6 6 7 3 3 3 2 6 7 -  1 3 5 2 6 0 - 1 3  . 3  0 4  9 - C 2 2
J Û 2 C 7 7 I  3 4 6 ' 6 7 7 1 0 5 3 5 - 2 6 1 2 6 0 - 2  7  . U 1 4 6 j 8 9
0  0 2 C 7 3 1 3 4 o 6 7 1 0 6 5 8 0 2 - 4 0 l e  7 0 — 4  1 , 1 6 2 r 1 OO
0 0 2 C 79 1 3  4 6 6  7 1 4 2 1 0 6  9 - 5 4 7 4 7 0 — o O  . 7 3 6  1 1 0 4
ü D 2 C 3 0 1 3 4 6 6 7 1 7 7 6 3 3 7 - 6  9 6 8 6 0 - 7  0  . 9 2  7  5 1 2  4
Ü Û 2 C 3 1 1 3 4 6 6 7 2 1 3  1 6 0 4 - 8 5 3 4 7 0 — 3 ô  . o  3  3  2 1 2 9
U Ü 2 C 62 1 3 4 6 6 7 2 4  8 6 8 7 1 - 1 0 2 2 6  7 C - 1 0 2 . 9 5 c  1 c 6  9
0 0 2 C 33 1 3 4 6 6 7 2  8 4 2 1 2 9 - 1 2 0 4 4 7 0 - 1 1 9 . 9 5  4  3 — G 4  9
0  0 2 C 8 4 1 3 - 4 0 6 7 3  1 9 7 4 0 6 - 1 3 7 1 8 6 0 - 1 0 7 . 6 9  1 7 0 31JJ2C 3 5 1 3 9 1 6 7 7 1 0  5 3 -3 7 3 4 0 - 2  . 3  9  9  L -  1 3 3

D 0 2 C 30 1 3 9  l 6 7 1 4 2 1 0 7 — 6 0 7 4 0 - 4  . 6 1  0 7 - 1 2 c
J 0 2 C 3  7 1 3 9  1 6 7 3 5 5 2 6 7 - 1 2 7 3 4 0 - 1 2  . 1 1 5 7 - 0 3  2
J 0  2 C 33 1 3 9 1 o 7 7 1 0 5  3 5 - 2 4 0 7 4 0 - 2 4  . 5 3  7 5 4 6
Ü 0 2 C 3 9 1 3 9 1 6 7 1 0 6 5 3  0 2 - 3 6 ü 7 4 0 - 3  7 . 2  3  4  5 0 8  1
J 0 2 C 9  0 1 3 9  1 u 7 1 4 2 1 0 6 9 - 4 9 6 3 4 0 - 3 0  . 3  7  6  1 0 7 4

Ü 0 2 C 9 1 1 3 9 1 6 7 1 7 7 6 3  3 7 - 6 2 9 5 4 0 — 6  3  . 8 3 4 9 0 3  8
J 0 2 C 92 1 3 9 1 6 7 2 1 3 1 6  0 4 -  7 6 9  9 4  0 -  77 .6 8  3 2 0 8  9
Ü 0 2 C  • 9.3 1 3  9 1 6 7 2 4 8 6 8  7 1 - 9 2 1 1 4 0 -  3 1  « 9 4  4  9 —  V 1 7
0 0 2 C 9 4 1 3 9 1 6 7 2 o 4 2 1 3 9 - 1 0 6 1 3 4 0 -  1 J  6  . 6 4  4  3 - 1 ' f 5
0  0 2 C 9 5 1 4 3 6 6  7 71 0 5 3 - 3 .8 4  5 0 - 2 . 1 9  8 6 - 1 6  5
J 0 2 C 9 6 1 4 3 6 6 7 1 4 2 1 0 7 - 5 8 2 5 0 - 4  . 4  0  c  C - 1 4  2
0 Û 2 C 9  7 1 4  3 o 6 7 3 5 5 2 6 7 -  1 1 9 4 5 0 - 1 1 . e s  3 0 -c 8  6
ü J 2 C 98 1 4 3 6 o 7 7 1 0 5 3 5 - 2 2 3  8 5 0 - 2 2  . 3 9 3 4 0 0 1
J Û 2 C 9 9 1 4 3 6 6 7 1 0 6 5 8 0 2 - 3 3 7 2 5 0 - 3 3 . 9 5 6 7 2 3
0 0 2 C 1 0 0 1 4 3 6 6 7 1 4 2 1 0 6  9 - 4 5 4 2 5 0 -4 0 . 7 6  3 2 c 3 4
0 0 2 C 1 0  l 1 4 3 6 6 7 1 7 7 6 3 3 7 - 5 7 6 6 5 0 - D  7  . 8 4  3  7 c 1 8
Ü 0 2 C 1 0 2 1 4 3 6 6 7 2 1 3 1 6  0 4 - 7 0 4 4 5 0 -  7 0  . 1 9 3  1 2 5
0 0 2 C 1 0 3 1 4 3 o 6 7 2 4 8 6 8  7 1 - 8 3 9 4 5 0 -  3 2  . 8 2 c  y - 1 1 2
O O ^ C 1 0 4 1  4 3 o 6 7 2 o 4 2 1 3 9 - 9 7 9 8 5 0 - 35 . 7 5  3  c - 2 , 23
J 0  2 C 1 0 5 1 4 3 1 6 7 71 0  5 3 —3 9  6 2 0 - 2 . 0 2 2 2 - 1 9 4
0 0 2 C 1 0 6 1 4 0 1 6 7 1 4 2 1 0 7 - 5 5 2 2 0 — 4  . 0 5  1 Ü - 1 6  3

u 0 2 C 1 0 7 1 4 6 1 6  7 3 5 5 2 6  7 -  1 1 3 4 2  0 -  1 O . 1 7 9 8 -  1 1 6
U 0 2 C 1 0 8 1 4 3 1 o 7 7 1 0 5  3 5 - 2  1 G 6 2 0 - 2 0  . 5 3  6 6 - 0 5 3
0 0 2 C 1 0 9 1 4 0 1 5 7 1 0 6 5 8 0  2 - 3 1 3 2 2 0 - 3  1 . 0 7  6 0 2  5
Ü 0 2 C 1 1 0 1 4 8 1 6 7 1 4 2 1 0 6 9 - 4 2 1 2 2 0 - 4  1 . 3 0  2 2 — 0 3 2
0 Û 2 C 1 1 1 1 4 8 1 6  7 1 7  7 6 3 3 7 - 5 3 2  8 2  0 - 5 . 2  . 7 1  9 9 -G 56
0 0 2 C 1 1 2 1 4 0 1 6 7 2 1 3 1 6 0 4 — 6 4 8 0  2 0 — 6  3  . 832a U 9  7
J Û 2 C 1 1 3 1 4 8 1 6 7 2 4 3 6 3  7 1 - 7 6 6 8 2  0 -  7 5  . 14  4  0 - 1 54
0  0 2 C 1 1 4 1 4 0 1 6 7 2 0 4 2 1 3 9 - 8 9 1 0 2 0 - 5 6  . 6 5 5  7 -2 ■4 5
J 0  2 C 1 1 5 1 5 2 6 6 7 7 1 0 5 3 - 3 7 2  5 0 -  1 . 8 6  6  4 -  1 £• 6
û ü ^ C 1 1 6 1 5 2 6 6 7 1 4 2 « 1 0 7 - 5 3 4 5 0 - 3  .73 ai - 1 6 1
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Da t a T P H EXP H CALC EF'n f.if5
iO RANKINE PS I A BTU/LBMGL bTU/LüMGL cTU/lri.

J0 2C I 17 1526.67 355.267 -10.5650 -9.3652 -I 1 3
0 J2C 1 1 a 1526.67 710.335 -19.7450 -16.90 52 — C .84
Ù02C 1 19 1526.6 7 I 065.802 -29.1030 -2 8.5c 22 .54
ÜÛ2C 1 20 1526.6 7 1421.06 9 -39.0050 -36.357'. — 0 .65
0U2C 121 1626.67 1776.337 -48 .9050 -4 6.29 2 3 - G .61
U J2C 1 22 1526.6 7 2131.604 -59.1650 —58.3668 -0 « 8 0
0Ü2C 12G 1526.0 7 2486 .8 71 -69 . 7850 — 68. SSO"!̂ - 1.20
Ü J2C 124 1526.67 2842.139 -80.9450 - 76.9332 — 2 . 01
002C 125 15/1.67 7 1.0 33 -3.3150 -1.72 63 — 1 . 59
U02C 126 1571.67 142.107 -4.7550 -3.46 05 -1 . 2 9
J02C 127 1571.67 355.267 — 9.6150 — 3 .  6 o  1 '■/ — 0 . 93

12É 1 571 .6 / 710.535 -16.2550 — 1 7 .  4 8  6  I — u . 79
002C 129 1571.67 1065.8 02 ~2t  .  8960 -26.353 0 . 5 4
00<iC 130 15 71.07 1421.069 -35.7150 - 3 5 . 3419 — G . 3 7
0 0 2C 131 1571 .67 1776.337 -44.7150 -4 4.43 2 I - G , 2 8
0 0 2C 132 15 71.67 213 1 .604 -53.7150 -53.6224 -0 . Ü 9
U02C I 33 15 71.67 E'+ao.a 71 -63 .  0 750 -02.9108 — 0 . 18
J02C 134 1571.67 2842.139 -  73 .  156u - 72 .  2 9 44 -0 • 8 0

T h L AVERAGE A3 5CL0TE ERROR IN 3TU/LBMCL 1.45
1- U K 1 J4 DATA PC IN 73 .
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r^tJi_E 13. rut P K t Ü I C T I u N  CF E X P E R I M E N T A L  VAPCR' PRES 
□ P J3ÔÛRNS . 3TI iMSUN AND G INrj I N G S . P P  122% , NÜ.S, i'i.3

?UI- t CAT

DATA T P EXP EXP i\ r. CID RANK I NE PSI A 1 A PL PC EN
00 1 J 547 491 67 0 .089 J 0 38 1
0010 54d 500 6 7 0.12c 0 I 2 7 0. -1 c.00 1 0 551 52 7 6 7 0 .359 0 3 3 9 i> •CÛ00 10 553 545 8 7 0.616 0 6 I 5 -0 . 120010 554 354 87 0.3 16 0 6 1 5 -0 . 700 1 0 536 5 72 67 1 .391 1 3 9 0 0 50010 5cl 8 I / 67 4 .523 4 524 0. 02OOIU 5 O 4 844 8 7 6 .388 a 3 90 u .03OOIU bcc 882 87 12.283 I 2 26c 0. 0 20 0 1 J 5 6S 8 8 0 67 17.322 1 7 £ ';4 0 . 1001 0 5 70 89o 67 24.519 2 4 5 I 7 - J . 10010 5 ? 1 70 7 67 26.793 2 a 7 29 -0 .0 200 1 0 5 f 1 707 c 7 23 . 793 2 8 7 89 — 'J «■••2
0 0 1 u 5 72 71o 8 7 53.656 33 6 1 900 1 u 5 73 725 6 7 39.171 3 9 1 JC -0 , .'4
0 0 1 u 5 74 734 67 45 .3 96 43 3 73 — V .L'50010 5 75 743 6 7 52 .398 52 3-39 — 0 •Od
0 0 1 u 57c 752 87 80 .247 8 Ü 2 08 -0 .07'00 10 5 7/ 76 I 6 7 69.0 13 Ô 5 9'6 7OOIU 5 7S 770 87 78.773 78 722 -0 .0010 579 779 67 69 .605 89 54 7 — 0 ..'C00 10 550 788 67 101.591 1 C 1 52 9 -0 .Oc001 0 5 & 1 797 67 114.317 1 1 4 745 -0 .
0 0 I o 552 306 67 129.3 71 129 30 0 0 600 1 0 5 83 815 6 7 145 .34 3 145 2 76 — 0 .OOIU 5 84 82 4 o7 162 .628 182 770 —c • -■ 40010 555 333 67 181.924 1 6 I 8 7 9 -0 .02OOIU 5 c o 6 42 c7 202.730 20 2 700 -0 .>0 10Û1 0 5 5 7 35 1 o7 225.352 225 331 -0 . 0
00 10 3 8 8 360 67 249.394 9 22 I ':.O' 1
0 0 1 u 589 869 6 7 276.46 5 2 7 6 532 0 .02
0010 590 373 6 7 305.179 305 2. 9 c 0 .Û4OOIU 59 1 38 7 87 338.18Ü 336 3 1 9 .05001 0 5 92 39o o7 369.497 38 9 72 3 0 .OOIU 593 90S 8 7 405.341 40 5 C • 1 0 .0 7
J 01 0 5 94 9 1 4 67 443.805 44 4 1 760010 5 95 923 67 485.018 4 f. 5 4 33 0 .■Ov0 0 1 0 598 932 o7 529 .108 62 9 625 0 .1 00 0 1 D 5 97 9 4 1 67 576 .206 57 6 92 3 0 «120 0 10 5 98 930 6 7 626.453 62 7 2 70 0 . 2 3C 0 1 0 599 9 59 6 7 679.96 5 6 £ 0 695 0 .13o 0 1 0 800 963 8 7 736.94 7 75 7 93 8 0 , 130010 8 0 1 9 7 7 c 7 797.463 7 S' 8 c32 ;< • 1300 lU 6 02 986 67 36 1.74 5 8c 2 869 1 600 1 0 603 9 9 5 67 929.3 85 930 7 9 1 0. 10OOIU 8 04 1 004 67 1 002 .065 1 0.0 2 9'5 6 0 .0 9
0 01 0 805 1013 67 1073.445 1 07 9 2 95 0 .0!-,
001 u O Û8 1022 67 1 159 .200 1159 9 6 5 0 .■u7OOIU 720 1 059 67 1541.000 154 0 73 0 -0 .0 1001 0 72 1 1 084 67 1349.700 184 6 9 99 -0 . 1500 lO 722 1109 67 2205 .000 219 7 Oui -0 .3c00 IJ 724 1 134 67 2616.000 25 9 6 2 30 -0.OOIU 723 1 159 8 7 3 090 .000 3050 4t; 0 -1. 2.8

WERAGH AB8LLUT t EKRüft IN PERCENT IS 0 . 12
r U r i •33 DATA PCINTS.


