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l. DISCUSSION

A.  GENERAL PROPERTIES

The molecular weight, freezing point, normal boiling point, critical temperature,
critical pressure, heat of vaporation (at nbp), and the heat of formation are single values
and are listed on respective charts. The techniques used to obtain them are as follows:

The molecular weight can be obtained from standard atomic weight tables. For mix-
tures, the additive atomic weight from mole fractions is obtained, i.e., the summation of mole
fractions times molecular weight of each individual component.

The freezing temperature is obtained experimentally in every case. The authors
know of no technique for calculating the freezing temperature of substances.

The normal boiling point is best measured, but a fair estimate can be obtained, in
some cases, from structural considerations.

The critical constants are very important quantities in the emperical calculation
of many of the other physical properties. The generalized correlations and many other calcu-
lation techniques employed in this compilation used the reduced temperature and pressure
(temperature and/or pressure divided by critical temperature and pressure).

The heat of vaporization at the normal boiling point is often useful in other
calculations and is given in the compilation. This value can be calculated by several tech-
niques which are based on the Clapeyron equation. The generalized plot obtained from this



I, A, General Properties (cont.)

equation by Meissner and Paddison was used to calculate the heat of vaporization where experi-
mental data were not available. For mixtures, the pseudo-critical point was used.

The heat of formation was obtained from references in every case, although it was
often calculated or estimated from bond energies by the authors of these references. For this
compilation an attempt is made to give the heat of formation of the liquid at 298.16°K (77°F)
for all but 1liquids which had a normal boiling point below 77°F. For low boiling liquids the
heat of formation of the 1iquid at its normal boiling point is given. In some cases the heat
of vaporization and sensible enthalpy, from 77°F to the normal boiling point from separate
references, were added to the gaseous heat of formation at 77°F to obtain the heat of forma-
tion liquid at nbp.

The heat of formation of mixtures was obtained by sum, weighed by mole fraction,
without consideration of heat of mixing, which data are not readily available for most
mixtures.

B. VAPOR PRESSURE

The vapor pressures, where no referenced data were available, were calculated by
the method of Riedel. This method is based on the reduced temperature and pressure and thus
requires knowledge of the critical constants of the material. Use of the Riedel equation
involves the evaluation of a constant and thus requires one vapor pressure point at one tem-
perature. The normal boiling point is usually used as the one point. The Riedel equation,
in order to solve for vapor pressure, also requires evaluation of rather complex functions of



I, B, Vapor Pressure (cont.)

the reduced temperature. This technique is quite accurate, but is of course, limited by the
accuracy of the critical constants used.

C.  VISCOSITY

Viscosity data can be extrapolated from one or more experimental points by the
method of Uyehara and Watson. This is one of the techniques based on the "generalized plot"
approach. The value required is related to reduced pressure and temperature and is obtained
from a generalized curve which is correct for all substances. This technique is simple and
has proved quite successful in evaluation of many physical and thermodynamic properties. As
with most generalized plots involving any given physical property, the results are often
greatly in error in those cases where the nature of the given substance, such as large dipole
moment or high degree of association, cause its properties to diverge from "normal." The
viscosities obtained from this method are good estimates (most data are in error 10% or less)
although some substances are probably much more in error.

D. THERMAL CONDUCTIVITY

Although theory and experiment in transport properties are in a poor state, ther-
mal conductivity is the least well known of these properties. Many techniques have been pro-
posed for calculation of thermal conductivity in both gaseous and liquid phases. These tech-
niques are often based on the best kinetic theory and experimental method; however, general
calculation techniques of even reasonably high accuracy have met with very limited success.
In this 1ight the simple method of Weber which has shown very good accuracy when compared



I, D, Thermal Conductivity (cont.)

with the Timited experimental data available was used in this compilation. The correlation of
Weber is, in itself, not very good since it employs the Tiquid heat capacity which is quite
difficult to calculate. The results presented for thermal conductivity are very often only
estimates.

E. HEAT CAPACITY

The rigorous calculation of heat capacity is a difficult and tedious process
involving extensive data concerning the molecule under consideration. Most of the propellants
considered in this compilation have not been very thoroughly studied; consequently, sufficient
spectroscopic and structural data are not available. As a result, more emperical techniques
have been used by the authors to obtain heat capacity data for the liquids over a reasonably
wide range of temperature.

The technique employed to extrapolate the data is based on the assumption of Chow
and Bright that the variation of liquid heat capacity with temperature can be correlated to
Watson's density expansion factor.

F. SPECIFIC GRAVITY

Having one data point, the specific gravity can be calculated over the entire
liquid range using the Watson density expansion factor. This method is quite accurate and
with few exceptions (very polar or highly associated liquids) the accuracy is within about
1% of the true value, except in the region of the critical point.
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