Thermal Conductivities of Organic Liquids—A New Correlation
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A new equation for predicting the thermal conductivities of organic liquids using dimension-

less analysis is given. The equation

kVe
C,aH Ve

= 5.6 X 1073 )2

correlates 51 different liquids tested within 11 average error and 179, standard deviation.
A comparison of the proposed equation with the available correlations and its application
to some industrially important liquids show that this equation can be safely used to calculate
the thermal conductivities at 20° C. and 1 atm. pressure for organic liquids of known molecular
weight. C, and AH,—the only two parameters for which experimental values must be known
for making use of this equation—can be calculated using other well known correlations.
The proposed equation is not applicable to inorganic liquids.

THERMAL CONDUCTIVITY of liquids is frequently
needed for heat transfer calculations. Experimental values of
this fundamental physical property are generally rare because
of experimental difficulties. A recent review (18) on the thermal
conductivity of liquids and gases brings out this fact clearly.
Many semiempirical methods are available for the prediction
of thermal conductivities of liquids. In recent years, distinct
theoretical advances (16, 18) have been made in the problem of
calculating the thermal conductivity of liquids. However, the
end result even for a simple liquid is far from satisfactory (18).
The existence of many variables, of which thermal conductivity
appears to be a function, has made its prediction difficult.
There are at least nine methods (3, 5, 8, 19, 23, 27, 30, 32)
available for the prediction of this property. This work describes

MOLECULAR WEIGHT

a method of evolving a new equation through dimensionless
analysis by taking all the consistent variables in the above
cited nine correlations. This new equation should throw some
light on the molecular heat conduction.

So far, the influence of molecular weight on the thermal con-
ductivity of liquids is not clearly understood. A plot of &k vs. M
for a series of compounds (8) of various types showed a succes-
sion of sharp minima and maxima, indicating that something
more than the molecular weight is involved. Even with a homolo-
gous series such as normal paraffins, there is no consistent
trend of conductivity with molecular weight. In this work, the
molecular weight was plotted against a dimensionless function
containing the thermal conductivity. Previous work from this
department (24) reported another similar group containing the
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Figure 1. Correlation of thermal conductivity of liquids
A. Plot of Equation 2
B. Plot of Equation 2 eliminating &
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thermal conductivity and diffusion coefficient, but the accuracy
in the present work is considerably improved.

The nine available correlations indicate that the thermal con-
ductivity is a function of heat capacity; density or molecular
volume; intermolecular separation distance or, for simplicity,
molecular diameter or Lennard-Jones potential constant;
molecular weight; latent heat of vaporization; viscosity; freez-
ing point; and the compressibility of the liquids. Gas constants
and other similar constants are omitted. As the first five para-
meters are cited by almost all the correlators as a first approxi-
mation, the thermal conductivity of liquids is assumed, in this
work, to be influenced by the above first five parameters.

Combining all of these parameters gives a dimensionless equa-
tion of the form

M =f(k; V"I:CP’AHva') ()

By use of dimensionless analysis, a dimensionally consistent
equation is obtained for molecular weight, from which the ther-

kVom
M=7 [CPAH.,I/ZU:I @

mal conductivity of liquids can be calculated. As the molecular
weight, molecular volume, and the Lennard-Jones potential con-
stant having the dimension of length are all fixed physical prop-
erties, only the heat capacity and the latent heat of vaporization
at boiling point need to be known to arrive at the values of the
thermal conductivity of liquids. In cases where the experimental
values of heat capacity and latent heat of vaporization are not
readily available, the correlation of Sakiadis and Coates (28)
for heat capacity and the correlation of Riedel (26) for latent
heat of vaporization may be used. For the calculation of critical
properties, Eduljee’s (7, &) correlations may be used.

ORGANIC LIQUIDS

Experimental data have been collected for 51 organic liquids
whose molecular weight ranged between 30 and 160. The right
hand side function of Equation 2 was plotted against molecular
weight, on logarithmic coordinates (Table I). A statistical
average gave & straight line (line A, Figure 1) whose equation is

kVm
m = 5.6 X 1073(M )12 @)

Equation 3 gave an average error of 11.09, and the standard
deviation for this equation is 17.09,. Without sacrificing the
accuracy, Equation 3 is simplified further using the relationship
¢ = 1.18V,.13, Eliminating ¢ from Equation 2, one obtains a
relation for molecular weight

A similar plot (line B, Figure 1) gives a linear equation

EV i3
C,,AHJ“

= 5.4 X 1073 (M )t30 4)

The average error for this equation is 12.09, and the standard
deviation is 18.09.

Of the nine correlations mentioned earlier, the Sakiadis and
Coates (27) method is the best. For the liquids tested by Reid
and Sherwood (25), this method gives an average error of
16 to 199%, and the standard deviation is 26.09 (calculated by
the authors). However, the error attributed to the Sakiadis and
Coates value for acetic acid by Reid and Sherwood (25) seems
to be exaggerated. Even after allowing for this fact, the authors

76

believe that Equation 3 or 4 should be favorable for computing
the thermal conductivity of organic liquids.

The usefulness of Equation 3 is further brought out in Table
IT. The thermal conductivities calculated by Equation 3 for
about eight typical organic liquids are compared with the
values obtained by other correlations on thermal conductivity.
Equation 3 definitely gives values nearer to the experimental
values. Table III gives the thermal conductivity calculated by
the method outlined in this work for some industrially important
liquids.

INORGANIC LIQUIDS

The validity of Equation 2 for inorganic liquids was tested
for water, carbon disulfide, ammonia, and mercury, and the
results except for mercury are included in line A of Figure 1.
Equations 3 and 4 are not recommended to calculate the thermal
conductivity of inorganic liquids.

NOMENCLATURE

k = thermal conductivity of liquids, MLT-%
V.~ = molecular volume, LM 1
C, = heat capacity, L*T-%6"1
AH, = latent heat of vaporization, L?T—?
¢ = Lennard-Jones potential constant, L
M = molecular weight
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