
ht. J. Heat Moss Transfer. Vol. 8, pp. 1103-l 116. Persamon Press 1965. Printed in Great Britain 
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Abstract-The behavior of the thermal conductivity and viscosity coefficient of simple fluids as a 
function of pressure, density and temperature is surveyed. Particular attention is given to the behavior 
of the transport coefficients in the critical region. In a previous paper [l] it was shown that the thermal 
conductivity coefficient exhibits a pronounced maximum in the critical region. Additional informa- 
tion confirming the existence of such a maximum is presented. 

Theoretical predictions of the transport coefficients in dense systems are often based on the theory 
of Enskog. A survey is presented showing to what extent the theory of Enskog describes the density 
dependence of the transport coefXcients in monatomic fluids. Finally, the transport mechanism 

leading to the anomalous rise of the thermal conductivity in the critical region is indicated. 
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Greek symbols 
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second virial coefficient ; 
covolume of rigid spherical 
molecules ; 
specific heat at constant pres- 
sure; 
specific heat at constant density; 
Bokzmann’s constant ; 
mass of a molecule ; 
pressure; 
critical pressure; 
molar gas constant; 
temperature in “K; 
critical temperature in “K; 
temperature in “C; 
critical temperature in “C; 
molar volume. 

shear viscosity coefficient ; 
viscosity coefficient at low 
density; 
thermalconductivitycoefficient ; 
thermal conductivity coefficient 
at low density; 
contribution to h from trans- 

t The paper was presented at the symposium on 
Molecular Transport Properties in Liquids, Chicago, 
September 1964, organized by the Division of Petroleum 
Chemistry of the American Chemical Society. 

lational degrees of freedom of 
the molecules; 
A’ at low density; 
contribution to h from internal 
degrees of freedom of the mole- 
cules ; 
density in amagat units; 
critical density; 
reduced density; 
diameter of a rigid spherical 
molecule ; 
value of the equilibrium radial 
distribution function at a sepa- 
ration 0 from the izenter of an 
individual molecule; 
thermal diffusivity. 

1. INTRODUCTION 

IN RECENT YEARS more data have become avail- 
able for the thermal conductivity coefficient and 
viscosity coefficient of fluids at elevated pressures 
or densities. These data include measurements 
for simple fluids like monatomic fluids. Infor- 
mation for relatively simple fluids is highly desir- 
able as these substances disclose the effect of the 
basic molecular mechanisms involved in the trans- 
port of energy and momentum without too many 
complications. Data for relatively simple fluids 
provide the best test for the adequacy of theories 
of transport of the gaseous and liquid state. 
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Also a few investigations have been devoted 
to a study of the behavior of the transport 
coefficients in the critical region. In particular 
these studies have revealed the existence of a 
thermal conductivity anomaly in the critical 
region analogous to the well known specific 
heat anomaly, a phenomenon which was not 
well recognized previously. 

In view of these developments it seems valu- 
able to review the dependence of the transport 
coefficients on pressure, density and temperature. 
The dependence of the viscosity coefficient and 
thermal conductivity coefficient on pressure, 
density and temperature at temperatures high 
relative to the critical temperature is considered 
in section 2. Then particular attention is devoted 
to the behavior of these transport coefficients in 
the critical region in section 3. Many calculations 
and correiations of the transport coefficients at 
elevated densities are based on the theory of 
Enskog for a dense gas of rigid spherical 
molecules. In view of the new data available for 
simple fluids in section 4 a survey is given to 
what extent the density dependence of the 
transport coefficients is described by the Enskog 
theory. 

2. THE VISCOSITY AND THERMAL CONDUC- 
TIVITY AT TEMPEXATURES HIGW RELATIVE TO 

THE CRITICAL TEMPERATURE 

The dependence of the viscosity and the 
thermal conductivity on pressure and density 
at temperatures high relative to the critical 
temperature is illustrated using the data for 
argon as an example. 

The viscosity coefficient of argon at three 
different temperatures, namely at 75°C 25°C [2] 
and at -50°C [3], is shown as a function of 
pressure in Fig. 1. As is well known the isotherms 
intersect as a function of pressure. At low 
pressure (8+X!& is positive. In a dilute system 
the transport of momentum and energy is 
primarily effected by the free kinetic motion of 
the molecules. As the temperature increases the 
mean velocity increases and therefore also the 
associated transport of momentum and energy. 
At higher pressures (~~~~* is negative as is also 
the case in the liquid state. In a dense system the 
transport of momentum and energy is mainly 
effected directly through the intermolecular 
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FIG. 1. The viscosity of argon as a function of 
pressure. (Data at 75 “C and 25°C from 121; at 

-50°C from [3].) 

forces when the molecules move in their mutual 
interaction field. T&s con~ibution is often 
classified as collisional transfer. As a result the 
transport coefficients depend sensitively on the 
density. An increase of temperature at constant 
pressure corresponds to a decrease in density and 
consequently to a decrease in viscosity and 
thermal conductivity. The intersection between 
two adjacent viscosity isotherms occurs at a 
lower pressure the lower the temperature. 

The viscosity of argon at the same temperatures 
is plotted as a function of density in Fig. 2. 
Throughout this paper densities are expressed 
in amagat units; one amagat unit is the density 
of the substance at 0°C and one atmosphere. 
For argon a density of 640 amagat at 75°C 
corresponds to a pressure of 2000 atmospheres. 

The viscosity increases monotonically both 
with density and temperature. At lower densities 
the viscosity isotherms are nearly parallel as was 
particularly emphasized by Ross et al. [3]. This 
indicates that the initial slope (+/a&r varies 
only slightly with temperature. The property 
that the excess viscosity 7 - 770, where 70 is 
the viscosity of the system in the dilute state, 
is mainly dependent on the density alone is used 
in many correlations [4]. 

Contrary to (Z$/aQP, (*/87), remains posi- 
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FIG. 2. The viscosity of argon as a function of 
density. (Data at 75°C and 25OC from [2] ; at - 50°C 

from [3].) 

tive in the density range shown. This was very 
recently confnmed for argon also at tempera- 
tures lower than the critical temperature [5]. At 
the Van der Waals Laboratory of the University 
of Amsterdam a similar behavior was found for 
Ns (measured up to 450 amagat [6]), for HZ and 
Ds (measured up to 800 amagat [7]), and for neon 
(measured up to 770 amagat [S]). The charac- 
teristic variable is the density, which determines 
the average distance between the molecules, 
rather than the pressure. As mentioned above 
the large negative value of ($/X?JP is related to 
the associated change in density. At very high 
densities also (a+S?‘)p becomes negative as has 
been observed for CO2 [9]. 

The behavior of the thermal conductivity 
coefficient is at first sight very similar to that of 
the viscosity. The thermal conductivity coefficient 
of argon at 75°C 0°C [lo] andat -87°C [ll, 121 
is shown as a function of pressure in Fig. 3 
and as a function of density in Fig. 4. Close 
inspection of the thermal conductivity isotherm 
at -87°C as a function of density shows a 
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FIG. 3. The thermal conductivity of argon as a 
function of pressure.. (Data at 75°C and 0°C from 
[lo], data at - 87°C n from [ll] and q from [12].) 
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FIG. 4. The thermal conductivity of argon as a 
function of density. (Data at 75°C and 0°C from 
[lo], data at --87X n from [ll] and q from [12].) 
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slight extra increase of h in the neighborhood 
of 300 amagat, the origin of which phenomenon 
will be discussed in the subsequent section. 
Apart from this detail the curves have the same 
features as those for 7. It may be remarked that 
for all the substances investigated at the Van 
der Waals Laboratory (Na up to 600 amagat [ 131, 
argon up to 680 amagat [lo], neon up to 1000 
amagat [14], CO2 up to 600 amagat [l]) (ah/aT), 
is positive at high densities. 

3. THE VISCOSITY AND THERMAL CONDUC- 
TIVITY IN THE REGION NEAR THE CRITICAL 

POINT 

The few investigations dealing with the 
behavior of the transport coefficients in the 
critical region were mainly carried out for CO2 
because of its conveniently accessible critical 
temperature. 

The fust detailed study of the viscosity of CO2 
in the critical region was carried out by Naldrett 
and Maass [15] using an oscillating disk method. 
Plotted as a function of density a small extra 
increase of the viscosity coefficient near the 
critical density and temperature was found (see 
Fig. 5). On the other hand data obtained at the 
Van der Waals Laboratory using a capillary flow 
method [9] indicated a much larger anomalous 
increase of the viscosity in the critical region. 
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Fro. 5. The viscosity of COS near the critical 
temperature as a fun&on of density. 

However, it was realized that only little precision 
could be ascribed to these viscosity data near 
the critical point because the experimental 
method, which required a pressure difference 
along the capillary, was not particularly appro- 
priate for the critical region. In order to resolve 
the discrepancy between these results and the 
previous results of Naldrett and Maass new 
experiments for CO2 were recently carried out 
by Kestin, Whitelaw and Zien using an oscilla- 
ting disk [lq. They essentially confirmed the 
results of Naldrett and Maass and concluded 
that there is only a small effect of the presence 
of the critical point. The results are shown in 
Fig. 5. Data obtained by Michels, Botzen and 
Schuurman [9] outside the critical region, where 
the data are accurate, are included in the figure. 
Data obtained in the critical region for ethane, 
propane and n-butane [17], although not 
analyzed as a function of density, also indicate 
that any anomalous effect of the presence of the 
critical point on the viscosity should be small. 

In the case of the thermal conductivity a real 
pronounced increase of this coefficient has been 
observed as the critical point is approached. It 
should be pointed out that this phenomenon has 
sometimes been overlooked in the literature. 
Two features tend to obscure the information: 

1. In the critical region the tendency for con- 
vection as a result of a temperature gradient 
becomes very large [18]. The contribution of 
convection to the heat transfer observed is 
proportional to, among others, the expansion 
coefficient and the specific heat at constant 
pressure, both of which quantities become 
infinite at the critical point. As a result any 
observed increase of the heat transfer in the 
critical region is likely to be attributed to the 
onset of convection and it is difficult to detect a 
residual effect resulting from an increase of the 
heat conductivity coefficient itself. 

2. The thermal conductivity coefficient is often 
considered either as a function of pressure at 
constant temperature or as a function of tem- 
perature at constant pressure, sometimes even 
including the critical pressure. As both (a&+)~ 
and (ap/aT,) become infinite at the critical point, 
(i) a very small pressure increment at a constant 
temperature is equivalent to a large density 
change around the critical density and (ii) 
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measurements at the critical pressure are not 
equivalent to measurements near the critical 
density unless the temperature is exactly equal 
to the critical temperature to within a few 
tenths of a degree. Consideration of the depen- 
dence of the density on pressure and temperature 
is essential in order to study phenomena in the 
critical region. 

Guildner made a critical study of the behavior 
of the thermal conductivity of COs in the critical 
region and observed a pronounced anomalous 
increase of the heat conductivity using a heat 
conductivity cell consisting of two concentric 
cylinders [19]. Unfortunately he had to correct his 
experimental data for convection which dimi- 
nishes the accuracy of the data. A detailed study 
of the thermal conductivity of COs was carried 
out at the Van der Waals Laboratory with a 
parallel plate apparatus where convection could 
be avoided up to close to the critical point 
[l, 18, 201. The thermal conductivity of COs 
is shown as a function of density in Fig. 6 up to 

FIG. 6. The thermal conductivity of COs as a function 
of density. 

600 amagat, corresponding to pressures up to 
2000 atm. In contrast to the behavior at high 
temperatures the thermal conductivity isotherms 
intersect as a function of density and show an 
anomalous increase the more pronounced the 
closer to the critical point. (The critical para- 
meters of COs are: tc = 3144”C, pc = 236 
amagat, pc = 7245 atm [21].) The phenomenon 
closely resembles the anomaly in the specific 
heat at constant density cu [l]. 

In Fig. 7 the thermal conductivity coefficient 
of COs is plotted as a function of pressure from 
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FIG. 7. Thethemul conductivity of COs as a function 
of pressure from 1 to 200 atm. 

1 to 200 atmospheres. The figure illustrates 
that for each isotherm the effect of the critical 
region is restricted to a small pressure interval. 
At higher temperatures, e.g. at 5O”C, the 
influence of the critical region is easily noticed 
when considered as a function of density 
(Fig. 6), but hardly as a function of pressure 
(Fig. 7). 

An interesting quantity is the thermal ditIusi- 
vity A/pq which is the leading term in the time 
decay of fluctuations. This quantity is shown in 
Fig. 8. For the computation of the thermal 
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FIG. 8. The thermal diffusivity X/p+ of CO2. 

diffusivity outside the critical region c, values rapidly than h, hlpc, decreases in the critical 
calculated from the p-V-T data were used [22] ; region indicating the increase of the life time of 
in the critical region only cP - cV was calculated fluctuations. 
from the compressibility isotherms and added to From the data given in Fig. 6 it is evident that 
the experimental data for cV [23]. As the specific if the thermal conductivity is analyzed as a 
heat at constant pressure c, increases much more function of density, the first indication of the 
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existence of the thermal conductivity anomaly 
can already be noticed at temperatures higher 
than the critical temperature from the occurrence 
of intersections in the thermal conductivity 
isotherms as a function of density. Careful analysis 
of existing data for other gases as a function 
of density confirms the generality of the behavior 
shown for the thermal conductivity of COa. 

As an example we consider the thermal 
conductivity of argon again. Measurements at 
constant pressures at a number of temperatures 
were presented by Ziebland and Burton [l l] 
and by Ikenberry and Rice [12]. Using the 
compressibility isotherms the pressure depen- 
dence was reduced to a density dependence. Two 
thermal conductivity isotherms, namely at 
166°K and 186”K, and a part of the isotherm at 
149~6°K thus obtained as a function of density 
are presented in Fig. 9. Although as a result of 
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FIG. 9. The thermal conductivity of argon at 149.6”K, 
166°K and 186°K as a function of density. 

the widely spaced pressure intervals used no data 
near the critical point are included, the isotherms 
do intersect and at 166”K, which is 15” above 
the critical temperature, an anomalous increase 
of already 25 per cent in the thermal conductivity 
can be noticed. Also at 149~6”K, which is 1” 
below the critical temperature, the thermal 
conductivity shows an anomalous increase 

when the coexistence line is approached from 
the liquid side. (The critical parameters of argon 
are: Tc = 150G36”K, pc = 300.4 amagat.) 

A similar analysis was carried out for the 
thermal conductivity of nitrogen. For the data 
obtained by Ziebland and Burton [I l] at con- 
stant pressures the corresponding densities were 
calculated; the experimental data were then 
interpolated to equal temperatures. Two thermal 
conductivity isotherms, thus obtained as a 
function of density, at -125°C and -14O”C, 
are shown in Fig. 10. (The critical parameters of 
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FIG. 10. The thermal conductivity of nitrogen at 
- 125°C and -140°C as a function of density. 

Na are: tc = -147°C pc = 248.7 amagat.) At 
- 14O”C, which is 7” above the critical tempera- 
ture, a pronounced increase in the thermal 
conductivity can be noticed. Although this 
conclusion is only based on a few experimental 
points, the effect is certainly real since (i) 
the anomalous increase of 35 per cent is much 
larger than the experimental error and (ii) the 
crucial experimental points were obtained with 
two different values of the temperature difference 
across the gas layer. The fact that the thermal 
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conductivity coefficient measured was indepen- 
dent of the value of the temperature difference 
guarantees that the increase observed is not due 
to convection. 

Very recently Ziebland and Needham [24] 
measured the thermal conductivity of ammonia 
at two supercritical isotherms, namely at 
138WC and 157.1”C which is respectively 6.4” 
and 24.7’ above the critical temperature, covering 
the range around the critical density. They also 
observed a pronounced anomalous increase of 
the thermal conductivity leading to the existence 
of a maximum at the isotherm of 138*8”C. 

These results question the applicability of a 
reduction of the thermal conductivity coefficient 
of fluids with the aid of its value at the critical 
point, a procedure widely used in reduced state 
correlations of the thermal conductivity [4, 251. 
Two remarks should be made: 

1. In these procedures %ritical” values of the 
thermal conductivity coefficient are obtained 
either by interpolation as a function of tempera- 
ture at constant pressure or as a function of 
pressure at constant temperature. In these 
procedures, as mentioned before, the whole 
density range around the critical is easily over- 
looked. Although “critical thermal conductivity 
values” thus obtained may be useful in corre- 
lating the thermal conductivity outside the 
critical region, it must be kept in mind that 
these parameters do not represent the thermal 
conductivity near the critical point at all. 

2. Moreover, the interpolation procedure to 
obtain these parameters becomes less defined 
the more data become available as is apparent 
from Figs. 6 and 7. Therefore the use of a better 
defined reduction parameter is badly needed. 

4. THE DENSITY DEPENDENCE OF THE VIS- 
COSITY AND THERMAL. CONDUCI’IVITY COM- 

PARED WITH THE THEORY OF ENSKOG 
Many calculations of the transport coefficients 

at elevated densities are based on the theory of 
Enskog for a dense gas of rigid spherical mole- 
cules. Two aspects of the Enskog theory have 
contributed to its important role: 

1. The theory of Enskog seems to describe the 
transport coefficients reasonably well for at 
least one idealized model, namely rigid spheres. 
It was shown in a previous paper [26] that the 

theory of Enskog can be obtained from first 
principles under the so-called assumption of 
molecular chaos. Although this assumption is 
certainly not rigorous, numerical calculations for 
rigid spheres indicate that the assumption is 
reasonably ftdfllled in the dense state of a rigid 
sphere gas [27]. 

2. Application of the theory of Enskog requires 
adjustment of a few parameters only, e.g. the 
diameter of the spheres, while other approximate 
theories often involve a number of unknown 
parameters. A recent review of existing approxi- 
mate theories of transport for the dense state 
was made by McLaughlin [28]. 

According to the theory of Enskog the vis- 
cosity coefficient r] and the thermal conductivity 
coefficient h for a gas of rigid spheres are 
represented by [29, 301: 

1 
7 = r)o bp Fx + 0.800 + 0.761 bpx (1) 

h = ho bp 
1 

bPX + 1.200 + 0.755 bpx (2) 

while the equation of state is given by: 

PI’ = RT(l + bpx) (3) 

Here b = 2d/3m is the covohune with u the 
diameter and m the mass of a molecule. 3s and 
ho are the values of the transport coefficients in 
the diluted state: 

3k 
, ho = 2-522 rlo 2m (4) 

x is the value of the equilibrium radial distribu- 
tion function at a distance a from the center of 
an individual molecule, for which a number of 
coefficients in its virial expansion are known: 

x = 1 + 0.6250 bp + O-2869 (bp)2 + 

0.115 (bp)s + O-109 (bp)4 + . . . . (5) 

The density dependence of the transport 
coefficients of a real gas can be compared with 
the density dependence for a gas of rigid spheres 
that would have the same values 70 and As 
in the diluted state. This is achieved by calctda- 
ting an eI%ctive diameter u, and consequently an 
effective value of the covolume b, from the 
experimental 70 and ho with (4); x can then be 
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obtained from its expansion (5) It is remarked Enskog accounts for the principal contributions 
that the theory of Enskog predicts a uniform to the density dependence observed for TJ and X 
behavior of T$~O and I\/ho as a function of the at moderate densities. At higher densities, how- 
reduced density p* = bp. ever, the increase predicted is much too steep. 

This procedure was carried out for the noble 
gases. Comparison of the behavior thus predicted 
with the experimental data is presented in Figs. 11 
and 12. The drawn curve represents the predic- 
tion of Enskog’s theory. It is seen that the data 

As already suggested by Enskog 1291 an attempt 
can be made to represent the transport coeffi- 
cients of a real gas by equations (1) and (2) 
over a larger density range by at~buting 
effective values to the parameters b and x 
deduced from the compressibility isotherms of 
of the substance. In this way one can also partially 
account for the influence of attractive forces 
between the molecules. The procedure most 
commonly used is the one introduced by Michels 
and Gibson [sj. In this procedure effective 
vales of bpx are calculated by requiring that 
the pressure p in the equation of state for rigid 
spheres (3) is to be identified with the thermal 
pressure T(ap/aT)v of the real gas: 

FIG. i 1. Density dependence of the viscosity of 
helium, neon, argon and xenon compared with 

the theory of Enskog. 

. MDN l sotD41 

In order that the modified Boltzmam equation 
introduced by Enskog reduces to the ordinary 
Boltzmann equation at low densities, one should 
still require 

limx=l (7) 
w 

so that 1301: 

dB 
b=BfTdT (9 

where B is the second virial coefficient. It is 
remarked that some care is needed in the cal- 
culation of bp,y from (6) at low densities. Near 
one atmosphere the experimental value of the 
right-hand side of equation (6) becomes in- 
accurate and for consistency one should check 

FIG. 12. Density dependence of the thermal conduc- explicitly that condition (7) is satisfied. 
tivity of neon and argon compared with the theory 

of Enskog. 
This procedure was also used to calculate 

q and X for the noble gases. The experimental 
data for the viscosity of helium, neon, argon 

follow the behavior predicted reasonably well and xenon are compared with the behavior thus 
up to a density of bp = 0.4. This density bp = predicted in Figs. 13(a, b, c, d). A comparison 
04 corresponds for helium to a density of about with the thermal ~nd~ti~~ of neon and argon 
650 amagat units, for neon to about 400 amagat, is made in Fig. 14(a, b). The difference between 
for argon to about 160 amagat and for xenon the theoretical and experimental values is 
to 65 amagat. It is concluded that the theory of tabulated in Table 1. The theory of Enskog 
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FIG. 13. Density dependence of the viscosity of the noble gases compared with the empirical modifi- 
cation of the theory of Enskog. (Sources of experimental data: helium [31], neon [S], argon 12, 31, 

xenon [32].) 

describes the main trend of the density depen- 
dence fairly well over a large density range. 

A similar comparison was carried out for the 
viscosity of hydrogen and nitrogen, shown in 
Figs. 15(a, b). The maximum difference between 
calculated and experimental data is 7 per cent 
for Hz (p up to 800 amagat) and 4 per cent for 
NZ (p up to 400 amagat). 

The theory of Enskog only describes the 
density dependence of the thermal cond~ti~ty 
resulting from the translational degrees of 
freedom. The contribution from internal degrees 

of freedom will vary much less with increasing 
density. Therefore a modified procedure should 
be used to apply the theory of Enskog to the 
thermal conductivity of polyatomic gases. 
HirscMelder, Curtiss and Bird [30] proposed for 
the influence of the internal degrees of freedom 
a correction to be added to the expression for 
the thermal conductivity resulting from the 
translational degrees of freedom as given by 
Enskog: 

h = h’ + h” (9) 
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Table 1. Comparison of the viscosity and the thermal conductivity of the noble gases with the 
empirical modification of the theory of Ejtskog 

Sca1c - ‘lexr, 

P @miwt) 

helium 0°C 
neon +75”C 
neon +25”C 
argon +75”C 
argon -50°C 
xenon +75”C 

100 200 300 400 500 600 700 

0% 0% -1% -2% -4% 
+l% +l% +l% +l% -tl% +l% -tl% 
il% +l% +l% -i-l% -tl% +2% +2% 

-3% -5% -8% -10% -12% 
+5% 0% 

+lo% 0% -7% 

heale - &al 
h =P 

P &wN 100 200 300 400 500 600 700 

neon +75”C 
neon +25”C 
argon + 75 “C 
argon -90°C 

;p -YE 
0% -1% -2% -2% -2% 

-2% -2% -3% -4% -4% 
-304, -7% -11% -12% -13% -15% 
t-l% -4% -8% -6% -4% 

1.01 I 1 * 1 . 1 I 
0 200 400 600 600 mnagai Km 

Argon 
0 

0 +75*c .xp. 

. -dC ..p. 0 
I 

(b) 
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FIG. 14. Density dependence of the thermal conductivity of neon and argon compared with the 
empirical modification of the theory of Enskog. (Sources of experimental data: neon 1141, argon 

110, 111.) 

where A#, = A-l - A6 
(11) 

A’ = A;, bp i + 1.200 + 0.755 bpx bPX (10) 
x 

the additional contribution of the internal 
represents the contribution of the translational degrees of freedom. The thermal conductivity 
degrees of freedom only, and coefficient thus calculated for nitrogen at 75°C 
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FIG. 15. Density dependence of the viscosity of HZ 
and NZ compared with the empirical modScation of 
the theory of Enskog. (Sources of experimental data: 

Hz 171, Nz WI.) 

is compared with the experimental data in Fig. 16. 
The maximum deviation is 16 per cent (p up to 
600 amagat). 

For more complicated gases the theory of 
Enskog may lead to larger deviations from the 
experimental data. For instance, for COs the 
viscosity and thermal conductivity coefficient 
can only be represented by the Enskog formulae 
(1) and (2) over a large density range, if different 
values of the covohune b are used for r] and X 
[20, 291. 

However, at least for the simpler fluids the 
theory of Enskog does contain the essential 
transport mechanisms for a dilute as well as for 
a strongly compressed gas and, given the proper 
values of b and x to be used, away from the 

0 

0 

O / 
O / 

O /I 
O /I 

0 / 

O /I 
O/ ^ 

FIG. 16. Density dependence of the thermal con- 
ductivity of Na compared with the empirical 
modification of the theory of Enslcog. (Experimental 

data from [33].) 

critical point does account for the maiu trend of 
the density dependence of viscosity and thermal 
conductivity. 

It is remarked that the temperature dependence 
of v and h cannot well be studied with the theory 
of Enskog. For instance Rim and Ross have 
remarked that according to the theory of Enskog 
the initial slope (~~~~)~ is Proctor to 70 
and therefore to y’T, which does not seem the 
case at high temperatures [34]. 

The theory of Enskog, as can be expected, does 
not account at all for the thermal conducti~ty 
anomaly in the critical region [20]. As mentioned 
before in the molecular transport of momentum 
and energy a kinetic contribution associated with 
the free motion of the molecules and a potential 
contribution accounting for the exchange of 
momentum and energy during the relative 
motion of the molecules in their mutual inter- 
action field can be distinguished. The theory of 
Enskog presents an estimate for both contri- 
butions. However, in the case of the thermal 
conductivity also a third mechanism must be 
considered, uamely the transport of potential 
energy associated with the motion of the center 
of gravity of interacting particles. This contri- 
bution may be very important in the critical 
region, where the molecules tend to form 
clusters containing a large amount of internal 
energy. This contribution does not occur in the 
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Enskog theory. Also the fact that a similar 
contribution is not present in the viscosity may 
be connected with the absence of an appreciable 
anomaly in the viscosity in the critical region. 
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R&I&-IX comportement de la conductivite thermique et de la viscosite de fluides simples en 
fonction de la pression, de la densitt et de la temperature est examine en detail. On a prete particuliere- 
ment attention au comportement des coefficients de transport dans la region critique. Dans un article 
anterieur [l], on a montre que le coefficient de conductibilitt thermique passe par un maximum 
prononce dans la region critique. Des renseignements complementaires confirmant l’existence dun 
tel maximum sont present&s. 

Les previsions theoriques des coefficients de transport dans les systemes denses sont souvent bases 
sur la theorie de Enskog. Une vue d’ensemble est present& montrant dam quelle mesure la theorie de 
Enskog d&it la dependance des coefficients de transport en fonction de la densite dans des fluides 
monoatomiques. Enfin, le mecca&me de transport conduisant a l’augmentation anormale de la 

conductivite thermique dans la region critique est indique. 

Zusammenfaasung-Das Verhalten der Warmeleitfahigkeit und der Viskositat einfacher Fliissigkeiten 
wird als Funktion von Druck, Dichte und Temperatur betrachtet. Besondere Beachtung erfahrt das 
Verhalten der Transportgrijssen im kritischen Gebiet. In einer frilheren Arbeit [l] wurde gezeigt, 
dass die Wmeleitfiihigkeit im kritischen Gebiet ein ausgepragtes Maximum aufweist. Zusitzliche 
Informationen, welche die Existenz eines solchen Maximums bestiitigen, werden mitgeteilt. 

Theoretische Vorhersagen der Transportgrossen in festen Systemen basieren oft auf der Theorie van 
Enskoa. In einer Ubersicht wird armeaeben. wie weit die Theorie Enskogs die Dichteabhiinaisrkeit der 
Trans~ortgriissen in einatomigen kkssigkeiten beschreibt. Schliessli~h wird auf den %.nsport- 
mechanismus, der zu dem anomalen Anstieg des WIrmeleitvermogens im kritischen Gebiet ftihrt, 

hingewiesen. 

AHaOTaqasr--PaCCMaTpaBaeTC~ llOBeAf?HHe KOEJ!$$H~H6'HTOB T'3l-IJIOIlpOBO~HOCTH II BR&lKOCTIl 

llpOCTbIXmHAKOCT'3t KaK~YHKqURAaBneHll~,nnOTHOCTEIIITeMnepaTypbI. Oco6oe BHHMatIEle 

)'AeJIReTCH IIOBeAeHIlH, KOa+#EIJHf3HTOB lIepI?HOCa B KpHTWieCKOi 06nacrn. B npe&b&Q’meti 
CTaTb0 [l]IIOKa'daHO, 'IT0 KOE$l.@SI~HeHT TelIJIOIIpOBOAHOCTM HMeeT HipKO BbIpEUKeHHbIt M;IK- 

CHMYM B KPWTHWCKOti o6nacru. nP&iBOARTCR AOIIOJIHHTeJfbHbW CBeAeHHff,nOATBepmAaH~~e 

CJ'IlJeCTBOBWDie TaKOrO MElKCPlMyMa. 

TeOpeTwfeCKO0 onpe~enerine Koa@+inuenrOn nepenoca n nnornhtx crfcreuax ‘IacT OCH~B~I- 

Bt-ieTCn Ha Tf?OPHH %CKOrO. l$EACTZlBJIeHHbIti o6aop IIOKtEibIBaeT A0 KLlKOfi CTeIIeHEl Te0pHt-i 

aHCKOI'0 OIIEfCbIBtN?T SlBIlCElMOCTb KOE+#i~H0HTOB IlepeHOCa OT IIJXOTHOCTIl B OAHOaTOMHHX 

H(EIAKOCTHX. B LlaKJlWEHEiH, OTMVWH MeXaHElklM IlepeHOCa, BeAJ'II@i K ZlHOMaJlbHOMy POCTY 

KOWj@iqHeHTEl Tf3IJlOllpOBO~HOCTH B KPMTWWKOt 06nacTn. 


