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THE THERMAL CONDUCTIVITY OF LIQUIDS—IV
TEMPERATURE DEPENDENCE OF THERMAL CONDUCTIVITY
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Abstract—The thermal conductivity of benzene, toluene, m-xylene, carbon tetrachloride, liquid paraffin,
and nitrobenzene was measured at several temperatures using a guarded horizontal parallel plate appa-
ratus formerly described. The thickness of the liquid layer was varied within the range in which the measured
values are not perceptibly increased by convection according to the results of a former investigation. It was
found that the dependence of the thermal conductivity and of its temperature coefficient on the thickness
of the liquid layer are in fair agreement with those values which are obtained by calculating the contribution
of the radiation to the heat transfer in liquids with small ir-absorption. These values can be calculated
by using an absorption diagram of the liquid as has been shown formerly.

The precision of the measured thermal conductivity values is estimated at about +05 per cent. The
uncertainty of the calculated temperature coefflicients is about +0-1 x 107° Wem ™' degC™2.

The effective thermal conductivity of poorly absorbing liquids like toluene can vary at room temperature
by about 5-7 per cent because of a radiative component depending on apparative conditions. The tem-
perature coefficient of thermal conductivity can vary by about 20-30 per cent. A study of measurements
published by other authors in the last 20 years shows that nearly all the values of thermal conductivity
and more than half of their temperature coefficients are within an interval given by the variability of the
radiative component.

The more recently measured values of thermal conductivity seem to be on an average somewhat

smaller than the earlier values. We suppose that more efforts are made now to avoid convection.

NOMENCLATURE Greek symbols

a, b, constants defined by [5]; g, emissivity of the plate surfaces;

ke, measured thermal conductivity x,  absorption coefficient [cm™'];
[Wem™tdegC1]; A wave length [cm];

n, refractive index : o, constant of Stefan-Boltzmann law

4. g,. radiative heat flux [W cm~2]; [Wem™2degK ~4];

g, 4, mean values of g,, q, [Wem™2];

Pey
.

optical thickness of the liquid layer.

s, thickness of the liquid layer [cm];
X, coordinate perpendicular to the plate 1. INTRODUCTION
surfaces [em]; BY A THEORETICAL investigation formerly re-
E,  Planck function [Wem™3]; ported on [1] we have shown that the effective
T,  absolute temperature [degK]; (measured) thermal conductivity of liquids which
AT, temperature difference between the have a small ir-absorption contains, already at
plates [degC]; room temperature, a measurable percentage
Y, function calculated in [1] originating from heat transfer by radiation.
3 This result was verified in a more general form
{Y =12 —¢) by Kohler [2].
LT Measurements at 25°C with a guarded hori-
1 — exp(—1/v) 34 zontal parallel plate apparatus formerly des-
T+ (1 —eexp(—z/o) '] cribed [3] were in good accordance with the
[

theoretical results [4]. In these experiments,
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liquids of weak and strong ir-absorption and of
different viscosities were compared with regard
to the dependence of the measured thermal
conductivity on the thickness of the liquid layer
between the plates. By this comparison, in which
we also varied the temperature difference be-
tween the plates, we could determine an upper
limit of the plate distance which should not be
exceeded if one is to avoid a noticeable increase
of the measured values by convection. A relation
to the Rayleigh number was not found. It
seemed that, above the critical distance, con-
vection arose trom small mechanical vibrations
caused by the water flowing through the
apparatus.

We can deduce from the theoretical and
experimental results that not only the measured
thermal conductivity but in a larger degree its
temperature coefficient, too, must increase with
the thickness of the liquid layer for poorly
absorbing liquids.

This prediction was checked experimentally
by measurements at some temperatures and
some layer thicknesses within the region, in
which no convection exists.

We also made measurements on two liquids
with higher ir-absorption, the thermal con-
ductivities of which have nearly the same values
as those of the investigated poorly absorbing
liquids. We expected to find a smaller depend-
ence on the thickness of the layer for those two
liquids.

2. THEORETICAL CONSIDERATIONS

To obtain knowledge about the contribution
of the radiation to the heat transport, many
authors consider only the radiation emitted by
the surfaces of the plates. This may be quite
correct if the medium between the plates is a
gas as the optical thickness of the layer is small
in this case. Liquids, however. absorb and
therefore. following Kirchhoff’s theory, also emit
much more radiation. For this reason, the inner
radiation of the liquid contributes in general
more to the heat transfer from plate to plate
than the radiation emitted by the plate surfaces.
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This applies even for the smallest thicknesses of
the liquid layer within that range which should
not be exceeded for experimental reasons.

At each point of an unlimited space containing
a medium emitting and absorbing radiation let
there exist a constant total temperature decline
in the x-direction dT/dx = a. We then obtain
the following approximation for the heat flux g,
caused by radiation through the unit area of
any plane x = constant:

e

_4.9r |
=34,

=0

n? 0k,
k 0T
T is the absolute temperature, 4 the wave length
of radiation, E, the Planck function, and n and x
are the refractive index and the absorption
coefficient of the medium respectively.

The expression (1) can be easily derived from
formula (5) in [1] or formula (18) in [2]. If we
replace n and k by mean values 7 and x inde-
pendent of the wave length we obtain from (1)
an equation for the radiative heat flux known
for some time (see Genzel [5]):

di. (1)

_tow

dT
3
3 Ka

dx

’

4r 2)

where ¢ is the Stefan-Boltzmann constant.

Equation (1) may easily be evaluated for any
liquid of which a spectrum of the ir-absorption
is available. Such spectrums exist for a very
great number of liquids [6]. The function JE,/éT
is tabulated by Czerny and Walther [7]. The
refractive index n shows no large dependence
on wave length for poorly absorbing liquids
within the region of interest. Therefore, we can
use a mean value 7 for n. A numerical evaluation
done in this way for such a liquid, e.g. toluene,
leads to a value g, which is, at room temperature,
about 5 per cent of the heat flux g, due to con-
duction. In our case we have gq. = k dT/dx, k
being the “true” thermal conductivity.

These conditions of simultaneous heat flow
by conduction and radiation in liquid layers of
great thickness are well known. But there were,
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as far as we know, no efforts made to calculate
the amount of the radiative heat flux using
spectroscopic data. In the case of poorly ab-
sorbing liquids, the results of such calculations
are surprising as such large values of this flux
at moderate temperatures had not been expected.

At smaller thicknesses, the contribution of
the radiation to the heat transfer decreases by
the influence of the surfaces touching the layer.
In the case of parallel plates and of a small
temperature difference AT = T} — T, < T, be-
tween them and for predominate heat flow by
conduction we obtain instead of (1) the more
general expression

_ 4 AT n? oE
g=3n— | —

3 s

= 3T Y(e, 7)dA, 3
A=0
g, is the mean heat flux due to radiation between
the plates and s their distance. Y is a function
of the emissivity ¢ of the plate surfaces and the
optical thickness T of the liquid layer. 7 is the
product k x s and depends upon the wave
length. Equation (3) is identical with Kohler’s
formula (18) [2]. Y was calculated as a function
of © for some parameters ¢ [1]. Therefore, it is
possible to calculate the heat flux g, by using (3)
in the general case of any given distance of the
plates if the optical data of the investigated
liquid are available.

After replacing n and x by wave independent
mean values 7i and k we can transform (3) into
the following expression corresponding to (2)

q;=—:0T3YT- )

If s or 7 increases from O to o0, the function Y
increases from 0 to 1. Y represents a factor
indicating how much the heat flux due to
radiation is reduced by the influence of the plate
surfaces touching the liquid layer.

Figure 1 shows Y as a function of the optical
thickness 1 for a few values of the emissivity &.
The vertical broken lines b and ¢ define the
range of values of 7, within which our measure-
ments on poorly absorbing liquids were per-
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formed. As there are authors having used still
smaller thicknesses of the liquid layer (down to
about 0-25 mm) the range between the broken
line a and t = oo includes the optical thicknesses
as chosen for all measurements realized till now.

The lowest curve of Fig. 1 represents the
function Y for ¢ = Q, that is for the hypothetical
case of the plate surfaces emitting not the least
radiation and the radiative heat transfer be-
tween the plates being performed only by inner
radiation of the liquid. The reduction of the
heat flow compared with that in the case of large
distances of the plates, then, is caused by the
reflections of the radiation on the plate surfaces.

The distance between the curve for ¢ = 0 and
one of the upper curves represents the contri-
bution of the radiation emitted by the plate
surfaces compared to the total radiative heat
flow from plate to plate. As metallic surfaces
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F1G. 1. Y as a function of the optical thickness 7.

have in general an emissivity below 0-2, it is to
be seen that this contribution is very small even
at the smallest distances between the plates
which, for experimental reasons, are possible.
The distance between any point of a curve
and the maximum value Y = 1 gives the reduc-
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tion of the radiative heat flux caused by the
presence of the plates.

Experimental results show that the thermal
conductivity can be represented by a linear
function of temperature if the temperature range
is not too wide. We then obtain using (4) the
effective thermal conductivity

16 72
keffza—bT+—3—%aT3Y (5)

where the first two terms give the *“conductive™
thermal conductivity k, and the factor of Y
gives the “‘radiative” thermal conductivity k,.
As Y is dependent on the layer thickness of the
liquid sample and the emissivity of the plate
surfaces, k. is not a constant of the material
excepted for the distances s = 0 and s = 0.
Differentiating (5) gives

dkeff
dT

ﬁZ
= —b+ 16»?0'7'21" (6)

The temperature coefficient dk./dT is usually
negative. Because of the second term of (6) it
increases with increasing temperature and, on
account of Y, also with increasing thickness of
the liquid layer. If |b| is small, the coefficient
may become positive for great thicknesses.

Formerly [1], we had found by evaluating
optical data of toluene that the temperature
coefficient of thermal conductivity should vary
by about 20-30 per cent at room temperature,
due to the influence of the layer thickness, for
samples with values of material constants similar
to toluene.

3. EXPERIMENTAL DETAILS

The apparatus, the mode of measurement, and
its evaluation have formerly been described
[3. 4]. The plane shape of the surfaces of the
copper plates should not have an error of more
than +03 pm. This was often controlled by
comparison with a plane-parallel glass plate and
was, if necessary, corrected by grinding and
polishing. From time to time the surfaces of the
copper plates must be desoxidized as a little
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diminishing of the metallic brilliance caused a
noticeable rise of the measured values of k.

After degassing, the liquid sample was filled
into the apparatus which had been evacuated by
a gas ballast pump. After filling air or nitrogen
was let into the apparatus in order to avoid any
deformations of the plates caused by stresses.
Thoroughly dried air or nitrogen was used to
prevent the sample to become contaminated
by water. In cases of doubt the percentage of
water contained in the sample was controlled
spectroscopically after the measurements. It was
always below 01 per cent.

The temperature measurements were per
formed by using thermocouples of the alloy
manganin and Isotan (constantan). The wire
material was manufactured by the Isabellen-
Hiitte at Dillenburg (West Germany). The
relative temporal variations of the thermo-
electric forces of each couple were continuously
controlled. The measured voltages were correc-
ted accordingly.

Table 1 shows the alterations in the relative
deviations from the mean value in the tempera-
ture records of the single thermocouples within
half a vear. To give an idea of the errors of the
temperature measurements Table 2 presents,
for one temperature, the deviations for two
consecutive days.

Liquids of the highest degree of purity
obtainable in trade were used for the measure-
ments. The percentage of impurities was in
general specified on the package. In single cases
more details were communicated by the manu-
facturers. The sum of the impurities was always
too low to be able to influence perceptibly the
measured values.

4. RESULTS AND TESTING OF THE THEORY

The measured thermal conductivities of five
poorly absorbing liquids are represented in the
Tables 3-5 together with the values resulting
by calculating the thermal conductivities by
use of equation (5). This calculation was per-
formed in the following way:

The optical value of the refractive index
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Table 1. Deviations of the indications of the thermocouples from the mean value on 3 March 1966 (upper numbers) and on
19 September 1966 (lower numbers). The numbers are obtained by linear smoothing over the temperature

Temp. Deviations in millidegrees for the indicator point No.
¢ 1 2 3 4 5 6 7 8 9 10
0 -5 -2 -1 -6 -5 — 4 +5 + 8 + 9 +12
— 4 + 1 -6 -9 -4 -6 +9 + 1 + 5 +18
10 -9 -5 -1 0 -6 -5 +3 + 5 +11 +14
-9 -2 -5 -1 -5 -9 +9 0 + 8 +19
20 —14 -7 —1 + 6 -6 -5 +2 + 3 +14 +15
- 14 -6 -5 + 6 -7 —11 +9 -1 +11 +19
30 —18 -9 -2 +11 -7 -5 0 + 1 +17 +16
-19 -10 -5 +14 -8 —13 +9 -2 +15 +19
40 -22 —-12 -2 +17 -7 -6 =2 -2 +19 +17
-24 -13 -4 +21 -9 —15 +8 -3 +18 +19
50 -26 —16 -2 +23 -8 -6 -3 — 4 +21 +19
-29 -17 -4 +28 -10 —17 +8 5 +21 +19
60 -30 —18 -2 +28 - 8 -6 -5 -6 +24 +20
—34 -20 -4 +34 —11 —19 +8 -6 +24 +19
70 —34 -21 -2 +35 -8 -7 —6 -9 +26 +21
-39 —24 -3 +41 —-12 -21 +8 -7 +28 +20
80 -37 —24 -3 +41 -9 -7 -8 —11 +27 +22
—43 =27 -3 +48 —13 —23 +7 - 8 +31 +20
Table 2. Error of the temperature measurements at 50°C
Deviation of the measured value from the mean value at
Date of the PR . AT
indicator point No. in millidegrees
measurement

1 2 3 4 5 6 7 8 9 10
19.9.66 -30 —18 -3 +28 —-10 —18 +10 -5 +20 +20
20.9.66 —28 —15 -5 +30 —10 —18 + 5 =5 +23 +18

n (np) was used as mean value . This may be
allowed for these liquids because n does not
considerably depend on the wave length. As
the Maxwell formula is valid for these substances,
we could have used as well the dielectric
constant instead of n% The emissivity ¢ of the
plate surfaces was 0-04. Values of the function Y
were drawn from Table 1 in [1]. The constants
a, b, and k in formula (5 were calculated
by a least squares approximation using the
measured values k.. Therefore, the calculated
values can merely serve to control whether
the measurements can be interpreted correct
by formula (5). However, it should be noted

that the values of the mean absorption coeffi-
cients, k, obtained in this way from the measured
thermal conductivities, kg, are in satisfactory
agreement with the values obtained from optical
data, as has been shown previously [1].

The temperature dependence of the thermal
conductivity of the five liquids, as calculated
with help of (5), is represented in Figs. 2-6.
The thickness of the liquid layer is used as a
parameter. The dashed lines give the calculated
curves for the limits s =0 and s = co. The
measured values of thermal conductivity are
figured as small circles.

Tables 3-5 and the Figs. 2-6 show that the
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Table 3. Thermal conductivity of benzene and benzene homologues
Thickness
of the Thermal conductivity k. x 10 (W x cm™! x degC™ 1) (dkg)/(dT) x 10°
liquid
layer 10°C 25°C 40°C 55°C at25°C
s
mm meas. calc. meas. calc. meas. calc. meas. calc. W/cmdegC*
Benzene
0 1-444 1-390 1-337 —356
0-4581 1457 1-456 1-404 1-404 1-352 1-353 —342
09578 1-471 1-471 1422 1422 1-376 1-374 -324
1-4559 1-479 1-480 1431 1-432 1-384 1-386 -314
19293 1-487 1-485 1436 1-438 1-394 1-392 - 308
o's 1-501 1-457 1-414 —2-89
Toluene
0 1-292 1:249 1-205 -2:88
04581 1:306 1-306 1-264 1-265 1-224 1-224 ~274
09578 1-323 1-324 1-286 1-286 1-247 1:248 —2:55
14559 1-335 1-336 1-297 1-299 1-266 1264 —2:44
19293 1-344 1-342 1:309 1-307 1-273 1-273 —2:37
* 1-364 1:333 1:302 —215
m-X ylene
0 1:277 1-235 1-194 —-275
04581 1-290 1-291 1251 1-251 1213 1213 —2:61
09578 1-308 1:309 1271 1-273 1:237 1237 -243
1-4559 1-322 1:320 1-288 1-286 1-253 1-252 -231
19293 1:327 1-327 1-292 1-293 1-261 1-261 —225
Ps 1-348 1318 1-290 —2:03
Table 4. Thermal conductivity of carbon tetrachloride
Thickness
of the Thermal conductivity k. x 10° (W x cm™! x degC™ 1) (dk e )/(dT) x 10°
liquid
layer 10°C 25°C 40°C at 25°C
s
mm meas. cale. meas. calc. meas. calc. W/ cmdegC?
0 0978 0962 0926 —239
04581 1011 1-010 0978 0976 0943 0942 —225
09578 1023 1-024 0988 0-992 0960 0961 —209
1-4559 1-029 1-032 1-001 1-001 0972 0972 —199
1:9293 1-038 1036 1-009 1-007 —- — — 194
%0 1-050 1-023 0997 - 177

measured values of k. can be well presented
by formula (5). The increase of the slope of the
curves gives the increase of the temperature
coefficient of thermal conductivity with the
thickness of the layer. Figure 6 shows that this
coefficient becomes positive at large thicknesses
for liquid paraffin.

The temperature coefficients at 25°C were

calculated with help of formula (6) for the single
plate distances used in the measurements and
also for the distances s =0 and s = co. The
results are represented in the last columns of
the tables and in Figs. 7 and 8 where the
dependence of the temperature coefficients on
the layer thickness is shown.

Table 6 gives the measured values of k.
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FiG. 3. Thermal conductivity of toluene.

of nitrobenzene. This liquid has a stronger
ir-absorption than the other five substances.
We find, in consequence, its thermal conductivity
being less dependent on the plate distance.

A quantitative representation of the measured
thermal conductivity of such liquids absorbing
more strongly than, e.g. toluene by formula (5)
seems, however, to be problematic. The validity
of this formula is doubtful for substances
showing absorption coefficients the reciprocal
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FiG. 5. Thermal conductivity of carbon tetrachloride.

of which is of the same magnitude as the wave
length in some regions of the absorption
spectrum. In this case, Kirchhoff’s theory is no
longer valid. Moreover, there is a greater error
in determining a mean value of the refractive
index.

For these reasons we have not interpreted
the measured values of the thermal conductivity
k. of nitrobenzene by formula (5). We have
only smoothed these values by a least square
method, supposing that k. is, as a first-order
approximation, linearly dependent on the reci-
procal value of the layer thickness s and that it is
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F1G. 7. Temperature coefficient of the thermal conductivity
of benzene and homologues.

a linear function of the temperature T. The
result is represented in Fig 9. The last column
in Table 6 gives the mean value of the tempera-
ture coefficient of nitrobenzene.

We intend to investigate in greater detail
the decreasing of the dependence of k. on the
plate distance for increasing ir-absorption. As a
preliminary result, some data on iso-propanol
at 25°C is given. Iso-propanol has an absorption
somewhat stronger than nitrobenzene.

F1G. 8. Temperature coefficient of the thermal conductivity
of carbon tetrachloride and liquid paraffin.

thickness of the

layer s (mm) 0458 0958 1929
thermal conductivity

kee x 103

(Wem™'degC™1) 11340 1346 1349

Figure 10 shows the increase of the measured
thermal conductivity with increasing layer thick-
ness s between the limits s, = 0458 and 5, =
1929 mm at 25°C for the liguids toluene,
nitrobenzene, and iso-propanol. The diminution
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140
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F1G. 9. Thermal conductivity of nitrobenzene.

Tuable 6. Thermal conductivity of nitrobenzene

Thickness
of the Thermal conductivity (dkee/(dT) x 10°
liquid kee X 103 (W x em ™! x degC™")
layer (mean value)
S
mm 10°C 25°C 40°C 55°C 70°C W,cmdegC?
0-4581 1-480 1-456 1-433
09578 1-493 1-470 1-446 — 151
1-4559 1-499 1-478 1454 1-429 1-410
19293 1-500 1-480 1-459
004 , of this increase with increasing absorption is
! considerable.
- #=25°C The precision of the measured thermal con-
ductivities is valued at about +0'5 per cent
;F‘;WU and that of the temperature coefficients at
3 about +0-1 x 107 Wcm ™ 'degC™2.
"’9‘ / 5. DISCUSSION OF THE RESULTS
X 002 Table 7 shows a list of measured thermal
3 conductivities k. and temperature coefficients
b at 25°C published by other authors in the last
;: / twenty years. At the end of the list our own
< o001 . values are given for a plate distance of 1 mm
‘s'/‘mw and also the minimum and maximum values
possible according to our measurements. It
y can be seen that nearly all values of the thermal
000 0s o pye 70 conductivity and most of the temperature
s mm coefficients are within the intervals which

Fi1G. 10. Increase of the measured thermal conductiviy
with increasing thickness of the liquid layer.

arise from various radiative components due to
different apparative conditions. The extent of



1085

RMAL CONDUCTIVITY OF LIQUIDS—IV

@
:

THE THE

(z.08op x ,_wd x M) .01 x (IPY™p) = ¢

‘[97] uosarurer osje 908
(_OBop x ; _wo X M) 01 x Py =0

10+ 821 81— 201 07— S| 1z~ 9¢-T 6T o1 (oo =)'y + ¥
[e7] 01 0} [9)1 01 0} 03 0} 03 0} mﬁﬁum
L0~ 611 $T~ 960 87— 8T-1 67— 671 9-€ ~ 661 0 = iy

Wo— el 1sY- Okl 80T— €660  ThT—  TIE1 ¥ST—  97El  €LE—  bebl (wur j = s)pgomsiyy g
97—  $660 €— €01 e~ opel 9€~  0Epl [sz] 9961 nopny 61
L1T1 — 8660 — €261 — yv-i [vlsos1zi0g 81
L9~  1ZET  8TE€— PSP [b7] 5961 weuoA 1]
61— 0201 POE—  8EET [ez] 961 11euap 91
6T~  0gel  ITE-  0Lpl m& €961 S¥00LI0H 6T
oTE— 1] 1Z] €961 sYoou10H  $1
897~  66b1 — LSP1 foz] c961 mosammer ¢
6T0—  0CT1 [61] zo61 inquing,  ¢1
$87—  O£ET [81] 1961 puelqarz 11
000 A [£1] 0961 3a0uadg o1

ST~ 6ip1 [91] 8561 AczEpPIT 6

L91— b1 $eT—  8pel [s1] sc61 myedrepy g

SLO~ 9081  1L0— 1961 650—  OShl [v1]ts61s83ug ¢

€10—  ¥9T1 vEI— €901 PIE—  §9E1 [e1] 9561 ouoneyy 9

ovI— 6101 [c1] vset vosew ¢

o1~ S0 097— 81 08T~  Tvbl [11]vs61 wpumgos ¢

0§ F~ W1 891— 6001 67— 61 [o1] pse1 aoddy ¢

LLE= ISPl [6lis61ueNoIN 2

I €201 §$T—  9EET  8pE—  09pl (8] is-ovs1 PPory 1

q v q v q » q » q v q 4

uryered pinbry AUBZUIGOININ 190 suafAy-ul susnjo], Elicraiels ioqmny “ON

#Da§T IV SL0YIND [042058 Aq paunsvaw sjud1Yfo0s 24mpsaduia) puv sapIARINPUOS [puLIY] [0 sanfpa fo uostavdwo) 1 Ao |,

3z



1086

the intervals is about 5-7 per cent of the thermal
conductivity. The first four liquids, which have
temperature coefficients not very different from
each other, show an increase of the coefficients
of about 20-30 per cent. These are, for both
physical quantities, just the amounts which have
been calculated from the optical data, as we
have shown for toluene [1].

The equations (3-6) are only correct for the
parallel plate arrangement. For the limits
5=0 (Y=0) and s = oo (Y= 1), however,
these equations contain no quantities dependent
on geometric conditions. Therefore, we suppose
that the range within which the measured
values can vary due to various radiative heat
flows is the same for all geometric arrange-
ments. In consequence, we have considered in
Table 7 measurements performed by all methods.

The values in Table 7 are listed chronologic-
ally. There seems to exist a tendency in the
measured thermal conductivities k. to decrease
a little in the course of the years. We suppose
that there is spent more care to avoid con-
vection in the last time. When this was secured
by reducing the layer thicknesses, an additional
decrease of k. results from a smaller radiative
heat flux.

Convection can be caused thermally or
mechanically. The latter may occur if the
apparatus is exposed to small vibrations, e.g.
by water flowing through it. From the value of
the Rayleigh number one cannot, according to
our opinion, decide upon the question whether
thermally caused convection has noticably in-
fluenced the measured values. Without regard
to the fact that this depends on the accuracy
of the measurements it will, of course, depend
very considerably upon the direction and the
magnitude of the density gradient in the liquid.
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Résumé—Les conductivités thermiques du benzéne, du toluéne, du m-oxylene, du tétrachlorure de carbone,
de I'huile de paraffine et du nitrobenzéne ont été mesurées 4 plusieurs températures en employant un
appareil & plaques paralléles horizontales avec anneau de garde décrit auparavant. On a fait varier I’épais-
seur de la couche liquide dans la gamme ou les valeurs mesurées ne sont pas augmentées par la convection
d’une fagon pergeptible en accord avec les résultats d’une étude précédente. On a trouvé que la dépendence
de la conductivité thermique et de son coeflicient de variation thermique en fonction de I’épaisseur de
la couche liquide sont en bon accord avec les valeurs obtenues en calculant la contribution du rayonnement
au transport de chaleur dans les liquides absorbant peu les infra-rouges. Ces valeurs peuvent étre calculées
4 I'aide du diagramme d’absorption du liquide comme on 1’a montré auparavant.

On estime la précision des valeurs mesurées de la conductivité thermique a environ + 0,5 pour cent.
L’incertitude sur les coefficients de variation thermique, calculés est d’environ + 0,1 x 10° Wem™!
(degC)~ 2.

La conductivité thermique effective des liquides peu absorbants comme le toluéne peut varier a la
température ambiante d’environ 5 & 7 pour cent 4 cause d’'une composante de rayonnement dépendant
des conditions de I'appareillage. Le coefficient de variation thermique de la conductivité thermique peut
varier d’environ 20 & 30 pour cent. Une étude des mesures publiées par d’autres auteurs dans les 20
derniéres années montre que presque toute les valeurs de la conductivité thermique et plus de la moitié
de leurs coefficients de variation thermique sont & I'intérieur d’un intervalle donné par la variation de la
composante de rayonnement.

Les valeurs les plus récemment mesurées de la conductivité thermique semblent étre en moyenne
quelque peu plus faibles que les valeurs les plus anciennes. Nous pensons qu’actuellement on fait plus

d’efforts pour éviter la convection.

Zusammenfassung—Die Wirmeleitfahigkeit von Benzol, Toluol, m-Xylol, Tetrachlorkohlenstoff, Paraf-
findl und Nitrobenzol wurde bei mehreren Temperaturen mit einer friither beschriebenen Parallelplatten-
Apparatur mit Schutzring gemessen. Dabei wurde die Dicke der Fliissigkeitsschicht innerhalb des
Bereichs variiert, in dem nach den Ergebnissen einer friitheren Untersuchung die Messwerte nicht merklich
infolge von Konvektion anwachsen. Es ergab sich, dass die Abhingigkeit der Warmeleitfihigkeit und
ihres Temperaturkoeffizienten von der Dicke der Fliissigkeittsschicht in guter Ubereinstimmung mit
den Werten ist, die durch Berechnung des Beitrages der Strahlung zum Wiarmetransport in Fliissigkeiten
mit geringer IR-Absorption erhalten werden. Diese Werte lassen sich mit Hilfe eines Absorptions-
Diagramms der Fliissigkeit berechnen, wie frither gezeigt wurde.

Die Genauigkeit der gemessenen Werte der Wirmeleitfahigkeit wird auf etwa +0,5 Prozent geschitzt.
Die Unsicherheit der berechneten Temperatur-Koeffizienten betrigt etwa +0,1.107° Wem™! gvd.”?

Die effektive Wirmeleitfihigkeit von schwach absorbierenden Fliissigkeiten, wie Toluol, kann wegen
des von den apparativen Bedingungen abhingenden Strahlungsanteils bei Raumtemperatur um etwa
5 bis 7 Prozent variieren und der Temperaturkoeffizient der Wirmeleitfahigkeit um etwa 20 bis 30 Prozent.
Ein Studium von Werten, die von anderen Autoren in den letzten 20 Jahren veroffentlicht worden sind,
zeigt, dass fast alle Werte der Wirmeleitfahigkeit und die meisten Temperatur-Koeffizienten innerhalb
eines Intervalls liegen, das durch die mégliche Variation der von den apparativen Bedingungen ab-
hingenden Strahlungs-Komponente gegeben ist.

Die in letzter Zeit gemessenen Werte der Wirmeleitfahigkeit scheinen im Mittel etwas kleiner zu sein als
die fritheren. Wir vermuten, dass jetzt mehr Miihe auf die Vermeidung von Konvektion aufgewendet wird.
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Annoranua—HamMepannce K03QPUIUEHTH TEMIONPOBOTHOCTH OeH3MHA, TOJIYOJA, KCHIIONA,
4eTHPEeXXJIOPUCTOTO YIIAEPOXa, HUAKOro napaduHa 1 HNTPOGEH30Ta MPH PABINYHKIX TEMIe-
parypax c TOMOIIBI0 paHee ONMCAHHOro npuGopa ¢ rOPHBOHTAIBHEIMU NAPAIIENEHHMH
naacTMHKaMi. BHGpanHasA TOJNIMHA HULKOTO CIOA B COOTBETCTBHH C Pe3yJIbTaTaMi NpenH-
Aymero MccleROBaHMA HAXOJMIACH B IIPefesax, NIA KOTOPHX HA M3MePeHHHe BeJHYMHBHI
Mall0 BIMANA KOHBEKUHA B 3asope. Bhuo oGHapyieHo, YTO 3aBHCHMOCTH TEILIONPOBOJ-
HOCTH U €8 TeMIepaTypHoro koad@uuuenta oT TOXMMHK KRIKOTO CIOA XOPOIIO COrJIACyeTCA
C PACYETHHIMY BeJMYMHAMH, IOJYyYeHHHIMU NPH yueTe TEIJIOBOr0 M3AYyYeHHH B MHTKOCTAX
¢ MaJBM KO3 PUIHEHTOM MOIIOMEHNA. DTN BeJINYHHN, KaK GHJIO MOKABAHO NPEHKAE, MOMHO
BHYHMCINTE C OOMOIIBI0 AMATPAMMEI IOTVIOWEHHA KUAKOCTH. TOYHOCTH aKCIEpUMEHTAND-
HOro omnpepeieHusa koapuIMeHTa TEMIOMPOBONHOCTM HaxoguTcA B mpemenax + 0,57%.
TlorpemHoCcTh pPACCYMTAHHHEIX TEMAEPATYPHHX HKODQOUINEHTOB COCTABIAET NpPUMEPH
+0,1x10-8.

S deKTUBHAA TEIIOHPOBOAHOCTH IIOX0 MOTJIOINAIINMX HUTKOCTeH, HampuMep, TONYOIIa,
MOKET M3MEHATHCA TPH KOMHATHON TeMnepaType ot b Ko 7 ¥, M3-3a Iy4HCTOlM COCTaBIAIOUIeH,
3aBUCAIE! OT ycioBHY onmuTOB. TeMIepaTypHHY KO(PHIMEHT TEINIOMPOBOLHOCTH MOMKET
uamenaTbea B npepexax ot 20 mo 30%. Ananns uamepeHult, omyGIMKOBAHHHX RPYTMMHU
aBpTopamu 3a mocjegHue 20 JeT, NOKA3HBAET, YTO MOYTH BCe BEIHMYHHH TEIIOMPOBOXHOCTH
¥ 60JIbille MOJIOBMHE WX TeMIEPATYPHHX KOapOUIMEHTOB OKA3KBAIOTCH B XHANA30HE BEIHYNH
UBMEHEeHUA JyuncTolt cocrasisiomeit.

BHOBb M3MepeHHLe BeMHYNHE K0aPPUIMeHTa TeNIOIPOBOAHOCTH OKASKBAKTCA B CpeIHEM
HECKOJIBKO MEHBIINMHM, HEMellH npeskie U3BeCTHHE. MK nojgaraem, 4To HaM yAAl0Ch IPUHATD

BCE MEPH A yCTAPAHEHNA KOHBEKIIMM .



