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Abstract— Beginning with a model of radial energy transport in a fluid saturated porous medium formed by a
cubic array of cylinders with a stagnant fluid, a generalized method for determining overall effective
conductivity, volumetric specific energy capacity, and effective thermal diffusivity is derived. The resulting
model is not limited to any particular geometry, since it requires only the physical properties of the fluid and
solid, and the void fraction as input. Comparisons demonstrate that the model agrees well with both
experimental and theoretical values for the effective conductivity, while requiring no empirical or theoretical
model parameters. Results for effective thermal conductivity and effective thermal diffusivity as functions of
void fraction and as functions of the ratio of solid to fluid thermal conductivity are presented.

NOMENCLATURE

area [mm?]

tan A

specific heat [kJ kg™ ! K™ 1]

parameter defined by equation (9)
particle diameter [mm]

sum of the angles which form the void
region between consecutive radii

thermal conductivity [Wm™* K~ 1]

bed length [mm]

heat flux [W m™?]

inner radius of a model void region [mm]
cylinder, or particle radius [mm]

outer radius of a model void region
radius, defined by equation (6) (see Fig. 4)
[mm]

outer radius of the first continuous void
(see Fig. 4) and defined by equations (10)
and (11)

total thermal resistance (electrical analogy)
defined by equation (18) [K W™ 1]
thermal resistance (electrical analogy)
defined by equation (13) [K W™1]
thermal resistance (electrical analogy)
defined by equation (14) [K W~ 1]
thermal resistance (electrical analogy)
defined by equation (16) [K W~ 1]
thermal resistance (electrical analogy)
defined by equation (17) [K W™ '].
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Greek symbols

o thermal diffusivity [m? s~ 1]

B angle defined by equation (5) (see Fig. 2)

y angle formed by the lines 01 and 02 (see
Fig. 4) and defined by equation (12)

& bulk mean voidage

& parameter defined by equation (15)

0 included angle of a defined void, given by
expressions (4), rd

A angle, represents the void fraction in the
volume n/4 (RZ— R11%)L

p density [kg m ™3]

v function of tan A [see equation (9)].

Subscripts

€ effective

f fluid phase

i denotes the position of the void in each
section, i = 1 indicates the first void
location from the center of the array,
immediately above the axis ox (see Fig. 3)

j denotes the position of the section number
containing the particular void (see Fig. 3,
the sections are represented by Roman
numbers)

L limiting value

m denotes the particular radius in the
composite cylinder R,,_, =r;,

N indicates the outer radius of the composite
medium

p partial, referring to the shaded area in

Fig. 4
solid
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T total
v void.
Superscripts
i denotes the position of the void in each
section, i = 1 indicates the first void

location from the center of the array,
immediately below the axis oz (see Fig. 3)
v void
S sohid.

1. INTRODUCTION

BECAUSE of their large interphase surface area to total
volume ratio, and their capability of good fluid mixing,
packed beds have been used in a wide variety of
processes which require an interaction between one or
more fluids and one or more solids. Catalytic reactors,
pebble bed heaters, evaporators, absorbers, glass
furnaces, and thermal energy storage are examples of
applications of packed beds.

Numerous studies have been dedicated to under-
standing the various physical mechanisms of flow and
heat transfer in packed beds, to improve their design.
Recently the storage of thermal energy in packed beds
has prompted the study of transient temperature
distributionsin rock beds for thermal energy storage, as
would be employed in solar domestic heating. During
an energy collection (charging) period, a temperature
distribution, or thermocline, will be established in the
packed bed ;if thereis notan immediate demand for this
stored energy, the thermocline will decay, with the
associated loss in available energy. For downward flow
during charging, an inherently unstable temperature
distribution is established in the upper regions of the
bed, since the outlet temperature from the collector
decreases after reaching a maximum near solar noon.
Therefore, both natural convection and pure diffusion
may contribute to the thermocline degradation in
various regions of the bed. As an aid to understanding
the importance of this natural convection, in addition
to the previously mentioned applications, a reasonable
value for the effective thermal conductivity, and
effective thermal diffusivity in a stagnant packed bed is
needed. However, as Pai and Raghavan [1] report, the
problem of determining the thermal conductivity of a
heterogeneous system has defied analytical solution for
a considerable time.

The general problem of determining the overall
effective thermal conductivity of a porous medium may
be approached by one of two basic ways:

(1) The overall value is taken as an appropriate
average of the separate phase contributions.

(2) Transport among individual particles in a
regular array is extended to the entire medium.

Inamedium composed of a solid phase and a gas phase,
the averages over the separate phases assume that
conduction through the solid acts over a volume 1 —¢
and the conduction through the gas in the void spaces
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over a fluid volume ¢. This approach has been used not
only to determine the effective thermal conductivity ofa
porous system, but also the electrical conductivity,
magnetic permeability, coefficient of diffusion, etc. of
heterogeneous media (cf. Wyllie [2], Dul’'nev and
Norikov [3,4], Beveridge and Haughey [ 5], etc.). Often
this method reduces to an analogous electrical
network. For random packings the effective parameters
are determined using unit cell elements of regular
packings, again with appropriate averages. The
simplest models use the arithmetic mean of the
contributions from each phase ; others use harmonic or
geometric means. However, the more realistic models
make use of experimentally determined statistical
parameters, even for regular packings (cf. Tsao [6] and
Cheng and Vachon [7]).

The method of extending transport among a few
particles to the entire packing is exemplified by the
works of Kunii and Smith [8] and Yagi and Kunii [9].
Parameters related to the angle bounding the heat flow
area for one contact point, the number of contact
points, etc. are required in the work by Kunii and
Smith, and the total area of perfect contact surfaces,
effective thickness of the fluid film in the void space
relative to the thermal conduction effects, etc. for the
model by Yagi and Kunii. Thus, these models require
empirical or theoretical parameters other than the
physical properties of the bed and packing materials;
still other parameters are needed to account for
radiation effects, if the bed is operated at high
temperatures.

Krupiczka [10] presents an interesting comprehen-
sive analytical study of the thermal conductivity of
packed beds, which expresses the thermal conductivity
in terms of the properties of the bed. Assuming models
composed of both cylinders and spheres, solutions are
obtained by non-orthogonal series methods. Since
these results are difficult to utilize -effectively,
approximations with simpler functions are derived.
Existing experimental data is then used to develop a
correlation in terms of the bulk mean voidage and k/k;.
The resulting expression is independent of the particle
diameter and length of the bed. Thus, Krupiczka’s
model results in identical values of thermal conduc-
tivity for beds with equal void fraction and solid and
fluid, regardless of the particle diameter or geometrical
dimensions for the bed.

The present work was directed toward finding the
effective thermal conductivity and effective thermal
diffusivity of a stagnant packed bed, at a low mean
temperature where radiation effects are small, using
only the void fraction, thermal properties of the solid
and fluid, and the solid and fluid densities. To
accomplish this, a specific geometry is assumed for the
porous media, from which a generalized arrangement
of solid and fluid regions is specified, the relative
volumes of which are governed by the bulk mean void
fraction, ¢. As such the final model is independent of the
specific geometry of the actual packing but rather is a
generalized model for diffusion in a porous media.
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2. PROPOSED MODEL

It is desired to analyze the transport of thermal
energy in a fluid saturated porous medium composed of
cylinders, arranged as shown in Fig. 1, with the central
cylinder as the source of the energy. From symmetry,
only the shaded region, with an included angle of =/4
must be considered in the analysis. Conduction
through the two phases, solid and fluid, is assumed to be
the only mechanism for energy transport, implying that
the fluid phase is stagnant and radiation effects may be
neglected. Hereafter the fluid phase will be referred to as
‘void’ regions. Conduction through the contact points
between discrete solid particles is included in the model
as regions of continuity in the solid phase (see Fig. 3).

2.1. General considerations

In this approach, the existing arrangement of solid
and void regions will be replaced by an equivalent
arrangement of solid and void, whose geometry is more
amenable to calculating the overall effective conduc-
tivity. The original voids are each replaced by a void
placed within two concentric cylinders of radii r;; and
R;;,and within the angle 8’ (see Figs. 2 and 3). The model
geometry is thus divided into sections, with the index j
denoting the section number containing the particular
void. A section is defined as the region bounded by two
planes perpendicular to the axis ox, each containing the
axis of one of the two neighboring cylinders, and the
axes ox and oz. (For example, the first section, Fig. 3, is
the triangular area OA’A.) The index i denotes the
position of the void in each section; the subscript i
indicates the first void location from the center of the
array, immediately above the axis ox. With these
definitions, r;; may be determined from the expression

riy = [ —1)*+4(—1)*]'*R. 1)

In the proposed arrangement of solid and fluid, the
volume of the model voids must beindividually equal to
the volume of the voids they replace. To accomplish
this, R,; is given by

8¢ 172
R, = BTi—_—lR2+r,~2j] , )
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FiG. 1. Diagram of the arrangement of cylinders forming the
porous medium.
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FI1G. 2. Description of the angles ¢ and ..

X

when i # j, and by

4 12
Rij=[9§_i‘1R2+r§,] , 3)

when i = j. The included angle for each new void is
given by

o= 8
0! = B =B, @
T
0} = 7 ~B,
if j > 2, where
. 20 +5-9)

ﬁ,-:tan I[Ti_ . (5)
The radii »; and R;;, defined above, are used to

characterize the model voids, beginning with section
two of the model geometry. The void associated with
the central cylinder will be considered as a special case.

Since the central cylinder is contacted by other
cylinders only in line contacts, it is appropriate to
consider the central cylinder as being surrounded by
void region of radius R11. R, is defined by

16 12

With R, so defined, it is necessary to specify R11, such
that the volume bounded by R and R11 is void and
between R11 and R, both solid and void regions exist,
with a common interface along the line which makes an
angle A with ox. Then 44/x represents the void fraction
in the volume (n/4) (R2—R11%)L.

The total void fraction in the volume bounded by R,,
and 6 = n/4 is given by

2
2R? = g(Rllz—RZH— SRE=RIT). ()

Solving this equation for R11 yields

2__yp2T2
RII = (16e+)R*— AR§ A
n—44
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F1G. 3. Arrangement of void regions, described by the radii r;;, R

At this point the angle A is still an unknown
parameter, and must be specified in order to determine
R11. It is assumed that the length of R11 will be
determined by the following expression which relates
the solid volume between R11 and R, and the total void
volume bounded by R and R, The ratio of these
volumes is D, and for this work is assumed to be 0.05,
yielding

A, I AR11%| 1
=2 =0, — .5———|— = 0.05,
D yri |E)5(sm Y)—y¢+0 = | 3, (9)
where

_a[2—(1-3a)"%]
B 14a?

s

wherea = tan A(4 < n/8), 45 is theshaded area in Fig. 4
and A% is the total void area in the section. The value of
D was selected by first determining from the geometry
that the ratio was very small, of the order of 0.05 or less.
A range of values were employed, to determine the
sensitivity of the solution to changesin D. For D < 0.02
problems existed in the solution to equation (10), from
which 4 is determined. Computing times increase
significantly for D < 0.05; results obtained for values of
D from 0.03 to 0.05 show no significant difference. Thus
D = 0.05 is used for this study
2
l(%l—) =0.2¢—sin" !y +24. (10)
Since for A > /8 the values of R11 increase faster than
for values of A < n/8, and when A =n/4, R11 =R,,

j Rije

the following relation is adopted when 4 > 7/8, which
establishes the line T2, Fig. 4, as the boundary for R11
RI1 = R11, — —27

sin [r—(A+] (1)

R11, is obtained from the equation (10) for A = /8 and

. tan~1 0T sin n/8

8 R,—01 cos n/8 (12)

It is clear that equations (10) and (11) are transcenden-
tal, and must be solved by iteration.

With the geometry so defined, the diffusion of
thermal energy may now be analyzed.

2.2 Analysis of energy transport

Utilizing the proposed geometric model of a
generalized porous medium, the effective conductivity
of the stagnant fluid case for the overall arrangement
may be determined. If we assume that a specified heat
flux, q,, is flowing from the central cylinder, of radius R,
limited by an angular range 0 < 8 < =/4, the proposed
geometry may be treated as a composite conduction
medium, with defined solid and fluid regions. Using an
electrical analogy, the system is represented by four
resistances in series

_In (R11/R)

T k(mja)L"’

B In (Ry/R11)
T [(1—eyk,+ekel(m/4)L

(13)

U, (14)
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F16. 4. Section I showing area 43, radius R11, R11;, R, lines 0 and T2, and angles 4 and y.

where
42
f=—, (15)
_ In (Ry,/Ro)
= kAL (10
and
N—-1
X = Z In (R4 1/R,) (17

[k(n/4—G,)+ kG, 1L

m=1

G,, represents the sum of the angles that form the void
region between R,, and R,, . ;, where R,,, , and R, are
two consecutive radii of the composite cylindrical
solid/void model, beginning with r,, and ending with
the external radius of the composite conduction
medium. This method of defining X, which determines
the locations of the voids in the model geometry,
contributes to the extended validity of the model for
cases where the void (fluid phase) is randomly
distributed in a given system. Since equations (2) and
(3) are written in terms of a bulk mean voidage, ¢, the
structural development of the model is not a limiting
factor, and the model is easily extended to other
geometric arrangements, with their associated vari-
ations in &. Therefore, although the model is developed
for a particular geometry, the result is applicable to
other geometries by allowing ¢ to vary. It is also
apparent that the model is equally valid for any two
distinct materials, fluid and solid, or just solids.

The overall resistance to the flow of energy, in
analogy to an electrical circuit, is given by

U=Uy+U+W+X, (18)

and the overall effective thermal conductivity

_In (Ry/R)

* T WAL )

where Ry = L.

Also, the thermal diffusivity of a medium controls the
diffusion of energy in a purely conductive mode. As
such, the property of interest for the study of
thermocline degradation in a packed bed for thermal
energy storage is the effective thermal diffusivity

k

= ° 20
(1-¢)pc, +epsce 20

%e

The denominator of the functionislinear in ¢, while k.. is
a complex function of several parameters. This implies
that for a given packed bed, the effective thermal
diffusivity depends strongly on the void fraction and the
fluid and solid properties. To validate the model, it must
be tested for a number of packings, including variations
in void and packing particle shape and size.

3. RESULTS AND DISCUSSION

The proposed method of solution was programmed
for an IBM Personal Computer, with the required
input parameters of length of packing traversed by the
energy, L, the average spherical particle diameter, D,
the bulk mean voidage, ¢ and the thermal
conductivities of the solid and fluid phases, k, and k;,
respectively. For purposes of comparison, calculations
of effective conductivities were made for the
experimental cases reported in the summary by Ofuchi
and Kunii [11] and one measured value by Beveridge
and Haughey [5]. The results of these calculations
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Table 1
keofke ko/ke
D, L Ofuchi and Present
(mm) & ky/ks Fluid Solid (mm) Exp. Kunii [11] authors
121 0.376 0.90 Water  Glass spheres 50 0.87 0.94 0.94
8.7 0.369 0.90 Water  Glass spheres 50 0.90 0.94 094
6.38 0.337 0.90 Water Glass spheres 50 0.94 0.94 0.94
3.69 0.369 0.90 Water Glass spheres 50 0.96 0.94 0.94
3.69 0.34 0.90 Water  Glass spheres S0 0.90 0.94 0.94
2.66 0.34 0.90 Water Glass spheres 50 0.90 0.94 0.94
3.69 0.369 3.7 He Glass spheres 50 2.46 2.40 2.35
6.38 0.358 3.7 He Glass spheres 50 2.46 2.38 2.40
8.70 0.369 37 He Glass spheres 50 2.49 2.43 232
3.69 0.369 31 CO, Glass spheres 50 8.61 8.89 9.12
6.38 0.337 31 CO, Glass spheres 50 8.24 9.25 9.40
8.70 0.369 31 CO, Glass spheres 50 9.40 9.07 7.98
1.15 0.340 21 Air Glass spheres 50 6.38 6.40 6.23
369 0.369 21 Air Glass spheres 50 6.71 7.03 7.49
6.38 0.337 21 Air Glass spheres 50 7.13 7.38 7.71
6.38 0.358 21 Air Glass spheres 50 7.49 6.97 7.32
8.70 0.369 21 Air Glass spheres 50 7.78 7.26 6.74
3.09 0.390 1650 Air Steel balls 50 10.1 16.6 16.61
3.09 0.342 1650 Air Steel balls 50 15.0 21.5 22.29
109 0.403 1650 Air Steel balls 50 18.6 15.5 11.20
3.09 0413 1650 Air Steel balls 50 11.2 13.9 15.30
6.32 0.396 1650 Air Steel balls 50 104 17.2 14.32
6.32 0.352 1650 Air Steel balls 50 29.0 20.9 16.94
6.32 0.352 2370 co, Steel balls 50 42.7 225 17.03
3.09 0342 2370 CO, Steel balls S0 22.1 229 20.17
3.09 0.39 294 He Steel balls 50 6.65 12.1 14.77
10.9 0.403 70 Water Steel balls 50 6.28 8.54 8.80
8.18 0.475 59 Air Rashig rings 50 747 6.69 6.99
5.12 0.572 59 Air Rashig rings 50 7.39 5.56 5.60
5.12 0.603 59 Air Rashig rings 50 6.64 5.32 4.79
Table 2
keofke kofke
D, L Ofuchi and  Present
(mm) £ ko/ke Fluid Solid (mm) Exp. Kunii [11]  authors
8.18 0475 87 CoO, Rashig rings 50 10.0 8.51 7.53
S.12 0.603 87 CO, Rashig rings 50 7.95 6.38 S.15
S.12 0.572 104 He Rashig rings 50 231 2.66 3.06
8.18 0.475 2.53 Water Rashig rings 50 1.11 1.53 1.67
5.12 0.603 2.53 Water Rashig rings 50 0.98 1.39 1.46
7.31 0.366 34 Air Cement clinkers 50 8.92 9.10 8.75
7.31 0.370 34 Air Cement clinkers 50 7.40 8.10 8.65
7.31 0.370 50 CO, Cement clinkers 50 9.02 10.0 9.98
7.31 0.366 59 He Cement clinkers 50 334 2.70 323
7.31 0.370 1.44 Water Cement clinkers 50 1.24 1.13 1.25
2.45 0.359 74 He River sand 50 3.19 35 3.62
2.45 0.359 1.78 Water River sand 50 1.77 1.4 1.41
2.45 0.359 42 Air River sand 50 8.20 8.50 10.49
4.75 0.384 12.6 Air Nickel catalyst pellets 50 5.46 49 5.12
4.75 0.384 18.5 CO, Nickel catalyst pellets 50 6.73 6.17 6.46
4.75 0.384 222 He Nickel catalyst pellets 50 1.45 1.69 1.62
4.75 0.384 1.82 H, Nickel catalyst pellets 50 1.20 1.48 1.43
Masamune  Beveridge
and and
Smith [12] Haughey [5]
0.47 0.38 38.53 Air Glass sphere 12.7 6.62 6.40 7.06




Modeling of the effective thermal conductivity

appear in Tables 1 and 2. The mean bed temperature in
the data of Ofuchi and Kunii was ~ 50°C, so that
radiative effects are relatively small. In general, the
proposed stagnant fluid, conductive model is in good
agreement with both the experimentally determined
values and the predictions by Ofuchi and Kunii.
However, there are specific cases for both models where
the experimentally determined values are quite
different than the predicted values (i.e. Cases 18, 22,23,
24, 26, 27, and 31). Error bounds for the experimental
data could not be determined. However, the present
authors could find no reasonable pattern of
discrepancy to indicate a particular physical expla-
nation as the primary reason for the differences. In any
case, for physical systems as complex as these, the
predictions are quite reasonable, and follow the gross
behavior of the overall effective conductivity quite well,
both for the present model and that of Ofuchi and
Kunii. It should be noted that the more complex model
of Ofuchi and Kunii shows significant deviation from
the measured values in many of the same cases as the
present authors’ model. Also the present model appears
valid for packings of irregular particles, producing
reasonable values for the effective thermal conduc-
tivity. The model of Krupiczka [ 10] was compared with
the values of k., found in Tables 1 and 2. For
k./k; = 1650 this model predicted k, values consistently
higher than the experimental data and the model of
Ofuchi and Kunii, and the present model. For
k/ke < 294 the trend is reversed.

Figure 5 shows plots of o /o, and k./k; for the
practical range of values of ¢ for a packed bed. A solid
line is used to characterize the range of ¢ where
experimental data are available. In these units, k. /k; and

\ Dp = 5mm
= 50mm

(Y
L
14 Y

Qe / qf x 103
)
T

FiG. 5. Effective thermal conductivity and diffusivity as a
function of void fraction.

BMT 27:3-F
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/o are monotonic functions of &, with a limiting value
for both curves as ¢ approaches 0.8. From ¢ = 0.7t0 0.8
the value of k. /k; continues to decrease while « /o,
represented by a dashed line, exhibits a change in slope.
Further experimental study is required to determine
the nature of the physical phenomena in this range of
void fraction. Figure 6 demonstrates the rapid increase
of k./k: for 2 <In (k./k;) <5 with limiting values
quickly reached outside this range.

4. CONCLUSIONS

Beginning with a cubic arrangement of cylinders, a
general arrangement of solid and void regions has been
developed which allows for calculation of the overall
effective conductivity and the overall effective thermal
diffusivity of a packed bed. The model requires only the
void fraction of the packing and the solid and fluid
properties. Comparisons with experimental data and
predictions for a range of void fraction, fluid and solid
properties, and packing particle shape and size
distributions show good agreement. This model may
then be used to approximate the effective thermal
conductivity and effective thermal diffusivity of a
packed bed with a stagnant fluid phase. Also, knowing
the effective conductivity of a stagnant bed will allow
the effect of natural convective motion in the fluid to be
assessed.

The model might be improved by starting from a
three-dimensional spherical geometry, rather than a
cubic packing of cylinders. An additional improvement
may result from the introduction of radiative transfer in
the void spaces, in cases of high temperature operation.

The range of void fraction studied experimentally is

O o N »
T

Dp = 5mm
L =50mm
€ =037

© O =N w s
T T T 1T T T

ke / k¢

O - D W bdh N ®
T

T T N G R R BN B
21 041 2 3 4 5 6 7 8

An (ks 7kt )
FiG. 6. Effective thermal conductivity as a function of In (k/ky).
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small, and further comparisons would be useful,
especially in the range of void below 0.3. Values of ¢
down to 0.0931 can be achieved with regular packings
of cylinders, so that additional comparisons are
possible.
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MODELISATION DE LA CONDUCTIVITE THERMIQUE ET DE LA DIFFUSIVITE
EFFECTIVES D’UN LIT FIXE AVEC UN FLUIDE STAGNANT

Résumé - A partir d’un modéle de transport radial d’énergie dans un milieu poreux saturé de fluide et forme
d’un arrangement cubique de cylindres avec un fluide stagnant, on propose une méthode générale pour
déterminer la conductivité globale effective, la capacité thermique volumique et la diffusivité thermique
effective. Le modéle n’est pas limité 4 une géométrie particuliére puisqu’il requiert seulement la connaissance
des propriétés physiques du fluide et du solide et de la fraction de vide. Des comparaisons montrent que le
modéle s’accordent bien avec les valeurs expérimentales et théorigues pour la conductivité effective. On
présente des résultats pour la fraction de vide et du rapport des conductivités du solide et du fluide.

MODELLBILDUNG DER EFFEKTIVEN WARMELEITFAHIGKEIT UND
TEMPERATURLEITFAHIGKEIT EINES FESTBETTES MIT RUHENDEM FLUID

Zusammenfassung —Zundchst wird ein Modell entwickelt fiir den radialen Wirmetransport in einem mit
Fluid gesittigten porésen Medium, das aus einer kubischen Anordnung von Zylindern mit ruhendem Fluid
besteht. Daraus ergibt sich eine verallgemeinerte Methode, um die effektive Wirmeleitfdhigkeit, die
volumetrische spezifische Wirmekapazitit und die effektive Temperaturleitfihigkeit zu ermitteln. Das
entstehende Modell ist nicht aufeine besondere Geometrie beschrinkt, da es nur die physikalischen Stoffwerte
der Fliissigkeit und des Feststoffs und die Porositiit als Eingabegri8en bendtigt. Vergleiche zeigen, daB das
Modeli gut mit experimentellen und theoretischen Werten fiir die effektive Leitfdhigkeit iibereinstimmt, chne
empirische oder theoretische Modellparameter zu benétigen. Ergebnisse fiir die effektive Wiarmeleitfihigkeit
und die effektive Temperaturleitfihigkeit werden als Funktionen der Porositdt und des Verhiltnisses aus
Feststoff- und Fluidwirmeleitfahigkeit dargestelit.



Maodeling of the effective thermal conductivity

MOJEJUPOBAHUE 2OOEKTUBHOM TEIJIONMPOBOAHOCTU U
TEMIIEPATYPOITPOBOAHOCTH IMJIOTHOIO CJIOA C HEIMNOABWXHON XHUJAKOCTHIO

Annoramms—Mcxons U3 MOJENH paauanbHOTO 3HEProNEpeHOCA B HACBHILCHHOW XHAKOCTbHO NOPHCTON
cpene, 06 pasoBaHHOM KyOHueCkoH pelleTkoH U3 LMIHHADPOB, 3aMOJHEHHOH HEMONBHXHOH XHAKOCTBIO,
npeatoxed 06061eHHbIH MeTO onpeleneHus cpeaseil adpdexTHBHON TemIONPOBOAHOCTH, 00BEMHON
yAEIbHOMR TEMIOEMKOCTH U 3pdeKTUBHOrO k03pUIMEHTa TeMNePaTyponpoBOAHOCTH. I1peanoxenHas
MOJe/Ib He OTpaHNYeHa kako#-Iu60 reomeTpHel, Tak kak B Hee 3a710XKeHBI TONBKO (PHIHYECKHE CBOHCTBA
KUOKOCTH, TBEPAOIO TENA H KO3POHULHENTA NOPHCTOCTH, CpaBHEHHS TI0KA3LIBAIOT, 4TO MOIEIb XOPOLLO
COIacyeTcqd KaK C JKCICPHMEHTAIbHBIMH, TaK H C TEOPETHYECKHMH JaHHBIMH Wi 3bdgeKTHBHOH
TEMXONPOBOAHOCTH, HE TPeOys BBENEHHA HH IMIMPHYECKHX, HH TEOpeTHYECKHX napamMerpos. [Ipen-
CTaBJICHBI DPE3yJbTaThl [ 3QHEKTHBHBIX TEIUTONPOBOAHOCTH H TEMNEPATYPOHPOBOAHOCTH Kak
¢dyHKIHA K0P PHIHEHTA MOPUCTOCTH H OTHOLUIEHHS TEIUIONPOBOAHOCTH TBEPAOroO TeJla K TEMIONPOBOI-
HOCTH XHIOKOCTH.
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