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The theoretical model is presented to develop effective
thermal conductivity of two-phase systems for the different values of
thermal conductivity of the constituent phases with their volume
fractions. In this model, all arrangement has been divided into unit cells,
each of which contains a regular three dimensional (3-D) cubic geometry
like a cylinder or ellipsoid. We use resistor model, to determine the
effective thermal conductivity (ETC). The correction term F, which
depends upon porosity, is introduced. We have large number of samples
in this theoretical model. So here, we get large number of comparisons
with other models and experimental values cited in the given literature.
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Introduction
The theoretical modeling for two-phase systems is a challenging
task for engineer and physicists. There are many fields like- the explosive
industry, the ceramics industry, nuclear reactors and in missile technology,
in which the study of thermal parameters of these two-phase systems is
valuable. So the knowledge of thermal conductivity is very essential.
Because these parameters are very helpful for engineers, architects, and
physicists. The ETC depends on different factors like thermal conductivity,
porosity, size of the particles, and packing of the constituent phases.
Accounting for all these factors in order to predict ETC is a very complex
affair. In various literature one finds several efforts [1-6] in which the
situation has been simplified by assuming that the particles are of specific
shape and arranged in a particular geometries within the continuous phase.
In the present paper we have tried to fill the space arrangement of
cells of equal size with the minimal surface energy and a theoretical model
has been proposed to predict ETC of two-phase system with a regular 3-D
cubic geometry. We know the resistor model has been applied to
determine ETC of the unit cell. Expressions for the porosity with correction
factor have been obtained empirically by simulating experimental data
present in the various literature. The present model is very simple and
provides wider applicability to 3-D cubic geometry. Its ability to predict
correctly the ETC of two-phase system. This system having high ratios of
thermal conductivities of their constituent phases.
Theory
To solve the problem, we take three assumptions in our model- (i)
the contact resistance between the solid and fluid phase is negligible, (ii)
the mixture is homogeneous throughout and no transfer of heat occurs by
way of convection or radiation and (iii) the heat flows along the x-axis and
the flux lines remain parallel during the heat flow.
Let the grains of the solid phase be 3-D cubic geometry principal
axes 2a, 2b and 2c (a<c). Suppose these grains be located at the corners
of a sample cube of side 2b each. Their distribution in 2-D is shown in
figure 1(a). The geometry of a unit cell is shown in figure 1(b).
Assume that the origin of coordinate axes be located at the centre
of the 3-D cubic geometry. Consider one slice bounded by two phanes at
distances x and x+dx. This section shown in figure 1( c), which is divided
into four quadrants. One such section is shown in figure 1(d). this section is
further divided by planes perpendicular to the z-axes. This results in the
section of rectangular bars, which is shown in figure 1(e). Suppose the
length of the bar be b and the cross-sectional area will be dxdz.
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Fig. 1(e) rectangular bar.
The volume fraction of the solid phase will be
(ydxdz)/(bdx dz)= y/b
(1)
Similarly, the volume fraction of the fluid phase will be
{(b-y)dxdz}/(bdxdz)=(1-y/b)
(2)
The terms (y/b) and (1-y/b) are equivalent to the 1-D
porosity as used by Cheng and Vachon [7].
Considering various components as resistors one can
take a combination of such resistors to predict ETC.
Because these elements form parallel resistors with
respect to the direction of heat flow, so we use the
resistor model the thermal conductivity of the bar will
be
’
λ = λ1 (y/b) + λ2 (1-y/b)
(3)
where λ1 and λ2 are the thermal conductivities of
solid and fluid phases, respectively. Now with the help
of reference [8], we do same process for 3-D cubic
geometry and at last we get the following expression
as below-

Fig. 1(a) particles distribution in 2-D.

(4)
But for practical utilization, we have to modify (4) by
incorporating some correction term with reference [9]
Tareev has shown that, during the flow of electric flux
from one dielectric to another dielectric medium, the
deviation of flux lines in any medium depends upon
the ratio of the dielectric constants of the two media.
Using these phenomena we can have the
concentration of thermal flux altered from its previous
value as it passes through another medium and that
the amount is a function of the thermal conductivities
of the constituent phases. So a zigzag path of flux
lines in the bulk and also alters the density of flux
lines in the constituent phases. Therefore, (4) can be
written as-

Fig. 1(b) geometry of a unit cell.

Fig. 1( c) one section of unit cell.

(5)
Rearranging (5) we get
1/2
AF + BF. + C =
(6)
Where A = [λe ( λ1 – λ2)], B = [{√(π/6)} (λ1 – λ2) (λ2 –
λe)] and C = λ2 (λ2 – λe).
Results and Discussion
Tables 1 and 2 cite experimental results of
ETC and other data reported in the literature. Without
using correction term, from equation (4), we have
large deviation from the experimental results. This
prompted the introduction of a correction in porosity.
The correction term introduced for each sample has
been computed using (6) and plotted with
Such
plots
of

Fig. 1(d) one part of the section

1/2

versus F.

are shown in figure 2

and 3. It is observed from the figure that F.
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increases

roughly
linearly
with
increasing
We have used the curve fitting

Fig. 2 the variation of porosity correction term F.
.

technique and found that the expression
1/2
F. = C1
+ C2
(7)

0.2
0.1
0
0.716

0.8
0.4
0
0.4

0.6

12

a

Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
a
Cu/solder
b
cellosize/flexol
c
cellosize/polypropyllene glycol
Water/mineral Oil

c

Graphite/water

f

Graphite/water

f

Graphite/waterf

14
Ti.Oxide/methyl vinyl

d

e

17
Selenium/polypropylene glycol

d

Selenium/polypropylene glycol

d

18
19

Water/mineral Oil

c

λ1

λ2

λe
(Expt)
85.2
92.4
81.7
82
92.7
115.4
90.2
102
118
0.235
0.234

Cu/soldera
0.0507 398 78.1
Cu/soldera
0.0996 398 78.1
Cu/soldera
0.0263 398 78.1
Cu/soldera
0.0286 398 78.1
Cu/soldera
0.1029 398 78.1
Cu/soldera
0.2377 398 78.1
Cu/soldera
0.0848 398 78.1
Cu/soldera
0.1586 398 78.1
Cu/soldera
0.2516 398 78.1
cellosize/flexolb
0.3 0.616 0.161
cellosize/polypropylle 0.3 0.55 0.15
ne glycolc
Water/mineral Oilc
0.4 0.611 0.149 0.292
Selenium/poly.
Glycold
Ti.Oxide/methyl
vinyle
Graphite/waterf

Selenium/poly. Glycol

16

0.8

Type of the sample ф1

13

15

0.722
1/2

vs

Table 1
-1
Comparison of ETC values for two-phase systems using equation (5). The thermal conductivity is in W m

K .
S. No. Type of the sample
1
2
3
4
5
6
7
8
9
10
11

0.72

Tables 1 and 2 show a comparison of
experimental results of ETC and calculated values
from (5). For solid-air, emulsion, suspension, granular
and solid-solid two-phase systems the average
deviation is 7.05%, shown in table 1 and for Al-air
system the average deviation is 6.49%, shown in
table 2, respectively. It is found that Jagjiwanram &
Singh R model has 9.62% error for solid-air, emulsion,
suspension, granular and solid-solid two-phase
systems and 13.66% error for Al-air system,
respective
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0.718

Fig. 3 the variation of porosity correction term F.
.

0.6

0.2

vs

0.3

best fit the curve obtained in figure 2 and 3 where C 1
and C2 are constants. These constants are different
for different type of materials. The values of these
constants for solid-air, emulsion, suspension, granular
and solid-solid two-phase systems are 0.82641 and
0.063, for Al-air system constants are 0.04113 and
0.71273, respectively.
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Table 2
-1 -1
Comparison of ETC values for two-phase systems using equation (5). The thermal conductivity is in W m K .
S.
Type
ф1
λ1
λ2
λe(Expt) λe(Theo)by(5) % Error
No. of the
sample
h
1
Al/air
0.029 218 0.026 2.7
2.698591029
0.05218412
Al/air

h

0.095
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0.026

6.7

8.219435061

22.6781352
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h
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0.026
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4

Al/air

h

0.094

218

0.026

6.9

8.00872482

16.0684757

Al/air

h

0.028

218

0.026

2.5

2.664272083

6.57088333

2

5

Average deviation
Conclusions
1. The model is capable of predicting ETCs close to
the experimental values even for mixtures of
higher conductivity ratios and high porosities,
whereas one may find that other models give
higher deviations in those situations.
2. The proposed model is also applicable for
systems having a high ETC ratio of the solid and
fluid phases.
3. This model is very simple but powerful enough
without compromising on the results.
4. This model generalizes the work of Singh et al
[10], who treated a three-dimensional cubic array
with spherical particales.
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