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ABSTRACY

Therrmul conductivity and electrical resistivity of porous materials, including
304LL stainless steel Rigimesh, 304L stainless steel sintered spherical powders,
and OFHC sintered spherical powders at different porosities and temperatures
are reported and correlated. It was found that the thermal conductivity and
electrical resistivity can be related to the solid material properties and the
porosity of the porous matrix regardless of the matrix structure. It was also
found that the Wiedermann-Franz-Lorenz relationship is valid for the porous
materials under consideration. For high conductivity materials, the Lorenz
constant and the lattice component of conductivity depend on the material and
are independent of the porosity. For low conductivity, the lattice component
depends on the porosity as well.
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1.0 INTRODUCTION

Thermal conductivity of porous material is an important property in determining
the temperature distribution of coolant and porous structure in transpiration
cooling. Due to the irregularity of the microstructures, confident theoretical
calculation of thermal conductivity of porous materials is rather difficult if
not impossible. Existing prediction methods are based on certain simplifications
such as parallel cylinders, laminates in series, spheres dispersed in a conduct-
ing medium, etc. Even with a well defined microstructure, the problem remains
complex due to the existence of the interface resistance. Therefore, with the
exception of parallel cylinders, a semi-empirical approach is the only practical
way of predicting the thermrl conductivity of porous materials. This approach
was used by Groetenhuis, Powell and Tye (Reference 1) who measured the thermal
conductivity and electrical resistivity of sintered powder bdbronze at different
porosities £ from 20°C to 200°C. They found that all the data on thermal
conductivity A and electrical resistivity § ag different temperatures T may
be represented by a straight line N\ = 2.43 x 10~ + 2.1 independent of
porosities. They also suggested the use of & =1- 2.1§ for therml
conductivity calculations where Ao 1is the thermal conductivity of solid
meterial. Recently, Aivazov and Domashnev (Reference 2) derived an expression
for the thermal ccnductivity of porous materials as follows: :}o = =L

n is a constant depending on the microstructures. The validity of thes
expressions for other microstructures and other materials remeains unknown.

The purpose of the present study is to provide experimental data of thermal
conductivity and electrical resistivity of different porous materials at a
temperature range from 100°C to 1000°C and to develop semi-empirical equations
from these data.

2.0 MATERIALS STUDIED

The materials studied are (1) porous 304L stainless steel Rigimesh, (2) 30LL
stainless steel sintered spherical-powder, and (3) oxygen free high conductivity
copper sintered spherical-powder. For convenience, these materials will be called
Rigimesh, stainless powders and copper powders respectively in this report.

Three different porositizs of each material are investigated. A summary of the
tested samples is shown in Table I. In the last columm of the Table, the term
"Flow" applies to either the heat flow direction in the case of conductivity
measurements or the current flow direction in the case of electrical resistivity
measurements. For the solid materials and sintered powder samples, the materials
are isotropic and the flow is always along the "f " direction designated under
column 4. A detailed characterization of the porous materials may be found in
References 3, 4 and 5.

The thermal conductivity and electrical resistivity of all samples were measured
by Dynatech Corporation. Detailed description of the tests was reported in
References 4 and 6.



3.0 RESULTS AND DISCUSSIONRS
3.1 THERMAL CONDUCTI/ITY

3.1.1 Porous 304L Stainless Steel. The thermal conductivity of porous
304L stainless steel at various porositiés and temperatures is shown both in
Table II and Figure 1. The effect of thermal expansi_n on length and area of
the sample has not been included. Available data in the literature for solid
304 and 304L stainless steel are also shown in Figure 1 for comparison. Reason-
able agreement 18 found between the published results and the present data.

For the same material at various porosities, no valid published data are avail-
able for comparison.

Figure 1 shows that at low porosity (§ = 0.1), the thermal conductivity of the
Rigimesh is significantly higher than that of the sintered powder. This may be
due to *the experimental error of the Rigimesh.

3.1.2 Porous Copper. The thermal conductivity of copper at various
porosities and temperatures is shown in Table III and Figure 2. Several published
results of the conductivity of solid copper are also shown in the Figure for
comparison. The lines for pure and impure copper were computed by the following
equation given in Reference 12.

X\ =Xy [1.05 - .05 ?'{_5 ] (1)

vhere:

s v ml x1 for pure Cu
) P
330 w -l x~1 for impure Cu

T = Temperature (k)

The present data for the solid copper may be represented by the following
equation:for the temperature range from 300 K to 1000 K.

]

A= 1.2 (1.05 - 0.05 3852."6) (2)

Clearly, Figure 2 shows that the conductivity of copper is a significant function
of impurity. If it is assumed that the results for pure copper, .9999 Cu and

.996 Cu are reliable, then the values of conductivity for .99999 Cu and .999 Cu
appear to be too low. In general, it may be stated that within the temperature
range from 300 K to 1300 K, the thermal conductivity of porous copper decreases
linearly as the temperature increases. Notice that for the porosity of .2096, the
thermal conductivity decreases with temperature at a rate significantly higher
than at any other porosities. This indicates the possible experimental error

for the sample at .2096 porosity.



3.2 ELECTRICAL RESISTIVITY

3.2.1 }QFL Stainless Steel. The electrical resistivity of porous 304L
stainless steel ag a function of temperature at .arious porosity is shown both
in Table II and Figure 3. Again, the data have not been corrected for thermal
expansion. Published data for the solid material are also shown in the Figure
for comparison. For a temperature wp to about 900°K, the present results agree
with those of Reference 11 quite well. However, for higher temperature the
discrepancy is significant. Data from Reference 1l shows a rapid increase of
electrical resistivity at a temperature higher than 900°K. This ;i 'nomenon

is not found in the present data. It is not found in the conducti.’ty informa-
tion either (Figure 1). In view of the similarity between electricul conductivity
and thermal conductivity, it is concluded the* the rapid increase of electrircal
resistivity at the temperature beyond 900°K as shown in Reference 11 may not be
valid.

3.2.2 Sintered Powder Copper. The electrical resistivity of copper

at various porosities and temperatures are shown in Table III and Figure 4.
Resistivity information for solid copper as a function of temperature published
in Reference 11 1g8. also shown in the Figure for comparison. Agreement between
the present results and those of Reference 1l on solid copper resistivity is
quite good.

3.3 TEMPERATURE EFFECTS .

The effect of temperature on both the thermal conductivity and electrical
resistivity is represented in the form of temperature coefficient in Table IV.
The temperature coefficient is computed from the experimental data given in
Tables II and III by the following equations:

- AT - Nioo | = | )“T _
o< T - 100 "loo AT (\.oo , ) (3)
,1' - SlOO { | '1-
- - - h
ﬂ T - 100 S0 AT\ fi00 ! ) ()

Where the subscript indicatesthe temperature in degrees CT. The temperature
coefficients for bronze powders are also shown in Table IV, for comparison.

Table IV shows that for the sintered powders the temperature coefficients ¢(

and 8 at 21% porosity iz significantly different from the other porosities.

As pointed out previously, this may be due to the experimental error of the
sample at 21% porosity. With this in mind, Table IV shows that the temperature
coefficients are practically constant independent of porosity. Thus, the thermal
conductivity and electrical resistivity at any temperature may be computed by

the following equations:



AT =1 +x( T-100) (5)
A 100
fx =i+ g(T-100) (6)
A TS
. - .00089  stainless steel
vhere: « -.000265 copper

- .0005kks  stainless steel
ﬁ .C0329 copper

3.h DIMERSIONLESS CONDUCTIVITY AND RESISTIVITY

Using the thermal conductivity and electrical resistivity of solid material
as a reference, the dimensionless therml conductivity, -%— and the dimension-

°
less electrical resistivity, fo as a function of temperature for different

porous material vwere computed from Tables II and III. The computed results are
listed in Tables V, VI, and VII respectively for the stainless steel Rigimesh,
the stainless steel powder, and the copper powders. An inspection of Tables V
t0o VII reveals that the dimensionless thermal conductivity and electrical
resistivity are essentially independent of temperature. This is consistent with
the expressions of equations (5) and (6). Thus, an average value for each
mterial and each porosity may be used in the subsequent discussions. These
average values are shown in Figure 5. The solid lines in Figure 5 are
represented by a correlation discussed in the following section.

3.4.1 Correlation of Dimengsionless Conductivity and Resistivity.
Different correlztion equations have been published in the literatures (Ref 1ces
2, 13-18). It has been found that the present experimental data can bhe be:
represented by either one of the following two equations:

A |
Ae 1-€ & ! (1)
-2 =~ a4,
A I 4
. 8
Ao |+'\?{. ()



Equation \7) was derived from a general form of the thermal conductivity of
a mixture (References 13 and 14). Equation (8) was deduced from a pornus
material having different regular pore configurations (Reference 2). ag,
al and n are constants depending on the microstructure of the material and
must be determined from experimental data.

Since equation {8) is significantly simpler than equation (7), it will be
used in the present correlaiion. Equation (8) may be solved for n in terms
of N and € to ylela:

o
\ I- €
n-gz[_,\_ ) (9)
Mo )
Thus, using experimental data, n can be found for each pair of values of §
and N . Ueing the results in Tables V, VI, and VII and excluding the

Rigimeéﬁ and sintered stainless steel at about 9.2% porosity for the reason
that there may be experirental errors, it was found that the value of n varies
from 8.1 to 12,2 and the mean value for n is 10.2. Therefore, a round number
of 10 will be used for n and the dimemsionless conductivity is given by

A | —
== (10)
)\O |4"°§2
Similarly, the correlation of electrical ~esistivity is given by:
50 '-g (
- 11)
s I+ 1lg2

Equ tions (10) and (11) are shown as solid lines in Figure 5. Considering the
complexity of the problem and the significant differences in microstructures
from Rigimesh to sintered powders, it is concluded from Pigure 5 that the
correlation .s satisfactory. Whether or not this correlation is satisfactory
for other microstructures, such as foam metal, felt metal, lamilloy, poroloy,
etc., remains to be substantiated.

3.h.2 Other Correlations and EZxperimental Data. It was shown in
Reference 1 that for sintered matrices, the experimental data on thermal con-
ductivity can be best correlated dy a simple siraignt line as follows:

n

-;:; = | ~-2.1 § (12)



An extensive review of literature on therwal conductivity of porous materials
performed in Reference 19 shows that equation (12) indeed represents the avail-
able experimental data well. This correlation, together with equation (10)
and the model of pearallel cylinders, LY € are shown in Figure 6. Some
experimental data are also shown in the Figure for comparison. However, for
clarity, the experimental data for sintered powders compiled in References 1
and 19 are not shown in the figure.

Figure 6 shows that the equation -3\ A Hﬁ! correlates all the experimental
data very well. On the other hand ’ vhe parallel cylinder mode,. "'X

would over estimte the conductivity while the correlatio =172 2, 1
would under estimate the conductivity when the porosity is 1arger than §0$

Pigure 6 shows also that the conductivity for Foametal and Feltmetal at high
porosity (§ 2 u42%) can Ye represented by equation {10). No experimental data
for these materials at low porosities are avajlable to substantiate the
correlation.

3.5 RELATION BETWEEN THERMAL CORDUCTIVITY AND ELECTRICAL RESISTIVITY

3.5.1 Relation Established in Literatures. Published literatures
(Reference 23) show that within the temperature range where there is no
mgnetic transformation the thermal conductivity and electrical resistivity

of solid materials are approximetely related by the following Wiedermanmn-Franz-
Lorenz equation

A= AT +b (13)
s
where L = Lorenz constant
E‘fz = Electronic component of thermml conductivity
b = Lattice component of thermal conductivity

Values of L and b ror d!fferent materials can be found in Rererence 23.

T
3.5.2 N vs. F of Present Data. Using the data in Tebles II and III,

the functional relationship between A and .Trf— for the present data is shown
in Pigures 7, 8, and 9 for the stainless Figimesh, stainless powders, and copper
povders respectively. For the stainless steel materials, Figures 7 and 8 show
that distinct straight lines could be drawn through the data for each porosity.
Also, the slope is essentially the same between different lines and independent
of porosity. Therefore, for the : .inless steel material, the Lorenz constant
in equation (12) 1s indeed a constant indeper**nt ¢ porosity while the lattice

component of conductivity b depends on t!. <« i+;. For the copper material,
Pigure 9 shows that all the data 2u:: t «.-*" *Aly represented by a single line
independent of porosity. Using a .- i 2thod, the line represents best

the experimental daty is as follows:



N = 2.30Tx 10-8 %— + 18.6 (Copper Powders) (1%)
In Reference 1 it is shown that the thermal conductivity and electrical
resistivity of bronze powders can be represented by the following relation
independent of porosity.

A= 2.43x 10-8 ';_ + 2.1 (Bronze Powders) (15)

So far, the available experimental data for porous materials show that:

(1) The Wiedermann-Franz-Lorenz relation given by equetion (13) is valid.

(2) The Lorenz constant L depends on the kind of material and independent of
porosity. (3) The lattice component of conductivity b depends on the kind
of material for bronze and copper. It depends on the porosity as well for the
stainless steel.

To explain the different dependency of b on porosity, the following information
on conductivities of porous copper, bronze, and stainless steel Rigimesh at 50°C -
100°C is provided.

Conductivity

Ae >\x >‘!
Material Porosity wem-1 K‘l (LT/ 5 ) (\9) A Source
Copger at 3009 163 14 18.6 11k Present
100°C
Bronze at . 368 15.1 13 2.1 .14 Ref. 1
50°C
Stainless .385 4.3 2.65 1.65 .384 Present
Steel at
100°C

The above table shows that for porous bronze and copper, the lattice component
of thermal conductivity is relatively unimportant (up to 14% of total con-
ductivity) while for porous stainless steel Rigimesh, the lattice component of
conduction (38%) is almost as important as the electronic compoment of conduction.
Therefore, it is appropriate to postulate that within the temperature range
vhere there is no magnetic transformation the lattice component of conduction
depends on the porosity for all the materials. But, due to the limit in
experimental accuracy, the effect of porosity on the lattice component of
sonductivity (i.e., b in equaticn 13) can only be found in low conductivity
materials where the lattice conductivity is important and can not be found

in high conductivity materials vwhere the lattice conductivity is relatively



unimportant. For engineering applications, it may be stated that for bronze
and higher conductivity materials, the thermal conductivity and resistivity
is related by a single line of equation (13) with a single slope L and a
single intercept b independent of porosity. For stainless steel and low con-
ductivity materiale, the thermal conductivity and electrical resistivity is
related by a set of straight lines.

T
3.5.3 Correlation of \ vs. § for 304L Stainless Steel Rigimesh, Tme
experimental data on thermml conductivity and electrical resistivity at different

temperatures and porosities are correlated to a single equation by the following
postulation:

(1) The slope L in equation (13) is a constant independent of porosity.

(2) The lattice component of conductivity b is a linear function of porosity,
i.e.,

b = Cu-0C €

Thus, equation (13) can be rewritten as

T
A= L3 +Co-c§ (16)
The constants, L, Cc, and C; are found by the following steps:
(1) Por each porosity, determine the best slope L by a least square method.

(2) A1l the values of L found in Step (1) are added and divided by the number
of porosities. The result is taken as the best value for L.

(3) Using the best value of L in equation (16) and the experimental data of
N> 3, and §, the best values of Co and C) are determined by the
least square method.

The resulting equation as found by the foregoing calculations for the 304L
stainless steel Rigimesh 18 as follows:

-8
A+9023 § ~2.22x 10 '%- + 5.309 (Rigimesh) (17)

Figure 10 shows a comparison bdetween the experimental data and the correlation.
With the exceptions of two data points thet deviate from the correletion
equation by 6.6%, over 70% of ihe da:c fall within 3% of the correlation given
by equation (17).

T
3.5.4 Correlation of \. vs. § for 304L Stainless Steel Powders. The

same procedures outlined in the foregoing section have teen employed to correlate
the data for the 304L stainless asteel powders. The resulting equation is shown
below.




N +13.56 ¢ =2.003 x 10°8 '-rr- + 6.624 (Powders) (18)

A comparison of the correlation line and the experimental data is shown in
Figure 11. The maxiin= deviation between the line and the experimental data

is 5%; over 75% of the data are within 2% of the correlation. Thus correlation
for the powders arpear to be better than that for the Rigimesh.

3.5.5 Correlation of .. vs. '_rr for 304L Stainless Steel Rigimesh and

Powders. When the cata for both the Rigimesh and powders are considered together,
the following zcrrelation is obtainead:

A +11.18 § =2.16 x 10"8 -'1;,— + 5,956 (19)

This correlation is shown in Figure 12 together with the experimental data.
The maximum deviation between the correlatior iine and the experimental data

is 9% for the Rigimesh at .093 porosity. Over 70% of the data fall within 5%
of the value given by equation (19). In view of the complexity of the problem,
this correlation is deemed satisfactory.

4.0 PREDICTION OF THERMAL CONDUCTIVITY OF POROUS MATERIALS

1n general, the thermal conductivity and electrical resistivity of a solid
material can be found in the literatures. This information may be used to
estimate the thermal conductivity of the material at different porosity and
temperature.

4.1 PREDICTION OF POROUS MATERIAL CONDUCTIVITY FROM SOLID CONDUCTIVITY
DATA

When the thermal conductivity of solid material as a function of temperature is
known, the thermal conductivity of porous material can be computed by use of
equation (10). When the thermal conductivity of solid material is known only

at a certain temperature, the thermel conductivity of porous material at any
o-her temperature may be found by first computing the solid material conductivity
from an equation similar to equation (5) and then cbtain the answer by use of
equation (10).

b2 PREDICTION OF POROUB MATERIAL CONDUCTIVITY FROM ELECTRICAL
RESISTIVITY DATA

When the electrical resistivity of a solid material as a function of temperature
is given, the thermal conductivity of porous material can be found by two steps:

(1) Determine the thermal conductivity of solid material as a function of
temperature by use of equation (13) with appropriate constants L and b.



(2) Compute the thermal conductivity of porous msterial by use of equation (10).

When the electrical resistivity of a solid material is known at a temperature
only, the thermal conductivity at the same temperature can be foumd bty use of
equation (13). Equation {S) can then be used to determine the solid con-
ductivity at any other temperature. :rinally, the thermal conductivity of the
material at a specific porosity can be computed by use of equation (10).

A numerical example of the computstional procedure as outlined above is
presented in Appendix A.

5.0 CONCLUSTONS AND RECOMMENDATIONS
5.1 CORCLUSIONS

Thermal conductivity and electrical reslstivity of stainless steel Rigimesh,
stainless steel powders and copper sintered spherical-powders at different
porosities have been measured for a temperature range from 100°C up to 1000°C.
Data have been analyzed and correlated. The correlations were tested using
existing data for other porous materials. DBased on this study, the following
conclusions may be drawn.

(1) For sintered powder and Rigimesh, the dimensionless thermal conductivity

can be represented by X = V-5 z- and the dimensionless electrical
AoV +IO
resistivity is given by Fs - '\-§ . The correlation also fits the
£oI+11g?

existing data on thermal conductivity of foametal, feltmetal, and non-
spherical sintered powders.

(2) Within the temperature range where there is no magnetic transformation,
the thermal conductivity of porous metals is related to the electrical
resistivity and temperature by the Wi{edermann-Franz-Lorerz equation:

p -IJ'.—:T + b. For a high conductivity material, such as bronze and

copper, where the lattice component of conduction is relatively unimportant
the slope L and the intercept b are a function of material Hut independent
of porosity. However, this intercept depends cn the poroesity as well as
low conductivity material such as stainless steel where the lattice
component of conductivity is almoet as important as the electronic
component of conductivity.

(3) For Rigimesh and sintered powder structures, the thermal conductivity of
porous materials can be cowputed from the information of solid material
conductivity or solid material electrical resistivity.

5.2 RECOMMENDATIONS

This study has been limited to the porous Rigimesh and sintered vowder structure.
It is unkmown whether or not the conclusions are valid for other microstructure of
porous materials, such as feltmetal, at lov porosity, foametal at lov porosity,
lamilloy, poroloy, etc. It is, therefore, suggested that study be extended to
puch different microstructuree comonly used in engineering processes.
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Subscripts
0

4

NOMENCLATURE

Constants, equation (7)

Constant in Wiedermann-Franz-Lorenz equation
Constants, equation (16)

Constant in Wiedermann-Franz-Lorenz equation
Constant, equation (8)

Temperature

T:mperature coefficient for conductivity, equation (5)
Temperature coefficient for resistivity, equation (6)
Thermal conductivity

Electrical resistivity

Porosity

Solid material (§ = 0)
Lattice component

Electronic component
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No.

&~

O @ N O W

10

11

13
1k
15
16
17
18
19
20

21

23
2k
25

TABLE I

Materials

30L4L SS
30L4L SS
304L SS
304L SS
304L SS
304L SS
304L SS
304L SS
304L SS
30L4L SS
30L4L SS
304L SS
304L SS
304L SS
304L SS
3041 SS

30LL S8

Rigimesh
Rigimesh
Rigimesh
Rigimesh
Rigimesh
Rigimesh
Rigimesh
Rigimesh
Rizimesh
Sintered Powder
Sintered Powder
Sintered Powder
Sintered Powder
Sintered Powder
Sintered Powder
Sintered Powder

Sintered Powder

Porosities

-093
-093

.093
.203

.203
.385
.385
.385

.928
.2138
.2158
.310
«3199

OFHC Copper Sintered Powder O

OFHC Copper Sintered Powder O

OFHC Copper Sintered Powder
OFHC Copper Sintered Powder
OFHC Copper Sintered Powder
JFAC Copper Sintered Powder
OFAC Copper Sintered Powder

OFHC Copper Sintered Powder

DETAILS OF TESTED SAMPLES

Size

63.9x63.8x20.6
6.36 x 6.26x20.11
6.22x6.30x59. 46

6l bxFk .6x26.19
6.55x6.26x26.32
6.70x6.19x58. 71
62.75x62.59x2h . 46
6.64x6.45x25.52
6.73x6.60x59.07
25.5(a) x 25.4 (1)
6.45 (a) x 31.5 (1)
25.6 (d) x 26.3 (1)
6.39 (a) x 42.% (1)
25.6 (d) x 25.4 (1)
6.%0 (d) x 26.6 (1)
25.4 (d) x 25.2 (1)
6.30 (d) x k0.1 (1)
25.4 (d) x 25.4 (1)
6.35 (a) x 31.1 (1)
25.1 (d) x 25.4 (1)
6.35 (d) x 42.2 (1)
25.% (a) x 25.4 (1)
25.4 (a) x 25.4 (1)
25.5 (4) x 25.4 (1)
6.27 (a) x 38.9 (1)

> Flow lorll

or

ﬁ

Y Y Yy Y Y Yy Yy 3y Yy Y Y Y Y Y Y Y

to Weave
Pattern

L
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TABIE IV TEMPERATURE COEFFICIENTS

(Reference 1)

TEMPERATURE
MATERIALS POROSITY x(zér):cz o ﬁ
Stainless .093 100 - 1000 .00C949 .000578
Rigimesh .203 .000853 .000587
.385 .000853 .00056
Stainless 0 100 - 900 .0008kk4 000598
Powde=s .0g2h .000893 .000502
2148 .000632 .000708
.315 .000932 .000k L
Copper 0 100 - 700 -.000227 .00333
Powders 1031 - .000273 .00345
+2096 - .000517 .00h25
.3043 ~ 000294 .00309
' Bronze 0 - .368 20 - 200 .0021 .00058
Powders (509c-200°C) | (20°C-200°C)
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TABLE VII DIMERSIONLESS CORDUCTIVITY AND RESISTIVITY (P

SINTERED POWDER COFPER

3077

2096 2096

........

4 832218938

.1031

4 FAZ3E53 Y3

# 23888243

..........

POROBITY

TEMPERATURE
(x)
373
573
573
673
T73
813
913
Average

2l
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APPENDIX A - NUMERICAL EXAMPLE

The computational procedures outlined in Section L.0 are demonstrated in the
following example where the conductivity of 304L stainless steel powders at
500°C having a porosity of 0.31 is to be computed from different known informa-
tion.

(1)

(2)

(3)

()

Given Ao =21.75 wul ¢l at T =500% § =0
From equation {10), the conductivity at 500°C and § = .31 is

1 - .31

5 21.75 (.35186) = 7.65
1+ 10 (.31)

A =21.75

Given )\, =16.3Wmt ClatT =100 ¢ =0
From equation (5), A at 500°C and § =0 is

Ao=16.3 (1 + .00089 (500 - 100) = 22.1 wm-1 ™

From equation (10), A at 500°C and & = .31 is

A =221 1-0.31 = 7.78

1+ 10 (.31)°

Given §o = 104.5 x 108 qwm at T =500, § =0

From equation (19), the thermel conductivity \o a4 50¢°C and € =0 s

Ao = 2.16 x 1070 22 * 213 5
104.5 x 10°
From equation (10), the thermsl conductivity X\ at 500°C and € = .31 is

+5.95% = 21.9

l - .}_l
A =21.9 -7,
1+ 10 {.31)2 7.7

8

Given §, = 78.8 x 107" mat 100°C and § =0

From equation (19), the therml conductivity at 100°C and € = O is

Ag= 2.16 x 1070 100 + 273 | 5.95€ = 16.18 W m-L ¢!
78.8 x 10-8
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o
From equation (5), the thermal conductivity at 500 C and & =0 is

X, = 16.18 [1 + .00089 (hoo)] = 21.94 Wt ¢!

From equation (10), the thermal conductivity A at 500°C and § = .31 is

\ =21.9h —1= o3 = 7.72
1+ 10 (.31)2

Measured value of thermal conductivity at 500°C and .31 porosity as
given by Table II (b) is 7.6 Wm-l C~l. Thus, the maximum deviation
between the computed and measured results is 2.4%.

35



