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Objectives

To understand the effect of variation of thermal conductivity
of materials on heat transfer.
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Outcome

To obtain the equation for steady state temperature profile of
variable thermal conductivity systems.
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Thermal Conductivity of Materials
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Thermal Conductivity of Materials
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Thermal Conductivity of Fluids

Dr. M. Subramanian Conduction



Thermal Conductivity of Solids
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Thermal Conductivity Variation with T

Thermal conductivity of fluids increases with the increase in
temperature. The exception is water, which exhibits
increasing k up to about 150◦C and decreasing k thereafter.
Water has the highest thermal conductivity of all liquids
except for liquid metals.
Thermal conductivity of solids (in general) decreases with the
increase in temperature.
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Thermal Conductivity Variation with T

The thermal conductivity of a material, in general, varies with
temperature. An average value for the thermal conductivity is
used when the variation is mild.
When the variation of thermal conductivity conductivity with
temperature k(T ) is known, the average value of the thermal
conductivity in the temperature range between T1 and T2 can
be determined from

kavg =

ˆ T2

T1

k(T )dT

T2 − T1

The variation in thermal conductivity of a material can often
be approximated as a linear function and expressed as

k(T ) = ko(1+ βT )

where β is the temperature coefficient of thermal conductivity.
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Accounting for Variation of k in Steady Heat Transfer

Qflat = kavgA
T1 − T2

L =
A
L

ˆ T1

T2

k(T ) dT

Qcylinder = 2πkavgL
T1 − T2
ln(r1/r1)

=
2πL

ln(r2/r1)

ˆ T1

T2

k(T ) dT

Qsphere = 4πkavgr1r2
T1 − T2
r2 − r1

=
4πr1r2
r2 − r1

ˆ T1

T2

k(T ) dT
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Temperature Profile for Plane Wall
For a plane wall the temperature varies linearly during steady
one-dimensional heat conduction when the thermal conductivity is
constant. This is no longer the case when the thermal conductivity
changes with temperature.
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