Chapter Three

Steady state Heat Conduction in Plane Walls

1) Considerable temperature difference between the inner and the outer surfaces of the

wall (significant temperature gradient in the x direction).

2) The wall surface is nearly isothermal.

Assuming heat transfer is the only energy interaction and there is no heat generation, the

energy balance can be expressed as
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Then Fourier’s law of heat conduction for the wall can be expressed as
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Integrating the above equation and rearranging yields
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Conduction Resistance

The above equation for heat conduction through a plane wall can be rearranged as
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Where R is the conduction resistance expressed as
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Convection Resistance

Newton’s law of cooling for convection heat transfer rate (Q__ =hA (T,-T, )) can be

rearranged as
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Radiation and Convection Resistance
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Generalized Thermal Resistance Networks
The thermal resistance network, which consists of two parallel resistances, can be
represented as shown in the figure. Noting that the total heat transfer is the sum of

the heat transfers through each layer, we have
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Utilizing electrical analogy, we get
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Now consider the combined series-parallel arrangement shown, the total rate of

heat transfer through this composite system can again be expressed as,

6-T—T )
W h ere R[n][EIJ
R|R:
and Rlnml = RI: + R, + R.:-ﬁm - m +R; + R.;-rnr
R = L, R. = L, R. = L, R 1
' g AL 2 kA, ' ks Ay O T hA,

once the individual thermal resistances are evaluated, the total resistance and the

total rate of heat transfer can easily be determined from the relations above.
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Sphere

Sphere systems may also be treated as on dimensional when the temperature is a
function of radius only
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Heat Conduction in Cylinders
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Thermal Resistance with Convection

: T-T
Qcond,cyl = 1R :

cyl

Q’ _ Too,l _Too,Z
Rtotal

=R ... +R, +R =
Rtotal conv,1

cyl conv,2
1 +In(5/q)+_ 1 Fos= s R R
(2zrL)h,  2zLk  (2zr,L)h,

Multilayered Cylinders

+R =

cyl,3 conv,2

Rtotal - I:\>conv,1 + RcyI 1 + RcyI,3 + R

1 +In(g/q)+In(g/5)+}n(ulg)+_ 1
(2zrL)h  27zLk, 2Lk, 2Lk,  (2zr,L)h,

"




7,
AAANAAN

L

5
AN

oy, 2

T;
AN

LN

i

A

cony, 2

* Ty



