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CEAPTER 4 Unsteady-State Conduction

Figure 4-4 I Response ofi
(b) instantaneous surface pulse of Qn/A

E 0.01

eE o.oor

f o.ooor
I

ts

tsr
r k-o

alr
s It-
HI

0 0.5 I 1.5 2 2.5

x
2lar *

-iaI

T(x,0) : Ti

qo ' AT1

i= -o;.],=o for r> o

The solution for this case is

r - ri :2qo^ttY@..or-) - Y ( t - "*kA '\4ar / kA \
x..:

2Jar) t*"a

Energy Pulse at Surface

Equation (4-l3a) presentq the temperature response that results from a surface heat flux that
remains constant with time. A related boundary condition is that of a short, instantaneous
pulse of energy at the surface having a magnitude of @lA. The resulting temperature
response is given by
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At the surface (x = 0) the heat flow is
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The surface heat flux is determined by evaluating the temperature gradient at x:0 from
Equation (4-l l). A plot of the temperature distribution for the semi-infinite solid is given
in Figure 44. Values of the error function are tabulated in Reference 3, and an abbreviated
tabulation is given in Appendix A.

Constant Heat Flux on Semi-Infinite Solid

For the same uniform initial temperature distribution, we could suddenly expose the surface
to a constant surface heat flux qo / A. T\e initial and boundary conditions on Equation @-7)
would then become
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Figure 4-4 I Response
(b) instantaneous surface pulse of Qg/A
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At the surface (x = 0) the heat flow is

kA(To - Ti)
.tv - \'/ IldT
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The surface heat flux is determined by evaluating the temperature gradient at x = 0 from
Equation (4-11). A plot of the temperature distribution for the semi-infinite solid is given
in Figure 4-4. Values ofthe error function are tabulated in Reference 3, and an abbreviated
tabulation is given inAppendixA.

Constant Heat Flux on Semi-Infinite Solid

For the same uniform initial temperature distribution, we could suddenly expose the surface

to a constant surface heat flux qs/ A.The initial and boundary conditions on Equation (4-7)
would then become

forz>0

(b)

T(x,0): r,
qo . arl
A Ex l,=o

The solution for this case is

r _ ri =rt#*r(#) _H (, _ *, h) [4-13a1

Energy Pulse at Surface

Equation (4-13a) presentq the temperature response that results from a surface heat flux that
remains constant with time. A related boundary condition is that of a short, instantaneous
pulse of energy at the surface having a magnitude of &/4. The resulting temperature

response is given by
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Table A-1 I The error function.
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