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THE TEMPERATURE DISTRIBUTICN IN A SHEET CCMPUTED BY
THE EIECTRICAL ANALOGUE OF HErT CONDUCTION ,

by

Margaret Law and J. H. jl.IcG-uire

Introduction

A quasi-infinite sheet, is to be heated suddenly on one faoe, the
other face being in contaot with still air. It is desired to predict,
by using the electrical anaLogue of hca t conduction, the temperature
within the sheet a t various points at various times.

Properties of the sheet and temperature conditions

The sheet has the f'ollowini] properties:

thermal conductivity = 2,1 E.T,U. in,ft~2hr-1~-1

= 7.224 x 10-4 cal. cm- 1 s"c-1°c-1

density = 1.S5 grn(cm3

specific heat = 0.235

It may be of the follovdng thicknesses:

Case I

Case II

Case III

Thickness = 0.360 in. = 0.914 em

ThiolQ1ess =0.090 in. =0,229 om

Thickness =0.180 in. =0.457 om

The front faoe is subjected suddenly to tmnperatures of 175°C,
234°C 01' 257°C for periods eif 5, 10, 20 01' 30 minutes. At, the end of
any of these time intervals the front face temperature is raised
SUddenly in about 3 seo. from any of the grevious levels to any of the
follmving temperatures: 256°C, 332°C, 386 C, 35SoC, 455°C 01' 531°C.
The temperature of the still air in contaot ~~th the unexposed face is
taken as 30°C. It oan be assumed that the heat loss f'r-om the unexposed
faoe is Newtonian.

It ie desired to know the temperatures a t three points in the sheet
which lie i, t and ~ of the sheet depth from the front surfaoe.

Method of oomputation '

If a step function temperature rise is imposed on the heated
surface of the sheet, the :cesulting time temperature' curve at any other'
point in the sheet oan be predicted by means of the eleetrioal analogue
of heat conduotion.

,
The time-temperature curve to be cxpected from the imposition of

two suocessive step-funotion temperature rises Vl and V2, separated by
a time interval'T' is then given by DuhameL! s theorem as

where v is the temperature rise at the point considered, and 1'('. ,t) is,
the solution to the problem in which the inpressed ter:perature ri~(') is V.
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Results-,--
The temperature rises at different depths of the sheet in terms of

the front surface temperature rise are ~iven in figs. 1-3 for the three
thicknesses of ,sheet. '

It is assumed that at th~ start of the experiment the temper~ture

of the sheet is 30°C. Thus raising the tempera~'e of the front'
surface to 1750C is interpreted by the imposition ~emperature rise of
145OC. 1\

Conclusions

The temperature rise ,at different depths of the sheet has been.
computed by the electrical analogue in'terms,of the temperature rise at
the front surface.
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FIG. l. CASE I. TEMPERATURE RISE AT DIFFERENT
DEPTHS EXPRESSED AS A FRACTION OF THE

APPLIED FRONT SURFACE TEMPERATURE RISE.
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FIG.2. CASE II. TEMPERATURE RISE AT DIFFERENT
DEPTHS EXPRESSED AS A FRACTION OF THE

APPLIED FRONT SURFACE TEMPERATURE RISE.
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FIG· 3, CASE III. TEMPERATURE RISE AT DIFFERENT
DEPTHS EXPRESSED AS A FRACTION OF THE

APPLIED FRONT SURFACE TEMPERATURE" RISE.




