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ILimitations

The investigation was conducted with the following limitations,
The initial temperature of the slab was 0° F and at all times one
face of the slab was kept at 0° F, The problaina were all one-
dimensional in nature,
There were two limitations to the electrical analogy in general.
(1) Shape lLimitations, The complexity of the circuit required
to represent the body grows rapidly with the irregularity of the
shape, and not with the size., A large number of lumps is re-
quired for an irregular body and the possibility of human error
increases rapidly, especially if the thermal properties change
with temperature,
(2)
device, the accuracy of results obtained on an electrical analog

As in any calculating

is no better than that of the properties (data) fed into the
machine, Thus, the results are only as valid as that of the
properties used in the calculations, This is especially true

at very high temperatures,
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Becommendations

The following recommendations are offered for those who wish to
study the electrical analogy and solve problems involving steady-state
and transient heat conduction, as well as other types of heat transfer,

To deal only with complex steady-state conduction problems, a
different design would be better suited. The capacitor sections would
of course be eliminated.

The existing analog, for future investigations, would be more
versatile if several more amplifiers were available, Also, an addi-
tional power supply would be of benefit so that the output of the last
section would not always have to be at ground potential. For the study
of heat flow problems, where a known quanity of heat was flowing into
a section, an additional power supply would be of value., Thus, problems,
encountered in heating and air conditioning would be easier to solve,
An example would be the flow of heat through a building wall exposed to
the sun, This would be a periodic heat flow problem wherein two
variable voltage power supplies would be necessary.

It is also recommended that the voltage to temperature ratio be
greater than unity. Thus, less error will be induced because of the

width of the recorder traces,
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V. 10ST

An anclog of the resistance-capacitance type was constructed to
solve problems of one and two dimensional steady-state and transient
hect conduction. The results of these experimental problems are
presented under the Data and Results section,

From this study of the electrical analogy and the solution of
these problems, the following conclusions resulted,

1, The electrical analogy of heat conduction in the steady and
transient states is valid provided that self-inductance and leakage-
conductance are negligible, 7

2, The steady-state temperature distribution through a composite
slab can be easily and accurately found by the electrical analog, where-
in temperature corresponds to voltage and the thermal resistance is
analogous to electrical resistance., The analog results exactly dupli-
cated the mathematical results for this type of problem.

3. The transient temperature distribution through a five inch
slab of magnesium, when the surface temperature was instantaneously
increased to 300° F and the other face was kept at 0° F was duplicated
in the analog in 1/60 of the actual time., In transient problems the
thermal capacity is analogous to the electrical capacity. The analog
results, for the temperature distribution at four points, are correct
and can be obtained in much less time than the mathematical results,

Le The duplication of a transient-heat conduction problem in
which the surface temperature is a function of time was successfully
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accomplished by the electrical analog. By varying the input voltage
the transient condition may be duplicated, with relatively little
difficulty and in much less time,

Thus, in conclusion, it may be said that the analog technique is
not only accurate and flexible, but can reduce heating or cooling
periods which require hours or days into a matter of mimtes or vice
versa, The method is adaptable especially to one-dimensional problems
and most two-dimensional problems if the shape of the body under investi~
gation is not too irregular, It is alsoc adaptable to three-dimensional
problems where the body is of simple shape., Size of a body has no

influence on the method,
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A STUDY OF THE ELECTRICAL ANALOGY AND THE DESIGN AND
CONSTRUCTION OF A THERMAL-BISCTRIC ANALOG

Abstract

The equation describing the temperature distribution in a solid
and the distribution of elsctrie potential in a slender traunsmission
line are similar, Thus, by meking the appropriate changes in the
constants contained in these equations, an analogy may be made between
heat conduction in sclids and the distribution of potential in a slender
transmissicn line,

A thermal-electric analog, to solve steady-state and transient
heat ccnduction problems, was designed and constructed. It was of the
resistance~capacitance type, consisting of ten resistor sections, five
capacitor sections, and a ground buss,

To validate the analogy, cne steady-state problem and two transient
problems were solved, The results, both analytical end from the analog,
compared favorably and thus substantiated the electrical analogy method

for the solution of heat conduction problems,



