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Schmidt numerical method or because of an inaccuracy 1n the caPJ,citors, 

although the capacitors were checked on an impedance bridge. 

The mathana.tical results for the transient surface temperatUl"'e 

problem were also calculated by the Schmidt method. The aur.f'a04' temp­

erature distril:ution is shown in F18ure 20 . while in Figure 211• 

shown the correlation between the mthematical and analog results for 

the surface temperature and the temperature distribution at tour po1nt• 

1n the slab. The largest discrepancy 1s 2.5° F to:,> F1 which may be 

accowited tor by the method of calcul.a tion. 'l'he surface temperature 

variation was identical tor both methods ae the values tor the numerical 

method were obtained. from the analog results. 'Ihe problem. was then re­

run through the analog and the surface temperature variation was exactl.7 

duplicated. 

In concl uding this discussion., it may be said that the pirpos• ot 

the problems worked was to establish the use.tul,nflse and validity ot the 

electrical analogy. This has been del!l,Onstrated and shown by the re­

sults obtained that the method is not onl,J' valid but alao quite accurate 

and flexible. 
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Wrrn# t.ationa 

1he investigation was conducted with the followbg limitations. 

The initial temperature of the slab was o° F and at all times one 

tace of the slab was Io,pt at o° F. The problems were all one­

d.imeru,ion&l. 1n nature. 

There were two limitations to the electrical. analogy in general. 

(1) Shape L1m.1..tations, The complexity of the circuit required 

to represent. the body grow• rapidlJ' 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) La.ck ot Knowledge gt P.rog,ertiea, Aa in any caloulatinc 

device, the accuracy of results obtained on an electri.cal ans.lo, 

is no better than that of the properties (data) fad into the 

machinl. Thus, the results are only as valid as that ot the 

properties used 1n the calculatio:ws. This 1a especially true 

at very high temperatures. 
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Becommengatione 

The following recommendationa are offered for those who win to 

study" the electrical. analogy and sol ve problems involving steady"- atate 

and transient heat conduction, as well as other types of heat transfer. 

To deal only with complex steady- state conduction problems , a 

different des18D would be better suited. The capacitor sections -would 

of course be ellminated. 

'lhe existing analog, for future investigations, would be more 

vereatile 11' several more amplifiers were available. Also , an addi­

tional power supp]¥ would be of benefit so that the output of the last 

section would not always have to be at ground potential . ~or the atudy 

ot heat flow problems , where a known quanity of heat W"d.S flowing into 

a section, an additional power supply would be of value . Thus , problema, 

encountered in heating and air conditioning would be easier to solve . 

An example would be the flow of heat through a building wall exposed t o 

the swi. 'l'his would be a periodic heat fla1 problem wherein two 

variable voltage pc:Mer supplies would be necessary. 

It 1s also recommended that the voltage to temperature ratio be 

greater than unity. Thus , less eITOr will be induced because of the 

width ot the recorder traces. 
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V. SUM11ARY AID OORCWSIOI@ 

An analog of the resiatanee-eapacitance type was constructed to 

solve problems ot on• and two dimensional steady-state and transient 

heet conduction. 'l'he results of these experimental problema are 

presented wider the Data and Results section. 

From this stu~ ot the electrical. analogy and the solution of 

these problems; the following conolusiona resulted. 

1. 'lb• electrical. analogy ot heat conduction in the ateady and 

transient statea 1a val.id provided that selt-inductanoe and leakage-­

conductance are negligible. 

2. The stea.d1'-state temperature distribution through a compoaite 

slab can be easily and accurately found by the electrical analog, -where­

in temperature oor:reeponds to voltage and the thermal resistance 1a 

analogous to electrical resistance. The analog results exactly dupli­

cated the mathamatieal results tar this type of problem. 

3. The transient temperature distritution through a five inch 

slab of magnesium.., when the surt'ace temperature was instantaneously 

increased to )00° F and the other face was kept at o° F was duplicated 

in the analog in 1/&J of the actual time. In transient problems the 

the:nnal capacity 1• analogous to the electrical capacity. The analog 

results., for the temperature distribution at tour points, are correct. 

and can be obtained in J111Ch lees tima than the mathema.tical results. 

4. The duplication of a transient-heat conduction problem in 

which the surface temperature 1a a function of time was success~ 
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aooomplished by the electrical analog. BJ' varying the inpit voltage 

the traneient condition may be duplicated, with relatiYely little 

difficulty and 1n much less time. 

Thua• 1n conclusion, it may be said that the analog technique 1a 

not only accurate and fie:xible 1 but. can reduee heating or eoolln&' 

penoda which require hours or days into a matter or mimtee or vie• 

versa. The method is adaptable. eapeciaU,- to one-<HMYU!lional problems 

and most two-dimension.al proble.r.u if' the shape of the boo,- under investi­

gation is not too irregular. It ie also adaptable t.o three-dimensional 

problema where the body is of simple shape. Size ot a body has no 

influence on the method. 
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! S'lUDY Ql. THE ELECTRICAL ANALOGY AND THE DESmN AND 

CONSTjUC'J'IO&f Qt A, 'J.'Rl,RMAL-ElEC'fflIQ ANAltQG 

Abstract 

The equation describine the temperature distribut.ion 1n a solld. 

and the distritution of el.$ctric potential in a slender tre.namiaaion 

line are similar. Thus., by making the app!'Opriate changes in t.he 

constants oontained 1n these equations1 an analogy may be made between 

heat conduotio.n in solids and the distribution of potential in a slender 

t.raruniesion llns. 

A •thermal-electric 6.Mlog, to solve steady-state and traneient 

beat conduction problenw, was deaign&d. and constructed. It wae of the 

reaistanoe-eapa.citanoe t~,. consieting of ten resistor sections, tiv• 

c;apacitor sections, a.m a ground bu.as-. 

To validate the analogy, ene steady-state problem and two trana,ict 

probleru were solved. nie results, both analytical e.ncl t:rcm th• analog, 

compared tavora~ and tlma su.betantiated the electrical. analoa method 

tor the solution of heat conduotion probl.8'118 . 


