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INVESTIGATION OF HEAT TRANSFER BY CONDUCTION

INTRODUCTION 
aa

These Notes describe the simulation, on a PACE-
TR-20 General Pu4)ose Analog Computer, of a
system involvlng heat trarsfer by conductlon. It
is a system where the temperature-versus-time-
and-thickness relationship is required.

Specifically, heat energy in the foran of an open
flarne is stored in a brass block which acts as a
heat Bink. This heat energy is traraferred by con-
duction to and through a metal rod connected to it.
The rod itseu is insulated from arnbient air and
heat losses from the rod to such possible cooling
effects during heatlng are negligible. Ar thls sys-
tem, shown schematically in Figure 1, lt was as-
swned that heat transfer in the rod is limited to
one directlon only, that of rod length.
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Figure l: Sinrplif ied Diogrorn of Heoi Tronsfer $stern

The successful analog computer solution of many
engineering problems depends upon the ability of
the computer to simulate such systems whose be-
havlor iB described by partial differential equa-
tions.

SYSTEM EQUATIONS

The basic equationa descrlbing this system, based
on a fimdamental energy balance, are
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for heat transfer in the meta^l rod
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The following yariable definitions were used to ob-
tai.n the final, normalized system equations (listed
below) rvhich were used in the simulation:
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Dllfirsion Equation lor Heot Conduction in Rod
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The bormdary and initial conditions to be satlsfied
are

U(z,o) =o Initial Temperature
U(d,o) = Uu Surface Temperature
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_i = O Due to Rod lrsulation

METHOD OF SOLUTION

Using a second-orde? central dlfference approxi-
mrtion for |aU/ 6 zz, izz
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Heot Trcnsler in Sin[ Eloc*

i5 =/-a\{'- '.de 
\"u/(

UB(o) ='o

(3)

(4)

'\-./ a T
At

ROD T (4 i)

(2',t



tle temDerature distribution in the rod is obtained
as a function 

-of 
t irne for a/L2 equal to 3,/2, 1, and

1/2 seconds -r.

The rod is divided into five equa.lly-E)aced seg-
ments, as shown in Figure 2, in order to derive
the scaled equations.
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Figure 2: Division of Bor inro Equolly Spcced Segments

Scoled Equorions: Using equalion (3)' the lollowing
scaled equations were obtained:
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Figure 4: Potentiom€ter Assignmenl Sheel

COMPUTER DIAGRAM

Figure 3 shows the computer diagram for this
simulation.
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Figure 3: Computer Diogronr

Figure 5: Ampli f ier Assignment Sheet
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