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THE EFFECT OF THE AXIAL HEAT CONDUCTION ON
DYNAMIC PROPERTY OF AN A. C. ARC

Rong Sheng

(Institute of Mechanics, Academia Sinica)

Abstract

The purpose of this paper is to study the effect of axial heat conduction on the
dynamie property of an axially symmetric A. C. are with a finite length under as-
sumptions that energy transfer by radiation and conveetion is negligible, and that a
simplified linear expression for electrical conductivity can be taken. The non-linear
energy equation is solved by the usual method of separation of variables, a non-linear
transformation, and a generalized Laplace transformation, thus yielding 2n anzlyiical solu-
tion for the electrie field and the heat flux potential with a given sine current waveform.
The solution shows that dynamic property of an A. C. are is determined by two dimen-
sionless parameters in the ease that the arz occupies the whole discharge tube. The
two parameters are ©f and L, where o, 8 and L dencte respectively the frequency of
current, the time constant of the are-tube sysiem, and the ratio of the arc length to
the are diameter. The par:meter @t defermines mainly the waveform of the electric
field and tk: heat flux potential. The parameter L determines the axial distribution
of the electric fiald and the heat flux potential.

By comparing the above solution with Phillips’ result for an infinite long are, one
can see that the heat flux potential decreases and the electric field inereases as a result
of axial heat conduction. Axial gradient of the heat flux potential and the eleetric
field appear important, and axial heat conduction has to be taken into account in the
case that the arc length is finite. The result of this paper leads to Phillips’ solution
when the are length approches infinity. From the result calculated for some typical
parameters one can see that when L is more than 5, the effect of the axial heat con-
duction on the dynamic property of an A. C. arc is negligible.



