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The University of Calgary
Department of Chemical & Petroleum Engineering
ENCH 501: Transport Phenomena Quiz #6 November 22, 2011
Time Allowed: 45 mins. Name:

A current is passed through a long metal wire and heat is assumed generated uniformly
through the wire at a constant rate of g* per unit volume. The wire was initially at the
ambient temperature T, and the heat transfer coefficient around the wire is h.

Derive an expression for the temperature T(r,t) in the wire. Use the Integral Method and
show all important steps. State your assumptions.

(Examples of this are wires in electric blankets, tungsten filaments in light bulbs and wires in
various sensors and detectors used in the chemical and petroleum industries.)

Hints: Define a new temperature scale, 6 = T(r,t)-T. = Y(r)[(t). The Biot number, Bi, is
hR/k. Y(r) is the steady state solution. ['(0) = 0 and [(«~) = 1.
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