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University of Calgary - Department of Chemical & Petroleum Engineering Fall 2012

ENCH 501 Transport Phenomena Quiz #5 Name

Time Allowed: 45 minutes

A long, rectangular bar of yellow brass, an alloy of copper (65%) and zinc, has a cross-section of 18 cm
by 10 cm. It was heated to a uniform temperature of 820°C in the process of annealing. Then it was
dipped into a large reservoir of water at a uniform temperature of 7°C to quench (or quickly reduce its
temperature). As soon as the metal touches the water, the water in the region near the bar starts to boil
at and maintain a temperature of 96°C (in Calgary). The heat transfer coefficient around the bar can be
assumed to be very large.
a) Use the integral method to derive an expression for the temperature profile T(x, y, t) at a cross-
section of the bar. Show all your steps. State any assumptions made.
b) After how long will the temperature at the geometric centre of the bar be at a temperature of
250°C?

Data: Properties of brass — p = 8,800 kg/m* k=119 W/mK; Cp,=0.38 ki/kg K

Hint: For the accumulation term, find the energy content of a volume (#x . #y . 1) and integrate in both x
and y directions. Then #/4t. You may assume a profile such as
T(5, ¢, t) = Ta = X(Y(L)T(t) + (To = To)e™ ™™, where (0) = 0.
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