)

ENCH 501 Page 1 of 1

The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes Quiz #4 October 7, 2003

Time Allowed: 50 mins. Name:

A 6cm diameter copper sphere (p = 8920 kg/m?; ¢, = 0.4096 kJ/kg K) is immersed in a bath of oil in
a cylindrical metal container. The wall of the contalner may be considered very thin and therefore it
has zero thermal mass. The diameter of the cylinder is 8cm and its height i |s 7.5cm. (lts temperature
is exactly the same as the oil at all times.) The volume of the oil is 250 cm?, its density is 880 kg/m?®

and its heat capacﬂy is 1.905 kJ/kg K. The container is placed on a mat Wthh is a perfect insulator
and the top is covered with a plastic foam board which is also a good insulator. Only the sides of
the container are exposed to ambient air at a constant temperature of 18°C. You may assume that

the oil is 9'\“9\][& well mixed and that Inmped heat Capac.t;v method is valid.

(a) 5 points

If both the oil and the copper were initially at 500°C and the heat transfer coefficient external to the

container is given as 68 W/m? K, how long will it be before the sphere cools to 45°C? f*”wm
wnBne

(b) 5 points

If the oil was initially at the ambient temperature of 18°C and the copper sphere at 500°C was

immersed suddenly, how long will it take the sphere to cool to 45°C if the heat transfer coefficient at

the interface between the copper and the oil is given as 42 W/m? K while h for the external surface

of the container remains the same as 68 W/m? K?

(For part b, full marks will be awarded for setting up the proper expressions and the conditions necessary - i.e.
without solving the equations. A bonus of 2 points will be given for the full solution.)
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