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

ENCH 501 Transport Phenomena Quiz #3 Name

Time Allowed: 45 minutes

Question #1 (5 points)

The simple shell-and-tube heat exchanger is normally assumed to be arranged as concentric cylinders and to transfer heat
between fluids without loss to the surroundings, even when the shell is not insulated. These are often not true.

Consider an exchanger with a tube that has a thin wall, a diameter of 8 cm and a length of 5 m. The tube
is located inside a 20 cm diameter shell such that the walls are parallel but separated by a gap of 1 cm at
a plane through the centers of the tube and the shell.

If saturated steam at 260 °C is passed at a high rate through the tube, it is a very windy day and the air
outside the exposed shell is at -21 °C, estimate the rate of heat loss to the ambient. Assume the space
between the tube and the shell is filled with stagnant oil with its density equal 852 kg/m?, heat capacity
equals 2.131 kl/kg K and a thermal conductivity of 0.138 W/m K. Neglect heat losses through the
exchanger headers.

Question #2 (5 points)

Pure solvent A of a fixed volume Vs is contained in a vessel. Material B, provided as N uniform sized
spheres initially of diameter d,, is to be dissolved in the solvent. When the spheres are dumped into the
solvent, they are kept suspended by strong agitation. As material B dissolves, the concentration of B in
the solvent at the sphere-solvent interface is that for a saturated solution, Cgs —a constant in kmols/m?,
and the concentration of B in the solvent, Cg, increases with time. The mass transfer coefficient
between each sphere and the solvent is kg, the density of solid B is pg and its molar mass is M.

Derive a relationship for Cg as a function of time from the instant the spheres were introduced into the
solvent.

Hint: Perform a material balance on B in the solvent. Use the solvent at the control volume. The
diameter of each sphere, d, is a function of time. Volume of a sphere is (4/3)R? and the area is 41tR%,
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