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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes Quiz #5 November9, 2005

Time Allowed: 45 mins. Name:

Electricity from nuclear power is generated from uranium U, enriched to 2-3% with the isotope U,z5. The fuel
is made into 1.8cm diameter ceramic cylinders which are stacked inside thin-walled zirconium or stainless
steel tubes to form fuel rods. The tubes are 3.66m long and, compared to the diameter, are considered very
long. 200 to 300 fuel rods and as many or more rods of graphite or boron (moderators) form the core of the
nuclear reactor. The fission rate and, therefore, the rate of energy release as heat by the decay of uranium is
controlled (increased or decreased) by raising or lowering the moderator rods in between the fuel rods.

Consider one of the fuel rods. At start-up of the nuclear plant (after every shut down to change fuel
rods or for maintenance), the pressurized water in which the rods are immersed (in one reactor
type) is pre-heated to 316°C. This is the initial temperature of the rods. At t=0, the moderator rods
are pulled up to a certain level so that heat is generated at a constant rate per unit volume of the
fuel rods. The water is circulated between the reactor core and a boiler to generate steam to drive a
turbine and produce electricity.

For the following problems, use the integral method and show all your derivations. Neglect the
thermal resistance of the thin wall around the fuel.

a) If at steady state, the centreline of the fuel rod is at a temperature of 925°C and the surface is at
400°C, estimate the rate of heat generation per unit volume of the fuel rod.

b) Estimate the heat transfer coefficient (h) around the fuel rod.

c) After how long from the start will the centreline temperature become 815°C? What is the surface
temperature of the fuel rod at this instant?

Data: Properties of uranium (assume constant) :

Density = 19,050 kg/m®;  Specific heat = 0.1164 kJ/kg K ; Thermal conductivity = 27 W/m K
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