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THE UNIVERSITY OF CALGARY
DEPARTMENT OF CHEMICAL & PETROLEUM ENGINEERING

ENCH 501
Mathematical Methods in Chemical Engineering

MID-TERM EXAMINATION

Tuesday, October 24, 2000 Time : 90 minutes

Attempt both questions
Elecironic calculators are permitted
Open Book Examinati

Problem #1 (15 points)

A flat plate, infinite in extent inthe y- and z-directions, is metallic uranium. The
plate is 2 cm thick. The uranium is primarily 2*U with 3% of the radioactive “*U. The plate
is bathed on both sides by deuterium oxide (heavy water) and the heat transfer coefficient h
is reported to be 1256 W/m?K. The temperature of the heavy water was maintained at 152°C
under pressuré. This temperature was also the temperature of the solid metal at 1 = 0.

When the boron moderators around the plate were withdrawn, the fission reaction became
critical leading to the decay of *U to produce Krypton, Barium, Thorium, neutrons, other
products and heat, This heat is assumed generated uniformly and at a steady rate of 5 MW/m®
within the plate.

(a)  Use the integral method to derive an expression for the temperature T(x.t), within the
plate.

(b)  After what elapsed time does the mid-plane temperature equal 200°C? 'What is the
temperature of the plate surface at this instant?

()  Estimate the total amount of heat which the uranium has transferred into the D,O by the
time estimated in (b) - per m® of exposed surface. =

ata: Propetrties of Uranium

Il

Density 18,458 kg/m®
Heat Capacity = 01167kikgK
Thermal Conductivity= 30 W/mK
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Problem #2 (10 Points)

Carbon filters are used to remove dissolved organic compounds, micro particles and
minerals from water for drinking. The filter is a bed of activated charcoal particles through
which tap water is passed either in batches (e.g. Brita) or continuously. Substances adsorbed
and absorbed from the water ultimately saturate the filter and render it ineffective. It is desired
to estimate the length of service (or life) of a filter.

It is assumed, for test purposes, that organic substance A isthe primary solute in the
water. This solute “permeates” the activated carbon and is uniformly distributed in each
particle. That is, there are no concentration gradients inside each charcoal particle but the
concentration of A in charcoal increases with contact time with the “raw™ water. The filter is
15 cm long and its void volume fraction (interparticle space) is 0.4, The particles are irregular in
shape, average volume per particle is 0.3 ml and surface area 3.2 cm’. You may assume that, at
each plane across the filter along the flow direction (each cross-section), each particle has water

at the local concentration of A (C Ja) fully in contact with all areas of the surface.

(a) If fresh (A free) charcoal particles are dumped into a large volume of “raw” water
containing 25 mmoles/litre of A, and the charcoal absorbed 40% of the A it can
ultimately absorb/adsorb in 25 minutes, what is the equilibrium (or ultimate)
concentration of the solute in the charcoal? Youaregiven k, = 2.6 (107) m/s.

(b)  Setup the equations to estimate the service life for the filter? Consider that the filter is
spent when 50% of substance A in the feed water exits the filter.

Hinfs:

Po Lol

(i) If the concentration of A outside a particle is C, and inside the particleitis C,,

k,(C, - C,)ismass flux equivalent to i (TR - T) for heat transfer. The parameter
k , is the mass transfer coefficient.

(i)  Assumetheremovalof A doesnot change the volume flow rate for the liquid.
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