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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Mathematical Methods in Chemical Engineering
Quiz #1

Time Allowed: 50 mins. September 18, 2001

Problem #1

Bitumen is extracted from tar sands in the hot water process by mixing pit-mined lumps of
tar sands (which contains about 12% by wt. Of bitumen) with hot water at ~85°C and caustic, in a
slightly inclined rotating drum. The bitumen is separated from sand grains by the shear stress
which develops in the slurry formed, as the drum content tumbles. The efficiency of separation is
assumned directly proportional to the shear stress (1) and depends on the acceleration of gravity (g),
characteristic tar sand lump diameter (d), the density difference between sand and bitumen
(P, - P.), the density and viscasity of water (p, p), the interfacial tension (0), the diameter of the
drum (D), the angular rate of rotation of the drum ((2) and the residence time () of the mixture in
the drum.

Obtain the dimensionless groups which describe the process.

Problem #2
In her Guide to Excruciatingly Correct Behavior, Miss Manners states:

There are three possible parts to a date of which at least two must be offered:
entertainment, food and affection. It is customary to begin a series of dates with a
great deal of entertainment, a moderate amount of food and the merest suggestion
of affection. As the amount of affection increases, the entertainment can be
reduced proportionately. When the affection has replaced the entertainment, we no
longer call it dating. Under no circumstances can the food be omitted.

Entertainment, affection and food are assigned values using a point system as follows,
given time t in months:

Entertainment, E = 100e™" ; o = 13
Affection, A =15¢1-8% : B = 08
Food, F = 50
a) At what time is the total value accumulated a minimum or a maximum? Determine which
of the latter.

b) When does the extremum occur relative to when A and E are equal, i.e. earlier or later?

You may make a rough sketch of the functions and the sum.
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