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University of Calgary T
Department of Chemical & Petroleum Engineering ﬁ

ENCH 501: Transport Processes

Final Examination, Fall 2007

Time: Noon - 3.00 pm Thursday, December 13, 2007

Instructions: Attempt Questions 1 and 2, and one of 3 and 4.
Use of Electronic Calculators allowed.
Open Notes, Open Book Examination.

Problem #1 (40 points)

Stacks of  a type of fuel cells can be modelled as two parallel flat plates between which gasses are passed. This is to be
analyzed.

A gas flows at a steady rate between two parallel, horizontal plates separated by a gap of thickness
25. Assume the width of the plates, in the direction normal to the flow direction, is large. The flow is
laminar and fully developed, and heat at a constant flux q, enters into the gas from both walls.
Assume the fluid properties - density (p), heat capacity (C;), thermal conductivity (k) and thus themal
diffusivity (o) are constants.

Develop an expression for the Nusselt number (Nu) for the system in the region where the
temperature profile is fully developed. Show all your steps.

Problem #2 (40 points)

Discussions and evaluations are now going on as to whether nuclear energy should be used to power the extraction of
bitumen from tar sands. This problem relates to a pilot nuclear reactor.

A fuel rod of enriched uranium oxide is shaped as a long bar, 6cm by 4cm in cross-section. Cooling
water at 7°C is allowed to flow over the rod within which heat is being generated at a rate of 38.2
MW/m?. It is important to estimate the ciitical heat transfer coefficient h, around the rod, assumed
constant all over the surface, for which the temperature at any point within the rod will equal the
melting point of uranium oxide. The coefficient must always be greater than this value to avoid melit
down of the fuel.

Use the integral method, and assume that the rod is infinitely long, to:

a) estimate h,.
b) What would the maximum temperature in the rod be if h approached infinity with the same
conditions?

Show all your derivations.
Data:

Properties of uranium oxide: k = 23.1 W/m K, p = 10,960 kg/m®, C, = 240 J/kg K, Melting point
2850°C.
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Problem #3 (20 points)

An underwater pipeline carrying light crude oil ruptured underneath a large but calm lake at a resort. A large volume of oil
was released quickly before the line could be shut off. The oil floated to the surface and started to spread. This oil is to be
contained by a boom and “vacuumed” up before it kills wildlife and damages the shores. It is to be assumed that components
of the oil do not vaporize or dissolve in the water, i.e. the volume is conserved. It is also assumed there are no currents in the
lake and no winds to aid the spread. The properties of the oil are also constant. The initial thickness of the oil layer on the
water surface (at the start of the spread) is estimated at 1.4 cm.

A small plane was sent up after the spill to take pictures of the spreading oil slick at intervals. A total
of five (5) pictures were taken and the diameters of the oil disc at the various times from the instant of
pipe rupture are as follows:

Time, mins 15 1777 365 1440 2440
Diameter, m 20.7 73.7 89.1 179.5 265.1

a) Estimate the volume of oil released from the pipe.
b) What is the minimum length of boom that should be brought to the site after 60 hours?
c) At what instants would one notice regime changes?

Problem #4 (20 points)

Gasoline is a complex mixture of 500 or more hydrocarbon compounds that may contain 3 to 12 carbon atoms in each
molecule. The major components are alkanes which are chemically stable. Octane rating of the gasoline is based on
comparing its combustion characteristics to isooctane (100, engine does not knock) and heptane (0, engine knocks badly).
Unsaturated hydrocarbons in the gasoline, alkenes, alkynes and arenes, are unstable and tend to react with oxygen, produce
free-radicals and polymerize to form gums that precipitate and foul engine parts. Compounds such as 1,3-cyclopentadiene
are particularly implicated for gum formation. Gasoline thus degrades or “varnishes” with time and it should be used within 3
months of production. The formation of gum is to be analyzed.

Liquid cyclopentadiene maintained at T°C is poured to fill a long test tube to the biim. Air containing
21 mole % oxygen flows over the liquid surface at a slow rate and the mass transfer coefficient at the
liquid-air interface is given as k.. Oxygen first dissolves at the boundary before diffusing into the liquid
and the equilibrium constant is K, (= y,/x,). The liquid initially contained no oxygen but it is saturated
with nitrogen. Because the solubility of oxygen in the liquid is low, the liquid concentration is assumed
constant at ¢ and you may neglect the convective term of the flux. Assume the reaction between
oxygen and cyclopentadiene is first order with the reaction rate constant equal k,, and the diffusion
coefficient for oxygen diffusing in the liquid is D,g. Also assume that the liquid is not wolatile.

a) Use the integral method to formulate the problem to obtain the concentration profiles. Show alll

your steps.
b) Repeat your analysis using the differential method. Derive the equation and state the conditions

needed.
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