L0 .
ENCH 501 - Final Examination - Fall, 2011 Page 1 of 2

Cs’J ™e. 19

University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Phenomena

Final Examination, Fall 2011

Time: 8.00 - 11.00 am Wednesday, December 21, 2011

instructions: Attempt All Questions.
Use of Electronic Calculators allowed.
Open Notes, Open Book Examination.

Problem #1 (25 points)

(a) (10 points)
The city of Calgary has many “plus 15" walkways or corridors connecting buildings and suspended above the streets. The
corridors allow downtown employees to move about without having to wear heavy winter gears and avoid slipping on ice on
sidewalks and on the main road. The +15 corridors are heated by forcing air flow between buildings or with space heaters.
Your boss is interested in how much the heating is costing for a particular walkway.

The walkway is a square cross-section channel, made of a tough, transparent polymer material. The
inside height of the channel is 2.6 m. The wall is 5 cm thick and the walkway is 25 m long. If the heat
transfer coefficients inside and outside the walkway can be assumed large, and the temperatures of
air inside and outside the walkway are 15°C and -35°C respectively, estimate the rate at which heat
must be supplied into the walkway. The thermal conductivity of the wall material is 1.8 W/mK.

(b) (15 points)

Materials used for insulation degrade with time and either become compacted or shift position.

A long 5 cm outside diameter metal pipe is horizontal and a fluid at 180°C flows at a high rate through
it in a crude oil refinery. The pipe is covered with insulation such that the overall outside diameter
becomes 15 cm. The insulation is 85% magnesia wool with a thermal conductivity of 0.059 W/mk. Air
outside the pipe is assume maintained at 5°C, the average temperature for southern Alberta, and the
heat transfer coefficient is assumed large because of the high winds in the area. After 6 months, it is
observed that the insulation has shifted around the pipe as per the diagram below.

Determine whether or not the insulation is performing better at 6 months than immediately after being
installed. By how much has its effectiveness changed?

2.5cm
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Problem #2 (25 points)

A solution of monoethanolamine is used to remove hydrogen sulphide from sour gas in a gas
purification process. The liquid runs down on the inside surface of a 12 m tall, 1 m diameter wetted
wall absorption column. A video camera is installed to monitor the inside of the tower. A patch of dirt
film was observed to ride on the surface of the liquid layer downwards and it traveled the height of the
tower in 0.5 seconds. Using the differential method,

a) estimate the thickness of the liquid layer on the tank wall. Derivations are not necessary.
b) What is the volume flow rate of the liquid solution down the column?

Data: Properties of the liquid - y = 16.2 mPa s, p = 1022 kg/m®

NOTE: Attempt one of #3 or #4 (not both).

Problem #3 (50 points)

The preparation of most packaged foods sold in stores involves chemical engineers. After packaging, the engineers must
write instructions for how the consumer should handle the products, particularly heating prior to eating.

One such item is crushed fruits (such as apple) wrapped in a crepe for breakfast. The item is in the
shape of a solid cylinder (4 cm diameter) that is heated from its frozen state at a temperature of -15°C
to a temperature of 74°C along its centre-line in 15 minutes inside a convection oven set at 177°C.

Use the integral method to estimate the heat transfer coefficient (h, W/m?K) around the cylinder
suspended in the convection oven. Assume that the cylinder did not lose moisture, that the
dimensions remained constant and the thermophysical properties are constant as given below. You
may neglect latent heat and treat the problem as occuring in two stages - stage 1 up to when heat
reaches the axis, and stage 2 thereafter. State all assumptions.

Data: Properties of food item: k = 0.9 W/mK; C, = 4.02 kd/kg K; p = 1310 kg/m?

Problem #4 (50 points)

A rectangular tray contains turpentine (approx C,,H,s) that some painters use to clean their brushes.
The tray is 30 cm wide and 56 cm long. The average depth of the tray is 2.5 cm. The tray is filled with
turpentine to the brim (or edge) with fresh turpentine in a room at 20°C and the level is always
maintained. Because it is winter that the painters are working inside a new building just constructed,
they had a fan on to circulate heat from a space heat located in one corner of the room. The fan,
however propelled air at a free stream velocity U_ = 0.3 m/s over the surface of the tray in a direction
perpendicular to the width of the tray.

If the ambient pressure is 760 mmHg, the diffusivity of turpentine in air is 1.2 (10°) m%s, the
concentration of turpentine in ambient air is considered negligible, and the temperature of both the
gases and the liquid are constant at the room temperature, use the integral method to estimate the
rate of loss of turpentine (in moles/second) from the tray. Assume that Raoult's law is obeyed at the
liquid-vapor interface (y,o = P,,/P,), and neglect the convective term for flux.

Data: Turpentine - At 20°C, Vapor Pressure, 5 mm Hg ; Air - p = 1.205 kg/m®, kinematic viscosity =
1.511 (10°) m¥s ; Universal Gas Constant = 0.08205 (m®-atm)/(kmol-K) or 8.314 kJ/kmol K .
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