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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes Quiz #2 September 24, 2002

Time Allowed: 50 mins. Mame;

Problem #1 (7 points)

A modem alternative lo heating homes with foread air flow hrough a fumace (located in the
basement) is the electric or hydrenic floor healing (‘radiant”) system, Eleclric resisiance elements or
tubes are buried in the floor. In the hydronic system, hol water or athylene glycol is passed through
rows of horizontal parallel tubes {o transfer haal, via the floor, into a room or to melt snowlfice from
runways or walkways exposed {o the elements. For home heating, the system is claimed to reduca
heating costs by 40% compared to forced air systems and does not throw dust into the air.

You are reguired lo design a system to maintaln a walkway in your petroleum refinery ice-free. A
variable-capacily healer maintains glycel at 85°C and the glycol is (o be passed through Ihe fubes
at a sufficiently high rate that you can assume a negligible temperature drop along the lenglh of
gach lube, Each tube has an .d. of 1.8cm. Temperatures of ambient air at the location, when snow
falls, vary between -2 and -25°C. The typical heat transfer coefficlent in the area, al the ground-air
inferface, is given as 23.8 Wim'K.

{a) If the Wubes are buried to a depth of 8.1cm (i.e. if you are digging down to the top of the tube) in
concrete, k=0.76 W/mkK, and the walkway is 16m long, how far apart {(wall-lo-wall} should the tubes
be positioned? State any assumptions. Show your calculations.

(k) If the amblent air temperature suddenly dropped 1o -40°C and snow is falling, what would you
recommend be done 1o keep the walkway free of ica?  Justify.

Problem #2 (3 points)
The shear stress along a flat plate may be estimated from {he expression;
1. = 0.0295 {(wu_x)"*pu®, where v=ip
Eslimale he value for and the error in the wall shear, given Ihe fallowing data -

u, = 5203 mis, x=124005m, p=980:12 kg/m’, Y=3.820.2 Pa.s,
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