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University of Calgary o
Department of Chemical & Petroleum Engineering N\A

ENCH 501: Transport Phenomena

Final Examination, Fall 2010

Time: Noon -3.00 pm Monday, December 13, 2010

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

Problem #1 (25 points)

New optical and electronic gadgets such as cameras, tablets and laptops are often packaged with packets of absorbents or
desiccants. This is necessary to prevent condensation on lenses, mirrors and circuits, especially if the items are transported
in airplanes in unheated cargo spaces with high humidity. Films of water cause damage. One such desiccants is Barium
Chlorate (Ba[ClO,],) that is used in pyrotechnics and as a mordant in dyeing.

Anhydrous (water-free) crystals of the salt (p = 3179 kg/m®) are contained in a jar, 4cmi.d and 5 cm
deep. The jar is filled with the crystals and the void fraction of the volume is 38%. The jar is in a
refrigerator at 0°C and a fine wire gauze covers the mouth so that there are no convection currents in
the porous medium. The gauze did not hinder the diffusion of water vapor into the jar. The vapor
pressure of the water in the fridge was 3.5 mm Hg. The ambient pressure is 760 mm Hg. A fan in the
fridge circulated air and the air flowed over the mouth of the jar.

Barium chlorate is saturated when it contains 0.17 g water per g desiccant. The residual water, given
in mg H,O per litre of dry air, is 0.8. This is concentration of air in equilibrium with the saturated
desiccant. Assume that the top layer of the bed is rapidly saturated with moisture and that a shamp
(but moving) boundary separates the region with moisture from the zone with just dry desiccant.

Estimate the time for the moisture to reach the bottom of the jar. Use the differential method and show
your steps.

Data: Diffusivity of water vapor in air at 0°C = 2.2(107) m%s

Problem #2 (25 points)

A Newtonian liquid flows upwards in the annular space between two concentric vertical steel pipes.
The inner pipe is 4 in schedule 40s and the outer pipe is 8 in schedule 80. The volume flow rate is
539.12 m*/day and the pipes are 2 km long. (The problem is based on production from a deep well.)
a) Estimate the pressure drop across the length of the pipes. Show important steps of your analysis.

b) What is the maximum velocity in the annular space?

Data: Properties of the liquid - y = 18 mPa s, p = 1450 kg/m®
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Problem #3 (25 points)

The concrete slab for runways for large aircrafts, like the Boeing 747 and Airbus A380, are very thick
(say 3 m thick). On a hot summer day, the slab attained a uniform temperature of 60°C. Hot runways
and the friction between tires and the pavement on contact can cause tire blowout and the pilot to
lose control. In anticipation of a plane landing, the aimport supervisor instructed that jets of water at
7°C be sprayed continuously over the surface. The heat transfer coefficient between the concrete and
the water is estimated to be 85 W/m?K. Show your analysis and use the integral method to

a) estimate the surface temperature of the slab after 10 minutes of spraying.

b) How long will it take for the temperature of the surface to drop to 15°C?

Data: Properties of concrete:

k =1.21 W/mK; Cp =0.88 kd/kg K; p = 2310 kg/m®

Problem #4 (25 points)

Pure liquid ethanol is charged into a flat-bottomed, uniform-cross section tube to a depth of 4 cm. The
overall tube length is 10 cm and both the tempemtures of the tube (and content) and the ambient are
maintained at 25°C. Dry (ethanol-free) air is blown over the mouth of the tube, with care taken that
there are no convection currents inside the tube.

a) Estimate the time for the liquid level to drop by 1 cm. Show your method.
b) After how long will all the liquid have evaporated?

Data: Ethanol

Temperature, °C 19 349 635 784
Vapor Pressure, mm Hg 40 100 400 760

Liquid density = 785.2 kg/m® Molar Mass = 46.07 kg/kmol; Diffusivity in air = 1.45 (10°°) m¥s; Ambient
or Room Pressure = 640 mm Hg; and
the Universal Gas Constant = 0.08205 (m®-atm)/(kmol-K)



NPS,in

4%

Nominal Pipe Size (NPS) 4 to 9 inches

DN

100

115

125

150

200

oD
in
(mm)]
4.500

(114.30)

5.000
(127.00)

5.563
(141.30)

6.625
(168.27)
7.625
(193.68)

8.625
(219.08)

9.625
(244 48)

R
F

SCHS

0.083
(2.108)

0.109
(2.769)

0.109
(2.769)

0.109
(2.769)

SCH
10s/10

0.120
(3.048)

0.134
(3.404)

0.134
(3.404)

0.148
(3.759)

SCH 40s/40
/STD

0.237 (6.020)

0.247 (6.274)

0.258 (6.553)

0.280 (7.112)

0.301 (7.645)

0.322 (8.179)

0.342 (8.687)

W o\ 4)—&_4:(, [ ON X

80s/80 SCH 120 SCH 160

SCH
/XS
0337 0437
(8.560)  (11.100)
0.355
(9.017)
0375  0.500
(9.525)  (12.700)
0432 0562
(10973) (14275)
0.500
(12:700)
0500 0718
(12:700) (18.237)
0.500
(12.700)

0.531
(13.487)

0.625
(15.875)

0.718
(18.237)

0.906
(23.012)

XXS

0.674 (17.120)

0.710 (18.034)

0.750 (19.050)
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{For carbon, alloy and stainless steel pipes - STD = standard weight; XS or XH = extra
strong/heavy; XXS = double extra strong; 10s, 40s or 80s means stainless steel}
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