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University of Calgary c
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes
Mid-Term Examination, Fall 2004

Instructions: Time: 2:00 to 3:30 pm Oct 19, 2004
Attempt All Questions. Open Notes & Book.
Use of calculators permitted

Problem #1 (10 points)

Cooking fires are the leading causes of household fires, accounting for 30% of all fires in the city. Oil is the
principal culprit in 60% of fires related to cooking. Water which is used most often to combat fires, however, lead
to catastrophic explosions when the water mixes with hot oil. The phenomenon of what happens when drops of
water falls into hot oil is being studied.

Water droplets, 3mm in diameter and initially at 20°C, are introduced into large pools of oil at 200°C
and 220°C. The droplet in the oil at 200°C was vaporized explosively after 2100 ms. The droplet in oil
at 220°C required only 1168 ms to explode. In both cases, it maybe assumed that the water in the
droplets was well mixed by rapid circulation currents and the temperature within the droplets were
uniform at any instant. The heat transfer coefficients around the water droplets in the oil are also
assumed to be the same, irespective of the temperature of the pool of oil. The oil and water are
immiscible.

(a) If the water droplet in 200°C oil exploded when superheated to a temperature of 166°C, what is the
convective heat transfer coefficient?

(b) Estimate the temperature of the water droplet in the 220°C oil at the instant of explosion.

(c) Estimate how long it will take for a similar droplet of water to explode in oil at 190°C, the

recommended cooking oil temperature for frying. Clearly state your assumptions. Can you comment
on these results?

Data:

Properties of water: p =999.8 kg/m?; C,=4.22 kJ/kg K

Problem #2 (15 points)

The Canadian submarine, HMS Chicoutimi, recently had difficulties at sea. The hull of the Victoria class
submarine is 70.26m long and the “diameter” is 7.6m. The vessel was designed to operate as “stealth” vehicle,
hence its outer surface is covered with 22,000 acoustic tiles. These tiles are assumed square and 25 cm on the
side.

For the purposes of the problem, the submarine is approximated as a horizontal cylinder which is
partially submerged on its side in sea water at 5°C. The perimeter of the sector of the submarine
submerged is measured to be 18.5 m. The tiles are arranged on the surface in a regular array along
the vessel length, with a small gap between adjacent tiles. Two edges of each tile are normal to the
direction of sea water flow over the hull. The sum total of the width of the gaps along the submarine
length is 0.26 m, but each gap is wide enough to break the boundary layer development on the tile
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upstream of it. There are no gaps between the tiles in the peripheral direction. Thus to the eye, it
appears as if the submarine is covered with bands of the tiles.

To rescue the vessel which had lost its power, a steel cable was attached to the front of the submarin
nditistob d nt speed of 3 knots through the water to port.
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(a) Estimate the tension in the 2 cm diametercable due to the drag force of the sea water on the hull,
Show all your steps and state all assumptions. Neglect the brce on the front surface of the cylinder,
i.e. consider only the drag on the side.

(b) Ifthe cable is assumed elastic and would suffer catastrophic failure at a maximum strain of 0.02,
do you expect the cable to snap at the intended towing speed?

(c) Estimate the displacement thickness &, at the ear edge of each tile at a towing speed of 1.5
knots.

Data:
1 knot (kn) is equal 1.852km/hr.

Properties of sea water at 5°C: p = 1029 kg/m®, p = 1.61 mPa.s

The Young’s modulus of the cable material is 265 GPa.
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