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University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes
Mid-Term Examination, Fall 2003

Instructions: Time: 2:00 to 3:30 pm Oct 21, ‘03
Attempt All Questions. Open Notes & Book.
Use of calculators permitted

Problem #1 (15 points)

Plastic bottles for “natural spring water”, soft drinks, milk, juice or shampoo and containers for peanut butter, jelly, yogurt
and margarine amongst others are made by molding.

Bottles for water are typically made from polyethylene terepthalate (PET) polymer by injection blow
molding. An equipment for this process is illustrated in Figure 1. A molded preform (A) of PET at its
softening temperature is fitted on a cap with threads. The cap has a hole through it and it is
connected to a reservoir of pressurized air. The cavity for the mold (B), in two halves, is then
clamped around the cap. A pulse of low pressure air is admitted through the cap to elongate the
preform. This is followed by a burst of high pressure air to inflate the preform against the chilled mold
wall to form the bottle. The bottle is ejected from the cavity after the walls have solidified.

In an operation, the cooling system for the mold cavity failed. The bottle had to cool from the
softening temperature of 150°C to 98°C before it can be removed without damage from the mold.
The wall of the mold may be assumed insulated so that all the heat to be extracted from the bottle
must be absorbed by the fixed amount of pressurized air in the cavity. The air was injected at 12°C.
The volume of the cavity is 500cm?®. The bottle may be assumed to be a cylinder of a diameter of
6.6cm. The wall of the bottle is thin and there are no temperature gradients within it. The cap
diameter is 2.5cm.

(@) What should the injection pressure of the air in the cavity be so that, after a long time, the bottle
cools down to 90°C? Assume air is an ideal gas.

(b) Under the conditions for part (a), what is the minimum time that the bottle must stay in the mold
before it can be retrieved?

Data:

Mass of molded preform = 16g.

Properties of PET: Cp = 1.3 kJ/kg K,
P = 1390 kg/m?®, k = 0.3 W/mK

Properties of air: Cp = 1.06 kJ/kg K ,
Universal Gas Constant R = 8.314 kJ/kmol K ,
Molar mass = 29.92 kg/kmol

The heat transfer coefficient between the air
and the bottle wall is 26 W/m?K

Figure 1
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Problem #2 (10 points)

“Containers” are used for moving manufactured goods and other articles of commerce around the world.
Packaged goods (such as electronics, textiles, cars...) are placed inside and locked for security. The containers are loaded
by cranes onto ocean going vessels for transshipment and on trucks for local distribution to retailers.

The deck of a cargo ship is stacked with standard containers, each 6m long by 2.5m tall by
2.5m wide. The long side is parallel to the sides of the ship. A stack has 6 containers in the vertical
direction and 8 containers along the width. Each of 16 stacks is separated from the other by a % m
gap as illustrated in the sketch below. If the ship is travelling at 15 knots into a head wind of 10
knots,

(a) estimate the total drag of air on the sides and tops of the containers on the deck.

You may assume each stack is tightly packed, the air is well mixed in passing from the surface of
one stack to the one behind and the boundary layer on each surface is entirely laminar. Neglect form
drag across the faces normal to the air flow.

(b) If each container is prevented from sliding by friction between it and the lower surface only,
estimate the minimum coefficient of static friction.

Data: .
1 knot (kn) is equal 0.51444 my/s.

Properties of air at 1 atm and 20°C: p = 1.2047 kg/m®, | = 18.17 (10°) Pa.s

The force required to drag a body over a flat horizontal surface is given by F = A . N where N is the
normal force exerted by the body on the surface and A is the coefficient of static friction. Each
container weighs 12 tons. 1 ton = 1016 kg.
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