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The University of Calgary
Department of Chemical & Petroleum Engineering
ENCH 501: Transport Processes Quiz #7 November 27, 2007

Time Allowed: 45 mins. Name:

Many glass or plastic bottles and cans are reused without crushing and re-manufacture. This is very good for the
environment and it saves costs. After collection, these containers must be washed and thoroughly rinsed out with distilled,
de-ionized water before they can be filled with items for human consumption. Cleaning usually involve jets of liquid passed
into the inside of the container which is turned upside down. One of the reasons for indenting inwards the bottoms of such
containers is to deflect the upwards directed liquid jets to the side so that the liquid runs down on the inside walls. (Others
suspect that the indentation is to reduce the volume of the content while giving the appearance that a container is bigger
than it actually is!) The liquids are normally passed through a manifold and divided into many lines so that many
containers can be washed at once. Any solid particles which lodge in a line would cause the flow rate into that jet to be
reduced. Cleaning in that line will then be inadequate and the containers must be rejected as part of quality control.

It is suspected that the jet flow into one manifold line is reduced below required. The container, a
jar, is 9 cm inside diameter and the side wall is 17 cm long. The diameter of the mouth is large at
6.5 cm, hence in washing and rinsing, liquids run out easily out of the inverted jar. You observed
that a small bubble riding on the free surface of the layer (flowing down the side) traveled through a
vertical distance of 10 cm in 2.16ms, and you can assume that the liquid being injected is pure
water at 87.8°C, and the thickness of the layer is uniform around the wall of the jar.

a) Assume that the liquid film is thin and estimate the volume rate of injection of water into the jar?
b) Estimate the Reynolds number for flow down the jar wall. Explain your steps.

b) If you do not assume that the film is thin, estimate the volume rate of water flowing down the wall.
Are your results the same? Discuss.

Data: Properties of water at 87.8°C
P =966.7 kg/m*, p =0.327 mPas; k = 0.675 W/m K; and acceleration of gravity, g = 9.81 m/s?
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