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ENCH 501: Transport Phenomena Quiz #5 November 2, 2010

Time Allowed: 40 mins. Name:

Zinc (m.pt. 419.53°C) is a metal that, although it is only 0.0075% of the earth crust and is the 24% most abundant element, is the 4%
most common metal in use, behind iron, aluminum and copper. World-wide, 47 to 50% of it is used to protect steel from corrosion by
hot-dip galvanization, painting or electroplating. Metal roofs, chain-link fences, light posts, walls, windows and doors in industrial
facilities, heat exchangers and car bodies are examples of objects often coated with zinc to prolong their useful lives. Zinc is also used
in batteries, in alloys with copper to make brass, as chemicals in diet supplements, deodorants, luminescent paints and anti-dandruff
shampoos. This problem is about galvanization of steel doors by hot-dipping.

A door (top view) with dimensions shown in the sketch is held horizontally by two clamps on its longer sides.
The door has a hole measuring 104 by 48 cm for mounting reinforced glass, and the hole is equidistant from
the long sides. The door is dragged through a stagnant pool of molten zinc at 459.3°C, at a steady speed of
0.11 m/s. You may assume that both the door and the liquid are at the same temperature. Thus there is no heat
exchange between the door and the molten zinc.

What force must the clamps be able to maintain so that the door does not slide off and fall into the pool? Use
the integral method. Show important steps in your analysis but do not derive all the equations.

Data: Properties of Zinc (Hopkins, M.R. and Toye, T.C., Proc. Phys. Soc. B, v63, 773-82, 1950)
At 459.3°C, p = 6,860 kg/m* and p=3.88 mPas
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