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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Phenomena Quiz #2 September 23, 2008

Time Allowed: 45 mins. Name:

1. (Spts)
Wine is often placed in oak barrels during fermentation and aging.
The barrels are made of wood strips loosely joined together and
banded with strips of metal (as shown in picture). During fermentation,
carbon dioxide is produced and the pressure inside the barrel may
rise. It is therefore important that the metal bands are able to hold
the barrel together.

A barrel in the shape of a cylinder, inside radius of 40cm, length of 1.1m and wall thickness of 1.2
cm, is filled with wine still undergoing fermentation at 1 atm. pressure. During the storage, the pressure inside
the barrel increases to 5 atm. The bands are made of steel, 2cm wide and 0.9mm thick. As the pressure in the
barrel increases, the inside radius of the barrel would tend to increase unless restrained. Hence there are
normal stresses on the bands.

Given the data below, use dimensional analysis to estimate the minimum number of bands that
should be wrapped around the curved wall of the barrel from the start to prevent disintegration. You may
assume that the wall thickness of the barrel remains constant. The ends of the barrel are flat and secure.

Data: Properties of steel band: Young’s modulus = 206.8 GPa, maximum elastic strain before snapping is
1.5%. The Poisson ratio for steel is 0.26. This is roughly the ratio of the normal stress (oy) on a surface to the
tangential or lateral stress developed (o;). 1 atm = 101.325 kPa.

2. (5pts)
The heat transfer coefficient for film condensation can be derived from the following:
& \4ukAT

Given the parameters below and assuming that the values were all determined at different
laboratories, estimate a value for the heat transfer coefficient k&, and the error associated with the
value.

Data: Thermal conductivity (k) = 0.6 + 0.03 W/mK; density (p) = 997 + 3 kg/m’; viscosity () =1
*+ 0.01 mPa s; length (x) = 0.75 # 0.01m; latent heat of vaporization (A) = 2260 + 15 kl/kg,
temperature difference (AT) =42 +3 °C
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