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The University of Calgary
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Phenomena Quiz #2 September 22, 2009

Time Allowed: 35 mins. Name:

A condenser is an important component of many heat transfer devices such as distillation columns, air conditioners and
refrigerators. Consider a vertical pipe through which saturated vapor is passed. The vapor condenses on the inner wall
as heat is lost to the ambient and the condensate runs down the wall in a laminar stream which grows in thickness ( 8) as
it descends. An important design issue is estimating the rate of condensation as controlled by the rate of heat transfer
from the vapor-liquid interface to the pipe wall.

The parameter of interest is the average heat transfer coefficient ( h) per unit area of the pipe wall
and unit temperature difference between the vapor and the wall. A functional relationship between
h and other variables is given as:

h="1(46, pA k, og, u, L, D) 5 hw W(mK
where AB is temperature difference (°C) between vapor and the pipe wall, L and D are the length
and the diameter (m) of the tube, A is the heat of condensation per unit condensate mass (kJ/kg), p
is the density of the condensate (kg/m®), k is the thermal conductivity (W/mK) of the liquid, g is the
acceleration of gravity (m/s?) and p is the dynamic viscosity (mPa s) of the condensate.
a) Obtain the dimensionless groups for the variables.
b) Relate your answer in part a) to the following result derived theoretically by Nusselt in 19186,
2973
1
h= 0943222
LA 6

i.e. re-write Nussselt’s equation in terms of your dimensionless groups.
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