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e (Course Outcomes Statements:

e CO. 1: Solve the steady and unsteady heat conduction problems for simple geometries

e (O. 2: Analyse the natural and forced convective heat transfer processes

Q. No Question M co BL
1. The heat transfer coefficient for air flowing over a sphere is to 10 1 4
be determined by observing the temperature-time history of a
sphere made of pure copper. The sphere has a diameter of 12.7
mm and is initially at 66 °C before being inserted into an air
stream at 27 °C. A thermocouple on the outer surface of the
sphere records a temperature of 55 °C after 69 seconds.
Assume, and then justify, that the sphere behaves as a space
wise isothermal object and calculate the heat transfer
coefficient.
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As part of a heat treatment process, cylindrical, 304 stainless 10 1 4

steel rods of 100 mm diameter are cooled from an initial
temperature of 500 °C by suspending them in an oil bath at 30
°C. If a convection coefficient of 500 W/m2K is maintained by
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circulation of the oil, how long does it take for the centerline of
a rod to reach a temperature of 50 °C, at which point it is
withdrawn from the bath? If 10 rods of length L = 1 m are
processed per hour, determine the required cooling load?
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Air at a pressure of 1 atm and a temperature of 40 °C is in
parallel flow over the top surface of a flat plate that is heated to
a uniform temperature of 100 °C. The plate has a length of 0.20
m (in the flow direction) and a width of 0.10 m. The Reynolds
number based on the plate length is 40,000. What is the rate of
heat transfer from the plate to the air? With the pressure
remaining same, if the free stream velocity of the air is doubled,
what is the rate of heat transfer?

Solution:
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Air at 100 kPa and 30 °C enters a 4.0 mm diameter tube with a 10 2 4

mass flow rate of 7 X105 kg/s. A constant heat flux is imposed
at the tube surface so that the tube wall temperature is 70 °C
above the fluid bulk temperature. Calculate the exit air
temperature for a tube length of 12 cm.
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Atube bank uses an in-line arrangement with $;=5:=1.9 cm and 10 2 4

6.33-mm diameter tubes. Six rows of tubes are employed with
a stack 50 tubes high. The surface temperature of the tubes is
constant at 80 °C, and atmospheric air at 20 °C is forced across
them at an inlet velocity of 4.5 m/s before the flow enters the

tube bank. Calculate the total heat transfer per unit length for
the tube bank.
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