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9.14 An aluminum alloy (2024) plate, heated to a uniform (a) Develop an expression for the time rate of change

temperature of 227°C, is allowed to cool while verti- of the plate temperature, assuming the temperature
cally suspended in a room where the ambient air and to be uniform at any time.

surroundings are at 27°C. The plate is 0.3 m square (b) Determine the initial rate of cooling (K/s) when the
with a thickness of 15 mm and an emissivity of 0.25. plate temperature is 227°C.

(c) Justify the uniform plate temperature assumption.
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9.18 During a winter day, the window of a patio door with (b) Estimate the heat loss through the window due to

a height of 1.8 m and width of 1.0 m shows a frost free convection and radiation. Assume the win-
line near its base. The room wall and air temperatures dow has a uniform temperature of 0°C and the
are 15°C. emissivity of the glass surface is 0.94. If the room

has electric baseboard heating, estimate the corre-

a) Explain why the window would show a frost ; z :
(@) layl; i st the :ase sadhar thae ak the 109 sponding daily cost of the window heat loss for a
F utility rate of 0.08 $/kW - h.
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9.34 Airflow through a long, 0.2-m-square air conditioning duct ~ the horizontal duct is uninsulated and exposed to air at
maintains the outer duct surface temperature at 10°C. If ~ 35°C in the crawlspace beneath a home, what is the heat
gain per unit Iemgth of the duct?
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9.69 A thin-walled tube of 20-mm diameter passes hot fluid
at a mean temperature of 45°C in an experimental flow
loop. The tube is mounted horizontally in quiescent air
at a temperature of 15°C. To satisfy the stringent tem-

(a) Neglecting radiation heat loss, calculate the heat
flux g that must be supplied by the electrical tape
to ensure a uniform fluid temperature.
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perature control requirements of the experiment, it was
decided to wind thin electrical heating tape on the outer
surface of the tube to prevent heat loss from the hot
fluid to the ambient air.

(b) Assuming the emissivity of the tape is 0.95 and
the surroundings are also at 15°C, calculate the
required heat flux.
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9.70 A billet of stainless steel, AISI 316, with a diameter of (a) Determine whether it is advisable to position the
150 mm and a length of 500 mm emerges from a heat billet in the bath with its centerline horizontal or
treatment process at 200°C and is placed in an unstirred vertical in order to decrease the cooling time.
oil bath maintained at 20°C.




