PROBLEM 1.22

KNOWN: Hot vertical plate suspended in cool, still air. Change in plate temperature with time at the
instant when the plate temperature is 225°C.

FIND: Convection heat transfer coefficient for this condition.

SCHEMATIC:
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Plate, 0.3x03m
M=3.75kg, cp=2770 Jfkg-K
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ASSUMPTIONS: (1) Plate is isothermal, (2) Negligible radiation exchange with surroundings, (3)
Negligible heat lost through suspension wires.

ANALYSIS: As shown in the cooling curve above, the plate temperature decreases with time. The

condition of interest is for time t,. For a control surface about the plate, the conservation of energy
requirement is
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where A is the surface area of one side of the plate. Solving for h, find

_ Mcp, (—dT)
__ 3.75kgx 2770 J/kg-K
2 x (0.3 x0.3)m?(225 - 25)K

x 0.022 K/s = 6.3 W/m?2 - K <

COMMENTS: (1) Assuming the plate is very highly polished with emissivity of 0.08, determine
whether radiation exchange with the surroundings at 25°C is negligible compared to convection.

(2) We will later consider the criterion for determining whether the isothermal plate assumption is
reasonable. If the thermal conductivity of the present plate were high (such as aluminum or copper),
the criterion would be satisfied.
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