Subject: Heat Transfer
Dr. Mahmood Shaker
E-mail: mahmoodshaker@uomus.edu.iq

@ Con\lecéloﬂ W cat ’TmnsFer.

It is well known that a hot plate of metal will cool faster when placed in front of a fan than
when exposed to still air. We say that the heat is convected away. and we call the process
convection heat transfer.
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EXAMPLE 1-2

Auir at 20°C blows over a hot plate 50 by 75 cm maintained at 250°C. The convection heat-transfer
coefficient is 25 W/m? - °C. Calculate the heat transfer.
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EXAMPLE 1-4

An electric current is passed through a wire 1 mm in diameter and 10 cm long. The wire is
submerged 1n liquud water at atmospheric pressure, and the current 1s increased until the water
boils. For this situation h = 5000 W/m? - °C, and the water temperature will be 100°C. How much
electric power must be supplied to the wire to maintain the wire surface at 114°C?
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P. 116
Water flows at the rate of 0.5 kg/s in a 2.5-cm-diameter tube having a length of 3 m

A constant heat flux is imposed at the tube wall so that the tube wall temperature is
40°C higher than the water temperature. Calculate the heat transfer and estimate the
temperature rise in the water. The water is pressurized so that boiling cannot occur.
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P.1-23 Aflat wall is exposed to an environmental temperature of 38°C. The wall is covered
with a layer of insulation 2.5 em thick whose thermal conductivity is 1.4 W/m - °C.
and the temperature of the wall on the inside of the insulation 1s 315°C. The wall

loses heat to the environment by convection. Compute the value of the convection
heat-transfer coefficient that must be maintained on the outer surface of the insulation
to ensure that the outer-surface temperature does not exceed 41°C.
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P. 1-26 How does the free-convection heat transfer from a vertical plate compare with pure
conduction through a vertical layer of air having a thickness of 2.5 cm and a temper-
ature difference the same at T,, — To? Use information from Table 1-3.
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P. 1-20 Calculate the energy emitted by a blackbody at 1000°C.
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P.1-21 Ifthe radiant flux from the sun is 1350 W/m2. what would be its equivalent blackbody
temperature?
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P. 1-13 Two very large parallel planes having surface conditions that very nearly approx-
imate those of a blackbody are maintained at 1100 and 425°C, respectively. Cal-
culate the heat transfer by radiation between the planes per unit time and per unit
surface area.
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P.1-19 A small radiant heater has metal strips 6 mm wide with a total length of 3 m. The
surface emissivity of the strips is 0.85. To what temperature must the strips be heated
if they are to dissipate 2000 W of heat to a room at 25°C?
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EXAMPLE 1.3

Assuming that the plate in Example 1-2 1s made of carbon steel (1%) 2 cm thick and that 300 W
1s lost from the plate surface by radiation, calculate the inside plate temperature.

? Figure 1-9 | Combination of conduction, convection, and
‘;{ -'\(3 A~ radiation heat transfer.
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