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12-41 Wind is blowing parallel to the wall of a house. The rate of heat loss from that wall is to be 
determined for two cases.   
Assumptions 1 Steady operating conditions exist. 2 The critical Reynolds number is Recr = 5×105. 3 
Radiation effects are negligible. 4 Air is an ideal gas with constant properties. 
Properties The properties of air at 1 atm and the 
film temperature of  (Ts + T∞)/2 = (12+5)/2 = 
8.5°C are (Table A-22) 
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Analysis Air flows parallel to the 10 m side:  
The Reynolds number in this case is 
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which is greater than the critical Reynolds number. Thus we have combined laminar and turbulent flow. 
Using the proper relation for Nusselt number, heat transfer coefficient and then heat transfer rate are 
determined to be 
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If the wind velocity is doubled: 
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which is greater than the critical Reynolds number. Thus we have combined laminar and turbulent flow. 
Using the proper relation for Nusselt number, the average heat transfer coefficient and the heat transfer rate 
are determined to be 
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T∞ = 5°C 
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12-48 Ambient air flows over parallel plates of a solar collector that is maintained at a specified 
temperature. The rates of convection heat transfer from the first and third plate are to be determined. 
Assumptions 1 Steady operating conditions 
exist. 2 The critical Reynolds number is 
Recr = 5×105. 3 Radiation effects are 
negligible. 4 Atmospheric pressure is taken 
1 atm. 
Properties The properties of air at the film 
temperature of (15+10)/2=12.5°C are 
(Table A-22) 
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Analysis (a) The critical length of the 
plate is first determined to be 
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Therefore, both plates are under laminar flow. The Reynolds number for the first plate is 
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Using the relation for Nusselt number, the average heat transfer coefficient and the heat transfer rate are 
determined to be 
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(b) Repeating the calculations for the second and third plates,  
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The rate of heat loss from the third plate is 
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12-53 A circuit board is cooled by air. The surface temperatures of the electronic components at the leading 
edge and the end of the board are to be determined. 
Assumptions 1 Steady operating conditions exist. 2 The critical Reynolds number is Recr = 5×105. 3 
Radiation effects are negligible. 4 Any heat transfer from the back surface of the board is disregarded. 5 
Air is an ideal gas with constant properties. 
Properties Assuming the film temperature to be approximately 35°C, the properties of air are evaluated at 
this temperature to be (Table A-22) 
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Analysis (a) The convection heat transfer 
coefficient at the leading edge approaches infinity, 
and thus the surface temperature there must 
approach the air temperature, which is 20°C. 
(b) The Reynolds number is 
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which is less than the critical Reynolds number but we assume the flow to be turbulent since the electronic 
components are expected to act as turbulators. Using the Nusselt number uniform heat flux, the local heat 
transfer coefficient at the end of the board is determined to be 
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Then the surface temperature at the end of the board becomes 
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Discussion The heat flux can also be determined approximately using the relation for isothermal surfaces, 
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Then the surface temperature at the end of the board becomes 
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Note that the two results are close to each other. 

Air 
20°C 
6 m/s

Circuit board 
20 W

15 cm

15 cm 
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12-68 A steam pipe is exposed to windy air. The rate of heat loss from the steam is to be determined.√ 
Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas 
with constant properties. 
Properties The properties of air at 1 atm and the film temperature of (Ts + T∞)/2 = (90+7)/2 = 48.5°C are 
(Table A-22) 
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Analysis The Reynolds number is 
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The Nusselt number corresponding to this Reynolds number is 
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The heat transfer coefficient and the heat transfer rate become 
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V = 50 km/h 

T∞ = 7°C 

Pipe 
D = 8 cm 
Ts = 90°C
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12-74 The average surface temperature of the head of a person when it is not covered and is subjected to 
winds is to be determined. 
Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas 
with constant properties. 4 One-quarter of the heat the person generates is lost from the head. 5 The head 
can be approximated as a 30-cm-diameter sphere. 6 The local atmospheric pressure is 1 atm. 
Properties We assume the surface temperature to be 15°C for viscosity. The properties of air at 1 atm 
pressure and the free stream temperature of 10°C are (Table A-22) 
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Analysis The Reynolds number is 
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The proper relation for Nusselt number corresponding to this Reynolds number is 
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The heat transfer coefficient is 
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Then the surface temperature of the head is determined to be 
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Air 
V = 25 km/h 
T∞ = 10°C 

Head 
Q = 21 W 

D =0.3 m  
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12-78 An aircraft is cruising at 900 km/h. A heating system keeps the wings above freezing temperatures. 
The average convection heat transfer coefficient on the wing surface and the average rate of heat transfer 
per unit surface area are to be determined. 
Assumptions 1 Steady operating conditions exist. 2 Radiation effects are negligible. 3 Air is an ideal gas 
with constant properties. 4 The wing is approximated as a cylinder of elliptical cross section whose minor 
axis is 50 cm.  
Properties The properties of air at 1 atm and the film temperature of (Ts + T∞)/2 = (0-55.4)/2 = -27.7°C are 
(Table A-22) 
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Note that the atmospheric pressure will only affect the kinematic 
viscosity. The atmospheric pressure in atm unit is 
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The kinematic viscosity at this atmospheric pressure is 
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The Nusselt number relation for a cylinder of elliptical cross-section is limited to Re < 15,000, and the 
relation below is not really applicable in this case. However, this relation is all we have for elliptical 
shapes, and we will use it with the understanding that the results may not be accurate. 
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The average heat transfer coefficient on the wing surface is 
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V = 900 km/h 
T∞ = -55.4°C 
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12-81 A light bulb is cooled by a fan. The equilibrium temperature of the glass bulb is to be determined. 
Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant properties. 3 The light 
bulb is in spherical shape. 4 The local atmospheric pressure is 1 atm. 
Properties We assume the surface temperature to be 100°C for viscosity. The properties of air at 1 atm 
pressure and the free stream temperature of 30°C are (Table A-22) 
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Analysis The Reynolds number is 
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The proper relation for Nusselt number corresponding to this Reynolds number is 
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The heat transfer coefficient is 
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Noting that 90 % of electrical energy is converted to heat, 
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The bulb loses heat by both convection and radiation. The equilibrium temperature of the glass bulb can be 
determined by iteration or by an equation solver: 
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Lamp 
100 W
 ε = 0.9

Air 
V = 2 m/s 
T∞ = 30°C 


