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12-40 The top surface of a hot block is to be cooled by forced air. The rate of heat transfer 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 atmospheric pressure in atm is 

 atm 823.0
kPa 101.325

atm 1kPa) 4.83( ==P  

For an ideal gas, the thermal conductivity and the Prandtl 
number are independent of pressure, but the kinematic 
viscosity is inversely proportional to the pressure. With these 
considerations, the properties of air at 0.823 atm and at the film 
temperature of (120+30)/2=75°C are (Table A-22) 
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Analysis (a) If the air flows parallel to the 8 m side, the Reynolds number in this case becomes 
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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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(b) If the air flows parallel to the 2.5 m side, the Reynolds number 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, the average heat transfer coefficient and the heat transfer rate 
are determined to be 
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Air 
V = 6 m/s 
T∞ = 30°C 

L  

Ts = 120°C
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12-49 A car travels at a velocity of 80 km/h. The rate of heat transfer from the bottom surface of the hot 
automotive engine block is to be determined. 
Assumptions 1 Steady operating conditions exist. 2 The critical Reynolds number is Recr = 5×105. 3 Air is 
an ideal gas with constant properties. 4 The flow is turbulent over the entire surface because of the constant 
agitation of the engine block. 
Properties The properties of air at 1 atm and the film 
temperature of (Ts + T∞)/2 = (100+20)/2 =60°C are (Table A-22) 
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Analysis Air flows parallel to the 0.4 m side. The 
Reynolds number in this case is 
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which is greater than the critical Reynolds number and thus the flow is laminar + turbulent. But the flow is 
assumed to be turbulent over the entire surface because of the constant agitation of the engine block. Using 
the proper relations, the Nusselt number, the heat transfer coefficient, and the heat transfer rate are 
determined to be 
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The radiation heat transfer from the same surface is 

 W198=×=

−=

]K) 273+(25-K) 273+)[(100.K W/m10)(5.67m 32.0)(95.0(

)(
44428-2

44
surrssrad TTAQ σε&

 

Then the total rate of heat transfer from that surface becomes 

  W1984=+=+= W)1981786(radconvtotal QQQ &&&  

Ts = 100°C
ε = 0.95 

Air 
V = 80 km/h 
T∞ = 20°C 

L = 0.8 m 

Engine block  
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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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The heat transfer coefficient and the heat transfer rate become 
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Air 
V = 50 km/h 

T∞ = 7°C 

Pipe 
D = 8 cm 
Ts = 90°C
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12-70 A hot stainless steel ball is cooled by forced air. The average convection heat transfer coefficient and 
the cooling time 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 outer surface temperature of the ball is uniform at all times. 
Properties The average surface temperature is (350+250)/2 = 300°C, and 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 Nusselt number corresponding to this Reynolds number is determined to be 
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Heat transfer coefficient is 
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The average rate of heat transfer can be determined from Newton's law of cooling by using average surface 
temperature of the ball 
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Assuming the ball temperature to be nearly uniform, the total heat transferred from the ball during the 
cooling from 350°C to 250°C can be determined from 
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Then the time of cooling becomes 
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Air 
V = 6 m/s 
T∞ = 30°C

D = 15 cm 
Ts = 350°C

D  
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12-87 A cylindrical electronic component mounted on a circuit board is cooled by air flowing across it. 
The surface temperature of the component 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 The local atmospheric pressure is 1 atm. 
Properties We assume the film temperature to be 50°C. The 
properties of air at 1 atm and at this temperature are (Table A-22) 

 
7228.0Pr

/sm 10798.1

C W/m.02735.0
25-

=
×=

°=

ν

k

 

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 component becomes 
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The film temperature is (54.6+35)/2=44.8°C, which is sufficiently close to the assumed value of 50°C. 
Therefore, there is no need to repeat calculations. 

Q&  

Resistor 
0.4 W 

D = 0.3 cm 
L = 1.8 cm 

Air 
V = 240 m/min
T∞ = 35°C
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12-98 A spherical tank used to store iced water is subjected to winds. The rate of heat transfer to the iced 
water and the amount of ice that melts during a 24-h period are to be determined. 
Assumptions 1 Steady operating conditions exist. 2 Thermal resistance of the tank is negligible. 3 
Radiation effects are negligible. 4 Air is an ideal gas with constant properties. 5 The pressure of air is 1 
atm. 
Properties 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 (a) The Reynolds number is 
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The Nusselt number corresponding to this Reynolds number is determined from 

 

[ ]

[ ] 1056
10729.1
10872.1)7282.0()10304.1(06.0)10304.1(4.02               

PrRe06.0Re4.02

4/1

5

5
4.03/265.06

4/1
4.03/25.0

=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

×

×
×+×+=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++==

−

−

∞

sk
hDNu

μ
μ

 

and  C. W/m05.9)1056(
m 02.3

C W/m.02588.0 2 °=
°

== Nu
D
kh  

The rate of heat transfer to the iced water is 
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(b) The amount of heat transfer during a 24-hour period is 
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Then the amount of ice that melts during this period becomes 
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1 cm      Di = 3 m 
 Iced water 
     0°C 
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Ts = 0°C
V = 25 km/h 
T∞ = 30°C 


