12-10

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 Re, = 5x10°. 3
Radiation effects are negligible. 4 Air is an ideal gas with constant properties.
Properties The atmospheric pressure in atm is
Air
P =(83.4 kPa) __lam___ 5 8234m V=6m/s

101.325kPa T, =30°C T, =120°C
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

WL

considerations, the properties of air at 0.823 atm and at the film L
temperature of (120+30)/2=75°C are (Table A-22)
k =0.02917 W/m.°C
V =Vgiam ! Pam = (2.046x107° m?/s)/0.823 = 2.486x10° m?/s
Pr=0.7166
Analysis (a) If the air flows parallel to the 8 m side, the Reynolds number in this case becomes

VL (6 m/s)(8 m)
v 2486x107° m*-/s
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
_hL

Nu === (0.037Re *®—-871) Pri/® =[0.037(1.931x10°) %8 —871](0.7166)*/® = 2757

h:ENu
L

=1.931x10°

_ 002917 WIMC 5767y _10.05 Wim?.oC

A, =wL = (2.5m)(8m) = 20 m?
Q =hA (T, —T,) = (10.05 W/m?.°C)(20 m?)(120 — 30)°C = 18,100 W = 18.10 kW
(b) If the air flows parallel to the 2.5 m side, the Reynolds number is
Re, - __6 m/s)(2.55 mg — 6.034x10°
v 2.486x107> m*/s

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

Nu = hk—L =(0.037Re *®—-871) Pr'/® =[0.037(6.034x10°)%8 —871](0.7166)*'® = 615.1

hoX Ny = Q0L WIMEC 010 1y 7177 Wim?2.oC
L 25m

Q=hA, (T, —-T,) = (7.177 W/m?.°C)(20 m?)(120 — 30)°C = 12,920 W = 12.92 kW
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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 Re,, = 5x10°. 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 L=08m
temperature of (T + T,,)/2 = (100+20)/2 =60°C are (Table A-22)
k =0.02808 W/m.°C Engine block
v =1.896x10° m?/s N \
Pr=0.7202 2 Ir
o A : — < V=80km/h Ts=100°C
Analysis Air flows parallel to the 0.4 m side. The —> T =20°C £=0.95

Reynolds number in this case is
VL [(80x1000/3600) m/s](0.8 m)
v 1.896x107° m?/s

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

Nu = % =0.037Re %8 Prt/® =0.037(9.376 x10°) %% (0.7202)'/® =1988

Re, =9.376x10°

k 0.02808 W/m.°C
L 0.8m

(1988) = 69.78 W/m?.°C
A, =wL = (0.8m)(0.4m) = 0.32m?
Qeonv = A (T, —T,) = (69.78 W/m? .°C)(0.32 m?)(100 — 20)°C = 1786 W
The radiation heat transfer from the same surface is
Qrag = A (T, ~Tyr®)
= (0.95)(0.32m?)(5.67x10® W/m?2.K*)[(100 + 273 K)* - (25 + 273 K)*1=198 W
Then the total rate of heat transfer from that surface becomes

Quotal = Qeony + Qrag = (1786 +198)W = 1984 W
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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.V

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 (T + T,,)/2 = (90+7)/2 = 48.5°C are
(Table A-22)

k =0.02724 W/m.°C <D
v =1.784x10° m?/s _ Pipe
Air D=8cm
Pr=0.7232 V =50 km/h T, =90°C
Analysis The Reynolds number is T,=7°C
Re = VD _ [(50 km/h)(1000 m/km)/5(36(2)0 s/h)](0.08 m) _ 6.228x10" —
v 1.784x107° m*</s —
The Nusselt number corresponding to this Reynolds number is i
4/5
hD 0.62Re®® pri/2 Re )*'°
Nu=—=0.3+ 11+
k b+ 04/ Pr)2/3]1 282,000
4/5 —
4405 13 4\°/8
_ 0.3, 062(6:228x10%)°°(0.7232)'"* | | (6.228x10 1501
b+ (0470723222 " 282,000
The heat transfer coefficient and the heat transfer rate become
ho K Ny = 802728 WIMC 109 1y 5417 Wim?.oC
D 0.08m

A, = DL = z(0.08 m)(1m) = 0.2513m?
Qeony = DA (T, —T,.) = (54.17 W/m? °C)(0.2513m?)(90 — 7)°C = 1130 W (per m length)
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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)

k =0.02588 W/m.°C

v =1.608x10"° m?/s Air D=15cm
5 V =6m/s T, = 350°C
Moy =1.872x10" kg/mS -l-00 =30°C
Hs, g ao-c = 2-934x107° kg/m.s N
Pr=0.7282 —>
—

Analysis The Reynolds number is

VD (6 m/s)(0.15m)
v 1.608x107° m2/s
The Nusselt number corresponding to this Reynolds number is determined to be

=5597x10%

Re =

1/4
Nu = hTD =2+ [0.4Re%+0.06 Re2’3]Pr°'4[ﬂ—°°J

Hs

g\1/4
1.872x10 J 1456

=2+ [0.4(5.597><104)0'5 +0.06(5.597x10*)?/ 3](0.7282)0-4 -
2.934x10~

Heat transfer coefficient is
he L e 0.02588 W/m.°C
D 0.15m

The average rate of heat transfer can be determined from Newton's law of cooling by using average surface
temperature of the ball

A, = 2D? = 7(0.15m)? = 0.07069 m?
Qayg =NA (T, -T,.) = (25.12 W/m? °C)(0.07069 m?)(300— 30)°C = 479.5 W

(145.6) = 25.12 W/m?.°C

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

Quotar =MC (T —T5)

D3 7(0.15m)?

where m=pV = P (8055 kg/m?) =14.23kg

Therefore, Qg =mc, (T —T,) = (14.23 kg)(480 J/kg.°C)(350 — 250)°C = 683,250 J

Then the time of cooling becomes

Q 683250

=— = =14255=23.7 min
Qavg 479.5J/s

At
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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)

k =0.02735 W/m.°C

_ 5 2 Air
v =1.798x10" m*/s V = 240 m/min

Pr=0.7228 T, =35°C Q

Analysis The Reynolds number is —
VD  (240/60 m/s)(0.003 — Resistor
Re = YD _ (24000003 m) _ g5 — 0.4W

v 1.798x107° m“/s D=0.3cm
The proper relation for Nusselt number L=18cm
corresponding to this Reynolds number is

hD 0.62Re3 prl/3 re V']
Nu=—=0.3+— " 1+( J
[]-_,’_(0'4/'3',)2/3]1 282,000
05 1/3 5/874/°
03+ 0.62(667.4) (0.7228)/4 ( 667.4 j 1317
i+ 047072282} 282,000

The heat transfer coefficient is

h=X Ny = LO23SWIMC 5 19y 120 0 wim?.oC

D 0.003m

Then the surface temperature of the component becomes

A, = DL = 7(0.003m)(0.018 m) = 0.0001696 m?

Q=hA(T,-T,)—T, =T, + 2 _a5ecy 20'4W —=54.6°C

hA (120.0 W/m*.°C)(0.0001696 m“)

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.
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12-68

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)
k = 0.02588 W/m.°C

v =1.608x10"° m?/s V =25 km/h
1., =1.872x107° kg/m.s T, =30°C
s, e =1.729x10°° kg/mss E
Pr=0.7282 —
Analysis (a) The Reynolds number is 3
Re_ VD _ [(25%1000/3600) m/s)(3.02 m) 1304105 g Q

v 1.608x10~° m?/s
The Nusselt number corresponding to this Reynolds number is determined from

1/4
Nu =" _2.,[0.4Re% + 0,06 Re2* Pro* [”—wJ
k Hs
1.872x10° )"
. X
= 2+[o.4(1.304x106)°-5 +0.06(1.304x106)2’3](0.7282)0-4 =2ET 1 =1056
1.729x107°
and  h=X y 2 20288WIMC ooy g 05 Wim?.oC

D 3.02m
The rate of heat transfer to the iced water is
Q=hA,(T, T, ) =h(zD?)(T, -T,) = (9.05 W/m? .°C)[z(3.02 m)?](30 - 0)°C = 7779 W
(b) The amount of heat transfer during a 24-hour period is
Q = QAt = (7.779 kJ/s)(24 x 3600 s) = 672,000 kJ
Then the amount of ice that melts during this period becomes

Q =mhy _%m:E:MZZOng
hy  333.7 kilkg
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