12-38

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

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




