14-14

14-25 Water is boiling in a pan that is placed on top of a stove. The rate of heat loss from the cylindrical
side surface of the pan by natural convection and radiation and the ratio of heat lost from the side surfaces
of the pan to that by the evaporation of water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas Vapor

with constant properties. 3 The local atmospheric pressure is 1 atm. 2kg/h

Properties The properties of air at 1 atm and the film temperature of

(T¢+T.,)/2 = (98+25)/2 = 61.5°C are (Table A-22)

k =0.02819 W/m.°C
v=1910x10"° m?/s Pan
Pr=0.7198 Air  [S————| 1= 98°C
| | T,=25°C £=0.80
f=—=——"—=0.00299K" Water
Tf (61.5+273)K 100°C
Analysis (a) The characteristic length in this case is the S S S

height of the pan, L, = L =0.12m.Then

_gpT,-T, L3 _ (981 m/s*)(0.00299 K )98 — 25 K)(0.12 m)*

Ra . Pr = (0.7198) = 7.299x10°
1% (1.910x107> m~/s)
We can treat this vertical cylinder as a vertical plate since
12
35164 = 35(60 ) 7 =0.07443<0.25 and thus D > %
Gr (7.299x10° /0.7198) Gr
Therefore,
2 2
1/6 611/6
. . 2 1
Nu =025+ 0387Ra ~ 10,8254 238707299107 =28.60
0/16718/27 /1618727
0.492 0.492
1+ 1+
Pr 0.7198
=Ky 2 QOB WMIC ¢ 0y~ 6,720 Wim?.oC

L 0.12m
A, = 7DL = £(0.25 m)(0.12 m) = 0.09425 m>

and
Q=hA,(T, -T,)=(6.720 W/m?.°C)(0.09425 m*)(98 — 25)°C = 46.2 W
(b) The radiation heat loss from the pan is
Oroa =A,0(T,* = T,,,")
= (0.80)(0.09425 m*)(5.67x10~* W/m? K*)|[(98+273K)* —(25+273K)* ]: 473 W
(c¢) The heat loss by the evaporation of water is

O =, =(1.5/3600kg/s)(2257 ki/kg) = 0.9404 kW = 940 W

Then the ratio of the heat lost from the side surfaces of the pan to that by the evaporation of water then
becomes

46.2+47.3
=

940

=0.099 =9.9%
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