14-7

14-19 A horizontal hot water pipe passes through a large room. The rate of heat loss from the pipe by
natural convection and radiation is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant properties. 3 The local
atmospheric pressure is 1 atm. 4 The temperature of the outer surface of the pipe is constant.

Properties The properties of air at 1 atm and the film temperature
of (Ts+T,,)/2 = (73+27)/2 = 50°C are (Table A-22) Pipe

k=0.02735 W/m.°C Air / T, =73°C
v =1.798x107> m?/s 1, =27°C £=0.8
Pr=0.7228 ( D= 6cm ()

pot - 1
T, (50+273)K

=0.003096 K™ L=10m

Analysis (a) The characteristic length in this case is the outer diameter of the pipe, L. = D =0.06 m. Then,

Ra- gp(T, -T,)D? pr— (9.81m/s?)(0.003096 K 1)(73 - 27 K)(0.06 m)?

(0.7228) = 6.747x10°

v? (1.798x107° m?/s)*
2
1/6 5\1/6
Nu) 064 0.387Ra o6 0-387(6.747x10%) 13.05
9/16 [#/27 9/16 8727
[1+(0.559/Pr) ] 1+(0.559/0.7228)
02 °
hziN =M(13.05)=5.950W/m2.°C

D 0.06 m
A, = 7DL = 7(0.06 m)(10 m) = 1.885 m?
Q=hA (T, —T,)=(5.950 W/m?.°C)(1.885 m? (73 - 27)°C = 516 W

(b) The radiation heat loss from the pipe is
Ql‘ad = msa(rs4 - Tsurr4 )

=(0.8)(1.885m?)(5.67x10° W/m? K*)|(73+273K)* - (27+273K)* ]: 533 W
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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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14-42 A circuit board containing square chips is mounted on a vertical wall in a room. The surface

temperature of the chips is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas
with constant properties. 3 The local atmospheric pressure is 1 atm. 4
The heat transfer from the back side of the circuit board is negligible.

Properties The properties of air at 1 atm and the anticipated film
temperature of (7,+7,)/2 = (35+25)/2 = 30°C are (Table A-22)
k =0.02588 W/m.°C

v =1.608x107> m?/s
Pr=0.7282

1
p=
Ty

1

=—— =0.0033K"
(30+273)K

L=50cm

2

PCB, T,
=07
121x0.18 W

Air
T, =25°C
TQllrr = ZSOC

Analysis The solution of this problem requires a trial-and-error approach since the determination of the
Rayleigh number and thus the Nusselt number depends on the surface temperature which is unknown. We
start the solution process by “guessing” the surface temperature to be 35°C for the evaluation of the
properties and 4. We will check the accuracy of this guess later and repeat the calculations if necessary. The
characteristic length in this case is the height of the board, L, = L =0.5m. Then,

Ra = 8PL T, )’ pr 0381 m/s?)(0.0033 K™")(35-25K)(0.5 m)’
v? (1.608x107° m*/s)*
2
1/6 8\1/6
Nu=1logas . O387Ra _ o5, 0:387(1.140x10%)
9/167%/%7 o/1618/27
14 0492 L[ 0492
Pr 0.7282
= N = SR L (63.72) 23,30 Wim?
Dom

A, =(0.5m)? =0.25m?

(0.7282) =1.140x10®

2

=63.72

Considering both natural convection and radiation, the total rate of heat loss can be expressed as

Q = hAs (T\ _Too)+ EASO_(TS4 _Tsurr4)
(121x0.18) W = (3.30 W/m?.°C)(0.25 m? (T, —25)°C

+(0.7)(0.25m*)(5.67x10™ W/m? K*)[(T, +273K)* —(25+273K)*]

Its solution is
T,=36.2°C

which is sufficiently close to the assumed value in the evaluation of properties and /4. Therefore, there is no
need to repeat calculations by reevaluating the properties and / at the new film temperature.

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.




14-42

14-48 A vertically oriented cylindrical hot water tank is located in a bathroom. The rate of heat loss from
the tank by natural convection and radiation is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant properties. 3 The local
atmospheric pressure is 1 atm. 4 The temperature of the outer surface of the tank is constant.

Properties The properties of air at 1 atm and the film temperature
of (T+T,)/2 = (44+20)/2 = 32°C are (Table A-22)
k =0.02603 W/m.°C

v=1.627x10"° m?2/s . Ai2r00C ’;ank44oc
Pr=0.7276 o
p= L ! =0.003279 K™

T, (32+273)K

Analysis The characteristic length in this case is the height of
the cylinder, L, = L =1.1m. Then,

_gpT, - T, )L _ (981 m/s?)(0.003279 K 1 )(44-20K)(1.1m)?

Gr =3.883x10°
v? (1.627x107° m?/s)?
A vertical cylinder can be treated as a vertical plate when
1.1
De04myz L o 3SMIM oo

Gr'* (3.883x10%)1*

which is satisfied. That is, the Nusselt number relation for a vertical plate can be used for the side surfaces.
For the top and bottom surfaces we use the relevant Nusselt number relations. First, for the side surfaces,

Ra = GrPr = (3.883x10°)(0.7276) = 2.825x10°

2 2
1/6 9\1/6
. 387(2.825x1
Nu =10.825+ —O-387Ra - =10825+ 0.387(2.825x10 )8/27 =170.2
9/16 9/16
0.492 0.492
1+ 1+
Pr 0.7276
h :%Nu - 0'026?31w(170.2) = 4.027 W/m?2.°C
lm
A, = 7DL = £(0.4m)(1.1m) =1.382m?
Ouige = hA, (T, —T,,) = (4.027 W/m?* °C)(1.382 m*)(44—20)°C =133.6 W
For the top surface,
I :i:EDZ/4:2:0.4m:01m
“p 7D 4 4
T,—T,)L 81m/s%)(0.003279 K ' )(44-20K)(0.1m)?
Ra= &AL To)le p  OBIm/sT)(0.003279K )(A4=20K)O-1m)” () 796) _ 5 123x10°

2 (1.627x107° m?/s)?
Nu =0.54Ra'’* =0.54(2.123x10%)"* =20.61

iNu _ 0.02603 W/m.°C

h= (20.61) = 5.365 W/m?.°C

c

A, =D /4 =7(0.4m)? /4=0.1257 m?
Ouop =hA (T, -T,) =(5.365 W/m> °C)(0.1257 m* )(44 - 20)°C =162 W
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For the bottom surface,
Nu=0.27Ra'* =0.27(2.123x10°)"/* =10.31
k 0.02603 W/m.°C

h=—Nu=—"""""2(10.31) = 2.683 W/m*.°C
L. 0.1m

Ovotiom = hA, (T, =T,) = (2.683 W/m? .°C)(0.1257 m? (44 - 20)°C =8.1 W
The total heat loss by natural convection is
Ocony = Osidge + Otop + Obottom =133.6+162+8.1=157.9W
The radiation heat loss from the tank is
Qrad = EASO'(TS4 _Tsurr4)
= (0.4)(1.382+0.1257+0.1257 m?)(5.67x10~° W/m?* K*)|(44 +273K)* - (20+273 K)“]
=101.1W
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