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Chapter 9
Free Convection Examples

1. A large vertical plate 4.0 m high is maintained at 60°C and exposed to
atmospberic air at 10°C. Calculate the heat transfer if the plate is 10 m wide.

2. A horizontal pipe 1 {t (0.3048 m} in diameter is maintained at temperature of
_250°C in a room where the ambient air is at 15°C. Calculate the free convection
heat loss per meter of length.

3 A fine wire having a diameter of 0.02 mm is maintained at a constant femperature
of 54°C by an electric current. The wire is exposed to air at 1 at1m and 0°C.
Calculate the electric power necessary to maintain the wire temperature if the
length is 50 cm.

4. A flat, isothermal heating panel, 0.5 m wide by lm high, is mounted to one wall
of a large room. The surface of the panel has an emissivity of 0.90 and is
maintained at 400 K. I the walls and air in the room ar¢ at 300 K, what 1s the net
rate at which heat s transferred from the panel to the room?
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2. A horizontal pipe | fi (0.3048 m) in diameter is maintained at temperature of
250°C in a room where the ambient
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3. A fine wire having a diameter of 0.02 mm is maintained at a constant temperature
of 54 °C by an electric current. The wire is exposed to air at | atm and 0 °C.
Calculate the electric power necessary to maintain the wire temperature if the
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A fat, isothermal heating panel, 0.5 m wide by 1 m high, is mountad 10-one wall of v large room.
The swrface of the panel has on emissivity of 0.%0 and is maintained at 400 K. If the walls and
alr in the room are at 300 K, what is the net rate at which heat is transferred trom the panel 1o the

room?
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PROBLEM 9.35

KNOWN: Surface temperature of a long duct and ambient air temperature.

FIND: Heat gain to the duct per unit length of the duct.
SCHEMATIC:
N =
W=0.2m s -3 sides of duct

H=0.2m 1= fop
¥ b boftom

~T72=10°C

ASSUMPTIONS: (1) Surface radiation effects are negligible, (2} Ambient air is quiescent.
PROPERTIES: Table A-4, Air (Ty= (Te, + Tg)/2 = 300K, 1 atm): v=15.89 x 10_6 1‘112/5, k=
0.0263 WinK, o.=22.5 x 10® m’/s, Pr= 0.707, p = I/Ts.
ANALYSIS: The heat gain to the duct can be expressed as

q'=2q5 +q¢ +qb =(2hg H+h- Wy - W)(To - T ). (0
Consider now correlations to estimate HS,E, and Hb- From Eq. 9.25, for the sides with L = H,
BTy ~T)L?  9.8m/s%(1/300K)(35-10)K x(0.2m)’

va 15.89x107%m? /5% 22.5%107%m? /s
Eq. 9.27 is appropriate to estimate hg,

Raj, =1.827x107. (2)

1/4
—— 0.670Ral/4 » 0.670{1.827x107)
up =0.68+ o116 75 = 0-08+ "y 4/9=34.29
[1+(0.492/Pr) J [1+(0.492/0.707) }
hg =Nu -k/L=3429x0.0263W/m-K/0.2m =4.51W/m?-K. (3)

For the top and bottom portions of the duct, L = Ag/P = W/2, (see Eq. 9.29), find the Rayleigh number

6
from Eq. (2) with L = 0.1 m, Ray, =2.284 x 10 . From the correlations, Egs. 9.30 and 9.32 for the top
and bottom surfaces, respectively, find

_ . 1/4

b= & x0.54Ral/4 - 0023 W/m Kxo.54(2.284><106) -5.52W/mP K. (4)
(W/2) 0.1m

_ . 1/5

b = 7o x0.52Ra}/S = L0263 W/m-K <052(2284x10°) " =2.56W/m? K. (5)
(W/2) 0.1m

The heat rate, Eq. (1), can now be evaluated using the heat transfer coefficients estimated from Egs.
(3}, (4}, and (5).

q'=(2%451W /m? - Kx02m+5.52W/m? K x0.2m +2.56W /m? K x0.2m}(35 - 10)K
q=85.5W/m. <

COMMENTS: Radiation surface effects will be significant in this situation. With knowledge of the
duct emissivity and surroundings temperature, the radiation heat exchange could be estimated.



PROBLEM 9.82

KNOWN: Vertical air vent in front door of disirwasher with prescribed width and height. Spacing

Devee - 1Soner 1Al anc INsaie L. SUELACE. O AU JT1E

FIND: (a) Heat loss from the tub surface and (b) Effect on heat rate of changing spacing by = 10 mm,
SCHEMATIC: T

g
152
£.=500mm » | s——Lnsulated surfaoce,
' = width w=580zrw
é Ambient air,
3 T =27°C

Sz20m ;.:. T fe—

ASSUMPTIONS: (1} Steady-state conditions, (2) Vent forms vertical paraliel isothermal/adiabatic
plates, (3) Ambient air is quiescent.

PROPERTIES: Table A-4, (T= (T, + T2 = 312.5K, 1 atm): v =17.15 x 10° m%s, o = 24.4 x
10 m¥s, k =27.2 x 107 Wim-K, = Tt

ANALYSIS: The vent arrangement forms two vertical plates, one is isothermal, T, and the other is
adiabatic (q” = 0). The heat loss can be estimated from Eq. 9.37 with the correlation of Eq. 9.45

using Cy = 144 and Cy = 2.87 from Table 9.3:
CgB(T-T,,)8°  9.8m/s?(1/312.5 K)(52-27)K (0.020m)’

ve 17.15><10_6m2/s><24.4><10_61112/S
-1/2

—(0.500x0.580) m x

Rag

=14,988

k| ¢ C
1= A5 (T~ Too ) v TP
S| (RagS/L)* (RagS/L)

-1/2

0.0272W/m-K C Cy - 28 8W <

(52-27)K ¥
0.020m | (RagS/L)* (RagS/L)"?

(b) To determine the effect of the spacing at S = 30 and 10 mm, we need only repeat the above
calculations with these results

S (mm) Rag g (W)
10 1874 26.1 <
30 50,585 28.8 <

Since it would be desirable to minimize heat losses from the tub, based upon these calculations, you
would recomumend a decrease in the spacing.
COMMENTS: For this situation, according to Table 9.3, the spacing corresponding to the maximum

heat transfer rate is Spax = (Smax/Sopt) % 2.15(Rag/S’Ly " = 14,5 mm. Find quuay = 28.5 W. Note
that the heat rate is not very sensitive to spacing for these conditions.



PROBLEM 9.86

KNOWN: Critical Rayleigh number for onset of convection in vertical cavity filled with atmospheric
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FIND: Maximum allowable spacing for heat transfer by conduction across the air. Effect of surface
temperature and air pressure,

SCHEMATIC:

Ty =22°C To = -200C

Alr, p=1atm

; L
ASSUMPTIONS: (1) Critical Rayleigh number is Rag, ¢ = 2000, (2} Constant properties.

PROPERTIES: Tuble A-4, air [T = (T + To)/2 = 1°C = 274K]: v=13.6 x 10°® m%s, k = 0.0242
Wim-K, a=19.1 x 10° m¥s, #=0.00365 K",

ANALYSIS: With Rar =g S(T) - Tp) L) /av,

1/3
=0.007m =7 mm <

1/3

[ avRape 17 119.1x13.6x107%m* /5% x2000
S Bl G

gB{T—Tp) 9.8m/s x0.00365K ! x42°C

The critical value of the spacing, and hence the corresponding thermal resistance of the air space,
increases with a decreasing temperature difference, Ty — T, and decreasing air pressure. With v= 1/p
and o= k/pep, both quantities increase with decreasing p, since p decreases while g, k and cp are
approximately unchanged.

COMMENTS: (1) For the prescribed conditions and L, = 7 mm, the conduction heat flux across the

air space is q" =k (T, =T, }/ L, = 0.0242 W /m-K x42°C/0.007m = 145 W /m*, (2) With triple pane

construction, the conduction heat loss could be reduced by a factor of approximately two, (3) Heat loss
is also associated with radiation exchange between the panes.



PROBLEM 9.87

KNOWN: Temperatures and dimensions of a window-storm window combination.

IFIND: Rate of heat loss by free convection.

SCHEMATIC;
°, - ! /
T, =-10°C 4 H 1'2?% - :-z/gr;ﬁc)f
Air, , o
latm ¢ W"Bm//?l
L=0.0bm ="

ASSUMPTIONS: (1) Both glass plates are of uniform temperature with insulated
interconnecting walls and (2) Negligible radiation exchange.

PROPERTIES: Table A-4, Air (278K, 1 atm): v =13.93 x 1()-6 mzls, k=10.0245 Wim'K, o
~19.6 % 10 m%/s, Pr=0.71, p = 0.00360 K.

ANALYSIS: For the vertical cavity,

e A(Ty—T,)13 9.8m/s’ (0.003601(‘1)(3000)(0.06111)3

RaL:
av 19.6x10~6m2/sx13.93><10_61112/s

Raj =8.37x10°.

With (H/L) = 20, Eq. 9.52 may be used as a first approximation for Pr = 0.71,

)1/4

Nuy =0.42Ra/4 P02 (10703 = 0.42(8.37 x10° 0012 50)703

(0.71)

NuL =5

2
B=Nu, £=5220BWmE ) g/m? ok
L 0.06m

The heat loss by free convection is then
q=hA(T - Tp)
q=2.1W/m? K (1.2mx0.8m)(30°C) = 61 W. <

COMMENTS: In such an application, radiation losses should also be considered, and
infiltration effects could render heat loss by free convection significant.



