PROBLEM 3.137
KNOWN: Dimensions and end temperatures of pin fins.

FIND: (@) Heat transfer by convection from asingle fin and (b) Total heat transfer froma 1
m2 surface with fins mounted on 4mm centers.

SCHEMATIC:
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ASSUMPTIONS: (1) Steady-state, (2) One-dimensional conduction along rod, (3) Constant
properties, (4) No internal heat generation, (5) Negligible radiation.

PROPERTIES: Table A-1, Copper, pure (323K): k ~ 400 W/m-K.
ANALYSIS: (@) By applying conservation of energy to thefin, it follows that
Qconv = Acond,i —Ycond,o

where the conduction rates may be evaluated from knowledge of the temperature distribution.
The general solution for the temperature distribution is

0(x)=Cp ™ +Cp e™ 0=T-T,.

The boundary conditions are 6(0) = 6, = 100°C and 6(L) = 0. Hence
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Therefore, Cy=C e2M
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and the temperature distribution has the form

0= 6o [emx _e2mL—mx}
1— e2mL

The conduction heat rate can be evaluated by Fourier’s law,
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PROBLEM 3.137 (Cont.)
Henceat x =0,
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Evauating the fin parameters:
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mL = 31.62 m ™% 0.025m = 0.791, eM- = 2.204, ek _ 4865
The conduction hezat rates are
100K (9.93><10'3 W/K)
Ucond,i = 3865 x5.865=1.507 W
100K (9.93x10'3 WIK )
deond,o = o x4.408=1.133 W

and from the conservation relation,

Jconv =1.507 W-1.133W =0.374 W. <
(b) Thetotal heat transfer rate is the heat transfer from N = 250x250 = 62,500 rods and the
heat transfer from the remaining (bare) surface (A = 1m2 - NA(). Hence,

d=N Geond;j +MAB, = 62,500 (1507 W) +100W/m? K (0.951 m2) 100K

q=9.42x10% W+0.95x10% W=1.037x10° W.
COMMENTS: (1) Thefins, which cover only 5% of the surface area, provide for more than
90% of the heat transfer from the surface.
(2) Thefin effectiveness, & =qcongi / hAY,, ise =192, and thefin efficiency,
1= (Aeony / 7 DL6,), isn =0.48.
(3) The temperature distribution, 6(x)/6,, and the conduction term, dcong,i, could have been
obtained directly from Egs. 3.82 and 3.83, respectively.
(4) Heat transfer by convection from asingle fin could also have been obtained from Eq. 3.78.



