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Abstract

The transient response of a three-dimensional straight fin of constant cross sectional area and
perimeter with unequal top, bottom, left, right and tip surface convection coefficients is analyzed
using separation variables and Laplace transforms when the fin base is subjected to a step change
in temperature. The three-dimensional effects of fin dimensions and unequal fin surface convec-
tion coefficients on the fin performance which is expressed in terms of the heat flowrates through
the fin base are investigated, and errors in one-dimensional approximations and two-dimensional
solutions are discussed in the wide ranges of fin dimensions and unequal fin surface coefficients.

Typical results are represented in tabular and graphical forms.
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Table 1 Mean fin base heat flux g in case of w=10 and B,,=B,,=B;,=B.,=B.=0.1

L ] 0.0001 0.001 0.01 0.1 1 10 00
0.01 16.946 0.10158 0.10158
0.012 29.943 0.10199 0.10199
0.015 44.357 0.10486 0.10260 0.10260
0.03 56.156 4.34980 0.10562 0.10562
0.04 56.170 10.6827 0.10765 0.10764 0.10764
0.12 56.170 17.7660 3.04100 0.12359 0.12359
0.4 17.7660 5.62880 1.14040 0.17674 0.17674
1.0 5.62880 1.81400 0.37293 0.37293
3.0 1.81400 0.67756 0.42623 0.42473
4.0 0.67766 0.44929 0.44586
9.0 0.67766 0.46346 0.46017

12.0 0.46346 0.46031
15.0 0.46031
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Table 2 Mean fin base heat flux ¢ in case of w=10 and B,,=B,,=B.,=B,,=B:;=10.0
L 7| 0.0001 0.001 0.01 0.1 1 10 o0

0.01 17.029 6.9039 6.9039
0.012 25.209 6.7901 6.7901
0.015 34.594 6.6274 6.6270 6.6270
0.03 42.467 7.4896 5.9255 5.9255
0.04 42.577 10.039 5.5428 5.5428
0.1 42.577 13.548 4.2636 4.0749 4.0749
0.3 13.548 4.5491 2.5360 2.5337 2.5337
0.9 4.5491 2.1910 2.0151 2.0151
2.5 2.1910 1.9952 1.9952 1.9952
3.0 1.9952 1.9952 1.9952
4.0 1.9952 1.9952
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Table 3 Percent relative errors of the one-dimensional approximation in heat flowrates in case of B,,=
By,=Bz,=B.,=B:=0.1

L w r| 0.0001 0.001 0.01 0.1 1 10 100
0.01 0.01 0.28 0.29 0.29 0.29 0.29

0.05 5 0.13 0.13 0.41 0.42 0.42 0.42 0.42
16 0.45 0.45 0.72 0.73 0.73 0.73 0.73

1 0.01 0.01 0.04 0.48 0.48 0.48 0.48

0.1 5 0.13 0.13 0.16 0.65 0.65 0.65 0.65
10 0.45 0.45 0.47 0.73 0.96 0.96 0.96

1 0.01 0.01 0.02 0.09 1.07 1.08 1.08

0.5 5 0.13 0.13 0.14 0.21 1.57 1.57 1.57
10 0.45 0.45 0.45 0.53 1.92 1.92 1.92

0.01 0.01 0.02 0.07 0.85 1.18 1.18

1.0 0.13 0.13 0.14 0.19 1.23 1.89 1.89
10 0.45 0.45 0.45 0.51 1.56 2.28 2.28

0.01 0.01 0.02 0.07 0.43 0.85 0.86

5.0 0.13 0.13 0.14 0.19 0.61 1.49 1.56
10 0.45 0.45 0.45 0.51 0.93 1.89 1.97

0.01 0.01 0.02 0.07 0.43 0.84 0.84

10.0 5 0.13 0.13 0.14 0.19 0.61 1.45 1.49
10 0.45 0.45 0.45 0.51 0.93 1.83 1.90
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Table 4 Percent relative errors of the one-dimensional approximation in heat flowrates in case of B,,=

Byz‘:Bz‘:Bzzth:]..o

L w r|  0.0001 0.001 0.01 0.1 1 10 100
0.89 0.96 3.39 3.39 3.39 3.39 3.39

0.05 5 5.41 5.47 7.73 7.73 7.73 7.73 7.73
10| 10.02 10.07 12.14 12.15 12.15 12.15 12.15

0.89 0.94 2.58 5.21 5.21 5.21 5.21

0.1 5 5.41 5.46 6.95 9.65 9.65 9.65 9.65
10| 10.02 10.06 11.42 13.94 13.94 13.94 13.94

0.89 0.94 1.45 5.44 9.59 9.59 9.59

0.5 5 5.41 5.46 5.90 10.12 16.71 16.71 16.71
10! 10.02 10.06 10.47 14.40 20.84 20.84 20.84

1 0.89 0.94 1.45 4.85 9.46 9.48 9.48

1.0 5 5.41 5.46 5.90 9.42 17.95 18.07 18.07
10| 10.02 10.06 10.47 13.74 22.28 22.41 22.41

1 0.89 0.94 1.45 4.85 9.13 9.20 9.20

5.0 5 5.41 5.46 5.91 9.42 17.38 17.98 17.98
10| 10.02 10.06 10.47 13.74 21.71 22.44 22.44

1 0.89 0.94 1.45 4.85 9.13 9.20 9.20

10.0 5 5.41 5.47 5.90 9.42 17.38 17.98 17.98
101 10.02 10.07 10.47 13.74 21.71 22.44 22.44
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Fig. 5 Percent relative errors of the one-dimensional
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