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Study on Transient Temperature Distribution
in Annular Fin of Uniform Thickness

Byung Jin Son, Hi Yong Pak, Kwan Soo Lee and Hung Joo Lee

Abstract

The heat diffusion equation for an annular fin is analyzed by Laplace transformation. The fin has a
uniform thickness, with its end insulated, and three different temperature profiles at the base such as step
change, harmonic and exponential functions.

The exact solutions for the temperature and heat flux of the fins are obtained with the infinite series.
The series solutions converge rapidly for large values of dimensionless time, but slowly for small values.
Therefore some approximate solutions are presented here to find the temperature distribution and heat flux

for small values of dimensionless time. Furthermore a simple approximate heat flux, Q=1. 13”% is found in

the range of ¢ << % for the exponential function at the base.
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Fig. 1 The physical model of an annular fin with
a coordinate system.
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Table 1 The first eight roots of equation'®,

N A ‘ A2 ’ A3 \ A As ,IG A7 s
0.1 0.99242 | 4.48096 | 7.69886 | 10.87812 | 14.04261 | 17.19967 | 20.35242 | 23.50244
0.2 1.12943 | 4.55686 | 7.75673 | 10.92483 | 14.08162 | 17.23306 | 20.38155 | 23.52824
0.3 1.22458 | 4.59791 | 7.78433 | 10.94555 | 14.09815 | 17.24679 | 20.39328 | 23.53847
0.4 1.29909 | 4.62531 | 7.80160 | 10.95812 | 14.10802 | 17.25490 | 20.40016 | 23.54444
0.5 1.36078 | 4.64590 | 7.81416 | 10..6714 | 14.11506 | 17.26067 | 20.40505 | 23.54868
0.6 1.41355 | 4.66263 | 7.82422 | 10.97433 | 14.12065 | 17.26525 | 20.40892 | 23.55204
0.7 1.45969 | 4.67700 | 7.83280 | 10.98046 | 14.12541 | 17.26914 | 20.41222 | 23.55490
0.8 1.50065 | 4.68976 | 7.84044 | 10.98590 | 14.12965 | 17.27261 | 20.41515| 23.55743
0.9 1.53744 | 4.70146 | 7.84743 | 10.99090 | 14.13353 | 17.27579 | 20.41784 | 23.55976
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Table 2 Minimum dimensionless time to reach within 1% of steady state temperature for different

values of m and 7,/7..

o T " | oo 01 | L0 2.0 5.0 10.0
0.1 477725 | 473071 | 2.42059 | 1.02042 | 0.25691 | 0.10313
0.5 2.58556 | 2.57232 | 1.7123%0 | 0.88088 | 0.24970 | 0.10214
0.9 204622 | 203808 | 14.6583 | 0.81699 | 0.24620 | 0.10182

Straight* fin 1.96 1.95 142 0.805 0.246 0.101

* Reference [9]
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Fig. 6 Base heat flux with variation of C for
m=0.1 and 7,/7.=0. 5.
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Fig. 7 Base heat flux with variation of C for m=1
and 7:/7.=0.5
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Fig. 8 Base heat flux with variation of C for
m=>5 and 7,/7.=0.5
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