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Abstract

This study presents an analysis of periodic heat diffusion in an annular fin with uniform
thickness. When the temperature of the fin base is changed in the form of a sinusoidal function,
the exact temperature solution can be obtained by Laplace transformation in terms of the
dimensionless parameters in the infinite series. Local heat flux and average heat flux, local fin
efficiency and average fin efficiency were obtained. Particularly, the table of eigenvalues that are
the indispensable condition in solving the heat transfer problem of annular fin in a transient state
with convection phenomena at the fin edge is provided. The tables of heat fluxes and average heat
fluxes, fin efficiencies and average fin efficiencies are also provided from the computed results.
Also, substituting the variations of dimensionless parameters into the these exact solutions, the
characteristics of these response are investigated.
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Fig. 1 The coordinate system of an annular fin
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Table 1 The first ten roots of equation (11)

N

An

'_'R_ Al A2 /13 A4 AS Aﬂ A7 As AQ Alﬂ
B

Bi No.

0.2(1.13046 | 4.55708 | 7.75686 |10.92492|14.08169|17.23312(20.38160|23.52829(26.67379|29.81849
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Bi=0.01/0.5|1.36885| 4.64807 | 7.81545 (10.96806(14.11577|17.26125(20.40554]23.54911|26. 6922129 . 83499
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0.4]1.880414.83432|7.9282211.04880({14.17863|17.31271|20.44909/23.58686(26.7255229.86481
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0.6/ 1.94456 | 4.86846 | 7.95009 [11.06474]14.19113|17.32299|20. 45781]23.59443|26 . 73221]29. 87079
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Table 2 The computed temperature distributions, heat fluxes, average heat fluxes and fin efficiencies by various
values at B;=0.00 and B;=0.01

Bi No. 0.00 0.01 0.00

] .Q, .Q-, 7 0 [/ Q § 7

1% m A B\B:~Rv| 0.2 | 06 | 1.0 | 02 | 06 | 1.0 | 00 | 00 | 0.0
0| 1.0924| 1.0008| 0.9782| 1.0867| 0.9886| 0.9618 0.7649 0.8499
/2| 0.9167] 0.8456| 0.8281| 0.9117| 0.8351 0.8140| 0.5024 0.7899
0.1 x| 0.7280| 0.6684| 0.6535| 0.7250| 0.6602] 0.6425| 0.5056| 0.6620| 0.8427
37/2| 0.9047| 0.8235| 0.8036 0.9000| 0.8137] 0.7903| 0.6781 0.9041
o2 27| 1.0024] 1.0008| 0.9782| 1.0867| 0.9886| 0.9618| 0.7649 0.8499
0| 1.0666| 0.9509| 0.9220] 1.0616| 0.9403| 0.9075| 0.9424 1.0471
7/2| 0.9539| 0.9121] 0.9013| 0.9485| 0.9006| 0.8858| 0.3058 0.4077
x| 0.7587] 0.7183| 0.7097 0.7501| 0.7085| 0.6967] 0.3266| 0.6939 0.5443
1.0 37/2| 0.8674] 0.7570| 0.7304| 0.8632| 0.7482 0.7185| 0.9482 1.2643
o2l os oz | 1.0666| 0.9509| 0.9220 1.0616| 0.9403| 0.9075| 0.9424 1.0471
0| 1.3651 1.2500| 1.2218| 1.3570] 1.2349] 1.2013] 0.9593 0.8527
x/2| 0.9257| 0.8621| 0.8465| 0.9205| 0.8512| 0.8318 0.5280 0.7040
0.1 x| 0.4563| 0.4191| 0.4100| 0.4538| 0.4139] 0.4030 0.3112] 0.6936| 0.8299
37/2| 0.8956| 0.8070| 0.7853| 0.8012| 0.7976| 0.7724| 0.7425 0.9900
0 27| 1.3651 1.2500| 1.2218| 1.3579| 1.2349| 1.2013| 0.9593 0.8527
0| 1.3005| 1.1253| 1.0813| 1.2053 1.1142| 1.0657| 1.4032 1.2473
x/2| 1.0188| 1.0285| 1.0295| 1.0124] 1.0149| 1.0113(—0.1883 —0.2511
x| 0.5208| 0.5438| 0.5505| 0.5164| 0.5346| 0.5386|—0.1364| 0.7506/—0.3637
1.0 37/2| 0.8025| 0.6406| 0.6022| 0.7993| 0.6339| 0.5920| 1.4177 1.8903
27| 1.3005] 1.1253| 1.0813| 1.2953| 1.1142 1.0657| 1.4032 1.2473
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Table 3 The computed heat fluxes and fin efficiencies by various values of —1154, m, A, B and Br at Bi=0.01
1B
2,977 2 2 n 7
BIN N A B\BARJ/R| 02 | 05 | o2 | 05 [ 02 | 05 | 02 [ 05
6 0.1986( 0.0945 0.9735 0.9840
/2] 0.1076] 0.0494 0.6331| 0.6171
0.1 x| 0.1261| 0.0608| 0.1664]F 0.0795( 0.9270( 0.9505{ 0.9549| 0.9706
3r/2| 0.2171] 0.1059 1.2768| 1.3241
0.2 2z 0.1986( 0.0945 0.9735] 0.9840
0] 0.4402] 0.1950 2.1578| 2.0308
/2| —0.2350} —0.1581 —1.3822| —1.9761
1.0 x| —0.1192/ —0.0399] 0.1932] 0.0908) —0.8765] —0.6236) 0.9562] 0.9718
3z/2| 0.5294| 0.3084 3.1139 3.8548
0.2 2r( 0.4402{ 0.1950 2.1578) 2.0308
0{ 0.2530( 0.1197 0.9921} 0.9975
x/2)  0.0256| 0.0070 0.1503| 0.0869
0.1 x| 0.0717| 0.0356| 0.1724 0.0823| 0.8433| 0.8900] 0.9437| 0.9625
3x/2] 0.2991| 0.1483 1.7596{ 1.8543
0.5 2x| 0.2530f 0.1197 0.9921 0.9975
0| 0.8569{ 0.3709 3.3606| 3.0911
x/2| —0.8309( —0.5117 —4.8878] —6.3961
1.0 x| —0.5415| —0.2163| 0.2395( 0.1102( —6.3707 —5.4063} 0.2291| 0.3311
37/2] 1.0799! 0.6545 6.3524| 8.1811
0.01 2n{ 0.8569( 0.3709 3.3606( 3.0911
0| 0.8040| 0.4125 0.8375] 0.8893
z/2) 0.6261} 0.3268 0.7826( 0.8274
0.1 x| 0.5319] 0.2794| 0.6831| 0.3584; 0.8311| 0.8843| 0.8350| 0.8873
3z/2| 0.7099| 0.3741 0.8873] 0.9472
0.2 2x| 0.8040f 0.4215 0.8375| 0.8893
0| 0.9762] 0.4984 1.0168| 1.0515
n/2] 0.3441] 0.1471 0.4301] 0.3724
1.0 x! 0.3584| 0.2025| 0.7022] 0.3669) 0.5601( 0.6407( 0.8352}{ 0.8875
3n/2 0.9765 0.5511 1.2206 1.3953
0.5 2z 0.9762] 0.4984 1.0168] 1.0515
0 1.0081{ 0.5281 0.8401) 0.8913
x/2] 0.5632| 0.2914 0.7040| 0.7377
0.1 x|l 0.3278( 0.1729( 0.7058{ 0.3702{ 0.8196{ 0.8753{ 0.8334| 0.8861
3x/2| 0.7728) 0.4096 0.9659| 1.0369
0.5 2m{ 1.0081( 0.5181 0.8401; 0.8913
0] 1.4384] 0.7203 1.1987] 1.2157
/2] —0.1417| —~0.1580 —0.1772| —0.4000
1.0 x| —0.1059] —0.0196] 0.7536) 0.3916| —0.2647|{ —0.0990| 0.7252| 0.7883
37/2] 1.4393} 0.8521 1.7991%F 2.1572
27| 1.4384{ 0.7203 1.1987] 1.2157
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