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Analysis of the Transient Response in Annular Fin with Rectangular Profile
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Abstract

This study conducts an analysis for the heat diffusion of an annular fin considering con-
vection phenomena at the fin edge as well as along the fin perimeter. When the temperature of
the fin base is given with an increasing exponential function, the exact series solutions of tem-
perature distribution are obtained by Laplace transformation in terms of dimensionless para-
meters. From these solutions heat flux and fin efficiency can be obtained. These exact solu-
tions converge rapidly for large values of dimensionless time, but slowly for small ones. To
avoid this convergence difficulty, approximate solutions of the temperature distribution and
heat flux for small values of dimensionless time are also presented. Substituting the variations
of dimensionless parameters into the these exact solutions, the characteristics of these response

are investigated.
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B i 0.0001 0.001 0. 01 0.1 1.0 10. 0 o0
1 |-20.6414 | -20.2960 |-18.9453 | -12.5898 | 7.7520 | 0.9796 | 0.9744
10 | 259167 | 2893691 37.6101 | 46.4623 | 145296 | 0.9744 | 0.9744
0.1 100 | 157468 | 454318 91.2196 | 432022 | 129113 | 0.9745 | 0.9744
1,000 |144.3817 |259.4930 | 97.7750 | 42.8288 | 12.7706 | 0.9745 | 0.9744
oo [733.2068 | 247.3250 | 93.4060 | 42.7023 | 12.7551 | 0.9745 | 0.9744
1 0.0198 | 0.0284| 00589 | 0.1815 | 0.5333 | 0.5836 | 0.5836
10 10117 | 10880 | 1.2833| 13683 | 0.6685 | 0.5836 | 0.5836
0.01 Lo 100 0.3793 | L1612 2.3886| 12160 | 0.6505 | 0.5836 | 0.5836
1,000 | 35309 | 6.7049| 25820 11829 | 0.6491 | 0.5836 | 0.5836
oo | 192339 | 64930 2.4684] 1.1798 | 0.6490 | 0.5836 | 0.5836
1| 00002 | 00005| 00019| 0.0098 | 0.0574 | 0.0895 | 0.0900
10 | 0.0015| 0.0050| 0.0176| 0.0625 | 0.0900 | 0.0900 | 0.0900
50 100 | 0.2538 | 0.2654 | 0.1938| 0.0905 | 0.0900 | 0.0900 | 0.0900
1,000 | 0.3175| 0.3458| 0.1215| 0.0903 | 0.0900 | 0.0900 | 0.0900
00 0.7834 | 0.2696| 0.1178| 0.0903 | 0.0900 | 0.0900 | 0.0900
1| -6.3129 | -6.2579 | -6.0254 | -4.7936 | 0.0500 | 0.8290 | 0.8288
10} 93360 97433 105898 | 90106 | 23713 | 0.8288 | 0.8288
0.1 100 | 11.5928 | 15.2803 | 17.1934 | 6.6725 | 21579 | 0.82838 | 0.8288
1,000 | 655447 | 56.9567 | 14.7607 | 6.4647 | 21397 | 0.8288 0.8288
oo |110.6727 | 37.3321| 14.0990 | 6.4456 | 2.1378 | 0.8288 | 0.8288
1| 01222 0129 ] 0.1552| 0.2531 | 05083 | 0.5379 | 0.5379
01 10 | 09192 | 0.9853| 1.1567| 1.2062 | 0.5973 | 0.5379 | 0.5379
1.0| 100 | 04025! 10777| 2.1082| 1.0596 | 0.5836 | 0.5379 | 0.5379
1,000 | 3.3442 | 5.9515| 22501 10308 | 0.5825 | 0.5379 | 0.5379
co | 167606 | 65.6582| 21511 | 1.0282 1| 0.5824 | 0.5379 | 0.5379
1| 00002| 00005 0.0010| 0.0098 | 0.0571 | 0.0895 | 0.0895
10 | 0.0015{ 0.0050| 0.0096]| 0.0621 | 0.0895 | 0.0895 | 0.0895
50 100 | 0.2543 | 0.2656| 0.4904] 0.0900 | 0.0895 | 0.0895 | 0.0895
L000 | 03170 | 0.3443) 0.6456 | 0.0898 | 0.0895 | 0.0895 | 0.0895
oo 0.7788  0.2680| 0.4984| 0.0898 | 0.0895 | 0.0895 | 0.0895




sS4/ X

T v

300 } - l
a0 =3 T: 0 —Rat Q2R = 125
- ~-8a% 10 Rn = 20
100
50
=
. e T
(=]
z
=
(=4
=0
[T
wh
0s ~
a
005
L
oo ! ,

001 a1 10 1520 0
m

Fig.7 Fin efficiencies by various wolues of

%—, Bi, mand C at v=1.0
T

10 1210 (-

B Ra = 025
= 094 B 001 €=1101001000 0 Re = 125
S sk __ Rz 10
w Bz 01 2110100100000
2 ery

g 13
& ¥r
ast
L A
e f
ard
o1t

8= 1,0  (=110001000°°

° 001 005 o1 05 10 1 H] 10

Fig.8 Fin efficiencies by various values of

—%, Bi, maond Cat 72> 10

(2) BEES ol WakaE, £<0.01d ),
BATBES) B o] B2 JFL W)
A7 Faw, 001D @ R, csb et
252 wHd Bist mo] LSS EL 6
s ey

(3) #ikol dstle, € rol @ o
42 BmAStTE (QEIE KRS Bk
A, ored C o rol Wit Bk RMERES
dg 4 Y& EmECl HEH, 53 BEF

T BRERS Ct=01~102% Uehith

@ Bzl il st 245 wd
o Bi &} mo] HE&FE & 7T KA
om, 72104 W m>1 09N &k IK
£ Uthd @REE Cl el mpIS
A% A—2 78 vepgich

2 £ X

1. A. Brown, “Optimum Dimensions of
Uniform Annular Fins’”’, International
Journal of Heat and Mass Transfer, Vol.8,
pp.662-665, 1965.

2. CJ. Maday, “The Minimum Weight One-
Dimensional Straight Fin”, ASME Journal
of Engineering for Industry, Vol.96,
pp.161-165, 1974.

3. P.J. Heggs, D.B. Ingham, and M. Manzoor,
“The Effects of Nonuniform Heat Transfer
from an Annular Fin of Triangular Pro-
file”, Journal of Heat Transfer, ASME,
Vol.103, pp.184-185, 1981.

4. 1. Mikk, ““Convective Fin of Minimum
Mass”, International Journal of Heat
and Mass Transfer, Vol.23, pp.707-711,
1981.

5. AJ. Chapman, “Transient Heat Conduc-
tion in Annular Fins of Uniform Thick-
ness”’, Chemical Engineering Symposium
Series, Vol.55, No.29, pp.195-201, 1959.

6. A. Aziz, “Periodic Heat Transfer in An-
nular Fins”, Journal of Heat Transfer,
ASME, Vol.97, No.2, pp.302-303, 1975.

7. N.V. Suryanarayana, “Transient Response
of Straight Fins”, Journal of Heat Transfer,
ASME, Vol.90, pp.175-176, 1968.

8 &4, 43§, o] &FF, olg, “Td
T 5N AreefEd B
A%, dIrIAEgs =2, A63,A 3
&, pp. 247—255. 1982

9 MAY, 2XE, 2T, “gFYFE
of ojg 2x9l. A=IAEEA 9] 34

i



10.

1L

12.

13.

14

15.

16.

17

gAY A7TE14, 1983

%4, AAY, 273, “ 214 gd=
Al o ERYEH LY 8 A
1A &3 =5y, Alld, A435, pp.
616—628 1987

®OSEKRE A 1A, “EHBEEEIC T35
775 ABBOERR.” WHBABRECT
BYETH, #1158, pp. 213—218 1962
FRRHE, #hacydE, SIgEE, pp. 89—
110, 1968

ROFEKE AZA, “EBER BLTHRBO
WET BRBREBGRE £3IHE, F
276 8%, pp. 1723—173L 1969
ROSEKES S 2 A, CBEKX BB W
SR ", OFBRBERE FI6H,
% 289 5%, pp. 1543—1550, 1970
A3d, AZF, ol “dudFrst
B 94 gudr)e] Agde o
a7 A=, Al 94, Al
3, pp. 127—134, 1985

JW. Yang, “Periodic Heat Transfer in
Straight Fins”, Journal of Heat Transfer,
ASME, Vol.94, No.3, pp.310-314, 1972.

AFF, AAY, “43Q wRe sk

e

=

AN - HBLE B 16% 555%(1987)/515

18.
" of Heat and Mass Transfer, McGraw Hill,

19.

20.

21

22.

23.

B e drgel] #HF AF” FAE
st-WEEs, A113, A 33, pp. 9—
17, 1982

E.R.G. Eckert and RM. Drake, Analysis

pp.91—95, 1972.

V.S. Arpaci, Conduction Heat Transfer,
Addison-Wesley, pp.140-141, 346, 390-
399, 1966.

G.E. Myers, Analytical Method in Con-
duction Heat Transfer, McGraw Hill,
pp.43-69, 1971. '

234, “Biot & 38 d dd7A9
FRelA e AgrgHged #d AT
71z3 -35FE, Al 1448, A 23, pp.
138149, 1985.

M. Abramowitz and I.A. Stegun, Hand-
book of Mathematical Functions, Dover,
New York, pp,299,304, 1965.

PK. Irey, “Errors in the One-Dimensional
Fin Solution™, Journal of Heat Transfer”,
Trans. ASME, Vo0l90, No.l, pp.175-
176, 1969.

s
3T
[+



