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A Study on the Transient Heat Transfer in Annular Fin with
Uniform Thickness Considering Biot Number

Kwang Soo Kim*

ABSTRACT

The heat diffusion equation for an annular fin is analyzed using Laplace transfor-
mations. The fin has a uniform thickness with its edge heat loss and two tempera-
ture profiles at the base such as a step change in temperature or heat flux. To
obtain the exact solutions for temperature distribution, this paper can detect the
eigenvalues which satisfy the roots of transcendental equations in above two cases
during inverse Laplace transformations.

The exact solutions for temperature and heat flux are obtained with the infinite
series by dimensionless factors.

The solutions are developed for small and large values of times.

These series solutions converge rapidly for large values of time, but slowly for
small.
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Fig.1 An annular fin with edge heat loss
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Table 1, The first ten roots of Eq.(10)
BaGo~ A | 2, | 2, PO s | A iq 1, PR
No N
0.2 | '1.30769 | 4.62750 | 7.80289 ]10.95903 {14.10873 {17.25548 |20.40065 | 23.54487 | 26.68847 29.83165
0.4 1.36885 | 4.64807 | 7.81545 [10.96806 |14,11577 |17.26125 [20.40554 | 23.54911 | 26.69221 | 29.83499
B7=0.01| 0.5 1.42118 | 4.66479 | 7.82550 110.97525 [14,12136 |17.26583 |20.40941 | 23.55246 | 26.69517 | 29.83765
0.6 1.50756 | 4.69190 | 7.84171 [10.98682 |14,13036 |17.27319 [20.41564 | 23.55786 | 26.69993 | 29.84190
0.8 | 1.22562| 4.57914 | 7.76971 |10.93401 |14.08874 |17.23887 |20.38647 | 23.53250 | 26.67751 | 29.82181
0.2 | 1.22562 4.57914 | 7.76971 |10.93401 {14.08874 |17.23887 [20.38647 | 23.53250 | 26.67751 | 29.82181
0.4 1.38128 | 4.64711 | 7.81446 [10.96726 |14,11511 |17.26070 {20.40507 | 23.54869 | 26.69184 | 29.83466
Bi=0.1| 0.5 | 1.4310| 4.6675 | 7.82699 |10.97627 {14,12215 |17.26647 |20.40995 | 23.55293 | 26.69558 | 29.83801
0.6 | 1.486771 4.68416 | 7.83702 |10.98345 |14,12774 |17.27104 |20.41382 | 23.55629 | 26.69854 | 29.84066
0.8 | 1.56717| 4.71108 | 7.85319 [10.99501 |14,13673 |17.27840 (20.42005 | 23.56168 | 26.70330 | 29.84492
0.2 | 1.78101 | 4.77088 | 7.88465 (11.01603 |14.15248 |17.29101 (20,43057 |23.57072 | 26.71123 | 29.85198
0.4 1.83041 | 4.83432 | 7,92822 |11.04880 [14.17863 |17.31271 [20.44909 | 23.58686 | 26.72552 | 29.86481
Bi=1.0] 0.5 1.91528 | 4.85321 | 7.94038 |11.05768 {14.18560 |17.31844 |20.45395 | 23.59108 | 26.72925 { 29.86814
0.6 | 1.94456 | 4.86846 | 7.95009 |11.06474 |14.19113 }17.32299 |20,45781 | 23.59443 | 26.73221 | 29.87079
0.8 1.99176 | 4.89299 | 7.96570 {11.07609 (14,20002 |17.33028 |20.46400 {23.59980 | 26.73695 | 29.87504
Table 2. Minimum dimensionless time required to reach within »relative error 1% of steady
state temperature for different values of Bs, mand 74%,
oy m 0.01 - 0.1 1.0 2.0 5.0 10.0
Bi.No.
0.2 3.64594 '3.61910 2.10223 0.96426 0.25397 0.10264
0.4 2.79182 2.77631 1.79697 0.90063 0.25072 0.10224
Bi = 0.01 0.5 2.55630 2.54337 1.69990 0.8779.1 0.24855 0.10212
0.6 2.37844 2,36730 1.62221 0.85872 0.24853 0.10203
0.8 2.12434 2.11554 1.50402 0.82759 0.24682 0.10188
0.2 3.16551 3.14542 1.93912 0.93195 0.25255 0,10253
0.4 2.51234 2,49987 1.68113 0.87344 0.249317 0.10213
Bi = 0.1 0.5 2.32511 2.31449 1.59817 0.85262 0.24823 0.10202
0.6 2.18151 2.17221 1.53141 0.83504 0.24725 0.10192
0.8 1.97289 1.96535 1.42916 0.80656 0.24560 0.10177
0.2 1.54921 1.54468 1.20004 0.73497 0.24119 0.10145
0.4 1.39866 1.39501 1.11039 0.70300 0.23856 0.10107
Bi = 1.0 0.5 1.35138 1.34799 1.08133 0.69221 0.23768 0.10096
0.6 1.31364 1.31045 1.05780 0.68330 0.23694 0.10087
0.8 1.25625 1.25335 1.02143 0.66919 0.23575 0.10073
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Table 3. The first ten roots of Eq.(23)

N4 N 2 p 2 2 2 2 2 2 2 1
Bt .No. 1 2 3 4 5 6 7 8 9 10

0.2 | 0.12891 | 3.39138 | 6.44580 | 9.54230 |12.65762 | 15.78227 | 18.91212 | 22.04513 | 25.18018 | 28.31662
0.4 | 0.11934 | 3.23769 | 6,33620 | 9.46093 [12.59371 | 15.72992 | 18.86790 | 22.00689 | 25.14653 | 28.28660
Bf=0.01{0.5 | 0,11529 | 3.19963 | 6,31392 | 9.44552 [12.58200 | 15.72049 | 18.86001 | 22,00011 | 25.14059 | 28.28131
0.6 | 0,11162 | 3.17514 | 6,30049 | 9.43639 |12.57510 | 15.71495 | 18.85538 |21.99615 | 25,13711 | 28.27822
0.8 | 0.10523 | 3.15067 | 6.28775 | 9,42783 |[12,56866 | 15.70979 | 18.85108 | 21.99246 | 25.13389 | 28.27535
0.2 | 0.40240 | 3.41631 [6.45940 | 9.55160 (12.66467 | 15.78794 | 18,91686 | 22.04920 | 25.18374 | 28.31980
0.4 | 0.37213 | 3.26436 | 6.35022 | 9.47038 |12.60083 | 15.73563 | 18.87266 | 22.01098 | 25.15010 | 28.23978
Bi=0.1(0.5 | 0.35938 | 3.22690 | 6.32805 | 9.45501 |12.58913 | 15,72621 | 18.86477 | 22,00420 | 25.14417 | 28.28449
0.6 | 0.34788 | 3.20286 |6.31469 | 9.44590 (12.58224 | 15.72067 | 18.86015 | 22.00023 | 25.14069 | 23.28140
0.8 | 0.32790 | 3.17388 | 6,30202 | 9.43736 (12.57581 | 15.71552 | 18,85585 | 21.99655 | 25.13747 | 28.271853
0.2 | 1.12693 | 3.64928 | 6.59255 | 9.64369 |12,73477 | 15.84444 | 18.96414 | 22,08982 | 25.21935 | 28.35149
0.4 | 1.03402 | 3.50980 | 6,48705 | 9.56387 |12.67159 | 15.79248 | 18.92015 | 22,05174 | 25,18580 | 28.32153
Bi=1.0/0.5 0.99642 | 3.47619 | 6,46569 | 9,54878 [12.66001 | 15.78312 | 18,91230 |22.04499 | 25,17988 | 28.31626
0.6 | 0.96317 ] 3.45462 | 6,45280 | 9.53982 [12.65319 | 15.77762 | 18,90770 | 22.04103 | 25.17642 | 28.31317
0.8 | 0.90675 | 3.43246 | 6.44044 | 9.53138 {12.64680 | 15.77249 | 18.90341 | 22.03735 | 25.17320 | 28.31031

Minimum dimensionless time required to reach within relative error 19% of steady

Table 4, - .
state temperature for different values of B, m and r./7,
Bi_No'N 0.0t 0.1 1.0 2.0 5.0 10.0
0.2 275.60522 | 173.15738 4,67658 1.28336 0.28657 0.11410
_ 0.4 321.27827 | 190.13423 4.69607 1.29130 0.28994 0.11536
B = 0.01 0.5 344.07153 | 197.88864 4.70264 1.29343 0.29077 0.11565
0.6 366.83689 | 205.20899 4.70739 1.29489 0.29131 0.11584
0.8 412.28612 | 218.68627 4,71565 1,29651 0.29185 0.11603
0.2 28.57165 26.93503 4,10933 1.24276 0.28529 0.11397
0.4 33.39015 31.17441 4.19958 1.25609 0.28874 0.11521
Bi = 0.1 0.5 35,78960 33.25487 4.23520 1.26039 0.28960 0.11550
0.6 38.18343 35.31061 4.26622 1.26374 0.29016 0.11568
0.8 42,95640 39.35148 4.31774 1.26855 0.29075 0.11586
0.2 3.76749 3.73941 2.16708 1.00397 0.27498 0.11263
0.4 4.45532 4,41578 2.37047 1.04404 0.27897 0.11372
Bi== 1.0 0.5 4.78809 4,74227 2.45724 1.05917 0.28005 0.113%6
0.6 5.11472 5.06228 2.53624 1.07210 0.28082 |. 0,11410
0.8 5.75241 5.68575 2.,67533 1.09316 0.28180 | 0.11429
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