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The Effect of the Number of Nodes on the Exactness of
Heat Loss in the Finite Difference Method

MO S 28 Mo

Jeon, Jeon-Woo Kang, Hyung—-Suk

ABSTRACT

The effect of the number of nodes on the heat loss from a rectangular fin for a finite difference
method is studied. There are two ways for selecting nodes for the upper half fin in this finite
In the first place, all the 4x are the same and all the Jdy are the same for
the entire upper half fin. Incremental length of x (ie. 4x) is divided by two near the fin tip
while all the Jy are the same for another way. The results show that 1) About 30 nodes are
enough to obtain the satisfactory exact analysis (relative error < 5%) on the heat loss for a given
range of Biot number in case of short fin (i.e. L<2). 2) Under usual circumstances (Bi<0.1), the
relative error of heat loss between using 30 nodes and 90 nodes is within 4% for given range of
non-dimensional fin length. 3) The relative error of the calculated heat loss (the number of
node=90) as compared to the expected exact heat loss is less then 1.5% for Bi=0.1 and L=10 while

difference method.

that is over 13% for Bi=1.0 and L=10.
¥ =
Keywords :

P EEA HRE £ kB g, AU
Heat Loss, Biot Number, The Number of Node, Relative Error

.M 2

BOEEAANS o8 X EE L RERA 5%
AqH Fa3F 4L ot d2M ARG TE H§
3, stAdae 44, A 93y Z2AX, AT4E
A Abgo] 2t FEH S FolM EAHer ¥
B B fE —EHIEOl Ak, o] EAEL Ax, o
F 283 EAES Eese] Bde, 357 42 H
W e Ali:EéM AA Aol ot 2 Fo
A o fgge] MRS mEAFZ] fEA finol
2ol FIME X2 Ytk Finol v B sciissE o A
d A BRe o B, fine] #i8y A4
olut 4 HY 54 o ZA gL w=rd Finol
gg A7l Forers waAxn Wi 33
ERENOH fine] A BHo|} dueMe d A

* A, AW et 7 AEdT AAHA
»R8 4, ZAYRL AATHY FRe

gdo #F¢ dAve A¥HeEY FAHer g =
EEo] thFo Atk £A4 WHE dAM F/I A
¥ ¥ AFEY 5% T3F @A 4% 84
210l BEJFEF EANAM 4 AF EoHTIIY #A
HE{12] EokollA dg AMEHT 3ot

Find] i@ FAfMee oz 712 HPEC] B
o] 24 gton, 7} MYPEL AA F FHE v
H, A BAEAE wHIe AW BA4E g

U o4} Fu ANHA Y, $4 Lt

T 999 ZAS 2 WEE 93 node MNF2
o, Zt node M4E 9T A7y HE e SFHAGEY
B FEFEE Aok 4 HEER ¥ de 84
3 4% 8 & gon, ZA4Y dE #A Ao
53], AR 2% #AotFE node 757 WY
Ao A&z ’e. 233 %S vA Rez A4
o, metd B =EodMEe A4S HA s A fin

o h3te] node Mr-E BE3AA fineZ2HEQ &

- 195~



A7l (AN Y7L =R, A183], 1998

Research Report. The Institute of Industrial Technology, Kanwon Nat’l Univ., Korea, No. 18, 1998.

EH4E 71ELE node MFe W wWE REL
Bt HB{Eo] YA GPE Lol v
A7AFd o8y finflo RERXE FRAEYI
A wezr 2L FPE 9 2 FYis
fin€ g 243 AJE HAFHor56] @A
2 =FAX node HTE finE F2oA fin o
WEgoz WY YUrolFE AeY F Hdez 3
o}F®HX node NFE BT A% U3 474 2
BHE dotRrUtt. WAHE node 7H-r—4 HA=
fin $1Z W] YN F AF2E FolFE ALE
3070 RE 02 T3y, me BEoA fin Ao
WEez ¥ o U FE A9t 36719 node
Mg FobA 30789 75‘T9’r L] I = R = i P !
B% F& A%y fin vig e 25, fin BEY @ W
FATS} fin AQe € AEELE B5F Fr2 74
Lig=d

2. olE3Y

21718 9 sl =9

E A7 ez A4y dHS 7t HYPos R
g fin9] 239 € ;ﬁ‘%_} A Bt o]E &ML
kA3 37 g8t F Ad dHeES EY {33
TS L8909, AHY fing HEE Fig.ld 4
gen, &3 2 714 sl J12E Fu A7
|2 g,

Teo
» l \_ iL__//

y =l

Fig.1 Geometry of a rectangular fin

@ Find ¥ AR T3t

@ Fin¥ ¥ Alele 43 HEF HE5 A A
e gk

@ Fin A9 <€
@3},

@ A e AR 2YH HAL A

T},

® FindlA EA1d Agd FA 3

® Fin W59 &4 92 gt

TEI} 2k BEXE AU F

@ Fin vlgte] 255 YA}
® Fin 99 € d#F Ase € A=8L dF

ahtt,

o]l 7o =E Biot & 00138 107 W3}
ANFIHA Az} find Q= ‘ﬂ’"ﬂ et ol
node 7+E 2eldla ZA} SIS § HAEY
oz 2+ H“-J A& g3 ole) ¥ AU edE

Fate) vlwEg ez AL fino] ulg Al ElgA

S AP

21.1 Node 7i+8 & Y2 LUSHE EF

Node /€ & UHLE Yy & dr= gxo
dyE 4AFA roFE HLeZMA finRNEH L node
A47F 3080 FA$E Fig. 2-adlA RdFc)  o)¢g
Zo] FolF node MFE x, y & B3koz 318 3
Uy golFo2M node 7FE42~9071% =
=ttt olg} e WHo= findHe 42719 node
NEE Ure)FE A 97} fig, 2-boll A VEbATE,

y -l 0 & 12 18 b2 30

[4 & " 17 23 29

a 4 10 16 22 28

[4 3 g 5 2 a7

Fig. 2-a Upper half rectangular fin
presenting 30 nodes for the finite
difference method

Figure 2-a oA R AR A2 fine] K] o)}
of 5 AR 30719 node MWFE FolE L9
7} nodeol WE 2R HEA QA A Eo] 2 (1)eA
2 (N7A .“i—&]%‘l‘ﬂ'.

For node 1 {fin &
1952 22 )
0,—2(1+ 5 6

Ag wE 2 nodes(7, 13,

(1

+2 2 8,4 0,=0

- 196 -



Adried T (Fdugy A47lsd T4 =53, 4183, 1998

Research Report. The Institute of Industrial Technology, Kanwon Nat'l Univ., Korea, No. 18, 1998.

4 21 28 L6 42

12 £0 27 a4 41

12 19 26 33 40

n 18 25 3z 39

0 17 24 a1 38

wlf w|] =] | ol «

4 H 23 30 37
b J-—- d e e —

1 8 15 22 23 a6

z' =0 z'=L"

Fig. 2-b Upper half rectangular fin
presenting 42 nodes for the finite
difference method
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Fig. 3 Upper half rectangular fin
presenting 36 nodes for the finite
difference method
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Table 1. The relative error of calculated heat loss
as compared to expected exact heat loss.

Bi=0.1 L-=10 Bi=1.0 L=5 Bi=1.0 L=10
ode relative relative relative
gl ax el ok Q/k
= error error error

30 |0.655550| 4.29%¢ |[2.144592) 16.15% |2.792577| 43.66%
42 106463835| 352% |2.059203] 11.53% |2.554624 | 31.42%
56 [0.640742| 2.55% |2.003531| 8.51% |2.396591| 23.29%
72 10636696 1.90% [1.964997| 6.42% |2.285766| 17.59%
90 |0.633866| 1.459% |1.937103| 4.91% [2.204731| 13.42%

Bi=0.1 L=10} Bi=1.0 1L=5] Bi=1.0 L=10
expected | 01820 | 1.846392 1.943825
exact value
expected
node 1482 2352 2970
number

Table 2. Relative error of the heat loss calculated
by using 30 nodes as compared to that calculated
by using 36 nodes.

L 100 (%)
QBG
L Bi 0.01 0.1 1.0
1 0.002532 0.002535 0.020426
5 0,009319 0.030781 0,005503
10 0.024935 0.015993 0.000072
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