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Heat Transfer Analysis in a Straight Fin of Trapezoidal
Profile by the Heat Balance Integral Method)

Jo Jong — Chull = Cho Jin — Ho

ABSTRACT

When exact analytical solutions to certain type of heat conduction problems are quite cu-

mbersome or not obtainable, it is important to introduce approximate analytical methods which

are simple and useful compared with numerical methods. In this study, therefore, the Heat

Balance Integral Method is applied to analysis of steady-state conduction in a straight fin of

trapezoidal profile, and the two-dimensional temperature distribution in the fin and the appro

ximate fin efficiency are obtained. Results are compared with those by the one- dimensional

analysis and two-dimensional numerical analysis for a wide range of Biot numbers.
It is shown that the two-dimensional temperature distribution obtained by the integral me-
thod is in good agreement with that by the finite element method at Biot numbers for which

the result by the one-dimensional analysis is unreliable.
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( )b : condition at the base of the fin

B : dimensionless Biot number based on ( )¢ * condition at the tip of the fin
fin surface length, B=h(rp-r,)/k ()t conditions in the fluid surrounding the
Fi(Z): hypergeometric function, fin

CFR(Z)=F(P, —P 111 2)
FAZ): hypergeometric function,
F(Z)=F(P+1, ~P+112] 2) 1.% &

[(c)

oo
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(@[ Harper ¢} Brown Vel ojsfod #& Jeisn)
[(a+n) [(b+n) 125k mRAAA Aol 49 mwa% %
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h : convective heat transfer coefficient, Z ool = ZFHEES 1 &kIooletn BESIY &k
constant & HRe UE = 3 2kond ERERES T
k : thermal conductivity of fin 3= Ao] w-¢ olH$mw FUBKTRS T3t
P : dimensionless parameter , P? =36, L Aol Fasth EFdlE 1 RTCEATERES
Q : total fin heat transfer WS £ o= gl 4o BEE olsk TR
R : dimensionless radial coordinate, % 935}o Pohlhausen I Von Karman 2 o] ¥
R=r/(rs—11) BRBUES 27 A5t @752 Goodman™
r : radial coordinate o] 1 RILHEEEREMEREE T #H
S : dimensionless parameter , S=wsf, ‘s0 st P E S (the Heat Balance In-
T : dimensionless temperature, tegral Method : HBIM) & Sfeir®s} 8o
Tz(t’tm)/(Fb—tm) a 2 Ao MERESLE iﬁﬁlﬁ"]&i s
t : temperature in fin A3ty FEAEIIAY. 2= 1 RICEEFT B
U : dimensionless temperature integral, £ s BiEsleadg doxE BHSHERE
Uu=f% Td6 . ol 1 ILEHTOl oiat FsEet A—sts] = £l
X,Y : cartesian coordinates BB RS R o FHES F 5 A
Z : dimensionless radial distance from the ol 2=y Abcbe) EEiES EE e dild =
origin, Z=~BR6,/ 3 whEE kg RRAE TR XStz B
@,B,7: functions of R only AT HERF Y BESHS T34+t =&
7 ¢ fin efficiency Burmeister®.= 3 g3l HEEMFS 9sto
6 : angular coordinate BEEBELSES BHSIS oY FHERY FEBR
8, : trapezoidal -fin taper angle ol lojA mwo] 2ol 4o BRAEHS BEA
¥(a): digamma function, ¥ (a)= din(a),/da BEAESER WEHE A2e M
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Table 1. Dimensions of Parameters
e . Nomen- . .
Classification Dimensions
clature
‘Biot Number B 0.01, 0.05, 0.1,
0.5, 1.0, 5.0
Ratio of Fin 0t/ 0s
. 1 1
Thicknesses 13
Fin Base and
Tip .
Half Angle of 8, 10° 15°
Fin
Fin-height L 0.1 (m)
Thermal condu- k 100 (W, m-T)
ctivity .
Convective Heat h 10, 50, 100, 500,
Transfer coeff- 1006, 5000,
icient W/ m-¢)
Y
& Modes
—heat tlow paths
1
Nl 56
7 21
2 > 25 9 5
3 8 3 N8 N[22 T4 g
" S TR TN E) B\35 6
o) i {¢] 3 2% 7Sym1*r\etry-
no heat flow

Fig.2 Finite Elements Model of the Given Fin.
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