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A Study on the Heat Transfer in Radial
Fin of Hyperbolic Profile

Kim Kwang Soo , Seoh Jeong IL

ABSTRACT

In this paper, temperature distributions in radial fin of hyperbolic profile for
steady —state with no heat generation are obtained by one-—dimensional analytical
method, finite difference method and experiment respectively.

Heat flow rate and fin efficiency from the fin model are obtained by analytical
method.

To compare the exact solutions obtained by theoretical analysis with the results
obtained by finite difference method, cylindrical shape is selected.

Particularly, equations of finite difference method for cylindrical shape with
irregular boundary are rearranged and formulated.

Consequently, temperature distributions in radial fin can certify that are similar
to exact solutions.

From theoretical analysis, the effects according to heat flow rate and fin
efficiency are related to variation of parameters which are fin thickness &, fin
base temperature T, thermal conductivity K with same basic dimensions and the

effects are studied and compared.
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Nomenclature

A ; Cross —sectional area,

C.:, Cs; A constant

fi(r); Arbitrary profile function for

radial fin _

h ; Convection heat transfer coeffic-
ient, W/ m

h.; Convection heat transfer coeffic-

W/ nt ¢

1.( ) Ja( ) etc; Modified Bessel function

of the first kind and

ient at fin edge,

. order n, dimensionless

W,/ nt ¢

A ¢ ; Distance between adjacent

K; Thermal conductivity,

nodes, m

M; Modified fin performance factor,

defined where used
2h &

)y m~t

m ; Fin performance factor (
o

Qiq; Ideal heat flow rate, W

Q,.; Heat flow rate at fin base, W

d:i, Qi+1, etc ; Heat flow rate for unit
area, defined where used,
W,/

R ; Diameter in the cylinder, m

R; ; Inner diameter in the cylinder, m

R, ; Outer diameter in the cylinder, m

r ; Fin radius, Distance in the

cylindrical coordinate, m

r.; Radius at fin edge, m

r,; Radius at fin base, m

T ; Temperature, T

Ti,;; Temperature at nodal point (i, j),T

Too ; (o

Z ; Distance in the cylindrical

Ambient temperature,

coordinate, m

6 ; Fin thickness, m

Journal of the S.A.R,E.K. Voi.ll.Nu.3

de ; Thickness at fin edge, m
0o.; Thickness at fin base, m
&, n; Ratio of irregular mesh size to
regular mesh size, O<é¢ <1,
O<p=1, dimensionless
7n; Fin efficiency for hyperbolic
profile, dimensionless
8; Temperature excess, the difference
in temperature between a point on
a fin at T and its surroundings at
T, 6=T-T.,,, ¢
#.; Temperature excess at fin edge,
be=Te— To, T
0. ; Temperature excess at fin base,
=T, —Toa, T
o ; Ratio of radial fin radius at fin
dimensionless

base to fin edge,

¥y, ¥, ; Combined modified Bessel
functions defined Where used
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