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Optimization of a Convective Rectangular Profile Annular Fin

Hyung Suk Kang* - Chul Hyun Cho**

ABSTRACT

The rectangular profile annular fin with fixed volume is optimized using 2-dimensional analytic
method. For a base boundary condition, convection from fluid within the pipe to the inside wall
of the pipe and conduction from the inside wall of the pipe to the fin base are considered. Heat
loss from the fin tip radius is not ignored. The maximum heat loss, the optimum fin tip radius
and the optimum fin half thickness corresponding to the maximum heat loss are presented as a
function of fin base radius, Biot number over the fin surface and Biot number within the pipe.
Results show 1) the maximum heat loss increases as both Biot number over the fin surface and
Biot number within the pipe increase and as fin base radius decreases 2) the optimum fin
thickness increases as Biot number within the pipe decreases or as fin base radius and Biot

number over the fin surface increase.
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Nomenclature

Bi: Biot number over the fin surface, h27; /k

Bi, : Biot number at the fin tip, 2.7, /k

Biy : Biot number inside primary pipe,

herv; [k

h : heat transfer coefficient over the fin
surface [W/m* C]

k. : heat transfer coefficient at the fin tip
[W/m® ]

ks : heat transfer coefficient inside primary
pipe [W/m* C]

% : thermal conductivity [W/m T]

£’ : one half fin thickness [m]

2 : dimensionless one half fin thickness,

£’ v’
P : dimensionless position along:the fin,
(r=r)/(r,— 7y

g : heat transfer from the fin [W]

@ : dimensionless heat transfer from the fin,
al(k827r;)

v’ : radius [m]

7 : dimensionless radius, 7 /7

7y : fin base radius [m]

7y . dimensionless fin base radius, 7 b’/ 7/

v, : fin tip radius [m]

7. : dimensionless fin tip radius, 7’9’/ 7

7 : inside wall radius of the pipe [m]

Yy
R wall thermal resistance, Bi, + 7,In(7,)
T : temperature [TC]
T/ : fluid temperature [TC]

T, : ambient temperature [T]

V'’ : fin volume [m’]
V' (xr;?)

Z' : height directional variable [m]

V : dimensionless fin volume,

z : dimensionless height directional variable,

z' v/

Greek symbol

B : the ratio of Biot numbers, Bi,/Bi

6y : adjusted fluid temperature, (Ty— T)
(€]

@ : dimensionless temperature,

(T To)/(T)= Tw)

A, : eigenvalues (n = 1,2, 3, - )

Subscript

b : fin base
e : fin tip
f : fluid

oo : surrounding

Superscript

* : optimum
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Fig. 1 Geometry of rectangular profile annular fin
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(N =L2,n)+ f, - K(4,7) 12)

f(2) = cos(4,2) (13)
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Fig. 2 The dimensionless temperature distribution
along the fin

(Bi=0.1, Bi=100, B=1, V=0.3, z=0, 7»=1.1)



H7& M15 2003. 6

A
K
ogr

-

I

o

el
1o
el
Ja
Yo
o

Table 1 Relative variation of temperatiure along
the fin height (Bi;=100, Bi=0.5,
p=1, 7,=1.05, »,=2)

6(r, 0)— &r, 2)

o(r, 0) (%)

Z Z y= 7’b r= Te
0.05 0.29 1.37

02 0.1 0.97 415
’ 0.15 1.57 512
0.2 1.64 1.14
0.125 0.36 1.64

05 0.25 0.47 2.76
’ 0.375 1.65 7.56
0.5 1.73 8.33
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Fig. 3 Heat loss as a function of annular fin tip
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Fig. 4 The maximum heat loss as a function of
e (Bi=100, B=1, V=0.3)

oA dojdth. UK Biot 7 AAA 04
Bole 3 Aoyt TEFE dedLe A%
ety Hd EE4E HEG 8 Ao @
AetA de

B Aol RAHUES W HAH ] HA o ¥
o oube §hg el FFo] Figs. 4-6014 Ko
. RA Fig. 4= 3 utg @3 o] FU &

=



6 ZEd - AEH st =& Z &8 K|
zzt 0.14
Bi=005
at
012f
20}
19} aro 010
. // M
S —
181
008}
17t Bi=02
006}
6]
Bi=03
— 8=03
150, ) 1 ) L . ! 004t , . L ) . ) L
100 105 110 115 120 125 130 1.00 105 1.10 115 120 125 130
T f
Fig. 5 The optimum fin tip radius as a function Fig. 6 The optimum fin half thickness as a

of 1 (Bi=100, B=1, V=0.3)

g Ay
a ng .—E’:

A A& %3 Biot 7} 71 AR
A Lo 2Aste 3 vk wAe] W9yt
Zolhd & BolZth Fig. 55 3 ulgh whAo)
7t uhel Au d&4do]l dojute H3FH 9
3 &2 ¥ WslE HoErh. WA Biot 27}

0054 0.1%1 A= & vt wrAo] Fhgtel
nE ¥ F WA= Z71ste Wi Biot 4271 0.2

3 H}E‘r W7ol Wt Ao A
o]4 = Biot 47} 032 A
}Ef gt7go] F7hgel o f
A2%E HAEd. oy dde ®
2o B FA WHIlel AZA3
] = doh. @ vt wrF o] st
At d&do] dojue HH9 3 T
37} Fig. 694 Boizch  § ulg w7 o)
7}yehel wel Hzeo 3 FA= F7)8k0 Biot
7} AR mEk F71go] EXNESE ¢ F
. # outg Aol AAW dAS AHe
A15t7] A8 A @ FAC AN Fobst
Z1-& Biot FolAME ¥ ¥ WAE Zo] FU}
stk Biot 4571 029 AL Ho) &4l
dolubs #HHe 3 T Zvlel 9 AHF7)

2

82 o
2olo e

_EL

o

to
4 mlﬂ o

fu of c oX.
i o
o o
i fr Ti:‘-‘

)

% orr o ¥ o B B oax & Tl g oo

function of r, (Bi=100, B=1, v=0.3)

036
oxl V=05
028

024

012p

008

004}
005

L L L 2 L L L 2
010 015 020 025 030 035 040 045

Fig. 7 The maximum heat loss versus Biot
number (Bii=100, 7,=1.1, B=1)
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Fig. 8 The optimum fin tip radius versus Biot
number (Bi=100, 75=1.1, B=1)
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Fig. 9 The optmum fin half thickness versus
Biot number (Bi=100, 7s=1.1, p=1)
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12 The optimum fin half thickness as a
function of Bif (Bi=0.1, 75=1.1, V=0.3)
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