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Abstract : Performance of the asymmetric trapezoidal fin with various upper lateral surface slopes is investigated by
using the two-dimensional analytic method. For a fin base boundary condition, convection from the inner fluid to the
inner wall, conduction from the inner wall to the fin base and conduction through the fin base are considered. Heat loss
and fin efficiency are represented as a function of the fin base thickness, base height, inner fluid convection charac-
teristic number, fin tip length and fin shape factor. One of the results shows that heat loss increases while fin efficiency
decreases as the fin shape factor increases.

Key words : Performance(”d ), Trapezoidal fin(AF=}2] & ), Fin tip length(¥! £ Z ©]), Convection characteristic
number( ™ 753 Al5), Fin base thickness(3A H}=- “=7), Fin shape factor(3 3 A1)
Nomenclature M  :ambient convection characteristic number, h - l./k
A - fin surface area, m> M :inner fluid convection characteristic number,
h : ambient heat transfer coefficient, W/m”-°C he-1/k
hy  :inner fluid heat transfer coefficient, W/m’-°C !  heat loss from the fin, W
k : thermal conductivity, W/m+°C Q  :dimensionless heat loss from the fin, g/(klvp)
Iy : fin base thickness, m Qia  :ideal heat loss from the fin, W
L, :dimensionless fin base thickness, ly/lc Qia : dimensionless ideal heat loss from the fin,
le : characteristic length, m qid/(klw @)
le : fin tip length, m S : upper lateral surface slope, (1-&)l/(le-1v)
L. :dimensionless fin tip length, 1/l T : fin temperature, °C
I : fin base height, m T¢  :inner fluid temperature, °C
L, :dimensionless fin base height, In/1; Te  :ambient temperature, °C
ly : fin width, m T : length directional variable, m

X : dimensionless length directional variable, x/I.
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: height directional variable, m

: dimensionless height directional variable, y/l.

: fin efficiency

: dimensionless temperature, (7— 7.,)/(7; — 7.,)
: fin shape factor, 1-s(le-1p)/In (0 < £ < 1)

me I <

@y :adjusted inner fluid temperature, °C(= 7} — 77,)

o . eigenvalues, n=1,2,3,-

Subscripts
b : fin base
c : characteristic
e : fin tip
: inner fluid
h : fin height at the base
id  :ideal
w : fin width
co  :ambient
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Fig. 1 Evaporator of the car air conditioner
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Fig. 2 Schematic diagram of a geometrically asymmetric
trapezoidal fin
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Fig. 3 Temperature variation along the fin length
(§=0.5, L,,=0.2, ,=0.1, M,;=20)
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Fig. 4 Fin performance versus the fin base thickness
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Fig. 5 Fin performance versus the fin base height
(£=0.5, L,=0.15, L,=2, M;=20)
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Fig. 6 Fin performance vs. inner fluid convection characteristic
number (£=0.5, L;=0.15, L, =0.1, L_=1.5)

&2 BE 1,7} ARl et ARl 45 27}
ST 1 o] FHEH &8 A9 dAsA 1
W, Qe A% A A8 Z7hEe nolFa

Fig. 62 WA o753 A5 Wstel] wp& A
of A4} &S BolFaL vk WHF-FA t
S 7 Sl wEt AEAS M7 s =
WA STkt A A A8 SrbskE W, &
&2 WA ARS8 A Lq"j/]r 7e] Wstr}
YeS BolFa k. of= WA v 5487
o Wbk A & &b S ot

TaL ME‘r 13 MO] 0.022] 750
2 FA3] F7Vet 1ol F [ 7H4kA A EH o7
= It} W, T8-S 3 & Holv}
SVl wel A& A o7 sk A
=Y
Table 1> ARFo A 91 BlF-5-3 715771 0.01

70.0591 85 Q/ Q. 7F0.9910.98F il 32 A o] 9]
ek 132la) 4 7 21 8) 41 & vl atsdeh 1)

Fig. 7 Fin performance versus the fin tip length
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Table 1 Comparison of fin length for /@), between 1-D

max

and 2-D analysis (§=1, £,,=0.15, £,=0.1, M,=10)

[/(f for Q / Qmax
Q/ O ax M 1-D 2-D
09 0.01 3.9655 3.9654
’ 0.05 1.7406 1.7416
0.01 6.2202 6.2215
0.98
0.05 2.7470 2.7488
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Table 2 The effect of £ on the fin surface area and heat loss
(L, — L;=1.0, L=0.1, M;=10, 1/=0.05)

1,=02
¢ A/(L,) Qfor 1-D Qfor 2-D
0.01 2.0214 0.0758 0.0794
0.5 2.1050 0.0803 0.0817
0.99 2.2000 0.0844 0.0843
L, =06
13 A/@l,) Q for 1-D Q for 2-D
0.01 2.1691 0.0965 0.0980
0.5 2.3440 0.1041 0.1047
0.99 2.6000 0.1146 0.1142
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Fig. 8 Fin performance versus the fin shape factor
(L€:3’ Lh:O'Sa Lbzo.l, Af}zz())

16
12
w \
Blost
04t
0.0k . . ‘
0.0 0.1 02 03
M

Fig. 9 Fin performance versus ambient convection charac-
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Fig. 10 Relationship between the fin base height and shape
factor for equal amounts of heat loss based on £=0.5,
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