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ABSTRACT: The optimization of design factors on the frosting performance of a fin-tube
heat exchanger is carried out using Taguchi method. The fin spacings of the heat exchanger
are selected as design factors. Optimum values of the design factors under operating condi-
tions of a household refrigerator/freezer are proposed. The average heat transfer rate and

operating time of the optimum models, compared to those of a reference model, are increased

at most by 6.5% and 12.9%, respectively.
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Table 1 Geometric parameters of a typical fin-
tube heat exchanger

Parameters Values
Fin width 60 mm
Fin length 27 mm
Fin thickness 0.15mm
Column 1,2 20 mm
Fin spacing Column 3,4 10 mm
Column 5,6 7.5 mm
Column 7,8 5mm
Number of rows 2
Number of columns 8
Tube length 440 mm
Tube diameter 85 mm
Transverse tube spacing 25 mm
Longitudinal tube spacing 30 mm
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Table 2 S/N ratio for Taguchi method
S/N ratio

~10log [% g":lf,-z]

—10log J,;;;%

Characteristics

Smaller-the-better

Larger-the-better

Table 3 Design factors of 3-level for Taguchi

method

Design Level

factors 1 2 3
A(Psy) 1000mm 1500mm  20.00 mm
B(Ps3) 750mm 1000mm 1250 mm
C(P;y) 750mm 1000mm 1250 mm
D(P;5) 500mm 750mm 10.00 mm
E(P;) 500mm  750mm  10.00 mm
F(P;;)  500mm  750mm 10.00 mm
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Table 4 Lz(3%) orthogonal array table for Ta-
guchi method

Test Design factor
number A4 B C D E F
1 1 1 1 1 1 1
2 1 1 1 1 2 2
3 1 1 1 1 3 3
4 1 2 2 2 1 1
5 1 2 2 2 2 2
6 1 2 2 2 3 3
7 1 3 3 3 1 1
8 1 3 3 3 2 2
9 1 3 3 3 3 3
10 2 1 2 3 1 2
11 2 1 2 3 2 3
12 2 1 2 3 3 1
13 2 2 3 1 1 2
14 2 2 3 1 2 3
15 2 2 3 1 3 1
16 2 3 1 2 1 2
17 2 3 1 2 2 3
18 2 3 1 2 3 1
19 3 1 3 2 1 3
20 3 1 3 2 2 1
21 3 1 3 2 3 2
22 3 2 1 3 1 3
23 3 2 1 3 2 1
24 3 2 1 3 3 2
25 3 3 2 1 1 3
26 3 3 2 1 2 1
27 3 3 2 1 3 2
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Table 5 Optimum values for 3-level design factors using Taguchi method with weight factors

Weight factor (w,) A B C E F f 7 Qe Tm,
1.0 1 1 1 2 1 1.055 55% 8.5%
0.7 1 1 1 1 1 1.025  43% 1.9%
05 3 3 3 1 1 1032 —-22% -17.8%
Table 6 Design factors of 5-level for Taguchi method
. Level
Design factors ] 5 3 1 5
A(Pyy ) 10.00 mm 12.50 mm 15.00 mm 17.50 mm 20.00 mm
B(Py3) 7.50 mm 8.75 mm 10.00 mm 11.25mm 12.50 mm
C(Pyy) 7.50 mm 8.75 mm 10.00 mm 11.25 mm 1250 mm’
D(Pys) 5.00 mm 6.25 mm 7.50 mm 8.75 mm 10.00 mm
E(Pyg) 5.00 mm 6.25 mm 7.50 mm 8.75 mm 10.00 mm
F(Psp) 5.00 mm 6.25 mm 7.50 mm 8.75 mm 10.00 mm

Table 7 Optimum values for 5-level design factors using the objective function (Eq.2) with weight

factors

Weight factor ( wy) A B C D E F f 70.. Mm,
1.0 1 1 1 2 2 1 1065 65%  105%
0.7 1 1 1 2 1 1 1023  58%  64%
05 4 5 5 1 1 1 1033 -18% -77%
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Table 8 Optimum values for 3-level design factors using the objective function (Eq.3) with weight

factors

Weight factor ( w,) A B C D E F f s, 7q,.
1.0 1 2 1 2 2 2 1.129 128% 0.1%
0.7 1 2 1 2 2 2 1.091 129% 0.1%
05 1 2 1 2 2 2 1.065 129% 01%

Table 9 Optimum values for 3-level design factors using the objective function (Eq.2) and w,=1.0

with operating conditions

Case A B C D E F f 79.. Tm,
1 1 1 1 2 2 1 1.057 57% 5.9%
2 1 1 1 2 1 1 1.062 6.2% 7.4%
3 1 1 1 2 1 1 1.058 5.9% 43%




B-1 dugrly 3 A5 IH5 979

J dAYel FAHE wygoz AHzo W
sk 2 Gugsls AR gl
HE ed zdel 99 duden vugy.

5.8 &

B ATdNE A4 ZANN FPRYE
£9 B3 Qagrle Ad 4% P4 2 &3
o d%e 9% AU AL ALY
ATz BF N2 2ysta
dngrle] 4AAAe HHA4EE A,B,C
D,E,F\z AR, 71& 2o uls A7
aragFel Ay 65% Z/Hgch An@r)e
SN AFE HF AAAAY FALFe
A,B,CD,E,F,2 ARAHAT, 712 2dd| 1|
8 ¢AAzol A 129% AFHUAL. E=F, D
Z@7|e AAAA HAHG) A 4 29
de oz nuaa.

r £

q

o

o ATE BITAAY AP FYYGE H7
AN AT AHGDOTIS Adol oo 43
ST

Haozd

1. Yonko, J.D. and Sepsy, C.F., 1967, An in~
vestigation of the thermal conductivity of
frost while forming on a flat horizontal
plate, ASHRAE Trans, Int. J. Heat Mass
Transfer, Vol. 73, No. 2, pp.1.1-1.11.

2. Mao, Y., Besant, R.W. and Chen, H., 1999,
Frost characteristics and heat transfer on a
flat plate under freezer operating conditions:
Part 1, Experimentation and correlations,
ASHRAE Trans., Vol. 105, No. 2, pp. 231-251.

3. Yang, D.K. and Lee, K. S., 2004, Dimension—
less correlations of frost properties on a
cold plate, Int. J. Refrigeration, Vol. 27, No.
1, pp. 89-96.

4. Jones, B.W. and Parker, ]J.D., 1975, Frost
formation with varying environmental para-
meters, J. Heat Transfer, Vol. 97, pp. 255-259.

5.

10.

11

12,

13.

14.

Lee, K. S, Kim, W.S. and Lee, T.H,, 1997,
A one-dimensional model for frost forma-
tion on -a cold flat surface,.Int. J. Heat
Mass Transfer, Vol. 40, No. 18, pp. 4359-4365.
Yun, R, Kim, Y. and Min, M. K,, 2002, Mo-
deling of frost growth and frost properties
with airflow over a flat plate, Int. J. Re-
frigeration, Vol. 25, No. 3, pp. 362-371.

Lee, K.S, Jhee, S. and Yang, D.K. 2003,
Prediction of the frost formation on a cold
flat surface, Int. J. Heat Mass Transfer,
Vol. 46, No. 20, pp. 3789-3796.

Mago, P.]J. and Sherif, S. A., 2003, Heat and
mass transfer on a cylinder surface in cross
flow under supersaturated frosting condi-
tions, Int. ]J. Refrigeration, Vol. 26, No. 8, pp.
889-899.

Raju, S.P. and Sherif, S.A. 1993, Frost
formation and heat transfer on circular cy-
linders in cross-flow, Int. J. Refrigeration,
Vol. 16, No. 6, pp. 390-401.

Jhee, S., Lee, K.S. and Kim, W.S., 2002,
Effect of surface treatments on the frosting/
defrosting behavior of a fin-tube heat ex-
changer, Int. J. Refrigeration, Vol. 25, No.8,
pp. 1047-1053,

Yan, W.M,, Li, H'Y, Wu, Y.], Lin, J.Y.
and Chang, W. R., 2003, Performance of finn-
ed tube heat exchangers operating under
frsoting conditions, Int. J. Heat Mass Trans-
fer, Vol. 46, No. 5, pp. 871-877.

Deng, D.,, Xu, L. and Xu, S., 2003, Experi-
mental investigation on the performance of
air cooler under frosting conditions, Applied
Thermal Engineering, Vol. 23, No. 8, pp. 905-
912.

Kondepudi, S.N. and ON'eal, D.L., 1993,
Performance of finned-tube heat exchangers
under frosting conditions: I. Simulation model,
Int. J. Refrigeration, Vol. 16, No. 3, pp.175-
180.

Seker, D., Karatas, H. and Egrican, N., 2004,
Frost formation on fin—and-tube heat ex-
changers: Part 1. Modeling of frost forma-



980 FEd - oluF

- tion on fin-and-tube heat exchangers, Int. exchanger, Korean J. of Air-Conditioning
J: Refrigeration,. Vol. 27, No. 4, pp. 367-374. and Refrigeration Engineering, Vol. 17, No.
15. Yang, D.K. and Lee, K.S., 2005, Analysis 11, pp. 965-973. .

of frosting performance of the fin-tube heat



