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Fig.1 Partial two-dimensional schematic diagram of the

heat exchanger
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Fig.2 Fluent calculation domain of the heat exchanger
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Table 1~ Physical parameters of air and the heat exchanger
i I p/ WA C/ SREBN FhEE
(kg'm ™) (J+(kg-K) ") (W+(m-K) ') p/(Pa-s)
it 1. 185 1005 0.0263 1.185 x10
WA 2719 871 202. 4 —
e 8978 381 287.6 —
1.3.3 MAALXMERIE

X (8] FE 2 mm ¥ 7 JEEBE 0. 38 mm | A [ ]
#5524 mm GAEIATHE 21 mm ARSI AT A% K1 4,
5 F PR E 4 1 9. 98 x 10 6. 86 x 10° 1. 09 x
1019 3 FPAAY  E QR IFE FLAl 55 14— A L F 4
SRR 3 A o A i A AR E AT A A 20 Nu
BOREREE IR 2 frs, PO ECE 4 9. 98 x 10°
6.86 x 10° (1) Nu % Al FE [ B4 A0 X 12 22 43 3] A
26.58% \33.65% , M KU 6.86 x 10° (1. 09 x
10°HY Nu BT He B A AH X 15 22 43 5 R 2. 06% |
2.36% , "B FHZEAK, R Ry T ARIETT50RS B A
B GEBERIAR B R 7 x 10° A5 HEA T, IF AR AF
WA I TE 0.7 DAL,

2 MRS IR
Table 2 Verification of grid independence

oA s Nu ¥ JEF% Ap/Pa
9.98 x 10* 12. 803 78. 871
6. 86 x 10° 17. 437 118. 868
1.09 x 10° 17.796 121. 678

1.3.4 B ke

I _ESRABEATT 32 %08 SCHk [ 9 ] A A8 S XA A
TR EAT O B K05 FLAS A 512 S0k i SE 3R 25 SR AT
P, TEXGH 2 ~4 m/s ITOUT e i 0 1S
SUHFANZR L b MISCIREER b AR 3 P, P-4 1%
ZEH 9. 68% , YLWIA SCRLAP T 102 AT HE 1Y
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Table 3 Comparison of simulation and experimental

results for the air side heat transfer coefficient

NEPERE v h/ h!/ i
] R/ %
(mes™")  (W-(m?-K) ") (W+(m?-K) ")
2 15.09 17.24 12. 47
3 18.34 20. 36 9.92
4 21.23 22.74 6.65
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Table 4 Factors and levels of orthogonal tests

EUHESES
K Qe(A)/ F,(B)/  8(C)/  S(D)/ S,(E)/
(m*-h~ 1) mm mm mm mm
1 1460 1.8 0.26 22 15
2 1540 2.0 0.30 24 18
3 1620 2.2 0.34 26 21
4 1700 2.4 0.38 28 24
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Table 5 Scheme of orthogonal tests and results of

numerical simulation

R e PR
h,/(W+(m*-K) ') Ap/Pa Nu/f3
1 AB,CDE, 27. 464 128.626  29.3254
2 A/B,C,D,E, 26. 017 104.909  31.5249
3 AByC;D4E, 24.136 89.248  34.1299
4  AB,C,D,E, 24.383 79.076  34.3297
5  A,B,C,D,E, 25.204 116.326  28.6349
6  A,B,C,D,E, 26. 091 94.521  32.1744
7 A,B;C;DE, 25.765 120.736  35.6542
8  A,B,C,D,E, 27.674 101.451  37.4947
9  A;B,C;D,E, 29. 781 123.847  33.0423
10 A;B,C,D5E, 30.519 123.923  34.1733
11 A;B,C,D,E, 23.411 106.575  34.1331
12 A;B,C,DE; 24.016 112.578  37.1939
13 A4B,C,D,E, 27.391 153.892  31.1157
14 A,B,C;D,E, 24. 878 146.602  32.2963
15  A,B,C,D,E, 30. 402 107.339  38.4549
16  A,B,C,D;E, 27.194 98.090  40.4478
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Table 6 Range analysis of numerical simulation results

h,/(W-(m?-K) ") Ap/Pa
EES
kll klz k]} k14 Rl k21 k22 k23 k24 RZ
A 25.500 26. 184 26.931 27. 466 1. 966 100. 465 108. 258 116.731 126. 481 26.016
B 27. 460 26. 876 25.928 25.817 1. 643 130. 673 117. 489 105. 975 97.799 32.874
C 26. 040 26. 410 26. 140 27.492 1. 452 106. 953 110. 288 120. 108 114. 585 13. 155
D 25.531 26.123 26.763 27. 664 2.133 127. 135 116. 707 106. 897 101. 196 25.939
E 29.015 27.189 25.408 24. 469 4. 546 115. 335 111. 896 112. 559 112. 145 3.439
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Table 7 Range analysis of the comprehensive heat transfer

evaluation index

Nu/f3
%=
ks k3, k33 b3y Ry
A 32,3260 33.4886 34.6356 35.5798  3.2538
B 30.5291 32.5424 35.5914 37.3670  6.8379
C  34.0206 33.9511 33.7796 34.2786  0.4990
D 33.6176 33.5665 34.3473 34.4986  0.9321
E  3.2538 351664 33.6549 32.3473  2.8191
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Fig.4 Velocity fields at the center surface of the air

flow before and after optimization
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Structure optimization of a finned-tube heat exchanger
based on orthogonal tests and Fluent

Cxe 1 . 14 .2 . -2
FENG WeiJian. SHI XiuDong = YAO ChenMing" PENG JingXin
(1. School of Mechanical Engineering; 2. Jiangsu Province Key Laboratory of Advanced Food Manufacturing Equipment and Technology,

Jiangnan University, Wuxi 214122, China)

Abstract: Orthogonal tests and numerical simulation have been employed to investigate the heat transfer character-
istics and flow resistance of a plate finned-tube heat exchanger, as well as the heat transfer coefficient and pressure
drop. By individual analysis of the influence of each parameter on the heat transfer, flow resistance and comprehen-
sive heat transfer evaluation index, this paper use two different approaches to optimize the wind volume of the fan of
the heat exchanger, the fin spacing, the fin thickness and the horizontal and vertical spacings. The results show
that the fin spacing has the most significant effect on pressure drop, and the vertical spacing between tubes has the
greatest effect on the airside heat transfer coefficient. One optimization is a fan air volume of 1 450 m’/h, fin pitch
of 2.4 mm, fin thickness of 0. 38 mm, transverse spacing of the pipe of 28 mm, and vertical spacing of the pipe of
15 mm; the other optimization is a fan air volume of 1 700 m*/h, fin pitch of 2. 4 mm, fin thickness of 0. 38 mm,
transverse spacing of 28 mm, and vertical spacing of 21 mm. By using the two optimized heat exchangers, the heat
transfer capacity of an ice cream machine can be increased by 5. 73% and 6. 85% , respectively.

Key words: fin-tube heat exchanger; orthogonal tests; heat transfer characteristics; flow resistance characteristics;

structure optimization
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