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An Experimental Investigation on the Airside Performance of
Fin-and-Tube Heat Exchangers Having Sinusoidal Wave Fins
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ABSTRACT: The heat transfer and friction characteristics of the heat exchangers having
sinusoidal wave fins were experimentally investigated. Twenty-nine samples having different
waffle heights (1.5 mm and 2.0mm), fin pitches (1.3mm to 1.7mm) and tube rows (one to
three) were tested. Focus was given to the effect of the waffle configuration (herringbone or
sinusoidal) on the heat transfer and friction characteristics. Results show that the sinusoidal
wave geometry provides higher heat transfer coefficients and friction factors than the herring-
bone wave geometry, and the difference increases as the number of row increases. The j/f
ratios of the herringbone wave geometry, however, are larger than those of the sinusoidal
wave geometry. Compared to the herringbone wave geometry, the sinusoidal wave geometry
yielded a weak row effect, which suggests a superior heat transfer performance at the fully
developed flow region. Possible explanation is provided considering the flow characteristics in
wavy channels. Within the present geometric range, the effect of the waffle height on the
heat transfer coefficient was not prominent. The effect of the fin pitch was also negligible.
Existing correlations highly overpredicted both the heat transfer coefficients and friction fac-
tors. A new correlation was developed using the present data.

Key words: Heat exchanger(2#]), Heat transfer coefficient(®827<), Pressure drop(%}
Z &4, Fin(#), Sinusoidal(A+91%), Herringbone(353%)
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Fig. 1 Schematic drawing of typical herring—
bone wave and smooth wave fin-and-
tube heat exchangers.
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Table 1 Previous experimental investigations on the thermal performance of heat exchangers having

wave fins
. Wave D, P, P, P, Xf Py
Investigator pattern (mm) (mm) (mm) (mm) N (mm) (mm)
Goldstein & Sparrow™|herringbone| 853 165 213 N/A 1 463 1.78
Beecher & Fagan® |herringbone| 7.94~12.7 |2.08~7.97] 254~31.8 |220~275| 3 |(276~550{ 097~3.18
Wang et al.” herringbone 103 353 254 1905 (1,2,3,4] 476 15
Wang et al.® herringbone 854 121~254 254 1905 | 1,24 | 476 1.32
Wang et al® herringbone | 13.62~16.85|3.04~6.45|31.75~38.1| 275,33 |1,2,4,6|6.875,825 1.8
Wang et al"® herringbone| 862  |168~317| 254 19.05 2,4 476 (1.18,1.32,158
Mirth & Ramdhyani®| smooth | 132,164 |3.12~6.15] 318, 38.1 4,8 55 2.38,3.25
Kang & Webb"™  |herringbone| 225 29 52.2 453 2 754 239
smooth 25 29 522 453 2 754 2.39,2.79
Present study herringbone 10.03 1.3~1.7 254 220 1,2,3 55 1.45
smooth 10.03 1.3~17 254 2165 | 1,2,3| 541 15,20
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Table 2 Geometric dimensions of the sample heat exchangers

No. Fin shape P; (mm) N P, (mm)| x4 (mm) | D, (mm)| P; (mm)| P;{(mm)
1 sinusoidal wave 1.3 1 15 5.41 10.03 25.0 21.65
2 sinusoidal wave 15 1 15 541 10.03 25.0 21.65
3 sinusoidal wave 1.7 1 15 5.41 10.03 25.0 21.65
4 sinusoidal wave 1.3 2 15 541 10.03 25.0 21.65
5 sinusoidal wave 15 2 15 541 10.03 250 21.65
6 sinusoidal wave 1.7 2 15 541 10.03 25.0 21.65
7 sinusoidal wave 13 3 15 541 10.03 25.0 21.65
8 sinusoidal wave 15 3 15 541 10.03 250 21.65
9 sinusoidal wave 1.7 3 15 5.41 10.03 250 21.65
10 sinusoidal wave 13 1 2.0 541 10.03 250 21.65
11 sinusoidal wave 15 1 20 541 10.03 25.0 21.65
12 sinusoidal wave 17 1 2.0 5.41 10.03 250 21.65
13 sinusoidal wave 1.3 2 2.0 5.41 10.03 25.0 21.65
14 sinusoidal wave 15 2 2.0 5.41 10.03 25.0 21.65
15 sinusoidal wave 1.7 2 2.0 541 10.03 25.0 21.65
16 sinusoidal wave 1.3 3 2.0 541 10.03 25.0 21.65
17 sinusoidal wave 15 3 2.0 541 10.03 25.0 21.65
18 sinusoidal wave 1.7 3 2.0 541 10.03 25.0 21.65
19 herringbone wave 1.3 1 145 550 10.03 254 220
20 herringbone wave 15 1 145 5.50 10.03 254 22.0
21 herringbone wave 1.7 1 145 5.50 10.03 254 22.0
22 herringbone wave 13 2 145 5.50 10.03 254 220
23 herringbone wave 15 2 1.45 5.50 10.03 254 22.0
24 herringbone wave 1.7 2 1.45 550 10.03 254 22.0
25 herringbone wave 1.3 3 145 550 10.03 254 220
26 herringbone wave 15 3 1.45 5.50 10.03 254 220
27 herringbone wave 1.7 3 1.45 550 10.03 254 22.0
28 plain 15 2 N/A N/A 10.03 250 21.65
29 plain 1.7 2 N/A N/A 10.03 25.0 21.65
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Fig. 2 Schematic drawing of the test setup.

Table 3 Uncertainty analysis

Parameter Max. uncertainties
Temperature *0.1TC
Differential pressure *5Pa
Water flow rate +15%10 °m¥/s
Re D, +2%
f 110%
j +12%
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Fig. 3 Effect of fin pitch on the j and f fac-
tors of the samples having herringbone
wave fins.
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Fig. 5 Effect of fin pitch on the j and f fac-
tors of the samples having sinusoidal
wave fins ( P;=15mm).
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Fig. 6 Effect of fin pitch on the s and f fac-
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