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An Experimental Study on Air-Side Performance of Fin-and-Tube Heat
Exchangers Having Compound Enhanced Fins
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Abstract In this study, heat transfer and friction characteristics of compound enhanced fin-and-tube heat exchangers
were experimentally investigated. Louver-finned heat exchangers were also tested for comparison purpose. The effect
of fin pitch on j and f factor was negligible. The j factor decreased as number of tube row increased. However, f
factor was independent of number of tube row. Louver fin samples yielded higher j and f factors than compound
enhanced fin samples. For one row, j and f factors of louver fin were 23% and 27% higher than those of compound
enhanced fin. For two row, those were 11% and 8%, and for three row, those were 10% and 9%. However, heat
transfer capacities at the same pressure drop of the compound enhanced fins were 6.4% for one row, 11.1% for two
row and 13.6% for three row larger than those of louver fins, Existing louver fin correlation overpredicted the present
j factors and underpredicted the present f factors.
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Table 1. Previous studies on slit or louver fin-and -tube heat exchangers
Author name Enhanced ~ w; or L, hy or @ ng or Ay/Ay Py P P, D. N
fins [mm] [mm] [deg] n [mm] [mm] [mm] [mm]
2.0 1.0 3 0.102 1.7~2.0 38.0 33.0 16.0 2
Nakayama & Xu [11] Slit 2.0 12.0 4 0.102 1.9~2.5 25.0 22.0 9.5 2
2.0 1.0 4 0.174 N/A 28.0 15.0 8.0 2
Wang & Chang [12] Slit 1.0 N/A 9 0.112 14 204 12.7 7.5 2
Wang et al. [13] Slit 22 1.0 4 0.203 1.21~2.46 254 22.0 103 1~6
N/A 0.75/0.6 7 N/A 1.48~2.5 25.0 21.65 10.32 1~4
Du & Wang [14] Slit
1.0 0.8 11 0.156 1.2~1.6 20.0 17.32 7.52 1~3
Wang et al. [15] Slit 1.0 1.0 9 N/A 1.27~1.81 21.0 12.7 7.6 1~3
Youn et al. [16] Slit 1.0~1.5 0.6~0.8 9~20  0.237~0.299 1.3~2.0 25.0 21.65 10.07 1~3
Yun & Lee [17] Slit N/A N/A 12 N/A 1.2 21.0 12.7 7.5 2
Wang et al. [18] louver 2.4 36 5 0.59 1.5~2.08 254 19.0 12.7 1~6
louver 24 36 5 0.59 1.5~2.08 254 19.0 12.7 1~6
louver 3.75 13.5 3 0.36 1.50~2.10 254 19.0 10.44 1~6
louver 2.35 27 5 N/A 1.21~2.49 254 19.05 10.3 1,2
Wang et al. [19]
louver 2.0 32 7 N/A 1.21~2.49 254 22.0 103 1,2
louver 1.7 25 5 N/A 1.22~1.73 21.0 12.7 7.53 24
louver 1.7 55 5 N/A 6.93 17.7 13.6 6.93 1,2
Hsieh & Jang [20] louver 24 15~35 5 N/A 1.3~2.1 18~30 13~25 7.0~12.7 1
Carija et al. [21] louver 3.0~3.75 5~25 4,5 N/A 2.06 254 19.05 10.42 2
B2l HAE = Goetler 972 2 QUUH5,6]. € and Xu[l1]ol] 9 3= 258 @ WA
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Fig. 1. Schematic drawing of the enhanced fins
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Fig. 2. Detailed drawing of the compound enhanced fin
(unit: mm)

Table 2. Geometric dimensions of the test samples

P/ P, Py D, 1
[mm] [mm] [mm] [mm] [mm]
Compound enhanced 0.493 1.5 21.0 182 7.3 0.11
Compound enhanced 0.493 1.5 21.0 182 7.3 0.11
Compound enhanced 0.493 1.5 21.0 182 7.3 0.11
Compound enhanced 0493 1.7 21.0 182 7.3 0.11
Compound enhanced 0.493 1.7 21.0 182 7.3 0.11
Compound enhanced 0.493 1.7 21.0 182 7.3 0.11

Louver 0335 1.3 21.0 127 73 0.11
Louver 0335 1.3 21.0 127 73 0.11
Louver 0335 1.3 21.0 127 73 0.11
Louver 0335 1.4 21.0 127 73 0.11
Louver 0335 1.4 21.0 127 73 0.11
12 Louver 0335 1.4 21.0 127 73 0.11
13 Louver 0335 1.5 21.0 127 73 0.11
14 Louver 0335 1.5 21.0 127 73 0.11
15 Louver 0.335 1.5 21.0 12.7 73 0.11
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Fig. 3. Schematic drawing of the test setup.
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Table 3. Experimental errors - = - A3)
P mh,A, UA  hA, kA,
Parameter Range Ma?( .
uncertainties
Air inlet temperature 21C +0.1C oJ71M = B I:77‘“(m), A, A, A= 22 B U
Air outlet temperature 30~45C +0.1C B3} 9= AW A (m)o Z AAYA S =
Water inlet temperature 50C +0.1C B, 395 A5 () 1o 3 5 AT hi
Water outlet temperature 27~42C +0.1C Park et al. [28] 21 & AMEete] ettt
Differential Pressure 5~100Pa +1.0Pa
Water flow rate 0.044kg/s +2.0% )
Repe 550~2000 £2.0% Nu,, =0.00172Re;*Pr2* 3,000 < Re, < 21,000 (4)
J *12.3% _ 0.81..0.3 < < 5)
7 £10.4% Nu,, =0.0376/," Pr,” 3,000 < e, < 21,000
Table 4. ¢NTU relationship for cross-counter configuration with single inlet and outlet
Row
Cmin(air)
1 1
2row e=—|l-——F— K=1—eXp(—NTU/2)
R K K
f+(1 77)cxp(2KR)
2 2
Srow JA I ! i K =1-exp(-NTU/3)
. K|:l7£7RK(1—£):|exp(KR)+(l—£) exp (3KR)
4 2 2
Cmin(water)
2 1 71
e=|1- =1- - :
Tow X ( K) (ZK) K=1 exp( NTU R/2)
—+|1-—|exp| —
2 2 R
1
3row s 1- K =1-exp(—-NTU-R/3)

L2 () () ()
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Fig. 4. Effect of fin pitch on j and f factors for

compound enhanced fin
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