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An Experimental Study on Air-Side Performance of Fin-and-Tube Heat
Exchangers Having Compound Enhanced Fins Under Wet Condition
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Abstract In this study, wet surface 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. Both j and f factor decreased as number of tube row increased.
Compound enhanced fin samples yielded higher j and f factors than louver fin samples. For one row, j and f factors
of compound enhanced fin samples were 11% and 43% higher than those of louver fin samples. For two row, those
were 8% and 50%, and for three row, those were 17% and 53%. Heat transfer capacities at the same pressure drop
of the compound enhanced fin samples were 2.0% for one row, 3.1% for two row and 8.4% for three row larger
than those of louver fin samples, Data were compared with predictions of existing louver fin correlations.
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Table 1. Previous studies on wet surface heat transfer of slit or louver fin-and -tube heat exchangers
ws or L, hy or © ng or AJ/Ar Pr P, P D, N
Author name Enhanced fins v ’
[mm] [mm] [deg] n [mm] [mm] [mm] [mm]
Wang and Chang [13] slit 1.0 N/A 9 0.112 14 20.4 12.7 7.5 2
Wang et al. [14] slit 22 1.0 4 0.203 1.21~2.46 254 22.0 10.3 1~4
N/A 0.75/0.5 7 N/A 1.48~2.50  25.0 21.65 10.32 1~4
Wang et al. [15] slit 1.0 0.8 11 0.156  1.20~1.60  20.0 17.32 7.52 1~2
1.0 1.0 9 N/A 1.27~1.81 21.0 12.7 7.6 1~3
Wang et al [16] slit 1.0 1.0 9 N/A 1.27 21.0 12.7 7.6 2
Ma et al. [17] slit N/A 0.6 5 0.258 1.2~1.7 21.0 133 7.21 23
Yun et al [18] slit 1.0 0.7 7 0.314 1.27~1.41 20.0 10.0 2(3); 1~3
3 15.5 11 N/A 1.4 20.4 16.7 9.87 2
Wang and Chang [13] louver
1.7 25 9 N/A 1.22, 1.71 21 12.7 7.33 2
235 27 9 N/A 1.21~2.49 254 19.05 9.95 1,2
Wang et al. [19] louver
2.0 32 11 N/A 1.12~2.49 254 22.0 9~9.5 1,2
Hang and Webb [20] louver N/A N/A 3 N/A 1.49 254 22.0 7.0 2
Ma et al. [17] louver 3.5 15.7 3 0.37 1.4~1.8 254 19.05 9.53 23
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Table 2. Geometric dimensions of the test samples

Pf Py P D, tr

No Fin pattern (mm] [mm] [mm] [mm] [mm]

AJAr

—

0493 1.5 21.0 182 73 0.11

—

Compound enhanced

Compound enhanced 0.493 1.5 21.0 182 73 0.11

W | N

Compound enhanced 0.493 1.5 21.0 182 73 0.11

0493 1.7 21.0 182 73 0.11

Compound enhanced

Compound enhanced 0.493 1.7 21.0 182 73 0.11

W N

Compound enhanced 0.493 1.7 21.0 182 73 0.11

Louver 0335 1.3 21.0 127 73 011 1

Louver 0335 1.3 21.0 127 73 0.11
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o 7 2EE 50°CE FAAh Ad2 Alg AW
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— 1 st - o | = o .
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- 4 LJ 3 - = e ~ _
" sl i 9] Q4= F2 A (1.0 Payell €3k Zo]y dHE
Ao Enaiy @0 uon e = = = -
CONST TEMPERATURE/ HUMDITY CHAMBER Ve Exdcen Ao Lae T2 # WS AFH2 9 .9_7(]’(:‘:10%)0" 7]
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o] T a3t
Fig. 3. Schematic drawing of the test setup. 2.3 Xp2x2|
Table 3. Experimental errors Boodgo) Ale® AgieE gwdr)e AL
Parameter Range  Max uncertainties e— NTU 3"%74]5,%[27] Table 40 JER} ATk
Air inlet temperature 35T +0.1C
Air outlet temperature 10~28T +0.1C UA=C . NTU )
min
Water inlet temperature 5T +0.1C
Water outlet temperature 14~25T +0.1C
Di i ~ : =mi
ifferential Pressure 3~130Pa +1.0Pa Cmin — m1n(m mu/cpa / bu') (2)
Water flow rate 0.063kg/s +2.0%
Repc 300~ 1500 +2.0%
i +12.3% —
; 1104% q{l‘d.x - max( mu Cpa/b ) (3)
[25] /\]E_gl %a{f@% Z ] T £l OPa«] ]’% % mm/ C;nax (4)
HE Z43%0
AR F A 2EE 21°C, AUFEEE 600%, w8 o714 & FEE, Us IRFE (Wm'K), 4= 1D

Table 4. eNTU relationship for cross-counter configuration with single inlet and outlet

Row
Chmin(air)
2row petfi— L K =1-exp(-NTU /2)
R K K
7+(]77)exp(2KR)
2 2
3row P ! - K=1—exp(—NTU/3)
8 K|i17£7RK(]—E):|exp(KR)+(I—£) exp (3KR)
4 2 2
Cmin(Water)
2 =1 !
row i R (1 5) (K) K =1-exp(-NTU-R/2)
2 2 o R
3row el 1 K =1-exp(-NTU -R/3)
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Fig. 4. Effect of fin pitch on j and f factors for
compound enhanced fin
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Fig. 5. Effect of fin pitch on j and f factors for
louver fin
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