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Heat Transfer and Pressure Drop Characteristics of
Heat Exchangers Having Plain Fins Under Dry and Wet Conditions

Chang-Keun Min, Jin-Pyo Cho, Wang-Ku Oh, Nae-Hyun Kim'
Department of Mechanical Engineering, University of Incheon, Incheon 402-749, Korea
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ABSTRACT: In this study, dry and wet surface pressure drop and heat transfer characteri-
stics of heat exchangers having plain fins were investigated. Nine samples having different
fin pitches and rows were tested. The wet surface heat transfer coefficient was reduced from
experimental data using enthalpy-potential method. The wet surface heat transfer coefficients
were approximately equal to the dry surface values except for one row configuration. For one
row configuration, the wet surface heat transfer coefficients were approximately 302 lower
than the dry surface values. For the pressure drop, the wet surface yielded approximately
30% higher values compared with the dry surface counterpart. Data were compared with ex-
isting correlations.

Key words: Wet surface(5E9), Dry surface(Z1 W), Heat transfer coefficient(@AEAS),
Plain fin(®##), Heat exchanger(¥ 12 87}), Pressure drop(43<&4)
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Table 1 Previous studies on wet surface heat transfer of fin-and-tube heat exchangers

Heat and Wet fin

Fin Fin pitch

Investigators mass transfer efficiency shape Row [mm] Result
. ) . g . hd >hw(P/>3.l7mm)
McQuiston Dual Humidity Plain 4 1.81~6.35 hy= h,( P, <317 mm)
Wang et al.® Single Enthalpy Plain 2,46 182~32 ha=h,
Eckels and Rabas® Single Enthalpy Wavy 3 197~3.13 hy > hy
Mirth et al.?” Single Enthalpy Wavy 4,8 161~32 ha=hy,
Humidity Wavy
Hong and Webb® Dual  (Wu & Bong Lanced 2,3  149~2.12 ha>hy,
modification) Louver
Kim et al.? Single Enthalpy Wavy slit 2,3 159~2.12 ha=hy,
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Fig. 1 Shape of the plain fin.
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Table 2 Geometric details of heat exchanger samples

D, Fin shape P,

Py ty

Sample No- (mm]  [mm)  (mm]  [om] (] N
1 7.3 plain 21 125 1.49 0.115 1
2 7.3 plain 21 125 1.34 0.115 1
3 7.3 plain 21 125 1.21 0.115 1
4 73 plain 21 125 1.49 0.115 2
5 7.3 plain 21 125 1.34 0.115 2
6 73 plain 21 125 1.21 0.115 2
7 7.3 plain 21 125 1.49 0.115 3
8 7.3 plain 21 125 1.34 0.115 3
9 7.3 plain 21 125 1.21 0.115 3
HOOM Table 3 Experimental errors
CONDITIONING
APPARATUS Parameter Max uncertainties
B " ™ (at Re p.=3000)
/ ) \< St t Temperature 1T
Differential pressure +1Pa
: Water flow rate +15%10"m¥/s
'T:é;é’e.;:runs Rep, +2%
f *£10%
Bxtaust Eé%gﬂﬁzns J *12%
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- CONST. TEMPERATURE/HUMIDITY CHAMBER 9 2HEE 27T, 60% RH(AEY APAE 21
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— 2 03m/solA 35m/sE 1472 Yol &
consr. Ao 4¥F 3719 S d49¥L F&0
o § M & FL4E F/hged Ay £5% olidlN
rerncenT__venten Aggnh. 4¥% AS712RHY AsE A8y

Fig. 2 Schematic drawing of the experimental
setup.
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Fig. 3 Effect of fin pitch on the 1 row dry
surface j and f factor.
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Fig. 4 Effect of fin pitch on the 2 row dry
surface j and f factor.
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Fig. 5 Effect of fin pitch on the 3 row dry
surface j and f factor.
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Fig. 6 Effect of tube row on the dry surface
7 and f factors for 1.34mm fin pitch.
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surface j and f factor.
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surface j and f factor.
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Fig. 12 Effect of fin pitch on the dry and wet
surface j and f factor.
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Fig. 13 Effect of fin pitch on the dry and wet
surface j and f factor.
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Table 4 Dry surface heat transfer and pressure drop correlations for plain fin-tube heat exchangers

Dry
surface

N=1

Py

Py ~1.084 -0.786
j=0.108Re5°-29(££) (%) (—P—f) (ﬁ)

P, \D D, P,
P, =1.9-0.23In(Rep)
Py = —0.236+0.126In(Rep)
'_ p p[ Py P, P, -0.93
N22  j=0.086RelN (D) (Dh) (Pt)
_ __0.042N P\
Py = —0.361 1n(Re)+0.1581n[1v(D) ]
1.42
0.076
Dh
Pi= —1.24—
Wang et al1® 4 In(Rep)
' - _0.08N
P5_ 0.083+ ln(Re )
= —5.735+]1. 211n(R]f,”)
Fy Pt P/
f =0.0267Re} (P) (D)
F, = —0.764+0.739 2t 5. +0. 177—*’- 000758
- _64.021
Fy = — 14,689+ 5 (Ress
1 ean 15.696
_ 0.9 Pt 0.106 i 0.0138 P, 0.13
N23  a=018Re"(%) () (F)
_ _ —oud Pt 0.564 ﬁ —0.123 £~ 1.17,(3~-N)
N=12 j=1043Re; <P1) () (3) ]
A
. (11) _ ¢ 4 _2f __t
Kim et al. f—f,A+f,( A)(l P/)
—065% P —0.347 i —0.134 & 1.23
f=145Res"(5) (3) ()
-4 0118 0.6\ [ Pe _
fi= 4 (0.25+ 5, J s Res )(D 1)
- 0.0312
Nz4 j4=0.14Re-°-328(%) (%)
Gray . . oz N\ 0031108074 )
o N<4 7—0.991]4[2.24Re (4) ]
Webb'!? f :same as Kim et al. except

1.318

F;=0.508 Re‘°~521(%)
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Table 5 Wet surface heat transfer and pressure drop correlations for plain fin-tube heat exchangers
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Fig. 14 The present dry surface j and f data compared with existing correlations.
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