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Condensation Heat Transfer on the Horizontal Tubes of
a Modular Shell and Tube-Bundle Heat Exchanger
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ABSTRACT: The thermal performance of a modular shell and tube-bundle heat exchanger
has been analyzed using section-by-section method. Investigated are the effects of air and
water inlet conditions on condensation heat transfer of horizontal tubes. It is found that they
are significant for the heat transfer of the modular shell and tube-bundle heat exchanger. It is
shown that the predictions and experimental results are in good agreements.
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Table 1 Geometric dimensions of bare heat

exchanger
Parameter Specification
Number of tubes/row 5
Number of tube rows/pass 4
Number of pass 4
Tube outside diameter 12.7 mm
Tube inside diameter 11.7 mm
Transverse tube spacing 22 mm
Longitudinal tube spacing 25.4 mm
Tube length 320 mm
Heat exchanger height 160 mm
Tube material Titanium

Water flow
inlet

g

Alr flow Inlet

Fig. 1
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Schematic of bare heat exchanger.
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Fig. 2 Schematic of experimental setup.
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Fig. 3 Variation of heat transfer rate, condensing rate and temperature according to inlet air velocity.
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to inlet air temperature.
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Fig. 5 Variation of total and latent heat trans-
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temperature.

o] HEA AA dALHFY FH2&e Espdr
AYAAE Ze AFgE vehiy =3 olF 9
F4e Felo] JeW Ad dded e 4
#HED @A YElgen »=Hg F 4L o
Uk =¥ =4 B2 29 dAYH 4%
Axtel ¥/ 9FA ¥ AL TV YF=E
Ag W] UREA AL HAFGI A}
BAe 4TS B g Eojth

Fig. 11& 3719 & 40T, 3719 &%
m/s, 345 FE 02m/s A, £¥E ¥
Ed dAged ddleq 75 ¥ g
A dAEFE Jeld Rold, AEA e
Agols Wy AFL=s Ao we
A dRgFol AAste ALE veha e
719 =T =E¥4E ARdHyg F39
o] dAg ol HolAr} F3 FEW &

=

B oo Ao

)

T T
20 O Dry surface -
O  Wetsurface

Q [kW]

L 1 1

Inlet water temperature [°C]

Fig. 11 Variation of heat transfer rate accord-
ing to inlet water temperature.

s ; 20
T Quar,
O Qy
at

415 _
£
)
N x
_ &
E - 10 ;
z -4
o . ] \ a g
o
©
U ;

........ 1
N [ SEREINSUR 1 ST o °

A ’ay a
J

[ L v : °

0.1 02 o3

Inlet water velocity [m/s}

Fig. 12 Variation of total and latent heat
transfer rate and condensing rate ac-
cording to inlet water velocity.

Aed A9, $EY A9 ud Was 97
29 9ol e ¢ + Uk

Fig. 12 %719 £5 40T, $% 50%, W+
YFLE 15CY A9 WA+ fo) we 3
A gde, A9 949 2 $3E9 AN
A3}g vehd Aol

WZse &0 Atz WA Q9L
33 d9eel Ao Anst gon WA
f3el Wse] me gAY F¥E 7]
FZAE WAL B2 Y4 LEE WA
4 Aol Hlatel dn@gr) Aol WAE I
e 2,

4.8 &

Wzt g Abgsta @ ERA AEHA] ¢
HnEE 5% dudrld dgd 23449 37 &
EEY 4L HAY 5 Ue @E 2y
(section-by-section method)& Al-&3te AE&
d&stn A AFH dADde] EA i3}
o Agsln I gF2AG g d7E
A9 W/ Aol HXE gL AFS 27
g e ZES AU

(1) B d79 g9 284 PL A1 83 &5y
dugr) HHYELS 59 P H5e B
&g = A

(2) 319 YTFLE, §F, 23 ¥459 ¢
FE7l duEr] Hed & 9%E vy 9

& 45L& vud o ggo] A}

() #8Y dded 4%, IEH dde9 %



30 LIt B LR

Foll v jAT} fAFT G T

4 &5% dugr dAdAM &7 Wz
YFE WE Tl =FHE& F st A
AldtofoF et

£ 7l

2 Ege HWlenst Adste 5RA7

B T FERVMETFAEALCIALE 22
Nemd)es AYHo] FPJRFU. ofd #
A A2 EA =R

Angd

1. Fischer, S. K. and Rice, C. C., 1983, The
Oak Ridge Heat Pump Models: A Steady
State Computer Design Model for Air-to-
Air Heat Pump, Oak Ridge National La-
boratory, Oak Ridge, Tenessee.

2. Domanski, P. A., 1982, Computer Modeling
and Prediction of Performance of an Air
Source Heat Pump with a Capillary Tube,
Ph.D. thesis, University of Catholic, U.S.A.

3. Domanski, P. A., 1991, Simulation of an
Evaporator with Nonumiform One-Dimen-
sional Air Distribution, ASHRAE Transac-
tions, Vol. 98, Part 1, pp. 793-802.

4. Domanski, P. A, 1989, EVSIM—An Eva-
porator simulation model accounting for re-
frigerant and one dimensional air distribu-
tion, NISTIR 89-4133.

5. Oskarsson, S. P, Krakow, K. L. and Lin, S.,
1990, Evaporator Model for Operation with

10.

11.

12.

Dry, Wet and Frosted Finned Surfaces, Part
1, Part 2, ASHRAE Transactions, Vol. 96,
Part 1, pp. 373-392.

Threlkeld, J. L., 1970, Thermal Environ-
mental Engineering, Prentice-Hall, Inc., New
York, NY.
Zukauskas, A.,
Tubes in Crossflow, Advances
transfer, Vol. 18, pp. 87-157.
Kays, W. M. and London, A. L, 1984, Com-
pact Heat Exchangers, 3rd ed., McGraw-
Hill book company.

Bryan, W. L., 1961, Heat and Mass Transfer
in Dehumidifying Surface Coils, ASHRAE
Transactions, Vol. 67, pp. 393-405.

Yoon, J. S., Park, B. K. and Kim, C. ],
2000, Heat Transfer and Pressure Loss
Characteristics due to Tube Geometries in
Modular Tube-Bundle Heat Exchangers,
Proceedings of the KSME 2000 Autumn
Annular Conference, pp. 105-111.

Park, B. K,, Kim, G. O. and Kim, M. G,
2001, Effects of Air Flow Nonuniformity on
the Thermal Performance of a Compact
Evaporator for Natural Working Fluids,
Proceedings of the SAREK 2001 Spring
Annular Conference (I), pp. 495-502.

Wang, C. C, Hsieh, Y. C. and Lin, Y. T,
1997, Performance of Plate Finned Tube
Heat Exchangers under dehumidifying con-
ditions, Journal of Heat Transfer, Vol. 119,
pp. 109-117.

1987, Heat Transfer from
in heat



