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A Study on the Thermal Characteristics of Finned-tube Heat Exchanger
by Using the Liquid Crystal Technique
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ABSTRACT: This study was discussed about the thermal characteristics of finned tube heat
exchanger having two row used in the air-conditioning application. Pressure drop and heat
transfer coefficient were measured and investigated for the 3 times models of plain fin. Also
the temperature distribution and heat conduction in the fin was measured by using the liquid
crystal method. The surface temperature of rear row was nearly constant, and heat
conduction in the fin was stronger near the front row than the rear row.

Key words: Heat exchanger(81$7]), Heat transfer(@4¥), Fin efficiency(¥ &€), Liquid
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Table 1 Comparison of parameters between
prototype and scale-up model heat

exchangers tested in the present

work
Parameter Prototype Model type
HEX HEX
fin material aluminum  aluminum
scale factor 1 3(n)
thermal
222 222
conductivity(W/m°C)
fin thickness(mm) 0.1 0.3(n)
pressure drop’ 1 0.111(1/n%
heat transf
cat trensier 1 3(1/n)
coefficient
Re, Pr, f, j 1 1

* means the ratio of values of model type to
those of prototype.
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Fig. 1 Wind tunnel for 2 row-finned tube
heat exchanger.
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Fig. 2 Dimension and boundary condition along
the width direction of enlarged model fin.
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Table 2 Experimental conditions in the present
test

Test condition
plane fin

Parameter

types of fin

scale factor 3 times of prototype

number of raw 2 row
number of test fin 9 ea.

number of test tube 10 ea.
test fluid air

frontal velocity 0.2-0.7 m/s

Table 3 Dimensions of model fin in the
present model test

Parameter Dimensions

tube diameter(D) 22,5 mm

fin thickness(t) 0.30 mm

tube pitch(P;) 63.0 mm

fin pitch(Py) 3.63 mm

bare tube area(A,)" 231 mm’

fin surface area(4y) 4010 mm®
total surface area(Ae)” 4240 mm?
air volume between fins(Ve)® 6680 mm®

area ratio(Ay/Aw:) 170

* The dimension along the span-wise direction
is for the hatched area of Fig. 2.
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Fig. 3 Schematic diagram of installed heat
exchanger.
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Fig. 5 Pressure drop of plain fin.
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Fig. 6 Heat transfer coefficient of plain fin.
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3. dgza A AE

3.1 gds ¥ HdNMLAF

Fig. 5%} Fig. 62 3u] o Fude £x4
e dH¥Ase dA2A+E JeEd Aol
dHAste] A s1Ee APBAL F M 4
2 ¢#7 Grayst Webb'?e] AgaA4s vl
A & dAEE ¢ + Uth Gray9 Webb of 4
FHAN LS 2 AFgg9ng £/ IR 2 3
So A oz FrY f&ol e ddw
o f&ol B2 dgoA exst AL Re o
2

AgAFE 719 27 A&
A$R 149 A9 Graysh Webbe 233
Ao & o ZAYL Bolxm Ut} ol ¢
Zake] Axte} wARZ B A7 I &
297} Grayst Webbol #A¢td AP aA 49
F9EY RN 7] Wi oz AZErh ot
A% Wang 5709 AQANE #A1E As
Holx o] Grayel Webb AP @A 4o



o2 4zgt 2 479 gagAs
o mel® FABAF(7h) oIk

e ae
ko
@
o v

32 8 2% ¢ gL

Fig. 7€ 4AH(iquid crystal method)& ©]&
st 3u) o FHH FHLEZE 4TI
9] 2E7} 186°C olm HAAY &= 337°C
ol A Frle]l £&E7t 064 m/sQ B S
o EHg Aeojr), B AN Ao FAI v
$ govz 3 FH v Ao #o &9
Zua stz st agdiAel ol
3719 2&E we 18 HEBoM 2¢8 AEB
22 7o wet £x7 F7MgS ¢ 4 U &
3 29 F99 A 25E 29 HFEHY 2524
Ao ZE&L Holm g} ole 149 AdH F9
o] log Ry T2 433 dAYo] o] FojA
Al 28 AgH RIdAE ddd adst A9
S-S omsig @ WY 2Tl Yg#y F
Al A ol e & & F Ao, = 199 Hd
T FHdME A e 2= &A% A
G FHA= dF IdFo HdEgd A
WERO AGEHY FAHE JF0] EAFE A
£ o 4 9t} Fig. 82 Fig. 79 2x¥¥xaR
H A" 8 JoA ddxe zZv)eh BFe
gt agda dAaxE A 19 Ady F9
A FASA dojun Al 24 FHAME ¥
Wie A= AY gl ¢ 5 It B 2
H2RE o FUHLERIE TFEL T E3
2E W™ (strip fin)e] 84 A4 8% AEE
AHEE F U Aolth

4.9 8%

2 d7eAE 28 F-FEY du@r)e
d SR oistd Fxre HA -
oA 7159 A} EE dHE &
ke S /M E 2719 A 49
A ATE TS 923 2L AES AU
(1) 24839 dx #2 718183 g Z
B-FE du@rlY 371F £F 2 HIIE
A A g9 IHHE 54E& #F2E F
T A¥FAS 48714e A

(2) BRI 3+ 4¥AsE Graysh Webb

30 Jn rir

BANTY ZAtstg ddgAse 28e A4
i 2 && By

(3 Ea@rle AA Az W # ¥H 2
EEEY EHE BE4L dPHoE ¥
o

(@) Fx718% 29 HFdAMe 4d zddA
FERMA 28W)MY =7 A dA3Y
WP AEFS i HE5E ¢ 5 AU

Zuzsl

1. Baggio, P. and Fornasicri, E., 1994, Air-side
heat transfer and flow friction: theoretical
aspects, in recent development in finned
tube heat exchangers, Edited by Ch.
Marvillet, DTI, Energy Technology,
Denmark, pp. 91-159.

2. Beecher, D.T. and Fagan, T.].,, 1987, Effect
of fin pattern on the air-side heat transfer
coefficient in plate finned-tube heat
exchangers, ASHRAE Trans., Vol. 93, Part
2. pp. 1961-1984.

3. Goldstein, L. Jr. and Sparrow, EM., 1976,
Experiments on the transfer characteristics
of a corrugated fin and tube heat exchanger
configuration, J. of Heat Transfer, Vol. 98,
pp. 23-34.

4. Tto, M., Kimura, H.,, and Senshu, T. 1977,
Development of high efficiency air-cooled
heat exchanger, Hitachi Review, Vol. 26, pp.
323-327.

5. Hatada, T., Ueda, U., Oouchi, T., and
Shimitz, T. 1989, Improved heat transfer
performance of air coolers by strip fins
controlling air flow distribution, ASHRAE
Trans., Vol. 95, Part 1, pp. 166-170.

6. Kim, K.S, 1993, An experimental study on
the flow and heat transfer characteristics of
an impinging jet, KSME J, Vol. 7, pp.
258-193.

7. Bunker, R.S., Metzger, D.E,. and Witting, S.,
1990, Local heat transfer in turbine
disk—cavities, Part 1: roter and stator
cooling with hub injection of coolant,



AHEE o] 4F U-T FwPr) o] €7 B BY AT 421

Proceedings, ASME Gas turbine and
Aeroengine Congress, 90-GT-25.

8. Camci, C.,, Kim, K., and Hippensteele, S. A.,
1992, A new hue capturing technique for
the quantitative interpretation of liquid
crystal images used in convective heat
transfer studies, ASME ]. Turbomachinery,
Vol. 114, pp. 765-775.

9. Hie Chan Kang and Moo Hwan Kim, 1997,
A Large scale model test to investigate the
pressure drop and heat transfer
characteristics in the air side of two-row
heat exchanger, Transactions of the KSME,
Vol. 21, No. 1, pp. 113-124

10. Hie Chan Kang and Moo Hwan Kim, 1996,
Thermohydraulic characteristics of mult-row

plane finned-tube heat exchanger for

Proceeding of SAREK
Summer Annual Conference, pp. 315-321.

11.Rae Jr, WH., and Pope, A., 1964, Low
speed wind tunnel testing, John Wiley &
Sons, 2nd Ed.

12. Gray, DL. and Webb, RL., 1980, Heat
transfer and friction correlations for plate
finned tube heat exchangers having plane
fins, Proceedings, ASME, pp. 2745-2750.

13. Wang, C.C.,, Chen, PY. and Jang, JY,
1996, Heat Friction
Characteristics of Convex-Louver Fin-and-
Tube Heat Exchanger, Experimental Heat
Transfer, Vol. 9, pp. 61-78.

air-conditioner,

Transfer and



