a7 Al st =-5 BYE, A347@ AS5Z, pp. 515~522, 2010 515

<ga==s DOI:10.3795/KSME-B.2010.34.5.515

Experimental Study on the Air-Side Heat Transfer Characteristics of a Spirally-
Coiled Circular Fin-Tube Heat Exchanger According to Geometric Parameters

Taehyung Kang*, Mooyeon Lee’, Yongchan Kim'" and Sungjung Yun™

* Dept. of Mechanical Engineering, Korea Univ.,
** Research and Development Team, Korea Bundy Corporation

(Received December 28, 2009 ; Revised February 23, 2010 ; Accepted February 24, 2010)

Key Words : Heat Transfer(& &), Spirally-Coiled Circular Fin-Tube(\}13 3 ¥-F 1), Refrigerator(*d 7
1), Heat Exchanger( & 1. 8+71)

S R e BAe Raby xddd YA 99¥-FH dwsr)e] gavsel mE dd9sde
s e A4E-FE dnsvlel AAYdE S vashs solth Uiy 99u-Rn duds)t L
foot 2] 27 mm oA DADAGTF Hh= vehkon, §71% GHASE Fodsrt 2 Qo)A 5 9=

Z7FtHA Ht 10% 72433l AFX]7F S mm oA 10 mm 2 F7FFHA] B3t 17.5% S7HEIh
FTEHEAANA YAy dPA-FHE dudr])e FHIA 30 mm 7F 35 mm BT GOl Fit 5.1% =A
el FEF7 05 mm 7F 0.7 mm Rt} dAEHo] H 41% =4 YERETE YA JdFEA-FH
Gugtr] o] dAGAGIE it AMGE-FE Gudtrle vlste] Ht 243% Fx= w4 UERSTH

td
il

Abstract: The objective of this study is to investigate the air-side heat transfer characteristics of a spirally-coiled circular fin-
tube heat exchanger for various geometric parameters under non-frosting conditions. The heat transfer characteristics of the
heat exchanger were analyzed with respect to heat exchanger geometries, and then, the characteristics were compared with
those of rectangular-plate fin-tube heat exchangers with discrete fins. The heat transfer coefficient increased with a decrease in
the number of tube rows and an increase in the fin pitch. The optimum length of the L-foot was 2.7 mm. In addition, the heat
transfer rate increased with a decrease in the tube pitch and the tube thickness. The heat transfer coefficient of the spirally-
coiled circular fin-tube heat exchanger was 24.3% higher than that of the rectangular-plate fin-tube heat exchanger.
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Fig. 1 Schematic diagram of the experimental setup
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difference between the air in the test section and
the ambient

Table 1 Test conditions
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Parameters Specifications
Inlet air temperature (°C) 3
Inlet air relative humidity (%) 80
Inlet temperature of the refrigerant (°C) 30
Air flow rate (m*/min) 0.7/1.1/1.3/1.8
Refrigerant flow rate (kg/h) 150

Table 2 Specifications of measurement

Items Specifications | Accuracy
Thermocouples (T-type) | -100~400°C | £0.2°C
Differential pressure 0~ 10 kPa £1.0%
gauge
Mass flow meter 0~ 300 kg/h +0.2%

Table 3 Specifications of the spirally-coiled circular fin-

tube heat exchangers

Parameters Specifications
Fin pitch (mm) 5.0/7.5
Height (mm) 8.25/8.85
Fin Thickness (mm) 0.25
Alignment Inline
L-foot length (mm) 2.3/2.5/2.7/2.9
Outer diameter (mm) 8.0
Tube pitch (mm) 30.0/35.0
Tube Number of row 2/3/4/5
Alignment Inline
Thickness (mm) 0.5/0.7
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(@) Inline tube alignment

(b) Inline fin alignment

Fig. 3 Schematic diagram and fin-tube alignment of the
spirally-coiled circular fin-tube heat exchanger
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Fig. 4 Effect of the number of tube rows on the heat
transfer coefficient
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Table 4 Specifications of the spirally-coiled circular fin-
and rectangular plate fin-tube heat exchangers

Specifications
Parameters - -
Spirally-coiled Rectangular fin
circular fin
Fin thickness (mm) 0.25 0.2
Fin size (mm) 24.5 30>30
(diameter) (rectangular)
Tube diameter (mm) 8.0 8.0
Tube thickness 0.7 07
(mm)

Tube pitch (mm) 30 30
5 Y QYu-FE dua)E 9gus &
WA Hgs] daiE Fuvlel FE eas
B 2 B AN EdE EAS nEd
a7k itk o] WAE d39-FE dudr]s
THE B8 AR HAAK a8 Al=gel]
B FEANA E 5 Qe FS S0 Ui
T o= AAAE A7 B8 Jlow dddEnh

4. 2 E

13 Qg7

At 17.5% S7F8HAth
) UAE 9¥8D-FB dustr]el Lfoot Zo] 2.7

mm oA GAGAGTTE HUE YeEt BEe
FZZANA HFEYA 30 mm 7} 35 mm XU
dAdsro] Hot 51% 55 JERS T 3

FESFA 05 mm 7} 07 mm Ht} dddSko] P
4.1% S-73HA YERtTH

G WiE dFA-FH Gud)e] Axo] 885
mm 7} 825 mm KU Hit 4.0% SrGFo] =

UebdA vl dAgA¢E Bizo] 825 mm oA O
Sk AAIS FAZ Q18ke] 8.85 mm KU} Ht 5.4%
oAl VERRLTE

@ UAE 939-FE dudr)e= 7
TR AREE I Qe HI AR-RE g

riy
oL
o
£l
op



522 ey - ol -

Hste] AHDAT7E B 243% A% FA EbTh

(1) Lee, M. Y., Kim, S. O. and Kim, Y., 2007,
"Performance Evaluations of a Residential Small
Multi-Refrigeration System Considering the Adiabatic
Characteristics," Trans. of the KSME, Vol. 31, No. 10,
pp- 868~875.

(2) Lee, M. Y. and Kim, S. O., 2005, "A Study on the
Performance of a Domestic Small Multi Refrigerator
According to a Capillary Tube Change," Trans. of
the KSME, Vol. 29, No. 6, pp. 763~771.

(3) Mon, M. S. and Gross, U., 2004, "Numerical Study
of Fin-spacing Effects in Annular-finned Tube Heat
Exchangers," Int. J. Heat Mass Transfer, Vol. 47, pp.
1953~1964.

(4) Yun, R., Kim, Y., Kim, S. and Choi, J. M., 2005,
"Experimental Study on the Heat Transfer
Characteristics of Spiral Fin-tube Heat Exchanger,"
Trans. of the SAREK, Vol. 17, No. 6, pp. 529~535.

(5) Kim, Y. H. and Kim, Y., 2005, "Heat Transfer
Characteristics of Flat Plate Finned-tube Heat
Exchangers with Large Fin Pitch," Int. J. of

18 - w4

Ho

Refrigeration, Vol. 28, pp. 851~ 858.

(6) ASHRAE Guideline 2, 1986, "Engineering Analysis
of Experimental Data," ASHRAE, Atlanta, USA.

(7) Incropera, F. P. and Dewitt, D. P, 2006,
"Fundamentals of Heat and Mass Transfer," 5" edition,
Wiley, New York, 466~499.

(8) Gnielinski, V., 1976, "New Equation for Heat and
Mass Transfer in Turbulent Pipe and Channel Flow,"
Int. Chem. Eng. Vol. 16, 359~368.

(9) Lee, M. Y., Kang, T. H. and Kim, Y., 2009, "Air-side
Heat Transfer Characteristics of Spiral-type Circular
Fin-tube Heat Exchangers," Int. J. of Refrigeration, Vol.
33, pp. 313~320.

(10)Mon, M. S., 2003, "Numerical Study of Air-side
Heat Transfer and Pressure Drop in Circular Finned-
tube Heat Exchangers," Ph.D. Thesis, Freiberg
Technischen University.

(11) Kim, Y. H., 2004, "Study on the Frosting and
Defrosting Performance of Fin-tube Heat Exchangers,"
Ph. D. Thesis, Korea University.

(12)Incropera, F. P. and Dewitt, D. P, 2002,
"Fundamentals of Heat and Mass Transfer," John
Wiley & Sons, 4™ edition, pp. 88~182, 326~ 431.



