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Abstract

An experimental study is performed to investigate the characteristics of
heat transfer of outside helical tubes. Many research works for heat
transfer of inside helical tube have been established, but few has
concerned about outside heat transfer phenomena.

The main heat exchanger consists of twelve curved columns of 300mm
diameter and the total length of 12m copper tube having an outer
diameter of 19.05mm and 15mm thickness. Water flows down the outside
of helical tubes and refrigerant- 11 flows the inside of the tube counter
currently against the outside flow. Three types of outside flow patterns
as vertical film falling flow, immerged flow, and mixed-flow which is
partly combined by film falling flow and immerged flow are examined.
Experiments are carried out with respect to three different factors, i.e.
water flow rate, refrigerant flow rate and immersion rate of outside
helical tubes. The experimental range of the inside flow rate is 1.7 3.2
/min, and its outside flow rate, 21 33t /min. Temperatures of 24 points
along the outside of tubes are continuously measured.

The experimental results shows that the heat transfer rates of the
mixed flow are 8 to 56% higher than those of film falling flow and
immerged flow, respectively. The temperature difference between the wall

and the bulk of immerged flow is 61% higher than that of film flow. The



results are presented as dimensionless Nusselt numbers with the
corresponding Reynolds numbers for various outside and inside fluid flow
rates. Interpretation of these results is given on the basis of physica
reasoning and the correlation equations.

This thesis shows that the mixed flow composed of film falling flow
and immerged flow can be one of the most efficient flow patterns for

helically coiled tubes to obtain higher heat transfer rates.
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Fig. 32 Photograph of experimental apparatus
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3.2

+ 15

17 3.2 /min

21 330 /min

T able 3

T able 3 Design values and experimental conditions

_ Design | Experimental
Variable
value range
Temperature( ) 45.0 45.0
W ater

Flow rate(® /min)| 27.0 21 33

Temperature( ) 14.0 14.0

Refrigerant

Flow rate(® /min) 2.0 1.7 32

Pressure(M pa) 1.1 23 10 22
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falling flow at Refrigerant flow rate 1.7(¢ /min)
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of coil

falling flow at Refrigerant flow rate 2.3(¢ /min)
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@ Re 10°<Re.<10’

Nuo = (035+ 0022(Re)?35+ Olﬂ(Re)gSG)Prgg

(2)
Nu,= (0.35+ 0.064(Re)5°) Pro?°
3)
Nu, = (0.5+ 0.14 (Re)%%)pro*
4) |
8%, :56%
! (Dol d)

- 66 -



[1] R. C. Xing, M. A. Ebadian., "The Effects of Prandtl Numbers on
Loca and Average Convective Heat Transfer Characteristics in
Helical Pipes", Journal of Heat Transfer, Vol. 119, pp467-473

[2] Ali Owhadi, Kenneth J. Bell and Berry Cran, Jr. "Forced Convection
Boiling Inside Helically- Coiled Tubes", Int. J Heat Mass Transfer,
Vol.11 pp.1779- 1793

[3] J.C.Chen, "A correlation for boiling heat transfer to saturated fluids in
convective flow", Am. Soc. Mech. Engrs Paper 63-HT -34 (1963)

[4] Kozeki, M.Nariai, H.Furukawa, T.and Kukrosu, K. "A study of
Helically- Coiled Tube Once- Through Steam Generator,"Bulletin of he
JSME, Vol.13, No.66, 1970, pp.1485- 1494

[5] Masuo KAJI, Koji MORI, Masaya OISHI, "Boiling Heat Transfer And
Dry-out Characteristics In Helically Coiled Tubes" Experimental Heat
Transfer, Fluid Mechanics and Thermodynamics 1997 pp.649- 656

[6] Qin Cheng Bi., Ting Kuan CHEN., Xue Jun CHEN., Yu Shan LUO,,
Jian Xue ZHENG., " 1997, "Heat Transfer Characteristics In Helica
Coil Tubes" Experimental Heat Transfer, Fluid Mechanics and
T hermodynamics pp. 2233- 2239.

[7] Cengiz Yildiz, Yasar Bicer and Dursun Pehlivan, 1997 "Heat T ransfer
And Pressure Drop In A Heat Exchanger With A Helical Pipe
Containing inside Springs" Energy Convers. Mgml Vol. 38, No.6,
pp. 619- 624.

[8] M .Zaki, Y .ZLiu, R.CXin, ZF. Dong and M .A. Ebadian, "Condensation
Heat Transfer Of R-134a In Helicoidal Pipe" Proceedings of the

- 67 -



ASEM Heat Transfer Division Vol. 1, 1997, pp.141- 148

[9] Campolunghi, F., Cumo, M., Ferrari, G. and Palazzi, G., 1977, "Full
Scal Tests and Thermal Design Correlation for Coiled Once-T hrough
Steam Generators”, AIChE Symp. Ser., pp.73- 164, 215-222

[10] Kozeki, M., 1973, "Film Thickness and Flow Boiling for Two-Phase
Annular Flow in Helically-Colled Tube", Proc. Int. Meeting on
Reactor Heat Transfer, Karlsruhe, pp.351- 372

[11] Feng, Z. P., Guo, L. J., and Chen, X. J., 1997, "Forced Convective
Boiling Heat Transfer in Helically Coiled Tubes with Various Helix
Axia Angles,” Experimental Heat Transfer, Fluid Mechanics and
T hermodynamics 1997, pp. 593- 599.

[12] Masuo Kagji., Koji Mori., Masaya Oishi., Shigeyasu Nakanishi and
SAWAI., 1997, "Boiling Heat Transfer and Dryout Characteristics In
Helically Coiled Tubes,” Experimental Heat Transfer, Fluid Mechanics
and T hermodynamics pp. 649- 656.

[13] Rippel, G. R et a, "Two-Phase Flow in a Coiled Tube,"” I&EC
Process Design and Development, Vol. 5, No. 1, pp. 32- 39.

[14] Awwad, A ., et d, International Journa of Multiphase Flow, Vol. 21,
No4, pp. 607-619.

[15] Banerjee, S. et al, "Studies on Cocurrent Gas-Liquid Flow in
Helically Coiled Tubes, | - Flow Patterns, Pressure Drop and
Holdup,” The Canadian Journal of Chemical Engineering, Vol. 47,
pp 445- 453.

[16] Hart, J. et a "Single- and Two- phase Flow Through Helically
Coiled Thbes,” Chm. Eng. Sci., Vol. 43, No. 4, pp. 775-783.

[17] Saxena, A. K. et al, "Flow Regimes, Hold-up and Pressure Drop for

Two Phase Flow in Helical Coails," The Canadian Journa of

- 68 -



Chemical Engineering, Vol 68, pp. 553-559.

[18] Owhadi, A ., et al., "Forced Convection Boiling Inside Helically- Coiled
Tubes," Int. J. Heat Mass Transfer, Vol. 11, pp. 1779- 1793, 1968.

[19] H. Nariai, et al, J. Nucl. Sci. Tech., Vol. 19, No. 11, Nov. 1982.

[20] Kalb, CE., Seader, JD, 1983, "Entrance Region Heat Transfer In A
Uniform Wall- T emperature Helical Coil with Transition From Turb-
ulent to Laminar Flow", Int. J. Heat Mass Transfer, Vol.26, No.1,
pp.23- 32,

[21] R.M Fand and K.K Keswani, "Combined Natural and Forced Conv-
ection Heat Transfer From Horizontal Cylinders to Water”, Int. J.
Heat Mass Transfer. Vol. 16, pp.1175- 1191

[22] R. M. FAND, 1965, "Heat Transfer By Forced Convection From A
Cylinder To Water In Crossflow", Int. J. Heat Mass Transfer, Vol. 8,
pp. 995- 1010.

[23] McAdams, W. H., Heat Transmission 3rd ed McGRAW - HIll

[24] , 23 ,

[25] Tong, L.S, 1965, "Boiling Heat Transefer and T wo-Phase Flow",

John Wiley & Sons, Inc., New York.

[26] J. O. Kim et al, "Thin film evaporation on horizintal plain tubes"
Proceedings of SAREK ‘98 Summer Annua Conference p. 561.

[27] Hofmann E., Handbuch der Kaltetechnik BD3, 1959

[28] A. H. Davis, "Convective cooling of wires in streams of viscous
liquids, Phil. Mag. 47, 1924, pp.1057- 1092

[29] J. Ulsomers, Forsch. Geb. Ing. 3, 1932, 94

[30] H.A. Kramers, Physica 12, 1964, pp.61-80

[31] Analysis of Heat and Mass Transfer, p.405 McGRAW - HiIll

[32] Bergles, A E., and Rohsenow, W. M. 1964, "T he determination of

- 69 -



forced- convection surface boiling heat transfer, J. Heat Transfer, Vol.
86, pp. 365-372.

[33] Chen, J. C., 1966, "Correlation for boiling heat transfer to saturated
fluids in convective flow, Ind. Eng. Chem. Proc. Design and Dev .,
Vol. 5, pp. 322- 339.

[34] Fair, J. R, Petroleum Refiner, 1960, Vol. 39, No.2, pp. 105 - 123.

[35] Dengler, CE. et a Chem. Eng. Progr. Symp. Ser, Vol 52,, No. 18,

p.105.

[36] Davis & David, I&EC Fundmental Vol. 3, No. 2, pp. 111- 118.

[37] Chen, J.C., Process design & Development Vol. 5 No. 3, p. 332.

[38] D. Yung, J. J. Lorenz, E. N. Ganic, 1980, "V apor/liquid interaction
and entrainment in falling film evaporators”, Trans ASME J. Heat

Transfer, Vol.102, pp. 20- 25.

- 70 -



- 71 -



	Abstract
	1 .서 론
	2 .이론적 배경
	2 .1 열전달 메커니즘
	2 .2 헬리컬 코일 열교환기 설계

	3 .실험 장치 및 실험 방법
	3 .1 실험장치
	3 .2 실험조건
	3 .3 실험 방법
	3 .4 데이터 처리

	4 .실험 결과 및 고찰
	4 .1 관벽 온도 분포
	4 .2 코일 적하시 열전달 특성
	4 .3 코일 관외 완전 침전시 열전달 특성
	4 .4 코일관외 부분적하 및 부분침전에 따른 열전달 특성

	5 .결 론
	참 고 문 헌

