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Experimental Study on In-Tube Condensation Heat Transfer
Characteristics of Helically Coiled Spiral Tubes

Jong-Un Park, Yeong-Chel Kweon and Kyu-Il Han
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Abstract

An experimental study on condensation heat transfer characteristics of helically coiled spiral tubes
was performed. The refrigerant is R-113. A refrigerant loop was established to measure the
condensation heat transfer coefficients. Experiments were carried out uniform heat flux of 15 kW/m’
refrigerant quality of 0.1~0.9, curvature ratio of 0.016, 0.025 and 0.045. The curvature of a coil was
defined as the ratio of the inside diameter of the tube to the diameter of the bending circle. To
compare the condensation heat transfer coefficients of coiled spiral tubes, the previous results on coiled
plain tubes and straight plain tubes were used. The results shows that the condensation heat transfer
coefficients of coiled spiral tubes largely increase, as increasing Re and quality, compared to those of
coiled plain tubes and straight plain tubes. As increasing degree of subcooling, however, the
condensation heat transfer coefficients on coiled spiral tubes decrease. It is found that the heat transfer
enhancement is more better than coiled plain tubes and straight plain tubes, as increasing curvature
ratio.
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4. Air vent 5. Chiller
9. Vapor tank
13. Coolant tank

1. Boiler 2. Liquid level indicator
6. Mass flow meter
10. Coiled spiral tube

3. Voltage transformer
7. Auxiliary condenser 8. Test section
11. Coolant flow meter 12. Coolant pump

Fig. 1 Schematic diagram of experimental apparatus

Table 1 Specification of Spiral tubes

Nomal Plain end section Dimensions of spiral
dimensions(mm) dimensions(mn) section(mm)
Out Wall Out Wall Out dia | Inside | Depth of| Pitch
diameter | thickness dia.(D,) thickness(T.,) D) dia.(Dy) | spiral(H;) (PT)
9.5 0.5 9.510.02 0.5+0.02 9.58 5.5 1.5 5
12.7 0.5 12.7+0.02 0.5+0.02 13 8.0 1.5 6
15.88 0.8 15.88£0.02 0.8+0.02 15.9 8.0 1.8 8
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Fig. 4 Heat balance of test section

& U FH W2 8 dUAZFE M=
Bl AlE P EE Weje) &4 4
F3p A%t de de el dom A4
shoih.
Qr= n;Lr hfg(l—-x) (1)
ch n:Lc Cp(To_ Tz) (2)

Fig. 4014 & & Sl 2AY, Yol &4 o
YA & Wt Qe uAFe AR wud
A3} t 4% ool X Aol o FoiXx ek,

2.3 Hloje{ g2y
29¥ i 55 ddLASFE A
flste] obelel A 3)& /\]»%0}91

Q,

h= AT~ T, )

A0y AR $F GABAFE Akers 50

o

o] A b A& ol &3t AT

-

h=0.026 Pr ReO‘S(vf) @

o714, Re=

® A

0.5
[GHG:;(%) ] ®)

A

!

B Ao ALES L ZEHE 0016
ANA 00458, Tto!'V7F AN T DA "oz
( Re. = 20,000 (a/R)0'32)°ﬂ 3 Aoz E

HY FEEFE dRA9eE HrkH Ao wet
AR AT AMgE 7|E AFRES] §5 94
gAF g o8 R AFAE dHFAGAA
et ® o33 2o
Kalb®e] 2] .
Nu,=0.836De"° Pr’!, for De>80  (6)
Seban¥ McLaughlin®9] 4 :

Nu,=0.023(a/R)" 'R ¥ Pr 04 (M

Mori®} Nakayama®9] 2] :

Nu,= 411 R (a/ R)V2Pr 01 .

0.061
[ TR

, for Pr> 1, De>0.4 (8
_ Pr AN
Nue= e aPr P —0.010) X¢ (R)
0.098
1+
{ [Re(a/R)*1"* }
, for Pr {1 9

12
Pract'?¢] 4] .

Nt =0.0225 Re"* Pr[1+3.4(& ) ]10)

Rogers$t Mayhew!”9] 4] :

0.1
Nu.=0.021 ReO'SSPrO"‘(—%) (11)



—H

3. A

Fig. 5% Re 7ol @& o2 ddase] B
& ddgATE E‘ﬁ“r_l‘ AT ¥ A F AL
23 :dE A gk A3E Seban, Mori,
Rogers 59 33 Hayt 9 A4y H&ae]
AFAR} A2 vlwsglch Re —7—7} }"7}@—?
% 393 AEa9 &% dddAsE AU
p|

BRLLY A TARE & ‘RlLlr w;a
A

2
ofk
oo
2
rx
ofts
T -
ko
f
il
X,

[RTRI

IS s T G o R T
2,
ook Hoex
e ;
o~ T
i
.
o
=)
‘O
nig
s
il
oo
o
5
X
3
nt

6N

2Y
s
=

).

o= Seban, Mor], Rogers® 34
o) HlﬁFO% oF 30-45% AXE, Y Hend
Blal oF 340% 4= $4t3lh

Fig. 62 Wule] Axol gt =4 &%
A=) Watg YEld Aoz, AEe e
ok ek 50kg/h°ﬂ*1 FaE et Axrt 3
2 23 dAgAse A4 o852 vk
ek Al 4] —0—7}% 2y dd el v

A opR R B2 o)
~N

144
o

off 2y w2 af

o M

b

H
oo omR o

i)

U
;

40x10°
W=100 kg/h
10F
k3
£
H
x
F RN 4
—®* this study(R-113)
—¥— Coiled piain tube(Rogers,R-11)
- Coiled plain tube(Mori,R-12)
—*— Coiled plain tube(Seban,R-11)
—*— straight plain tube(R-113)
A
o 5 10 20 30 40 50%10°
Re

Fig. 5 Average heat transfer coefficient versus
Reynolds numbers

‘o

s Adde Wy g

Zddd SAA 88 49y A 1681

U e oF 190%, ZAE HEAL oF 100% A
ToAach oy HEn &dd we ddg Tt
ol tE & Yehd= Aoty 1gn AHy A
dytel Aol Abgsh: Wdele) FHol [qa} &
Z AAYAS A dHAA HeEd, B A8
e el A R-2909] 95 R11351_E¥ °kF 60-
100% A% dAgAE7) 27188 4 4 du}. o)
e Yy YAy Feelm /(4%51 o)
o2 oiAgele] i FFENG 54E By
43k3) olaisly] e B HIH Ayt Fe
&tet.

Fig. 7& 2193 b}*dizel $% AAgA5E
7kl el vebd A 2

SELIEERE ww)r Wastel Lhebd 2o
-’ )Jaéo /Jr/lrrré: 75kg/het =%

rﬂ

91 A (4)»:%—_-, FZAY el HEupe dHEAF
= Mori9] WA (8)& AHgEut. Sy g=rt
S7heel ubet dAGAFIT Fade Jeha
At Pt 275Kl A 280K R S wh
2h, ARG Az At 7dE JAze A9
of ¢ 30%A%, ZUY ol H9o < 40%
AL, A48 ddae] A9l oF 4s%He2 3
W2 Zvte] w2 AL Weh: 393
Mol 7h 2

d

=

I :F ME}‘-
Fig. 8& Pr + 1°J A9(ZF7h9 Re 3 3l
WE 7UY AT 59y Hgdve ddEz

H(Nuew/Nuep)Z LR A0lth. Re(a/R)* 0.4~

14
W=250Kg/h " coiled spiral tube(R-113)
—e= coiled plain tube(R-113)
12f T, =323K 4 - straight plain tube(R-113)
= ¥ straight plain tube(R-290)
b @mR=0016 o
- 7
= =
E sk - -
£ -
g "
= N A/I//i. //.
6 = /'./ v
Y
e o
4F 3
-
A
- ol N
Py 24 N —_ N L 1 1
01 02 03 04 05 06 07 08 09 1
Quality

Fig. 6 Average heat transfer coefficient versus
quality



1682

tEe
100, a/R=0.045°]T}.  Re(a/R)*7F 04914 1007}
2 F7hshA o, dAdule 24y HEH
(Mori)e] °F 21% Hx, ZdE Aol of 55%
AEZ JElRY. o= :zd el H o Re 57}
FMTE Aol g &t
7+ d £93 AR "

Fig. 95 Pr & > 190 ZA-9(dA)e Re 4+ W3}
o W Yy HEan IYY g Hg
Z 2 H|(Nuy/Nuep) S YERL Aolth Re(a/R)*0+=
0.7~100, a/R=0.025°It}. Re(a/R)*® 7} 0.490 4]
1007b4) F7tetAl 2 o, Aduls 3dE HY

=)
=

&

P’

ol
-1

140 W=75Kg/h
a/R=0.029 T_=323K
120
this study(coiled spiral tube)
100
¥l
T 80
o coiled plain tube(Mori)
wh \
20F /\——
straight plain tube(Akers}
0 1 1 [l Il 1 1 1 1 1 1 !
2 3 4 5 5 7
T T, (K)
Fig. 7 Average heat transfer coefficient versus
degree of subcooling
25
® this study(R-113)
20k coiled plain tube(Mori=R-12)
L
o L]
S 15F .
z oe "
M « ® . *
2 1o}
- Pr<1
a/R=0.045
osf
W=200Kg/h
o 0 A ' L
) 1 10 100
Re (a/R)°

Fig. 8 Enhancement factor between coiled spiral tubes

and coiled plain tubes

qd

%3

i)

ST
FMoriyel ¢} 29% AT, ZYY vpxHFo] of
64%4 =2 Fig. 89 Z7dele} vpriA 2 A4
FHAME Re 77t F7HESE Yol Hatp
B o 953 d49E53 anE depddg o=
Huje] Yol 7B g A did
o] Ho} 5&# 02 o]zt A& o}
Fig. 10> Re 9| ¥iglo] 2 ¥y YMa
o] Nu % Pratt(FEH]=0.016) X Seban? 2}
(=7 84]=0.045)%} M= wlwstdet. Re £7F 57}

&S Nu 57 A¥HoR FA FrMEd. B
Aol ZAY ] Nu FE AP el

A Pratt H Seban®| TUY FHAe gt 7

3.0
25F — " this study(R-113)
coiled plain tube(Mori,R-12)
20 ././.
=3 !
z "
\;15 - ’/././-’/I/
3 L
= 1ol Pr>1
a/R=0.025
os5f
W=150Kg/h
00 ' L L
1 10 100
Re (a/R)*°

Fig. 9 Enhancement factor between coiled spiral tubes

and coiled plain tubes

—%— a/R=0.016(this study)
o a/R=0.016(Pratt)
— ¥ a/R=0.045(this study)
v a/R=0.045(Seban) v/,
/.
/:?: v
L 100 "/.v""”o °
QE /:/v o
5 § 0
R4
- '/O/o
./.rv
0
V/v"'
o0
-
o
1
10 30%10°

Fig. 10 Heat transfer enhamcement on curvature
ratio



FAY yH Adaed W $5EHE 5o &g

7} 30~47% 459 27~36% ALY = dday
5 debda gl ALgnv FE o 5%
A gopz) vhebdg o = gluh
4. 8 E
Y8 Mo % AAdnAY s ¢
shal LEAYE U SE A Al 1?._ T %ow_@,_

D{ />1 04 o l;}’_ﬂ 0101 /(I /‘1 olélg - /,\T o»l /'}_
o B N A L}"J'P 4 gt
28 4t
(1) Re 7+ &
Qg A4
Qou, w3 719
= Aee) el 23 K%
w5 sof o] Wl # )
Aersigel Al wah hes] wEeleh
zZr g},

(@) A%t AA£E5E $F AAASE 43
8 gastgon, ddw Yol v ¢
G457 & apol® Uehias

(3) F8evt Frkgtel wel dAdASE 1
askgleon AAd dadd, ndy @, s
g sy FAaR dRgAge WErt
EI=

(4) “rEH| HAglol] e mdy HAdde dd
8-S Re 97F 371845 & 14957 gy

& YeEhiA M,

: Ut 248 geade
D L)

Ay duaepde A4 Anden 3E
ﬂsﬂﬁﬂ1mmw}@%%%9xwilﬂﬂﬁ
Qulet. ole] Ak Eguuh,

D23

(1) Webb, R. L. and Murawski, C. G.,1990, “Row
effect for R-11 condensation on enhanced tubes,”
Tran. of the ASME, Vol. 112, pp. 768 ~776.
) =14, Q&I 1999, “+3 Wy o
ZA i e R-407CS §F FHE

Hm o
ox m@

_,_.
>,

3l
o

A

o4t 1683

of g A" tievAss iy By, 23
A, A2z, pp. 210~217.

{3) Mori, Y. and Nakayama, W., 1965, “Study on
forced convective heat transfer in curved pipes (lst
report, laminar region),” /nt. J  Heat Mass
Transfer, Vol. 8, pp. 67~82.

(4) Kalb, C. E., and Seader, J. D., 1974, “Fully
developed viscous-flow heat transfer in curved
circular tubes with uniform wall temperature,”
AIChE Journal, Vol. 20, No. 2, pp. 340 ~346.

(5) Srinivasan, S., Nandapurkar, S. S. and Holland,
F. A., 1968, “Pressure drop and heat transfer in
coils,” Chem. Engr., No. 218, pp. 113~119.

(6) Janssen, L. A. M. and Hoogendoorn, C. I,
1978, “Laminar convective heat transfer in helical
coiled tubes,” Int. J Heat Mass Transfer, Vol.
21, pp. 1197 ~1206.

(7) Dravid, A. N., Smith., K. A., Merrill, W. and
Brian. P. L. T., 1971, “Effect of secondary fluid
motion on laminar flow heat transfer in helically
AIChE Journal, Vol 17, pp. 1114~

”

coiled tubes,
1122.

(8) Seban, R. A. and Mclaughlin, E. F., 1963,
“Heat transfer in tube coils with Jaminar and
turbulent flow,” Int. J. Heat Mass Transfer, Vol.
6, pp. 387—395.

(9) Mori, Y. and Nakayama, W., 1967, “Study on
forced convective heat transfer in curved pipes (2st
report, turbulent region),” Im. J Heat Mass
Transfer, Vol. 10, pp. 37~59.

(10) Akers, W. W, Deans. H, A. and Crosser, O.
K., 1958,
horizontal tubes," Chem. Eng. Prog. Symp. Ser.,
Vol. 55, No. 29, p. 171—177.

(1) Tto, H., 1959,
flow in curved pipes,” J Bas. Engng., D81, pp.
123 ~133,

(12) Pratt, N. H., 1947, “The heat transfer in a
reaction tank cooled by means of a coil,” Trans.
Instn Chem. Engrs., Vol. 25, pp. 163 ~180.

(13) Rogers, G.F.C., Mayhew, Y.R., 1964, “Heat
Transfer and Pressure Loss in Helically Coiled
Tubes with Turbulent Flow,” Int. J Heat Transfer,
Vol. 7, pp. 1207~ 1216.

“Condensing  heat transfer  with

“Friction factors for Turbulent



