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Abstract : The friction factors according to the flow regimes in helical coil tubes depend on the coil diameter, the tube diameter, and the
coil pitch. In previous studies, correlations for the laminar flow regime in helical coil tubes have been proposed. However, studies on the
transition flow regime and the turbulent flow regime are insufficient and further researches are necessary. In this study, characteristics of
the friction factors for the laminar, transition and turbulent flow regimes in helical coil tubes were experimentally investigated. The helical
coil tubes used in the experiments were made of copper. The curvature ratios of the helical coil tubes, which means the ratio of helical coil
diameter to inner diameter of the helical coil tube are 24.5 and 90.9. Experiments were carried out in the range of 529 <Re<39,406 to
observe the flows from the laminar to the turbulent regime. The friction factors were obtained by measuring the differential pressures
according to the flow rates in the helical coil tubes while varying the curvature ratios of the helical coil tubes. Experimental data show that
the friction factors for the helical coil tube with 24.5 in the curvature ratio of the helical coil tube were larger than those in the straight tube
in all flow regimes. As the curvature ratio of the helical coil tube increases, the friction factor in turbulent flow regime tends to be equal
to that of the straight tube. In addition, it was confirmed that the transition flow regimes in the helical coil tubes were much wider than those
in the straight tube, also the critical Reynolds numbers were larger than those in the straight tube. The results obtained in this experimental
study can be used as basic data for studies on the water hammer phenomenon in helical coil tubes.

Key Words : friction factor, helical coil tube, dean number, critical reynolds number
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Table 1. Geometries of the helical coil tubes used in experiments

D, (cm) d, (cm) p, (cm) Turn Did
Case 1 27 1.1 5 10 24.5
Case 2 100 1.1 5 10 90.9

Test section

Flow meter T
Pump = ——

First tumn : Developing Region :

Bypass

[m————-

X

Balance Tank
b ————

Shutdown
Valve

Control Valve1

FeedX XDrain

Fig. 1. Schematics of experimental apparatus,
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Table 4. Correlations of friction factors for the laminar flow
regime in previous studies

Author Correlation Geometry

(19)  Coiled

fo/fs=0.29De"

Prandtl"
40 < De < 2,000

0.419De*?™ for 30 < De < 300

0.1125D¢" if De > 300 (20)  Coiled

Srinivasan'®  f,/f, = {

O fo/fy=1+0.015Re"™(d/D)** (21) Coiled
v De >11.6, Re < Re,
m] 0-5
Manlapaz &  f./f, = (1 - %) (22) Coiled
Churchill” [1 + (35/D(i)2] ’
+(1+ d/D)( De )
3 38.33
2if De <20
:{1 for 20 < De < 40
0 ifDe>40
11.6 |0 1/0.45] —1
wie S0 (BT ey cunea
11.6 < De < 2,000
21.5De
= 24) Curved
JPREE) I fs (156 + logDe)"® 24
d d ”)
13.5 < De < 2,000( Vot 13.2(5)
0.5] 3
fo/fy=0.1033De"® (1 + 1;29 (25) Curved
( 1. 729 )(J.S
De
2) fo/fs =0.556+0.0969 v/ De (26) Torus
Hasson 30 < De < 2,000
Adler® f./f,=0.1064De"", Large De (27)  Torus
_ 1122 2, De | ’r
Barua® f./f, = —[1 181+(1 1812 + \/g) (28)  Torus
Large De
fo/fy=10.509+0.0918 / De , Large De  (29)
Cou“};f‘ f./f.=0.38+0.1028 VDe , Large De  (30) Torus
o f./f,=0.47136De"® (31) Torus
Van Dyke™ 57 50
Dennis® f./f.=0.388+0.1015+/ De , Large De (32) Torus
26) f./f.=0.557+0.0938 v De (33) Torus
Yanase 96 < De < 10,000
11



Antx oz AlE ZAykel v|wslo], Case 13+ -4.3%
1831 Case 29} -9.4%2] X823 H 2l Cioncolinie}
Santini®7} A 1|2 2] (18)0] A Auke] 917
dolszaol 714 ARk

4.2 Mgl
= H|m

AYPOR 9o Weld 1Y FHoMY nEASS
7% AT AN ATAE lms g 7]
2 Aol 4% 24o] thsia Weld 2 o
At gAle) B4R met dabt gerd 4 qlon
= ol ARALE washE Fast g

421 558 34

Ghobadi®} Muzychka’= 7|2 52 RE 12]F,

A 9 2YF FEY FF Gl gt vpEAl
FEAET dE Aesislth 2 dtelAe olE
Higo R MY 27 22 d4= RSl djgele A
WSS TFsto] Table 49 742|531l Case 137} 7]
Lo AHAES vlaste] Fig Sofl Uehf ok

=

Adler"9] JRA(A] @7) AR A} v]asto]

22 -13.8%) A Ho 26.8%2] = QAL B,

A% Aate] o34 W9l T BE Yol ol e
AyolA P Aoz gud 79 RH: 9

e Ao ek,

oA A e A9 ATiel vlmete] dhre

oftt il

Ly

5%

0.06 i

Friction factor F
® Cisel(Dd=245F

0.05

0.04 ]

0.03 ]

Friction factor

0.02]

0.015 1

T T T T T T T T T T T T T T
100 150 200 250 300 350

De
Fig. 5. Comparisons of friction factors for the laminar flow
regime between experimental results for case 1 and previous
correlations,

12

I

290 b
o oy Kok
=2 Lo

ol
~
>,

o

N

W rhy
o 1o
rlo

re

-

i

<

H

> 82
0,

18
1o

o
=)
e
i
ol
1>
flo

=

%
rr

et
o
iy

A|m x
ox >~

o
ha it}

of Mo
12
o 1o

i

X

>,
oot
I = g

Kl
ne
il
1o
R
o,
i~
e
1
of
o,
k1

=}
—_

2
AT« N T

A4 ool ofwatA) ulma|HrhFig 4)
Fro| Ao nhaAE Mol ololA ¢
gojo] 7PHAREA 71717}

ik

(

d
=
ol

%

s

e -
[
)

Case 13} Case 29] Zo| g9 Holz=24 W= 2
Z+ 4,841 < Re < 18,9592} 3,410 < Re < 11,9112 Y&}
ved, FAHez dejd 3d FHO SEHTL
73.0% #Had u YA olszae 42.0% 7Sk,
Hol oo sloliszs: WSk 66.1% Z7ke 218 o
Uk % 9lgith. ol Ho} Wel 7Y Kol
EH7L 2hees A Floleszart AR Mo Y
Aoz FeE

I

42345 A

It013,21,27) Fq 73

A4 4, (25)
G= Ak

1 18

L
s

fz?, Tto_turb = 0'076R670A25 (34)
+0.00725(D/d) ™"
& Re > 15,000U5 < D/d < 2,000
lo”o) AA(A] 4Tt AF dns vlagk 1
3Z7} Fig. 63} Fig. 70 Yehd Uty oA HZo]

4] 34y B GOlA Case 19] - H 0.1%0]4
Aol 19%2 AF Auel 4] YXHYA, Case 2
o] A% A 58%clA Al 62%= A% Aupwct
e G IR CUERE S EE R R
A% AR G9)E Wl 1Y el TE|

ey

J. Korean Soc. Saf., Vol. 33, No. 1, 2018



01 PR | 1 1 1 1 PR | I
1 Friction factor [
* Casel (D/d=245)}

13
Q
3]
]
<
2
2
=
. & \ |
[Eq.10)]  [Eq.(1D)] \Eq.(m\/

0.004

T —T T
500 1,000 10,000 50,000

Re

Fig. 6. Comparisons of friction factors between experimental
results for case 1 and correlations,

01 P | n I 1 L Ll L |.| - n
Friction factor

o Case2(D/d=90.9) [

Friction factor

0.01+

T
10,000

[Eq.(10)]

0.004

T T
500 1,000 50,000

Re

Fig. 7. Comparisons of friction factors between experimental
results for case 2 and correlations,

ofr
b
rr

Hog wrh

e

FEet 2M FEM Q| oFEAI4 H|w

RO}l 24 EHoA 0] npA4E v
@3 A7} Fig 63 Fig 70 UERL} Qlr. 1o
A BZo] Case 12] mPEAGE AR 45 AdolA]
M4 Fro| npAsRT ZAL, Case 20] HlEAS:
£ 3,626 < Re < 11,0409] Hg]e] Ho] oloa] 24
Eu o) npaA R 29k

25 Qo)A Weld 7Y o npasE
Buo] AT} vlislo] Case 19] 2$ o) 23 v, Case

24

29] 9+ Fd 1.8 v it} LPjal Wi FHoA=
Case 19] FL H | 1.2 vjj, Case 29] A<= FHdj 1.1

M= Weld 59 FroAe] AL A4 o

rol

FRQPESIE|R|, MI33E A=, 2018

et

=
79I

% ot 4l

o DpEA <=0l THEr &

o FHoM uhaA

TAO| HeE ghashs

2~
e

ol =yl AT Ho| o
Santini¥7} A|A]SF AFaHAlo]
wxgol 7 A

2) Tto"**"7} A A3 Ab
AR A 2yt 7
deld 1Y FHO IEH|
LA

3) AR FEO| oA
FHo| REH|7} AT

e} Zek
4 el

ol A=A

9]
A

=
=

[t

rE
>
fu e

)

N

9‘14‘
3
5

T pe e -
T o P oX

_1
N
u

ot

¢

2

< 3
i
x

ZHe] 2 B AT 2017d el e s

13



HE
=

o

7| - ZEY

Hoh

EE P CEE D EEES RS REE
dgrom A gon], ofo] FA=YUT

References

1) S. K Lee and C. S. Yang, “Water-hammer in the Pump
Pipeline System with and without an Air-Chamber”, J.
Korean Soc. Saf., Vol. 26, No. 1, pp. 1-7, 2011.

2) G. H. Yoo, Y. K Kim, G. S. Shin and T. W. Park,
“Vibration Analysis on the Variable Configurations of
Tube Conveying Fluid”, J. Korean Soc. Saf., Vol. 16, No. 1,
pp-25-30, 2001.

3) M. Ghobadi and Y. S. Muzychka, “A Review of Heat
Transfer and Pressure Drop Correlations for Laminar Flow
in Curved Circular Ducts”, Heat Transfer Engineering, Vol.
37, No. 10, pp. 815-839, 2016.

4) C. Andreaand S. Lorenzo, “An Experimental Investigation
Regarding the Laminar to Turbulent Flow Transition in
Helically Coiled Pipes”, Experimental Thermal and Fluid
Science, Vol. 30, No. 4, pp. 367-380, 2006.

5) M.R.H. Nobari and A. Malvandi, “Torsion and Curvature
Effects on Fluid Flow in a Helical Annulus”, International
Journal of Non-Linear Mechanics, Vol. 57, pp. 90-101,
2013.

6) J. Huaiming, H. Zhiyong, X. Yuanhui, D. Bing and Y. Yu,
“Hydraulic Performance of Small Bending Radius Helical
Coil-pipe”, Nuclear Science Technology, Vol. 18, pp.
826-831, 2001.

7) R. L. Manlapaz and S. W. Churchill, “Fully Developed
Laminar Flow in Helically Coiled of Finite Pitch”,
Chemical Engineering Communication, Vol. 7, pp. 57-78,
1980.

8 M. Adler, “Flow in Curved Tubes”, Zeitschrift fur
Angewandte Mathematik und Mechanik, Vol. 14, pp.
1659-1675, 1934.

9) M. Van Dyke, “Extended Stokes Series: Laminar Flow
Through a Loosely Coiled Pipes”, Journal of Fluid
Mechanics, Vol. 86, pp. 129-145, 1978.

10) F. M. White, “Fluid Mechanics”, MCGraw-Hill Education
Korea, pp. 366-392, 2012.

11) JCGM 100:2008, “Evaluation of Measurement Data
Guide to the Expression of Uncertainty in Measurement
(GUM 1995 with minor corrections)”, Paris:BIPM Joint
Committee for Guides in Metrology, pp. 1-27, 2008.

14

H
=1l
o8l

ol

. StEAl . F|HQ

r

= (==

12) S. W. Churchill, “Comprehensive Correlating Equations
for Heat, Mass and Momentum Transfer in Fully
Developed Flow in Smooth Tubes”, Ind. Eng. Chem.
Fundam., Vol. 16, pp. 109-116, 1977.

13) H. Ito, “Friction Factors for Turbulent Flow in Curved
Pipes”, American Society of Mechanical Engineers Journal
of Basic Engineering Transaction, Vol. 81, pp. 123-132,
1959.

14) V. Kubair and C. B. S. Varrier, “Pressure Drop for Liquid
Flow in Helical Coils”, Transactions of Indian Institute of
Chemical Engineering, Vol. 14, pp. 93-97, 1961-1962.

15) D. F. Schmidt, “Warmeubarang and Druckverlust in
Rohrshlangen”, Chemical Engineering Technology,
Vol. 13, pp. 781-789, 1967.

16) P. S. Srinivasan, S. S. Nadapurkar and F. A. Holland,
“Pressure Drop and Heat Transfer in Coils”, Chemical
Engineering Journal, Vol. 218, pp. CE113-CE119,
1968.

17) P. S. Srinivasan, S. S. Nadapurkar and F. A. Holland,
“Friction Factors for Coils”, Transactions of the Institution
of Chemical Engineers, Vol. 48, pp. T156-T161, 1970.

18) P. Mishra and S. N. Gupta, “Momentum Transfer in
Curved Pipes 1. Newtonian Fluids; 2. Non-Newtonian
Fluids”, Industrial and Engineering Chemistry Process
Design and Development, Vol. 18, pp. 130-142, 1979.

19) L. Prandtl, “Erzeugung von Zirkulationen beim Sch utteln
von Gefahren”, Zeitschrift f'ur Angewandte Mathematik
und Mechanik, Vol. 29, No. 1, pp. 8-9, 1949.

20) C. M. White, “Fluid Friction and Its Relation to Heat
Transfer”, Transactions of Institution of Chemical
Engineering (London), Vol. 10, pp. 66-86, 1929.

21) H. Ito, “Flow in Curved Pipes”, Zeitschrift fur
Angewandte Mathematik und Mechanik, Vol. 49, pp.
653-662, 1969.

22) D. Hasson, “Streamline Flow Resistance in Coils”,
Reservoir Correspondence, Vol. 1, pp. S1, 1955.

23) S. N. Barua, “On Secondary Flow in Stationary Curved
Pipes”, Quarterly Journal of Mechanics and Applied
Mathematics, Vol. 6, pp. 61-77, 1963.

24) W. M. Collins and S. C. R. Dennis, “The Steady Motion of
a Viscous Fluid in a Curved Tube”, Quarterly Journal of
Mechanics and Applied Mathematics, Vol. 28, pp.
133-156, 1975.

25) S. C. R. Dennis, “Calculation of the Steady Flow Through

J. Korean Soc. Saf., Vol. 33, No. 1, 2018



g

a Curved Tube Using a New Finite-Difference Scheme”,

Journal of Fluid Mechanics, Vol. 99, pp. 449-467, 1980.
26) S. Yanase, N. Goto and K. Yamamoto, “Dual Solution of

the Flow Through a Curved Tube”, Fluid Dynamics

eh=eRN e K|, MI33H A1=, 20184

E[Z Y REOMS SR, &0,

=

Foto| ka0l Chet AEE o1

Research, Vol. 5, pp. 191-201, 1989.

27) H. Ito, “Pressure Losses in Curved Ducts: Coils”,
Engineering Science Data Unit, London:IHSESDU,

1977.

15



