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Article history: In this study, we have numerically investigated the friction characteristics and
Received 29 April 2018 heat transfer coefficients for laminar flow in helically coiled pipes. Basic
Revised 12 June 2018 geometric shape parameters of helical coil geometry such as curvature and pitch
Accepted 14 June 2018 (or torsion) were taken into account. The range of the geometric shapes
considered in this study exceeds the range available in literature. Thus, the
Keywords: present study supplements existing results. The results obtained in this study are,
Helically .COiled pipes to a certain extent, different from existing correlations and results. Furthermore,
Curved pipes our results indicate that the assumption that friction and heat transfer coefficients
Friction coefficient in helically coiled pipes can be estimated by applying modified diameters to the

Heat transfer coefficient correlations for curved pipes is not correct.
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Table 1 Values of curvature and pitch considered in the literature

Table 2 Geometrical parameters considered in the present study

d/D p/D k =0 0.05 0.1 0.16 0.2
Austen and Soliman'"*! - 0.025~0.25 d/iD| 0.005 0.13 0.505 1.285 2.005
Gupta et al"” - 0.0375~0.375 0.01| p/D 0 25 5 8 10
Jamshidi et all'¥ 0.11~0.0776 0.1~0.2 pld 0 19.2 9.9 6.22 498
Ko and Ting™ 0.01~0.3 0.01~0.3 d/iD| 0.025 0.05 0.125 0.28 0.425
Salem et al'® 0.059 0.13~0.42 0.05| p/D 0 0.5 1 1.6 2
Xin and Ebadian!"”! 0.0884 0.2~2.56 pld 0 10 8 5.69 3.76
Yang et all'® - 0.05, 0.15 diD| 0.05 0.0625 0.1 0.178 0.25
0.1 | p/D 0 0.25 0.5 0.8 1
Ty H2 e 33 ) S5--5ol tig Canton et al pd| 0 4 5 449 4
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Fig. 1 Some examples of helical coils (k= 0.1) considered in
the present study
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Table 3 De and Gn numbers considered in the present study

k =0 0.05 0.1 0.16 0.2

De 100 100 100 100 100

001 Gn 0 50 100 150 200
De | 2236 | 223.6 | 2236 | 2236 | 2236

0.05 Gn 0 50 100 150 200

De 316 316 316 316 316

01 Gn 0 50 100 150 200

De 387 387 387 387 387

013 Gn 0 50 100 150 200

Temp.

Fig. 3 Streamline and temperature contours with respect to
curvature ratio in curved pipes
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Fig. 4 Friction coefficients in curved pipes. Solid circle; Present
result, Solid line; Tto e al.”", £/f; =21.5De/(1.56HogDe)*™
(13.5<De<2000)
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Fig. 5 Nusselt numbers in curved pipes. Solid circle; Present
result, open circle, Yang et al. (1995); Solid line; Kalb

and Seader™, Nu,/Nu,=0.913De’*"*Pr°2/4.36 (80 <De
<1,200, 0.5 < Pr<5)
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Fig. 6 Streamline and temperature contours with respect to
torsion ratio in helical coiled pipes (£=0.01)
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Fig. 7 Friction coefficients in helical coiled pipes. Red circle;
Present, 7= 0.1; Green circle; Present, 7= 0.2, Solid line;
Ju et al.® fi/f; =1+0.015Re*™ (d/D)** (De > 11.6):
Red line, 7=0.1, green line, 7=0.2
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Fig. 8 Nusselt numbers in helical coiled pipes. Red circle;
Present, 7= 0.1; Green circle; Present, 7=0.2, Red open
square; Yang et al. (1995), Solid line; Xin and Ebadian"”
Nuy/Nug = (2.153 +0.318 De®**)Pr®177/4.36; Dashed line;
Janssen and Hoogendoorn® Nu,/Nu, = 0.7 Re"*Pr/¢
(d/D)*/4.36 (100 < De < 830): Red line, 7= 0.1, green

line, 7=10.2
= 7e ST % ok
L 2 ) el e vR e Aol oe) 1
D'= D+ (p/xDP]o) 711} 2] e AAE AuaL
IUE o8k 97t 5% Atk dE B Ju et al PV 2312

folf.=140.015Re"™ (d/ D) %+ Xin and Ebadian''” Nu =
(2.15340.318 D" ) Pro!™" 50| tEZo]c). B Arolrie] A}
£ 7K 9 PES ERIeE] 9Iske, Fig. 49} Fig. 5ol ANE =
ol ik Aol i FYel e A% D = D1+ (p/xD)?]
o83t JYerd A5 S8t Fig. 99t Fig. 109 AlA|8t
At

Fig. 9% Fig. 10 & = Sl& vkel o), B AL 23 dejz
24 U FF ol tsike 718l o] A8EE D'=D

297

4
: u @&
O
3 mm
S | o
f.y L 0
ol
17‘.‘.1...‘1“‘,1
0 0.1 0.2 0.3
k

Fig. 9 Friction coefficients based on modified coil diameter in
helical coiled pipes. Red circle; Present, 7=0 (curved),
Blue square; Present, 7=0.1; Green square; Present, 7=
0.2, Solid line; Ito et al.?! £/f=21.5De/(1.56+1ogDe)>™
(13.5 < De < 2000)
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Fig. 10 Nusselt numbers based on modified coil diameter in
helical coiled pipes. Red circle; Present, 7=0 (curved),
Blue square; Present, 7=0.1; Green square; Present, T
=0.2, Solid line; Kalb and Seader™ Nu./Nu,=0.913

DPr%%/4.36 (80 < De < 1200,0.5 < Pr < 5)
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