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ABSTRACT: In this study, inactive methods of enhancing heat transfer in the shell and tube heat
exchangers, such as using smooth and micro-fins helically coiled tubes, and employing nanofluids as
the working fluid, are investigated experimentally. A number of experiments are carried out for the
flow of the Al2O3-water nanofluid in a shell and tube heat exchangers with helically coiled smooth
as well as micro-finned tubes, and the pressure drop and the heat transfer coefficient are measured.
The experiments are conducted for the Dean number ranging from 500 to 4000, for the fin helix angle
between 18 and 25º, and for the nanofluid volume fractions of 0, 0.5 and 1%. The average heat transfer
coefficients of the tube side of heat exchangers in each case is calculated using the Wilson plot method.
Empirical correlations are proposed for the heat transfer coefficient of the nanofluid following through
the tube-side of the heat exchanger in terms of the Dean number, the fin helix angle, the fin height and
the volume fraction of the nanofluid. Based on the experimental results, using micro-finned coiled tubes
together with increasing the micro-fin helix angle and employing nanofluid enhance the heat transfer
while increasing the pressure drop through the heat exchanger.
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1. INTRODUCTION
nanofluid inside the coiled tubes of the shell and tube heat
Different methods are available to enhance the heat
exchangers with internal micro-fins.
transfer performance of shell and tube heat exchangers.
Adding nanoparticles to the working fluid, i.e., employing
2. THE NANOFLUID THERMOPHYSICAL PROPERnanofluid as the working fluid, using tubes with internal
TIES
micro-fins, employing helically coiled tubes, as well as
In this study, the Al2O3 water nanofluid is employed as the
various combination of these techniques are among the
working fluid. The results of the measurements of the thermal
passive method of improving the heat transfer performance
conductivity and the viscosity of the nanofluid are presented
of the heat exchangers.
in Figs. 1(a) and 1(b), respectively.
There are a number of recent experimental studies
devoted to the single-phase fluid flow through the micro3. EXPERIMENTAL EQUIPMENT
finned tubes [1-8]. A comprehensive literature survey on the
The test section of the experimental apparatuses employed
thermal–hydraulic characteristic of the fluid flow and heat
in this study is a shell and coiled tube, a counter flow heat
transfer inside pipes have been conducted by Ji et al. [9].
They observed that, among the considered enhanced tubes,
the tube with internal micro-fins yielded the best thermal–
hydraulic performance.
The helically coiled tubes are frequently employed in the
shell and tube heat exchangers to make them compact and
to enhance their performance. There are some experimental
and numerical studies concerning the fluid flow and heat
transfer of the shell and tube heat exchanger with the smooth
and helical coiled tubes [10-12]. However, a comprehensive
literature review, reveals that there is very little if any study
devoted to investigating the pressure drop and the heat
transfer coefficients of this class of heat exchangers with the
a a
b b
coiled tubes having internal micro-fins. Therefore, the present
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the developing fluid flow and heat transfer of Al2O3-water
of the nanofluid at different temperatures. (a) thermal
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Table 1:
1: Characteristics
Characteristics of
of the
the coiled
coiled tubes
tubes employed
employed in
in the
the experiments
experiments
Table
Coiled tube

Number

Coil pitch

number
1

of coils
12

(mm)
15

2
3
4
5
6

12
12
21.5
21.5
21.5

15
15
15
15
15

Coil diameter

Helix

Tube

(mm)
104

angle
smooth

length (m)
4.25

108
105
61
63
65

18
25
smooth
18
25

4.35
4.30
4.30
4.35
4.35

exchanger. The heated working fluid (nanofluid) flow inside
the coiled tubes while losing heat to the cool distilled water
which flows inside the shell. The shell is made of Plexiglas.
Three types of coiled tube namely one smooth and two
helically micro-fined tubes are employed in this study.
4. EXPERIMENTAL PROCEDURE
Six different coiled tubes are employed in the experiments
whose characteristics are given in Table 1. Subsequent to
starting the experimental apparatus and reaching the steady
state condition, the temperature and the pressure difference at
the inlet and the outlet of the tube are measured and recorded
every five minutes. For each coiled tube and for a fixed
volume fraction of the nanoparticles, experiments are carried
out for 10 to 15 different mass flow rates of the nanofluid
between 0.1 to 2.5 lit/min. Moreover, three different volume
fractions of the nanoparticles, namely 0, 0.5 and 1%, are
employed in the experiments. The experiments are conducted
for Reynolds number of the fluid flow inside the tube between
300 to 6500 and the Dean number ranging from 500 to 4000.
The Wilson plot method, which is based on utilizing
the temperature difference between the inlet and the outlet
temperature of the fluid inside the tube, is employed to
calculate the heat transfer coefficient [13].
5. RESULTS AND DISCUSSION
The heat transfer coefficient of the coiled tube side with
respect to the Dean number for the six different coiled tubes
of Table 1 is presented in Fig. 2. As it is observed from this

Fig. 3: Variation of the heat transfer coefficient with
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figure, the heat transfer coefficient increases with increasing
the Dean number (De). Moreover, for a constant De, it
increases with increasing the micro-fin helix angle. Variation
of the heat transfer coefficient with respect to De for the
coiled tube No.1 and No.4 and for the volume fraction of
the nanoparticles equal to 0, 0.5 and 1% are shown in Fig.
3. The results show that, for a constant De, the heat transfer
coefficient increases with increasing the nanofluid volume
fraction for the considered cases.
6. CONCLUSIONS
The fluid flow and heat transfer of the Al2O3-water
nanofluid inside various smooth and micro-finned coiled tubes
of a shell and tube heat exchanger are studied experimentally.
The results show that using micro-finned tubes and increasing
micro-fin helix angle result in the heat transfer enhancement
through the heat exchanger.
REFERENCES

Fig. 2: Variation of the heat transfer coefficient with

Fig. respect
2: Variation
ofthe
thesix
heat
transfer
coefficient
with
to De for
considered
coiled
tube
respect to De for the six considered coiled tube
130

[1] X.W. Li, J.A. Meng, Z.X. Li, Experimental study of single-phase
pressure drop and heat transfer in a micro-fin tube, Experimental
Thermal and Fluid Science, 32(2) (2007) 641-648.
[2] H.M.M. Afroz, A. Miyara, Friction factor correlation and
pressure loss of single-phase flow inside herringbone microfin
tubes, International Journal of Refrigeration, 30(7) (2007) 11871194.

M. Dastmalchi et al., Amirkabir J. Mech. Eng., 52(2) (2020) 129-132, DOI: 10.22060/mej.2018.13989.5773

[3] G.J. Zdaniuk, L.M. Chamra, P.J. Mago, Experimental
determination of heat transfer and friction in helically-finned
tubes, Experimental Thermal and Fluid Science, 32(3) (2008)
761-775.
[4] M. Siddique, M. Alhazmy, Experimental study of turbulent
single-phase flow and heat transfer inside a micro-finned tube,
International Journal of Refrigeration, 31(2) (2008) 234-241.
[5] A. Celen, A.S. Dalkilic, S. Wongwises, Experimental analysis
of the single phase pressure drop characteristics of smooth and
microfin tubes, International Communications in Heat and Mass
Transfer, 46 (2013) 58-66.
[6] M.A. Akhavan-Behabadi, F. Hekmatipour, S.M. Mirhabibi, B.
Sajadi, An empirical study on heat transfer and pressure drop
properties of heat transfer oil-copper oxide nanofluid in microfin
tubes, International Communications in Heat and Mass Transfer,
57 (2014) 150-156.
[7] M.M. Derakhshan, M.A. Akhavan-Behabadi, S.G. Mohseni,
Experiments on mixed convection heat transfer and performance
evaluation of MWCNT–Oil nanofluid flow in horizontal and
vertical microfin tubes, Experimental Thermal and Fluid
Science, 61 (2015) 241-248.
[8] F. Hekmatipour, M.A. Akhavan-Behabadi, B. Sajadi, Combined
free and forced convection heat transfer of the copper oxide-heat
transfer oil (CuO-HTO) nanofluid inside horizontal tubes under

constant wall temperature, Applied Thermal Engineering, 100
(2016) 621-627.
[9] W.T. Ji, A.M. Jacobi, Y.L. He, W.Q. Tao, Summary and evaluation
on single-phase heat transfer enhancement techniques of liquid
laminar and turbulent pipe flow, International Journal of Heat
and Mass Transfer, 88 (2015) 735-754.
[10] S.M. Hashemi, M.A. Akhavan-Behabadi, An empirical study
on heat transfer and pressure drop characteristics of CuO–base
oil nanofluid flow in a horizontal helically coiled tube under
constant heat flux, International Communications in Heat and
Mass Transfer, 39(1) (2012) 144-151.
[11] H. Bahremand, A. Abbassi, M. Saffar-Avval, Experimental
and numerical investigation of turbulent nanofluid flow in
helically coiled tubes under constant wall heat flux using
Eulerian–Lagrangian approach, Powder Technology, 269
(2015) 93-100.
[12] M. Rakhsha, F. Akbaridoust, A. Abbassi, S.-A. Majid,
Experimental and numerical investigations of turbulent forced
convection flow of nano-fluid in helical coiled tubes at constant
surface temperature, Powder Technology, 283 (2015) 178-189.
[13] J. Fernández-Seara, F.J. Uhía, J. Sieres, A. Campo, A general
review of the Wilson plot method and its modifications to
determine convection coefficients in heat exchange devices,
Applied Thermal Engineering, 27(17-18) (2007) 2745-2757.

131

Th
is
e

pa
g

lly

na

io

nt

in
te
le
ft

k

an

bl

