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Abstract

The heat transfer enhancement and flow
characteristics in helical coil heat exchanger has been
studied and researched by many researchers. A
numerical study is carried out in double pipe helical
coil heat exchanger using nanofluid. SiO,—water is
used as a nanofluid with different volume fractions in
the range of 1-4%. For nanofluids, MIXTURE model
was used. The graphs are plotted for Nusselt number,
Heat transfer coefficient, and Total surface heat flux
using ANSYS 15 where the finite volume method
(FVM) and the k—e standard turbulent model are used
to solve the main governing equations in the domain.
Results are indicated that the Nusselt number for
SiO,-Water nanofluid is greater than that of the base
fluid and heat transfer enhancement increases with
increasing the Dean Number (De) and volumetric
concentrations. The present study shows that these
double pipe helical coil heat exchanger have
advantages by using nanofluids.

Keywords: Nanofluid, CFD, Dean Number, Nusselt
number, Heat transfer coefficient

1. Introduction

Due to limitations of energy resources and
rising demand on energy, proficient use of energy
has become an issue of vast need for humanity. Also,
with the help of new technologies, we can effectively
increase the efficiency of an industry. In an industry
heat exchangers are widely used and performance of
heat exchangers can be improved by different
methods. Due to the compact structure and high heat
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transfer coefficient, helical coil heat exchangers find
wide use in industrial applications such as power
generation, nuclear industry, process plants, heat
recovery systems, food industry, refrigeration, etc.
Abdulla et al. [1]; studied that there is a need
for miniaturization of the heat exchanger in industries
where space is not enough. Nanofluid technology
uses the new grade of heat transfer fluids with 1-
100nm sized suspended nanoparticles in base Fluid is
known as nanofluid. The conventional HTF such as
water, engine oil and ethylene glycol have poor heat
transfer capability, so we need a different HTF,
nanofluid has fast heating and cooling capability.
Therefore, an enhancement in heat exchanger
efficiency through this technique may result in a
considerable saving of energy, material and total cost
by modifying fluids property. Wide range of
literature has been found to improve the heat transfer
rate by using helical coil heat Exchanger [2, 3].
Seban and McLaughlin et al. [4] studied the heat
transfer in coiled tubes for both laminar and turbulent
flows experimentally. It was analyzed that the
coefficients for turbulent flow depend on the coil
diameter. Prabhanjan et al. [5] compared the heat
transfer coefficients of a straight tube heat exchanger
to that of a helically coiled heat exchanger for
heating liquids and found that it was affected by the
geometry of heat exchanger.


https://www.google.co.in/search?biw=1280&bih=689&q=define+humanity&sa=X&ei=P3xpVdnaE8XhuQTxqYDwCA&sqi=2&ved=0CB8Q_SowAA

Abbreviation

Ac= flow area, m2

Al,03; =aluminium oxide

As =surface area, m2

Cu =copper

CuO =copper oxide

Cp =specific heat, J/kg-K

CFD =computational fluid dynamics
dii=inner diameter of inner pipe, inch
dio=outer diameter of inner pipe inch
doi =inner diameter of outer pipe, inch
doo =outer diameter of outer pipe, inch
Dh = hydraulic diameter, mm

Dn =diameter of nanofluid particles
D = coil diameter, mm

De =Dean Number

HTF =Heat transfer fluid

h =heat transfer coefficient, W/m2k
H =pitch of coil, mm

k =thermal conductivity, W/m-K

K =turbulent kinetic energy

L =length of pipe, m

m =mass flow rate, kg/s

n=number of turns

Nux =Local Nusselt Number
Nu=Average Nusselt number

P= Pressure, N/m2

Ap=Pressure drop

Pr= Prandtl Number

g= heat flux, W/m2

g’ =total surface heat flux

Q =heat transfer rate (kW)

Re =Reynolds Number

Recr=Critical Reynolds number

St= Stanton Number

Thi=temperature of hot fluid at inlet, K
Tho=temperature of hot fluid at outlet, K
Tci= temperature of cold fluid at inlet, K
Tco= temperature of cold fluid at outlet, K
Tw= wall temperature, K

Tf= fluid mean temperature, K

ux, uy and uz=velocity in x ,y, z directions
X, Y, Z coordinates

X, Y, Z body force in X, y, z directions

V= Average velocity of flow

Vs = wetted volume, m3

Greek symbol

B=surface area density, m2/m3

p =density, Kg/m3

pu=dynamic viscosity, Kg/ms
®=Rayleigh dissipation factor

¢ =dissipation kinetic energy (m?/s°)
¢ =volume fraction (%)

&= Curvature Ratio

Kumar et al. [6] studied numerically and
experimentally the friction factor and heat transfer
coefficient for fluid in a tube-in-tube helically coiled
heat exchanger. Heat transfer in helical coiled heat
exchangers was experimentally and numerically
investigated by Jaya kumar et al. [7]. It was found for
calculation of heat transfer in a situation of fluid-to-
fluid heat transfer, random boundary conditions for
example constant wall temperature and constant heat
flux, are not appropriate. Naphon [8] compared the
thermal efficiency and pressure drop of the helical-
coil heat exchanger with and without helical
undulating fins. The results showed that with
increasing Reynolds number, the friction factor
decreases.Wongwises et al. [9] experimentally
investigated the condensation heat transfer in a tube-
in-tube helical heat exchanger. Also
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there is an extensive research had been done on the
performance of other types of heat exchangers.[10-
12]

In this work, the heat transfer performance of
a double helical coiled heat exchanger was
investigated numerically and compared with Soumya
Ranjan Mohanty [13]. The end of the tubes act as the
entry and exit of hot as well as cold fluid where the
cold fluid flows in the outer pipe and the hot fluid
flows in the inner pipe of the double pipe helical coil
heat exchanger.

In double tube helical heat exchangers, due
to the curvature of tubes and application of
centrifugal force on fluid flow, the secondary flow
motion is generated which improves heat transfer
coefficient substantially [14]. Dravid et al. [15]




proposed the correlation for inner Nu at the Dean
Number (De) range of 50 to 2000. He investigated
the secondary flow motion induced by the curvature
effects. They analyzed the resultant centrifugal force
makes heat transfer coefficient greater than that of
straight tube.

The objective of this work was to obtain the
effects of several geometrical parameters on heat
transfer characteristics for water and the effect of
Si02 —water nanofluid with different volume
fractions (1-4%) on heat transfer characteristics.

2. Methodology:
2.1 Characteristics of helical coils:

One of the key points of helical heat
exchanger is the stretch of the flow through the coils,
which produces the centrifugal forces that leads to
secondary flow.
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Fig. (1) Velocity vector of double pipe helical coil
heat exchanger.

The figure (1) shows that maximum velocity
occurred at the centre of inner pipe because this
section has maximum distance from boundary layer.
For the analysis of flow in helical pipe, Dean (De)
number is used which is defined as follows,

1/2
e
y7; D

As double pipe helical heat exchangers are used in
turbulent flow, thus in this work, turbulent flow
ranges were chosen for flow rates. Therefore, to

know about the type of flow, the obtained Reynolds
number can be compared with critical number:

Re, =2300[1+8.6(d /D)**]

Where § is curvature ratio and defined as:

()

oi
2.2 Problem description:

o
D

The double pipe helical coil heat exchanger model
used in this analysis is the experimental model
presented by Soumya Ranjan Mohanty [13] (figure
2). It consists of two pipes in which 348°C water in
first case and SiO,-water nano fluid in second case
taken as hot fluid, flows through inner pipe and
283°C water taken as cold fluid, flows in outer pipe
in the same direction with hot fluid. The end of pipes
acts as the entry and exit of hot as well as cold fluid.
The pipes are made of copper to maximize the heat
transfer. Tables 1, 2, and 3 shows the dimensional
parameters, properties of base fluid, nanoparticle and
copper respectively.

Outer Pipe

»
»

Fig. (2) Schematic of cross section of used model
Table 1: The dimensional parameters of inner and

outer pipe
Diameter d; doi dio doo
Value 0545 | 0625 | 0.785 | 0.875
(inch)
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Table 2: The thermo - physical properties of base
fluid and nanoparticle at T = 300Kk.




Thermo-ph_yswal Water Sio,
Properties
Density, p (Kg/m®) 996.5 2220
Specific Heat, C, (J/Kg K) 4181 495.2
Thermal Conductivity, K
(W/m K) 0.0103 13
Viscosity, p (mpa s) 0.001003 -
Table 3: Properties of copper
Description Value Unit
Density 8978 Kg/m?
Specific Heat 381 JIKg-K
Capacity
Thermal
Conductivity 3876 Wim-K

2.3 CFD Approach

In this study, the geometry of double pipe helical coil
was created using commercial software (ANSYS 15).
The meshing was done using MAPPED FACE
MESH for fine mesh with Tetra and Hexahedral
cells. A numerical analysis was done to understand
the flow characteristics. Standard (k-¢) k-epsilon
model was used as a turbulent model. For nanofluid,
a mixture model was used. Velocity and pressure are
given at inlet and outlet respectively for insulated
outer wall condition. The input parameters were
indirectly taken from the Dean number. The second
order upwind scheme was used to solve governing
equations. The coupled scheme was used to deal with
pressure-velocity coupling problem. The relaxation
factor has been set to default values. The normalized
residual values are set to 10°° for all the variables to
converge the solution.

2.3.1 Governing Equations:

The governing differential equations for the fluid
flow are given by Continuity equation, Navier Stokes
equation and energy conservation equation. These
can be written in the following form [16]:

2.3.1.1 Continuity Equation:

a(pu)
OX

o(pv) | 9(pw)
oy 0z

=0 (2.2)
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2.3.1.2 Navier Stokes equation:
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2.3.1.3 Energy Equation:

dl ] [u6p+vap+w
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2.3.1.4 Turbulent kinetic energy (k) equation:

e
Oy

jﬁ}ek _pe (24)
OX;

2.3.1.5 Turbulent kinetic energy dissipation (g)
equation:

2 2.5
S |[we i reubib scunkin)

In the above equations, G represents the generation
of turbulent kinetic energy due to mean velocity
gradients, oy and o are effective Prandtl numbers for
turbulent kinetic energy and rate of dissipation,
respectively; C1. and C2, are constants and . is the
eddy viscosity and is modeled as

t = (pC,K?) &

The empirical constants for the turbulence model are
arrived by comprehensive data fitting for a wide
range of turbulent flow

C,=009, C, =147,C,, =192, 6,=10,0,=13 (2.7)

(2.6)

The governing differential equation for solid domain
is only the Energy equation which is given by;

VT =0 (2.8)



Heat transfer coefficient is obtained by equating the
conduction heat transfer to the convection heat
transfer;

qcond = qconv

k9T
h=__ OX_ (2.9)
Tw _Tf
Local Nusselt number is given by;
Nu, =hD/k (2.10)

2.3.2 Boundary Conditions:

In the present study, the inlet boundary conditions
imposed at inner and outer pipe are defined as
velocity inlet as the entrance velocities of flow are
known. Outlet boundary condition is defined as
pressure outlet. The flow is assumed Newtonian,
turbulent and incompressible. In double pipe helical
heat exchanger, there are two walls. Insulated outer
wall condition is used for outer tube wall and
bilateral wall is used for inner pipe for the heat
transfer to be occurred on both sides.

3. Result and discussion:

Secondary flow plays an important role for
the heat transfer to be occurred in helical heat
exchanger. In this work, the effect of several
geometrical parameters, different nanoparticles, and
different volume fraction on heat transfer
characteristics were studied.

3.1 The effects of several geometrical parameters
on heat transfer characteristics:

3.1.1 The effect of coil diameter:

The figure (3) illustrates the effect of coil diameter
on Nusselt number. It is clear that Nusselt number
decreases with increasing coil diameter. Because by
increasing the coil diameter, the effect of secondary
flow diminishes. And fluid behaves like a flow in a
straight pipe.

371

12000
10000 -
8000 -
6000 -
4000 -
2000 -

0 T T T T
1 15 2 2.5 3

Nusselt Number (Nu)

Coil Diameter ( Inch)

Fig. (3) Variation of Nu with respect to coil
diameter.

3.1.2 Influence of pitch of coil:

The figure (4) illustrates the variation of pitch of coil
on heat transfer coefficient. By increasing the pitch
of coil as 1, 1.5 and 2 inch, the fluid’s torsion
behavior diminishes and this results in decreasing
heat transfer coefficient.
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Fig. (4) Variation in heat transfer coefficient with
respect to pitch of coil.

3.2 The effect of nanoparticle with different
volume fractions on heat transfer characteristics:

3.2.1 Variation of Dean Number with Nusselt
Number for water and SiO, —water nanofluid:

In this section, SiO, nano particle with water as a
base fluid is used. At 4 % nano particle volume
fraction with 20 nm particle size, the graph is plotted
between Nusselt number and Dean Number. The
figure (5) indicates that increasing of the Dean
Number results in increasing Nusselt number. It is
clearly seen that siO, — water nanofluid possess
higher Nusselt number compared to pure water.
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Fig.(5) Variation of the effect of SiO,-water
nanofluid under Dean Number range on the average
Nusselt number.

3.2.2 The effect of volume fraction:

In this section, the graph is plotted between Nusselt
Number and Dean Number at different volume
fraction. It can be seen that Nusselt number
enhancement is achieved by adding low volume
fraction of nanoparticle (0.01-0.04) with 20 nm
particle size of SiO, to the water as base fluid.
Because the presence of nanoparticle provides the
larger surface area for molecular collisions and
higher momentum is achieved by increasing
concentration of nanoparticle. This momentum
carries and transfer thermal energy more efficiently
and enhances the heat absorption of coolant causing
its temperature to increase. It is clear that the Nusselt
number increases with increased value of volume
fraction.

Si02-Water
25000
2 20000
5 . s, s S
Q
£ 15000 ~ —8— De = 6500
‘Zi 10000 4 De = 7000
@ _
2 5000 - De = 7500
o
0 T L T

0.01 0.02 0.03 0.04

Volume Fraction

Fig. (6) The effect of different volume fraction under
the Dean number range on the average Nusselt
Number
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4. Conclusion:

Numerical simulation with ANSYS FLUENT 15 has
been carried out for double pipe helical coil heat
exchanger subjected to insulated outer wall
condition. Nusselt number and heat transfer
coefficient are computed. The tube side fluid is SiO,-
water nanofluid and the flow condition is turbulent.
Following are the outcomes of the above numerical
study;
e In the central region of inner pipe, the
velocity is found to be maximum due to the
maximum distance from boundary layer.

e It is observed that heat transfer coefficient
decreases with increasing diameter and pitch
of coil. Because by increasing these
parameters, the effect of secondary flow
diminishes and fluid behaves like a flow in a
straight pipe.

e For convective heat transfer, increase in
Dean Number results in increased heat
transfer coefficient. Because at increased
flow rates, the dispersion effects and random
movement of the nanoparticle enhances the
mixing fluctuations and results in increased
heat transfer coefficient.

Higher heat transfer coefficient is achieved
by nanofluid containing small amount of
nanoparticles compared to the base fluid and
it increases with increasing particle volume
fraction. Because by increasing nanoparticle
volume fraction, the interaction and collision
of nanoparticle intensifies and a rapid heat
transfer from wall to nanofluid occurs due to
relative movement of these particles.

References:

[1] Abdulla M. A., “A four-region, moving-boundary
model of a once through, helical coil team
generator,” Annals of Nuclear Energy, 21(9), 541-
562,1994.

[2] W. Duangthongsuk, S. Wongwises, Heat transfer
enhancement and pressure drop characteristics of
TiO2ewater nanofluid in a double-tube counter flow
heat exchanger, Int. J. Heat Mass Transf. 52 (7-8)
2059-2067,(2008).

[3] H.A. Mohammed, A.A. Al-aswadi, N.H.
Shuaib, R. Saidur, Convective heat transfer and
fluid flow study over a step using nanofluids: a



review, Renew.Sustain. Energy Rev. 15 (6)
2921-2939, 2011

[4] R.A. Seban, E.F. McLaughlin, “Heat transfer
in tube coils with laminar and turbulent flow,”
Int. J. Heat Mass Transf. 6 387—-395, 1963.

[5] D.G. Prabhanjan, G.S.V. Raghavan, T.J.
Rennie, Comparison of heat transfer rates
between a straight tube heat exchanger and a
helically coiled heatexchanger, Int. Commun.
Heat Mass Transfer 29 185-191, 2002.

[6] V. Kumar, S. Saini, M. Sharma, “Pressure
drop and heat transfer in tube-in-tube helical
heat exchanger,” Chem. Eng. Sci. 61 4403-4416,
2006.

[7] J.S. Jayakumar, S.M. Mahajani, J.C. Mandal,
P.K. Vijayan, and R. Bhoi, “Experimental and
CFD estimation of heat transfer in helically
coiled heat exchangers,” J. Chemic. Eng. Res.
Des. 86 221-232, 2008.

[8] P. Naphon, “Thermal performance and
pressure drop of the helical-coil heatexchangers
with and without crimped fins,” Int. Commun.
Heat Mass Transfer ,34 321-330, 2007.

[9] S.Wongwises M. Polsongkram,
“Condensation heat transfer and pressure drop of
HFC-134a in a helically coiled concentric tube-
in-tube heat exchanger,” Int. J.Heat Mass
Transfer 29 4386-4398, 2006.

[10] Y. Vermahmoudi S.M. Peyghambarzadeh
S.H. Hashemabadi, M. Naraki- , “Experimental
investigation on heat transfer performance of
Fe,Os/water nanofluid in an air-finned heat
exchanger,” European Journal of Mechanics -
B/Fluids 44, 32-41,2014.

[11] Rohit S. Khedkar, Shriram S. Sonawane,
Kailas L. Wasewar, “Heat transfer study on
concentric tube heat exchanger using TiO—
water based nanofluid,” International
Communications in Heat and Mass Transfer,57,
163-169,2014.

373

[12] M.M. Elias, I.M. Shahrul, I.M. Mahbubul,
R. Saidur, N.A. Rahim, “Effect of different
nanoparticle shapes on shell and tube heat
exchanger using different baffle angles and
operated with nanofluid,” International Journal
of Heat and Mass Transfer 70, 289-297 , 2014.

[13] Thesis , Soumya Ranjan Mohanty , “Cfd
Analysis Of Heat Transfer In A Helical Coil
Heat Exchanger Using Fluent” .Natinal Institute
Of Technology Raourkela Odissa, 2013.

[14] Mir Hatef Seyyedvalilu and S.F.Ranjbar,
“The Effect of Geometrical Parameters on Heat
Transfer and Hydro Dynamical Characteristics
of Helical Exchanger”. International Journal of
Recent advances in Mechanical Engineering
(NMECH) Vol.4, No.1, 2015.

[15] A. N. Dravid, K. A. Smith, E. W. Merrill
and P. L. T. Brain, “Effect of secondary fluid
motion on laminar flow heat transfer in helically
coiled tubes,” AIChE J, 17 114-1122,1971.

[16] Thesis , Satyabrata Kanungo, “Numerical
Analysis To Optimize The Heat Transfer Rate Of
Tube-In-Tube Helical Coil Heat Exchanger”
.National Institute Of Technology, Raourkela Odissa,
2014.


http://www.sciencedirect.com/science/article/pii/S099775461300109X
http://www.sciencedirect.com/science/article/pii/S099775461300109X
http://www.sciencedirect.com/science/article/pii/S099775461300109X
http://www.sciencedirect.com/science/article/pii/S099775461300109X
http://www.sciencedirect.com/science/journal/09977546
http://www.sciencedirect.com/science/journal/09977546
http://www.sciencedirect.com/science/journal/09977546/44/supp/C
http://www.sciencedirect.com/science/article/pii/S0735193314001687
http://www.sciencedirect.com/science/article/pii/S0735193314001687
http://www.sciencedirect.com/science/article/pii/S0735193314001687
http://www.sciencedirect.com/science/article/pii/S0017931013009721
http://www.sciencedirect.com/science/article/pii/S0017931013009721
http://www.sciencedirect.com/science/article/pii/S0017931013009721
http://www.sciencedirect.com/science/article/pii/S0017931013009721

	[10] Y. Vermahmoudi  S.M. Peyghambarzadeh  S.H. Hashemabadi, M. Naraki  , “Experimental investigation on heat transfer performance of Fe2O3/water nanofluid in an air-finned heat exchanger,” European Journal of Mechanics - B/Fluids 44, 32–41,2014.
	[11] Rohit S. Khedkar, Shriram S. Sonawane, Kailas L. Wasewar, “Heat transfer study on concentric tube heat exchanger using TiO2–water based nanofluid,” International Communications in Heat and Mass Transfer,57, 163-169,2014.



