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Abstract: In this article, the simulation of nanofluid flow in pipe and the
behavior of different variables on nanofluid flow are presented. Al,O;-
water of volume fraction of Al,03 2 to 8% was considered as nanofluid for
simulation. For the simulation the single phase approach is used to calculate
viscosity, temperature difference on wall, Reynolds number, thermal
conductivity and temperature throughout the pipe. The MATLAB code is
employed to solve the flow in pipe using finite difference method. Finally a
conclusion is made based on simulation, how the temperature of the
nanofluid flow changed with the radial direction and its axial direction is
reported. How thermal conductivity, temperature difference on wall,
Reynolds number and the viscosity of the nanofluid changed with the
length of the pipe is explained based on the present simulation. Also effects
of volume fraction of nanoparticle, radius of pipe, outside temperature of
wall, Reynolds number and turbulent flow on the heat flow through pipe.
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Introduction

Thermal properties of liquids play a decisive role in
heating as well as cooling applications in industrial
processes. Thermal conductivity of a liquid is an
important physical property that decides its heat transfer
performance. Conventional heat transfer fluids have
inherently poor thermal conductivity which makes them
inadequate for high cooling applications. Scientists have
tried to enhance the inherently poor thermal conductivity
of these conventional heat transfer fluids using solid
additives following the classical effective medium theory
(Maxwell, 1873) for effective properties of mixtures.
Fine tuning of the dimensions of these solid suspensions
to millimeter and micrometer ranges for getting better
heat transfer performance have failed because of the
drawbacks such as still low thermal conductivity,
particle sedimentation, corrosion of components of
machines, particle clogging, excessive pressure drop etc.
A Nanofluid is a fluid containing nanometer-sized
particles, called nanoparticles. These fluids are
engineered colloidal suspensions of nanoparticles in a
base fluid. The nanoparticles used in nanofluids are
typically made of metals, oxides, carbides, or carbon
nanotubes. Common base fluids include water, ethylene
glycol and oil. Nanofluids have novel properties that
make them potentially useful in many applications in
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heat transfer, including microelectronics, fuel cells,
pharmaceutical processes and hybrid-powered engines,
engine cooling/vehicle thermal management, domestic
refrigerator, chiller, heat exchanger, in grinding,
machining and in boiler flue gas temperature reduction.
They exhibit enhanced thermal conductivity and the
convective heat transfer coefficient compared to the base
fluid. Knowledge of the rheological behavior of
nanofluids is found to be very critical in deciding their
suitability for convective heat transfer applications. The
effects of nanoparticle concentrations, nanoparticle
diameter, nanoparticle materials and Reynolds number in
various flows in rectangular duct and circular pipe in
two/three dimensions are described by various authors
by simulation. In this regard some literatures are:
Akbarinia and Behzadmehr (2007; Heris et al., 2007,
Namburu et al., 2009; Fard et al., 2010; Lai and Yang,
2011; Demir et al., 2011; Sasmito et al., 2011; Sarkar et al.,
2012; Tahir and Mital, 2012; Akhtari et al., 2013;
Sheikholeslami et al., 2013; Celen et al., 2014; Azmi et al.,
2014; Zhao et al., 2014; Om and Mohammed, 2014;
Beheshti et al., 2015). They studied the effects of
nanofluids type, nanoparticle volume fraction of
nanofluids and the effect of aspect ratio on the thermal
fields. In analysis such as Computational Fluid Dynamics
(CFD), nanofluids can be assumed to be single phase
fluids. However, almost all of new academic papers use
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two-phase assumption. Classical theory of single phase
fluids can be applied, where physical properties of
nanofluid are taken as a function of properties of both
constituents and their concentrations. There are various
numerical studies about convective heat transfer of
nanofluids using various types of nanoparticles and base
fluids. In numerical study mostly used CFD software to
solve equation. The present work is executed on numerical
simulation and its analysis of laminar forced convection of
nanofluids in a circular tube by MATLAB 2013 with
single phase approach.

Theoretical Background
Model

The single-phase model considers the nanofluid as a
homogenous phase. In this present work only single
phase model is considered. The single-phase model has
the nanofluid as a homogenous phase. Governing
equations (continuity, momentum and energy) are
presented by Beheshti et al. (2015) as follows:

Continuity equation:

V(pyVy)=0 (1)
Momentum equation:

V(£ V) Vi) = =VP+ V- (14, 9V,,) (2)
Energy equation:

V((PurCru V) T) = V- (K, V'T) 3)
The thermal and physical properties:

Prur = (1 - q))pbf + q)pp “4)

Pt

Hye :(1+2'5q)):ubf (6)

k4 2k = 2(ky k)@
"k, 2Ky o+ (ky k)@

k, (7

Properties of Base Fluid

The properties of base fluid were calculated based on
the correlations developed by Vijay et al. (1982)
reported by Ghajar (2005):

Por =999.79684 +0.068317355x T —0.010740248 x T*

®)
+0.00082140905 x T** —2.3030988 x 10 x T

1
©557.82468 +19.408782x T

+0.1360459x T* —3.1160832x107* x T*

Hor )

Specific heat capacity:

Cor =4.2174356-0.0056181625x T

+0.0012992528 x T'* —0.00011535353 x T* (10)
+1.724480x107° x T®

Thermal conductivity:

k. =0.5650285+0.0026363895x T
-0.00012516934x T'* —1.51549180x10° x T* (11)
-0.0009412945 x T**

Heat Transfer Coefficient

The heat transfer coefficient of water-steel-water is
assumed as a constant, because wall temperature is
considered a constant value. Since the flow is in laminar
condition is considered in the present work, the
convective heat transfer coeficient referred to as constant
value. It is calculated based on the Sieder and Tate
(1936) equation.

Properties of Nanoparticle Al,O;

Density, viscosity, specific heat capacity and thermal
conductivity are assumed as constant, because the
percentage of nanofluids is very less (2 to 5%). So we
calculated temperature effect only for base fluid. The
properties of nanoparticle are considered for the present
study is given as follows.

For nanoparticle Alumina:

e  Thermal conductivity = 46 W/m.K
e Density = 3970 kg/m’

e  Specific heat capacity = 760 J/kg.K
e Particle diameter = 25 nm

e Volume % =2

Geometric Model

It is assume that the flow and heat transfer in a
horizontal tube could be simplified to a two dimensional
model as shown in Fig. 1 because the tube is axial
symmetry and gravity can be neglected. The dimensions
of the geometry are as follows:

Radius of pipe = 25 mm
Length of pipe = 0.5 m

The inlet temperature is considered is equal to 50°C.
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Solving the governing equation: Continuity equation:
We assumed that velocity change only in Z direction
(length wise) and its function of radius only and fully
developed laminar flow. So V=0, V, =0 and V.= V_(r).

Momentum equation:

dp 1d( dv
_— - zZ | 1=0 12
dz 'u[rdr(r dr j] (12)
Solving these two equations, one gets:
2 2
- g2(e)
4ul R

Energy balance equation: In energy equation we
assume that viscosity term can be neglect:

2,
PAVEL S LET(8.4 B
Pt dz rdr dr dz

(d\/z]z dp ld( dVZj
+u +V,| —+ul——|r
dr dz rdr dr

Use finite difference method to solve difference
equation:

(14)

dr (T(r,z) -T(r,z —1))

dz Az (15)
(127]“7(T(r,z+1)—2><T(r,z+1)+T(r,z—1)) (16)
7 AZ?
1d(rdT]_(T(r+1,z)—2><T(r,z)+T(r—l,z)) (17
rdr dr) Ar?

%_APRZ _(gj (18)
dr  4uL | \R?

Assume constants in code:

2 2 _ 2
:&, 1z k“f eq— APR jc= 4/“? ,HZ: apnfcpnf (I_Lz
4u L R Az k R

The discretized Equation (14) becomes:

T(r-1,z)-Ir+T(r,z—1)-(lz—1lz) + T(r,z)

19
(llz—2Ir=2Iz)+ T(r,z+1)-1z+ T(r+1,z) - Ir=—c -1’ (19)

Boundary conditions: (i) At z = 0, for all radius part T
= 50°C; (ii)) Atr =R, —k% =h(T, -T,,); (iii) At z=L,

.
dz
(250°C). Solve with boundary conditions by using finite
difference method as: At r = R,
(T(R-1,z)-T(R,z))/Ar=h(T(R,z)-T,,), At z=L
,T(r,L)=T(r,L-1).
discretized.

Outside temperature of pipe is constant

Similarly other equations are

Methodology

A commercial software package MATLAB 2013 is
employed in the numerical study. The problem under
investigation is a two-dimensional (axisymmetric)
steady, for convection flow of nanofluid flowing
inside a straight circular tube. The fluid enters the
circular tube with wuniform axial velocity and
temperature. The flow and thermal fields are assumed
to be axisymmetric with respect to the horizontal
plane parallel to z-axis as shown in Fig. 1. The
geometry is of a horizontal circular tube with a length
of 0.5 m and radius of 25 mm.

Results

Results have been presented for water based Al,O3
consisting of 2-10% volume Al,O; spherical shape
particles with 25 nm mean diameter. All walls have
been exposed to a uniform temperature. The flow is
laminar fully developed in circular cross section. The
nanofluid is entered inside at a constant temperature at
50°C. The temperature profile has uniform along the
center axis. The results obtained from the simulations
based on different operating variables are shown in
Fig. 2-12. The Fig. 2 shows that temperature profile
with respect to diameter and length in pipe at 2%
volume friction of nanoparticle. Initial inlet
temperature is constant of nanofluid but after enter
heating zone temperature has increased. The Fig. 3
shows that thermal conductivity profile with respect to
length at 2 to 10% volume friction of nanoparticle in
pipe. Initial rate of increase in thermal conductivity is
high because the rate of temperature is high and after
that it is decreased. The Fig. 4 shows that viscosity
profile with respect to length at 2 to 10% volume
friction of nanoparticle in pipe. The temperature
profile has uniform along the center axis as shown in
Fig. 5. It is seen that the radius of the pipe has
significant effect on viscosity and thermal
conductivity as shown in Fig. 6 and 7 respectively.
The temperature difference on wall is initially
increased with high rate after that rate of change is
decreased as shown in Fig. 8. and 9 shows that if the
outside temperature is increased, the viscosity is
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decreased. As the outer temperature of pipe increased,
the thermal conductivity is increased as shown in Fig.
10. It is seen that the thermal conductivity is
decreased with increase in Reynolds number as shown
in Fig. 11. At higher Reynolds number, the apparent

L 41

viscosity is increased which resulted in decrease in
thermal conductivity as shown in Fig. 12 for viscosity
change with Reynolds number and thermal
conductivity change with Reynolds number at a
certain distance of the pipe from entry in Fig. 12.
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Fig. 1. Nanofluid flow though circular pipe
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Fig. 2. Temperature profile with length and diameter
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Fig. 5. Temperature of nanofluids with axes at radius 0.0025 m

Discussion
The Effect of Length of Pipe on Nanofluid Properties

Initial rate of increase in temperature is high
because the temperature difference between wall and
nanofluid are high and after that it decreased as
mentioned in Fig. 1. Dispersion of a very small
amount of nanoparticle produces a remarkable change
in the effective thermal conductivity of the base fluid,
with the thermal conductivity ratio exceeding 2-10
volume % nanoparticles. Initial rate of decrease in
viscosity is high because the rate of temperature is
high and after that it is decreased.

The Effect of Radius of Pipe

The fluid enters the circular tube with uniform axial
velocity and temperature. The flow and thermal fields
are assumed to be axisymmetric with respect to the
horizontal plane parallel to z-axis as shown in Fig. 1.
Results have been presented for water based Al,O;
consisting of 4% volume Al,O; spherical shape
particles with 25 nm mean diameter. The geometry is
of a horizontal circular tube with a length of 0.5 m
and radius of 25, 50, 75 and 1 cm.

All walls have been exposed to a uniform
temperature. The flow is laminar fully developed in
circular cross section. The nanofluid is entered inside
at a constant temperature at 50°C. The outside
temperature of wall is 250°C. At radius of pipe =
0.025 m and length of pipe = 0.5 m, initially
temperatures change are very fast but at the end,
changing in temperatures are less. As we know that
thermal conductivity increases with respect to
temperature, theincreasingradius resulted temperatures
automatically decreased, so thermal conductivity
decreased.

The Change of Nanofluids Properties with Outside
Temperature of Pipe

The outside temperatures of wall were considered
as 200, 250, 300 and 350°C. The temperature profile
is shown in Fig. 8. If the outside temperature is
increased, the viscosity is decreased because the
temperature is increased as shown in Fig. 9. It is also
seen that the thermal conductivity is increased with
length at different wall temperature. This is due to
decrease in viscosity with increase in outer
temperature of the pipe (Fig. 10).
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Conclusion

Numerical study of forced convective heat transfer of
nanofluid in laminar entrance region in a horizontal
circular tube with constant wall temperature has been
presented with using single phase model. The viscosity
and thermal conductivity both are increasing with
increased volume fraction of nanoparticle. Numerical
results have clearly shown that the use of nanofluids can
significantly increase heat transfer capabilities of
nanofluids even for relatively small particle volume
fractions. Nanofluids with higher volume concentration
have higher heattransfer enhancement. The enhancement
of the convective heat transfer could not be solely
attributed to the enhancement of the effective thermal
conductivity but also on other factors. The thermal
conductivity  increases with increasing volume
percentage of nanoparticle, increasing outside wall
temperature, decreasing radius and increasing Reynolds
number of inlet condition. The viscosity increases with
increasing volume friction of nanoparticle, increasing
radius of pipe, decreasing outside temperature of wall
and increasing Reynolds number of inlet condition.
Relative enhancement of h is increased by increasing the
nanoparticles concentration for nanofluids. The
MATLAB code is employed to solve the flow in pipe
using finite difference method. Finally a conclusion is
made based on simulation, how the temperature of the
nanofluid flow changed with the radial direction and its

axial direction is reported. How thermal conductivity,
temperature difference on wall, Reynolds number and
the viscosity of the nanofluid changed with the length of
the pipe is explained based on the present simulation.
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Nomenclature

G, Specific heat of the fluid, kJ/kg-K
d Diameter of the particle, nm

D Diameter of tube, m

h Heat transfer coefficient, W/ m’
k Thermal conductivity, W/m2

L Length of the tube

AP Pressure loss, Pa
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r Radial distance, m

R Radius of pipe, m

Re Reynolds number

T Temperature of fluid, °C
A% Velocity, m/s

X Axial distance from the entrance region of tube,
m

z z-direction distance, m
Greek Symbols

p Density, kg/m

(o} Volume concentration, %

n Dynamic viscosity, kg/m-s

Superscript

bf base fluid

in inlet

f fluid

m mass

np nanoparticles
nf nanofluid
out outlet

p particle

the q" phase (represent liquid and solid phase)



