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A two dimensional forced convection boundary layer flow
and heat transfer characteristics of nanofluid Cu-water
over a linearly stretching sheet in the presence of heat
source and ohmic heating is presented in this paper. The
governing equations are solved using MATLAB, results for
the velocity, temperature, skin friction and Nusselt number
are obtained. The effects of various parameters on the flow
characteristics are displayed graphically and physical
interpretation is presented.

KEYWORDS : MHD, Nanofluid, Heat source, Ohmic
heating, Stretching Sheet.

AMS Subject Classification : 80A20, 76R05.

7NTKODUCTION

onvectional heat transfer fluids, including oil, water, and ethylene glycol mixture are

poor heat transfer fluids. But the thermal conductivity of these fluids play important role on
the heat transfer coefficient between the heat transfer medium and the heat transfer surface
[Muthtamilselvan et al. (2010)]. In view of the rising demands of modern technology,
including chemical production, power station, and microelectronics, there is a need to develop
new types of fluids that will be more effective in terms of heat exchange performance.
Numerous methods have been tried to improve the thermal conductivity of these fluids by
suspending nano/micro-sized particle materials in liquids. Recently several researchers
including Tiwari — Das (2007), Ho et al. (2008), Abu-Nada (2008), Oztop — Abu-Nada (2008),
Abu-Nada-Oztop (2009), Congedo er al. (2009), Aminossadati — Ghasemi (2009), Ghasemi —
Aminossadati (2009, 2010), Ahmad — Pop (2010), etc. studied on the modeling of natural
convection heat transfer in nanofluids. Hamad (2011) obtained the analytical solutions for
convective flow and heat transfer of an viscous incompressible nanofluid past a semi-infinite
vertical stretching sheet in the presence of magnetic field.

Heat and mass transfer in the laminar boundary layer flow over a stretching sheet is an
important type of flow due to its application such as polymer engineering, metallurgy etc.
Wang (1989) analyzed the free convection on a vertical stretching surface by employing
Runge-Kutta Fehlberg algorithm. Elbashbeshy — Bazid (2004) considered the flow and heat
transfer in a porous medium over a stretching surface with internal heat generation and suction
or injection. Nazar et al. (2004) investigated the unsteady mixed convection boundary layer
flow in the region of stagnation-point on a vertical surface in a fluid-saturated porous medium.
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Common heat transport fluids such as water, ethylene glycol, end engine oil have limited heat
transfer capabilities due to their low heat transfer properties. In contrast, metals have thermal
conductivities up to three times higher than these fluids, so it is natural that it would be desired
to combine the two substances to produce a heat transfer medium that behaves like a fluid, but
has the thermal conductivity of a metal. A mixture of nano-size particle suspended in a base
fluid is named nanofluid and was firstly reported by Choi (1995). The broad ranges of current
and future applications involving nanofluids have been given by Wong — Leone (2010). Many
researchers [Khanafer et al. (2003), Maiga et al. (2005), Jou — Tzeng (2006) and Hwang et al.
(2007)] have studied and reported results on convective heat transfer in nanofluids considering
various flow conditions in different geometries. A comprehensive study of convective
transport in nanofluids was made by Buongiorno (2006). Kuznetsov — Nield (2010) presented
a similarity solution of natural convective boundary-layer flow of a nanofluid past a vertical
plate.

Steady boundary layer flow and heat transfer for different types of nanofluids near a
vertical plate with heat generation effects was studied by Rana— Bhargava (2011)]. Chamkha —
Aly (2011) presented a nonsimilar solution of boundarylayer flow of a nanofluid near a porous
vertical plate with magnetic field and heat generation/absorption effects numerically. Recently
Mukhopadhyay — Layek (2011) studied the boundary layer flow and heat transfer of a fluid
through a porous medium towards a stretching sheet in presence of heat generation or
absorption.

The intention of the present study is to analyze the effects of magnetic field, heat source,
volume fraction and Prandtl number over Cu-Water nanofluid velocity, temperature, skin
friction and Nusselt number, over a linearly stretching sheet.

70RMULATION AND SOLUTION OF PROBLEM

onsider a two dimensional forced convection boundary layer flow of an

incompressible viscous nanofluid over a stretching sheet. The fluid flow is in the influence of
ohmic heating, uniform transverse magnetic field of strength By (applied parallel to the y-axis)
and heat source. It is assumed that the induced magnetic field and the external electric field are
negligible, the base fluid and the nanoparticles are in thermal equilibrium and no slip occurs
between them. The flow is considered to be in x-direction which is chosen along the sheet and
the y-axis normal to it. The sheet issues from a thin slit at the origin, it is assumed that the
speed of a point on the plate is proportional its distance from the slit. Since the length of the
sheet is supposed to be large and fluid flow extends to infinity, therefore all physical variables
are independent of x and hence functions of y only. The general equations governing the

nanofluid flow are as follows:
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here y, u, v. T, T.,, 1,,, o, Q, By and c, are horizontal coordinate, axial velocity,
transverse velocity, temperature of the fluid, far field temperature, wall temperature, electrical
conductivity, heat sink coefficient, magnetic fieid coefficient and specific heat, here ¢ is a
constant.

The nanofluid properties such as the density Pafs the dynamic Viscosityuﬂf, thermal
diffusivity o, heat capacitance and the thermal conductivity k,, are defined in terms of
fluid and nanoparticles properties as in Aminossadati — Ghasemi (2009).
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where, p, is the density of fluid, p, is the density of nanoparticles, ¢ is defined as the
volume fraction of the nanoparticles, |, is the dynamic viscosity of fluid, (pc,), is the

thermal capacitance of fluid, (pc is the thermal capacitance of nanoparticles, and & ; and

pn
k,, are the thermal conductivities of fluid and nanoparticles, respectively.

In order to solve egs. (1) - (3), assuming the dimensionless parameters as follows:

u=cx f'(n),

v=—\[0c f(m). ()
e
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where /' is a dimensionless stream function and 7 is the similarity variable.
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On applying the similarity transformation parameters, nanofluid parameters and belo
mensioned non dimensional parameters, the egs. (1) to (3) with the boundary conditions (
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The skin friction can be presented as follows

21
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and the Nusselt number is written as

xk k
Nu = ”f(—aTJ or Re Nu=——"L0"0) ... (10)
kT, =TI\ ) ky
where Re, = Li;—r is the local Reynolds number.
P

zESULTS AND DISCUSSION

he governing equations (7) and (8) with boundary conditions (9) are solved using

MATLAB by perturbation analysis. Graphical results of velocity, temperature, skin friction
and Nusselt number of Cu-Water nanofluid, are presented in figs. 2 to 10. Effects of variables
like volume fraction, magnetic parameter, Prandil number and heat source parameter are
studied in detail.
u—=0T-T,
Bo

u=cx,v=0,T=T,

Fig. 1. Physical Model and Coordinate System
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Fig. 4. Dimensionless temperature of the nanofluid (Cu-Water) verses 1 for different values of ¢ when

M=02, Pr=10, Ec=0.1 and B=0.1.
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Fig. 5. Dimensionless temperature of the nanofluid (Cu-Water) verses n for different values of ¢ when
=0.1, M =02, Pr=1.0 and Ec=0.1.
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Fig. 6. Dimensionless temperature of the nanofluid (Cu-Water) verses n for different values of M when
¢=0.1, Pr=1.0, Ec=0.1 andB=0.1.
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Fig. 7. Dimensionless temperature of the nanofluid (Cu-Water) verses 1 for different values of Pr when
$=0.1, M=02, Ec=0.1 and =0.1.
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Fig. 8. Skin friction coefficient of the nanofluid (Cu-Water) verses M for different values of ¢ when Pr=1.0,
Ec=0.1 andB=0.1.
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Fig. 9. Nusselt number of the nanofluid (Cu-Water) verses M for different values of ¢ when Pr=1.0, Ec=0.1
andB=0.1.
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Fig. 10. Nussclt number of the nanofluid (Cu-Water) verses M for different values of Prwhen ¢ =0.1, Ee=0.1
and B=0.1.
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Fig. 11. Nusselt number of the nanofluid (Cu-Water) verses M for different values of § when ¢=0.1, Pr=1.0
and £c=0.1.

In fig. 2 and 3 the velocity against 1 (similarity variable) is drawn for different values of
¢ and M. It has been obscrved that when volume fraction of nanoparticle increascs, the
thickness of velocity boundary layer increases as higher values of volume fraction reduces the
velocity profile width. An increment in magnetic parameter increases the velocity. This is
because of the fact that magnetic parameter represents the ratio of magnetic induction to the
viscous force. Hence, increase in the magnetic ficld parameter reduces the viscosity of the
nanofluid, which results in thickening the velocity boundary layer.

The dimensionless temperature (8) is drawn against 1 for different values of ¢ and B
in figs. 4 and 5. It is noted that 6 decreases as ¢ increases; whereas it increases with 3. The
presence of heat source in the boundary layer generates energy which causes the temperature
of the fluid to increase.

The dimensionless temperature is plotted verses N for various values of M and Pr in figs.

6 and 7. It is observes here that 0 increases with M or Pr. An increase in Pr increases the
viscosity, which increases the temperature due to heat impinging on the surface, also it is
interesting to note that at higher values of Prandtl number, the temperature attains a higher
peak very sharply; and magnetic field increases the temperature of the fluid inside the
boundary layer due to excess heating.

Fig. 8 shows the skin friction coefficient for different values of ¢ verses M. It is evident
from the figure that skin friction increases with ¢ or M. Nusselt number (Nu) is drawn against
M in figs. 9-11 for different values of ¢, Pr and [ respectively. Nusselt number increases

with ¢ or Pror [ or M.

ConcLusions

his problem dcals with the flow of an incompressible viscous nanofluid over a
stretching sheet. The governing equations are converted to similarity equations, and then the
obtained coupled cquations arc solved by using perturbation analysis and MATLAB. It is
observed that inclusion of volume fraction or magnetic field increases the velocity. Increment
in Prandtl number or magnetic field extends the thermal boundary layer. Higher volume
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fraction results in thinner thermal boundary layer; whereas this phenomenon reverses for heat

source.
NOMENCLATURE
x axial coordinate (m)
v horizontal coordinate {im)
u axial velocity (m/s)
v transverse velocity (m/s)
P pressure (Pa)
Ttemperature of the fluid (K)
7., far field temperature (K)
T,, wall ficld tempcrature (K)
o clectrical conductivity (S/m)
O heat generation coefficient (W m*K?)
By magnetic field coefficient ()
¥ kinematic viscosity (m?*/s)
¢, specific heat (Jkg' K
P,y density of nanotluid (kg/m®)
H,r dynamic viscosity of nanofluid (Pa.s)
o, thermal diffusivity of nanofluid (m?/s)
(pcp )"f thermal capacitance of nanofluid
(J/ m’K)
kyy  thermal conductivity of nanofluid
(W/mK)

py density of fluid particles  (kg/m")
p, density of nanoparticles (kg/m®)
i, dynamic viscosity of fluid (Pa.s)

k, thermal conductivity of nanoparticles

(W/m K)
k ; thermal conductivity of fluid particles

(W/mK)

(pcy) s thermal capacitance of fluid particles
1/ m’K)

(pe 5 Ya thermal capacitance of nano
particles (J/ m’K)

¢ volume fraction of nanoparticles
/ dimensionless stream function
Pr Prandtl number

Ec Eckert number

M Magnetic field parameter

m injection parameter

0 dimensionlesst

B heat absorption parameter

f dimensionless stream function
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