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Abstract

Theoretical analysis is performed for studying the flow
of heat transfer characteristics of Sakiadis flow of magneto-
hydrodynamic Casson fluid with convective conditions and
heat sink. Numerical solutions are carried out by using
Runge-Kutta based Shooting technique. The effects of vari-
ous governing parameters on the flow quantities are demon-
strated graphically. Also computed the friction factor coef-
ficient and local Nusselt numbers for the Sakiadis with New-
tonian and non-Newtonian fluid cases. It is found that the
rate of heat transfer is very high in sakiadis non-Newtonian
fluid case when compared with Sakiadis Newtonian fluid
case.
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1 Introduction

It is well experienced that the most of the fluids are not satisfies
the common assumption of a linear relationship between the rate
of strain and shear stress, therefore these types of fluids called as
non-Newtonian fluids. The fluid which holds the Newton’s law of
viscosity is called Newtonian fluid. The Newton’s law of viscosity is
where the kinematic viscosity of the fluid is and the shear stress is .
All the fluids are not following the stress-strain relation. Those are
not obeys the Newton law of viscosity is known as non-Newtonian
fluids. The kinematic viscosity of the non-Newtonian fluids is a
function of strain rate. These types of fluid flows have presented
exciting the challenges the mathematicians, numerical engineering
simulators and physicists. The non-Newtonian fluids equations are
more difficult than the second order Navier- Stoke’s equations. Such
types of fluids have been modelled by constitutive equations. The
resultant governing non-linear equations are not possible to solve
analytically, due to this reason recently many researchers are try-
ing to solving the non-Newtonian fluid models by using numerical
techniques. It also has various science and engineering, industrial
applications such as thermal insulation of buildings, cooling of elec-
tronic devices, food processing system, enhanced oil recovery sys-
tem, drying of solid systems, geophysical systems and geothermal
energy systems.
The laminar boundary layer flow driven by a continuously moving
solid surface has received considerable attention since the pioneer-
ing investigations by [1, 2]partly because of its practical relevance in
various extrusion processes but also because of its role as a canon-
ical flow problem in the boundary layer theory of Newtonian and
non-Newtonian fluid mechanics.By keeping this into view Further,
[3, 4]analysed a viscoelastic fluid flow through a stretching sheet.
Later on, [5] elucidated non- Newtonian fluid flows with various
effects and flow geometries. Free convective heat transfer of MHD
Cu-kerosene nanofluid over a cone with temperature dependent vis-
cosity studied by [6]. [7] elaborated the boundary layer stagnation
point flow of a Casson fluid and heat transfer over a stretching or
shrinking surface. The radiative Casson fluid over a wedge with
microoragnisms was studied by [8].

Motivated by the above mentioned studies and challenges, but

202

2017



International Journal of Pure and Applied Mathematics

Special Issue

ijpam.eu

no studies have been described yet up to the author’s knowledge on
Sakiadis flow of magnetohydrodynamic Casson fluid with convec-
tive conditions and heat generation/absorption. The transformed
ordinary differential equations are solved numerically. Comparisons
of some exceptional cases are made with the previous results and
found a better agreement.

2 Mathematical analysis

We consider the steady two-dimensional boundary layer flow of
Sakiadis flow filled with Casson fluid properties. The heat sink
also considered into account. The flow is considered in x— direc-
tion and y— axis is normal to it. It is assume that the flow takes
place at y > 0. It is also assumed that the constant temperature
of the sheet is T,,and that of the ambient fluid is T, Under the
boundary layer approximations, the fact is that the flow is of zero
pressure gradients. Based on the assumptions the basic equations
written in the Cartesian coordinates x and y as follows:

ou Ov

%—f—a—yzo (1)
ou  Ou 1\ *u oB} v
e gt =0 (14 3) 55 = T Lut gir(T 1), (2

aor n oT 0T

U— +Vv— = a—
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We assume that these equations are subject to the boundary
conditions,

— Qo(T' - Tos), (3)

Sakiadisproblem v=0u=0 k%—z = —h(Tw = To) aty =0,
u=0,T="T,as,y — oo,

(1)
Where u and v the velocity components along the x and y-directions,
[is the Casson fluid parameter,o is the electric conductivity,kyis the
permeability parameter,gis the acceleration due to gravity, [ris the
thermal expansion coefficient,ais thermal diffusivity and () is the
heat generation coefficient. U is the constant velocity of the free

stream (inviscid flow) or that of a moving flat sheet.
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We look for a similarity solution of Eqgs. (1)-(3) with the boundary
conditions (4), (5) and (6) of the following form:

v = (Uva) 2 (), 0(¢) = (T = Tw) /(T — T, < = (U/VCC)I/QQ(/,)
5

wherev is the kinematic viscosity of the fluid fraction and )is
the stream function that is defined in the usual way as u = % and
v = —g—f. On substituting Eqgs. (6) into (2) and (3), we obtain the

following uncoupled ordinary differential equations:
1 " 1 1" !/
(1+B)f +§ff—(M+6)f+/\9:0, (6)
Lo lig _go=o (7)
Pr 2 ’

Subject to the boundary conditions

f(0) =0, f'(0) = 1,6'(0) = =Bi(1 - 6(0)), f(00) =0, #(c0) =0,
(8)
Where a prime denotes the differentiation with respect to ¢ the
similarity variable and Pr = v/ais the Prandtl number, @ = Qo/c
is heat generation parameter, M = oBZ/p is the magnetic field
parameter,0 = v/koUis porosity parameter and A\ = ¢fr(T, —
T, )/U?xis the buoyancy parameter. The physical quantities of
engineering interest are Skin-friction coefficient (Cy) and Nusselt
number (Nu,), which are given by

Tw o Ny= o P (9)

Of = %
/ psU?’ ki(Ty —Tx)’

wherer, is the skin friction or the shear stress and ¢, is the heat
flux from the plate which are given by

ou oT
Tw = M (a_y)yoa GQuw = —k (a_y)yoa (]—O)

Substituting Eq. (6) into (13) , we obtain

Rel/2C'f = <1 + %) £"(0), Re;V2Nu = —6/(0), (11)
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where Re, = Y2 is the local Renolds number.

_Z

3 Result and discussion

The non-dimensional governing equations (7) and (8) subjected
to boundary conditions (9) and (10) are solved numerically using
shooting technique. The numerical solutions are found for various
values of non-dimensional governing parameters on the flow and
heat transfer characteristics of Blasius and Sakiadis Casson fluid
with heat generation. For numerical calculations we considered the
non-dimensional values as 6 = 0.5, = 0.2, Pr =0.7,A =3, M =
0.5, Bi = 0.2. These values are preserved as common in the entire
examination except the different values are displayed in specific fig-
ures. In this analysis, solid lines indicate the Newtonian Sakiadis
flow and dashed lines indicates the non-Newtonian Sakiadis flow.

Figs. 1 and 2 displayed to show that the influence of porosity pa-
rameter on velocity and temperature fields. It is evident that the
velocity field decreases rapidly near the boundary with increase in
porosity parameter and reverse trend can be observed in temper-
ature fields as shown in Fig 2. Fig. 3 depicts that influence of
Biot number on the velocity field. It is observed that the veloc-
ity field increases rapidly near the boundary with increase in Biot
number . In Fig. 4, we present the behavior of Biot number Bi
on the thermal boundary layer Biot number is defined as the ratio
of convection heat transfer to conduction heat transfer. Biot num-
ber larger temperature at the plate which creates thicker thermal
boundary layer. The non-dimensional velocity and temperature for
different values of magnetic field for Newtonian and non-Newtonian
fluids are shown in Figs. 5 and 6.1t is observed that the velocity
declines with rise in magnetic field, but reverse trend has been ob-
served with increase in the magnetic field for temperature fields,
the magnetic field opposes the rate of transportation. Generally,
an increase in the magnetic field results a strong reduction in the
dimension less velocity. This due to the fact that the temperature
field introduces a retardant force is called Lorentz’s force. This
happens because of the interaction of the magnetic field and elec-
tric fields to the transport phenomena. As the Lorentz’s force is a
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resistive force which opposes the fluid motion, so heat is produced
and result the thermal boundary layer thickness hence thicker than
magnetic field Figs. 7 and 8 illustrates that the effect of thermal
buoyancy parameter on dimensionless velocity and temperature .
It is noticed that the temperature reduces as increasing in .It is
very well agreed with the fact that buoyancy force increases the
fluid velocity which in turn causes the temperature of the fluid to
decrease. The heat source parameter on velocity and temperature
profiles from Figs. 9 and 10, we can observed that as increase in
heat source parameter decrease in velocity and temperature fields.
From Figs. 11 and 12 we observed that the variation of rate of heat
transfer in terms of local Nusselt number decelerates with increas-
ing the values of governing parameters heat source parameter and
Biot number over a magnetic field parameter for both Sakiadis flow
with Newtonian and non-Newtonian fluid.
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Figure 1: The effect Figure 2: The effect of
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Figure 3: The effect of Figure 4: The effect of
Bi on velocity profiles Bi on 6

Conclusion: The conclusion of this study are as follows. 1.The

rising values of Biot number improve the temperature as well as ve-
locity profiles. 2. The non-Newtoanin fluid has higher heat transfer
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Figure 5: The effect of Figure 6: The effect of
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Figure 7: The effect of Figure 8: The of A on
A on velocity profiles temperature profiles

rate as compared with Newtonian fluid case. 3.The f’(() profiles
higher in Newtonain fluid case as compared with non-Newtonian
fluid case.

References

[1] Sakiadis, Boundary-layer behavior on continuous solid sur-
faces: I. Boundary-layer equations for two-dimensional and
axisymmetric flow AIChE Journal, 7 (1961),26-28.

[2] Sakiadis, Boundary-layer behavior on continuous solid sur-
faces: II. The boundary layer on a continuous flat surface,
AIChE Journal 7(1961),221-225.

[3] K.R.Rajagopal, A. S. Guptha,An exact solution for the flow of
a non-Newtonian fluid past an infinite porous plate, Mecanica
19(1984),158-160.

[4] K. R. Rajagopal, T. N. Na, A. S. Guptha,Flow of a viscoelastic
fluid over a stretching sheet, Rheol Acta, 23 (1984),213-215.

ijpam.eu 207 2017



International Journal of Pure and Applied Mathematics

Special Issue

ijpam.eu

[5]

Solid: Newtonian fluid
Dashed : non-Newtonian fl

Figure 9: The effect of
(@ on velocity profiles

nnnnnnnnnnnnnnnnnnnnnnnnnn

Figure 11: The effect
of Q and M on Local
Nusselt number

Figure 10: The ef-
fect of() on tempera-
ture profiles

aaaaaaaaaaaaaaaaaa
nnnnnnnnnnnnnnnnnnnnnn

Figure 12: The of Bi
and M on Local Nus-
selt number

Hiral Parmar and M. G. Timol,Deductive group technique for
MHD coupled heat and mass transfer natural convective flow
of non- Newtonian power law fluid over a vertical cone through
porous medium, International Journal of Applied Mathematics
and Mechanics, 7(2011),35-50.

C.S.K. Raju, N. Sandeep, A. Malvandi,Free convec-
tive heat transfer of MHD Cu-kerosene nanofluid

over a cone with temperature dependent viscosity,Acta
Astronautica,129(2016),419-428.

K. Bhattacharyya,Boundary layer stagnation point flow of
Casson fluid and heat transfer towards a shrinking/stretching
sheet, Frontiers in Heat and Mass Transfer,04(2013)1-9.

C. S. K. Raju, M. M. Hoque, T. Sivasankar,Radiative flow of
Casson fluid over a moving wedge filled with gyrotactic mi-
croorganisms, Advanced Powede Tech.,4 (2013),485-491.

208

2017



209



