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ABSTRACT

The problem on influence of slip velocity on convective boundary layer flow of Jeffery fluid with convective
boundary conditions together with the effects of magnetohydrodynamic is investigated. The governing equations
correspond to the discussed problem are first transformed into ordinary differential equations using similarity
transformations before the computation process is done by Keller box method. It is found that, the magnetic parameter
enhanced the fluid temperature and lowers the velocity of the fluid flow while the growth of the values of Prandtl and
Deborah number weaken the distribution of the fluid temperature.
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INTRODUCTION

Extensive studied on the topic of heat transfer in
viscous (Newtonian) fluids has been done by many
researchers in the past few decades. However, the
investigation regarding the problem on non-Newtonian
fluids has gained momentum as well. Non-Newtonian
fluids are normally defined as fluids that have retention of
a fading “memory” of their flow history. Non-Newtonian
fluids typically represent liquids which are formed either
partly or wholly of macromolecules (polymers), or two
phase materials. For a variety of reasons, non-Newtonian
fluids are classified on the basis of their shear properties.
There are many types of non-Newtonian fluids exist in this
world [3, 4, 6, 1]. One of them is Jeffrey fluid which is
considered as the simplest model of viscoelastic fluid yet
interesting to research on [10, 5]. During the last few
years, the problem regarding Jeffrey fluids has gained
considerable importance because of its applications in
various branches of science, engineering, and technology,
particularly in material processing, chemical and nuclear
industries, geophysics, and bio-engineering. The study of
the flow of this fluid type is also significant in oil reservoir
engineering.

Following Merkin [7] there are four common
heating processes specifying the wall-to-ambient
temperature  distribution known as constant wall
temperature (CWT), constant surface heat flux (CHF),
Newtonian heating (NH) and convective boundary
condition. NH is the transfer of heat from bounding
surface with a finite heat capacity which is proportional to
the local surface temperature and normally termed as
conjugate convective flow while CBC is the supplies of
heat through a bounding surface of finite thickness and
finite heat capacity. All mentioned heating processes are
very important and significant in the fluid flow problems
and has been taking into account by many researchers in
their investigation [9, 2, 6].

Therefore, this paper presenting the outcomes of
the numerical solution of Jeffrey fluid model moving
toward the stretching sheet under convective boundary
condition with the influences of slip velocity and
additional effects of magnetohydrodynamic (MHD). The
reduced ordinary differential equation of the proposed
model has been solved using Keller box method. It is
worth to mention here, the numerical code for solving the
respected problem has been try for the problem projected
by Turkyilmazoglu and Pop [11] and the results shown a
strong agreement. We are believed, the extended outcomes
produced from this present model are accurate and precise.

PROBLEM FORMULATION

The problem on the steady of two-dimensional
convective boundary layer flow of Jeffry fluid under
convective boundary conditions with slip velocity has
been considered. Besides that, the effects of
magnetohydrodynamic has been includes into the
formulation and the behaviors of the fluid flow
characteristics has been investigated.

Under the boundary layer approximation, the
governing equations of the discussed problem are
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where v is a kinematic viscosity, U and Vv are
the velocity components, o is the electrical conductivity
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of the fluid, 4 and A, are the ratio of relaxation to
retardation times and the retardation time respectively, B
is constant magnetic field, p is the density, T is
temperature and « is thermal conductivity. The velocity

outside the boundary layer is notated as U, .

The corresponding boundary conditions

u=uw(x):cx+gau ,v=0,
oy
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Uu—-u,(x)=ax,u, -0, T—>T, asy—on,

has been applied together with governing
equations (1) - (3) where a is a positive external velocity,
C is positive stretching or shrinking velocity, T, is a
constant wall temperature, and T, is free stream

temperature.
The similarity transformations (5) are introduced
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and it shows that the equation (1) is identically
satisfied and the equations (2) and (3) are reduced to the
following equations,
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magnetic parameter, J =
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is stretching strength
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the prandtl number.

The boundary conditions (4) are changed to
f'(0)=1+kf"(0), f(0)=0,

0'(0)=—y(1-6(0)) at y=0, ®)

f'(0) >0, f"(0) >0, §(0) >0 as y >0 .
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where k=g

is velocity slip parameter,

hy is thermal slip parameter.
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RESULTS AND DISCUSSION

The ordinary differential Equations. (6) and (7)
with correspond to the boundary condition (8) are solved
using numerical scheme called Keller box method. The
discussion of the results begins with the comparison
results with the previous published outputs to ensure the
correctness of the numerical codes applied to compute
numerical results for the problem discussed in this articles.
The results of the heat transfer coefficient as shown in
Table-1 are consistent with the reference results.

Effects of magnetic parameter, M on velocity and
temperature profiles have been presented in Figure-1 and
Figure-2 respectively and its shows that, an increase in M
lead to decrease the velocity and enhanced the temperature
distribution of fluid. We can say that, the magnetic effects
give significant impact to the transport of fluid. Besides,
the presence of the magnetic field will boost the Lorentz
force and automatically give more resistance to transport
fluids.

Table-1. Comparison on the rate of heat transfer

coefficient.
Fr 0.5 1.0 2.0

6=045 | 04%0388* 0.715436* 1.032175*
0.490387%*F | 0.715435%* | 1.039158%*

5=1 0.564194* 0.797857* 1.128415%*
0.564189%F | 0.797384%* | 1.128375%*

5=2 0.708750* 0.5974867* 1.335203*
07045074 | 0.969264%* | 1.332401%*

0=5 1.025110% 1.379050* 1.847427*
1.025068%* | 1.373941%* 1.847152%*

*Present results

*#* Turkyilmazoglu and Pop [11]
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Figure-1. Velocity profile at different values of magnetic

parameter, M at K=0.5, #=0.5,Pr=1,and 5 =1.
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Figure-2. Temperature profile at different values of
magnetic parameter, M at K =0.5, #=0.5, Pr=1, and

o=1.

Figure-3 and Figure-4 shows the significances of
the various values of Deborah number on the velocity and
temperature profiles respectively. The larger of S ,

enhance the fluid velocity and retard the fluid temperature.
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Figure-3. Velocity profile at different values of S, atK =
0.5,M=0.5,Pr=1,and 6 =1.
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Figure-4. Temperature profile at different values of
magnetic parameter, M at K = 0.5, #=0.5, Pr=1, and

o=1.

Figure-5, display the results on the influences of
Prandtl number, Pr towards the temperature distribution of
the fluid. As the Pr increase, the temperature profile is
decline. Physically, the increment in the value of Pr,
growth the fluid viscosity and controlled the temperature
of fluid.

0.9

0.5+ k

0.7k B
Fr=0.15077

oG

0.5

80

0.4

0G5

0.z

oA

Figure-5. Temperature profile at different values of
Prandtl number at values K =0.5, #=0.5, M=1, and

o=l.

CONCLUDING REMARK
In this article, the problem on influence of slip
velocity on Jeffry fluid towards a stretching sheet with the
effect of magnetohydrodynamic (MHD) embedded with
convective boundary conditions is discussed. The main
observations are summarized in the following point.
= The distribution of velocity is decreased while the
temperature is increased in the increment of the value
of magnetic parameter, M but the opposite
consequences is observed in the increment of the
values of Deborah number
= The larger value of Prandtl number will retard the
temperature distribution of the fluid.
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