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ABSTRACT

We examined a Newtonian flow which gave insight into the theory of magneto-hydrodynamic
(MHD). The flow problem considered shown that viscosity behave in three dimension
depending on how the suction parameter depends on it.
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INTRODUCTION

Magneto-hydrodynamic is of great important to man since it pervades nearly every scientific
and engineering discipline. Most of the processes occurring in nature starting from minute
movement on earth to the formation of galaxies are involved, understanding the dynamic of
the fluid motion provide changes to utilize and control the fluid motion in various natural and
scientific systems for the benefit of the society. Shear stresses are developed between layers
of fluid moving with different velocities as a result of viscosity and the interchange of
momentum due to turbulence causing particle of fluid to move from one layer to another, but
outside boundary layer in a real fluid can be treated as it were an ideal fluid, which is
assumed to have no viscosity and in which there are no shear stresses. Meanwhile, if the
fluid velocity is high and its velocity low, the boundary layer is comparatively thin, and the
assumption that a fluid can be treated as an ideal fluid greatly simplifies the analysis of the
flow and still leads to useful results [3]. Meanwhile, the theory of Newton law of viscosity has
been in existence for decades. Many scientists have built on the work of Newton. Amongst
are Attia [2] which studied the effect of variable viscosity on the transient couette flow of
dusty fluid with heat transfer between parallel plates. The fluid is acted upon by a constant
pressure gradient and an external uniform magnetic field is applied perpendicular to the
plates. The parallel plates are assumed to be porous and subjected to a uniform suction from
above and injection from below. Also, Muharram and Ahmed [5] investigated the pressure
gradient flow rate relationship for steady-state non-isothermal pressure driven flow of a non-
Newtonian fluid in a channel including the effect of viscous heating. In the work of Maryem
and Adnane [4], they studied a similarity solution of MHD boundary layer flow over a
moving vertical cylinder; where the steady flow of an incompressible electrically conducting
fluid over a semi-infinite moving vertical cylinder in presence of a uniform magnetic field.

Mathematical Formulation

For the purpose of this work, following Maryem and Adnane [4] we consider the following
governing continuity and momentum equation of the form
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with initial and boundary conditions
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where u, s the external velocity, u is the velocity component in x-direction, v is the velocity

component in r-direction, v is the kinematic viscosity, p is the fluid density, ois the electric
conductivity of the fluid, r is the radial coordinate, R is the radius of the cylinder and v, is

the suction/infection parameter
We introduce stream function of the form
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into (2.1) to become
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we seek similarity solutions of the form

w(rx) = ,/V“;R xf (t) (2.6)

where f is dimensionless stream function and
2 _p2
t = uR(r“—R 2.7)
20 R
but
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using (2.6), (2.7) and (2.8), then (2.4) and (2.5) becomes

Kt +2R) f"+kf"+ ff"—f>—m(f'-1) +1=0 (2.9)
satisfying the boundary condition
f(0)=a, f'(0)=b, f"(0)=c (2.10)

with
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Method of Solution
System of equation (2.9), (2.10) and (2.11) are transformed into an initial value problem by
shooting technique as follows:

Let
X t
X f
e (3.1)
Xq f
X, fr
Differentiating (3.1) to obtain
N (1
x1
X
x: :
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Satisfying the initial condition
x0)) (0
X, (0 a
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where c is the guess value for shooting method

Numerical Solution
A computer program written a Pascal was used to solve the problem (3.2) together with
condition (3.3).
The numerical result is presented for
(i) Various values of K, when M=R=1 and v, =0
(i)  Various values of K, when M=R=1 and v, <0

(iii)  Various values of K, when M=R=1 and v, >0

where
K is the viscosity, M is the magnetic parameter, R is the radius of the cylinder and v,

is the suction parameter
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Figure 1: Velocity profile: When v ,=0, M=1, R=1 and at various values of K for equation 2..9
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Figure 2: Velocity profile: When  v,,<0, M=1, R=1 and at various values of K for equation 2.9
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Figure 3: Velocity profile: When v >0, M=1, R=1 and at various values of K for equation 2..9
RESULTS AND CONCLUSION

We are able to conclude from the figures above that at fixed value of both magnetic
parameter (M) and radius of cylinder (R), when suction parameter v, is less than zero

(figure 2), velocity increases with increase in viscosity (K). But, when suction parameter v,
>0 (figure 1 and figure 3) as viscosity (K) increases, velocity decreases.



Journal of Engineering and Applied Science Volume 4, September 2012

Acknowledgement: The Authors acknowledged the role of their academic father,
Professor Reuben Olafenwa Ayeni.

REFERENCES

Ajala O.A. (2010): Some Effects of variable viscosity on Magneto-hydrodynamic (MHD) flow
of Newtonian and non-Newtonian Fluids between two parallel plates. Unpublished
PhD Thesis, LAUTECH, Ogbomoso, Nigeria.

Attia Hazem (2006): Influence of Temperature-Dependent Viscosity on the MHD coquette
flow of dusty fluid with heat transfer. Differential Equations and Non linear
mechanics, volume 2006, Article ID 75290:1-14.

Douglas, J. F, Gasiorek, J. M, Swffield, J. A. and Jack, L. B (2005): Fluid mechanics, fifth
edition.

Maryem Amkadni and Adnane Azzouzi (2006): On a similarity solution of MHD boundary layer
flow over a moving vertical cylinder. Differential equations and Non linear
mechanics, volume 2006, Article ID 52765: 1-9.

Muharrem Imal and Ahmet Pinarbasi (2002): Non-Isothermal channel flow of a non-
Newtonian fluid with viscous heating. International Communication Heat Mass
Transfer; Volume 29, Number 8, page 1853-1861.



