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Abstract

The hydromagnetic steady flow of a viscous incompressible conduct-
ing fluid in a circular vertical pipe with slip at the permeable boundaries
is investigated. Analytical solutions are constructed for the governing
boundary-value problem using differential geometry techniques and the
important properties of the overall flow structure are discussed.
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1 Introduction

The study of flow of an electrically conducting fluid through a circular ver-

tical pipe with permeable walls not only possesses a theoretical appeal but also

model many biological and engineering problems such as magnetohydrodynam-

ics (MHD) generators, plasma studies, blood flow problems, plasma studies,

nuclear reactors, geothermal energy extraction, etc. A survey of MHD studies

in the technological fields can be found in Moreau [1]. Furthermore, an ex-

tensive theoretical work has been carried out on the hydromagnetic fluid flow

in a channel under various situation [2-4]. The flow of a conducting fluid in a
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circular pipe has been investigated by many authors (Gadiraju et al. (1992),

Pube et al (1975), Ritler et al (1977) and Chamkha (1994)).

Gadiraju et al (1992) investigated steady flow phase vertical flow in a pipe.

Dube et al (1975) and Ritler et al (1977) reported solution for unsteady dusty

gas flow in a circular pipe in the absence of magnetic field. Chamkha (1994)

obtained extract solutions which generalise the results reported by Dube et al

(1975) and Ritler et al (1977) by inclusion of the magnetic and viscous effects.

Meanwhile, Beavers and Joseph [9] in their experimental work on boundary

conditions at a naturally permeable wall confirmed the existence of slip at the

interface separate the flow in the channel and the permeable boundaries. The

importance of slip velocity on ultra filtration performance has been illustrated

by Singh and Lawrence [10]. Pal et al [11] investigated the effect on slip on lon-

gitudinal dispersion of tracer particles in a channel bounded by porous media.

The problem of laminar flow in channels of slowly varying width permeable

boundaries was investigated in Makinde [12].

The main objective of the present paper is to study the combined effect

of magnetic field and permeable walls slip velocity on the steady flow of a

electrially conducting fluid in a circular vertical pipe of uniform width. The

governing Navier-Stokes equations is reduced to a differential equations and

analytical techniques are utilized for its solution. In the following sections, the

problem is formulated, analysed and discussed.

2 Mathematical formulation

Consider the steady flow of a viscous incompressible electrically conducting

fluid through a circular vertical pipe of radius ‘r’ driven by a constant pres-

sure gradient. A uniform magnetic field is applied perpendicular to the flow

direction. Then these assumptions the governing momentum equation can be

written as

O = −∂p∗

∂z∗
− ρg∗ +

1

r

[
∂

∂z∗

(
μr

∂u∗

∂r

)]
− σB2

0u
∗ − μ

k∗u
∗ (1)

where p the fluid pressure, ρ the fluid density, σ the fluid conductivity, B0 the

magnetic field acceleration due to gravity g∗, viscosity μ and slip parameter

β∗ are all constant.

We assume that the velocity u∗ in the axial direction is a function of r only.

To solve the equation (1), we use the following boundary conditions.

The symmetric condition

∂u∗

∂r
= 0 at r = 0 (2)
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The slip condition

−β∗∂u∗

∂r
= u∗ at r = R0 (3)

We make the above equations dimensionless using the following quantities

p = P ∗
ρV 2

0
; u = u∗

V0
; z = z∗

R0

g = g∗
V 2
0

R0

; η = r
R0

; β = β∗
R0

k = k∗
ρR2

0
; Re = ρV0R0

μ

In this model −∂p
∂z

is constant.

∂2u

∂η2
+

1

η

∂u

∂η
− (M +

1

k
)u = A. (4)

where M =
σB2

0R2
0

μ
and A = Re.

[
∂p
∂z

+ g
]

The boundary conditions are

∂u

∂η
= 0 at η = 0 (5)

−β
∂u

∂η
= u at η = 1 (6)

Solving equation (4) with boundary conditions (5) and (6) using Hankel

transform,we obtain

u = 2A
∞∑
i=1

J0(ξiη)

ξi(ξ
2
i + M + 1

k
).J1(ξi)

(7)

The skin friction

τ = −μ
du∗

dy
|r=R0

= −μρV 2
0

du∗

dη
|η=1

= 2AμρV 2
0
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i=1

1

ξ2
i + M + 1

k

(8)

The mass flow rate

Q = 2πV0R
2
0

1∫
0

u.η.dη

= 4πV0R
2
0A

∞∑
i=1

1

ξ2
i (ξ

2
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k
)

(9)
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3 Results and Discussion

Since the fluid is viscous and incompressible, the above mathematical anal-

ysis are suitable for liquid. Figures 1,2 and 3 show the fluid velocity profiles.

A parabolic axial velocity profile is observed with maximum value at the chan-

nel centre line and minimum value at the walls. However a general decrease

in the magnitude of the axial velocity profiles are notice with an increase in

both wall slip (k) and Reynolds number (Re) and increases the magnetic field

intesity (M) decreases the fluid velocity. The wall skin friction with respect

to Reynolds number are shown in Figs. 4 and 5. A general decrease in wall

friction is observed with an increase in wall slip and a decrease in magnetic

field intensity.

The volumetric flow rate Q for various values at the parameters M and k

are shown in figures 5 and 6. It is clear that increasing M in increases Q for

all values of k.

u

Fig. 1 : Velocity Profile for different M
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u

Fig. 2 : Velocity Profile for different k

u

Fig 3 : Velocity Profile for different Re
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Fig 4. Skin friction for different M (μ = 5; k = 0.2)

Fig 5. Skin friction for different k (μ = 5; M = 1)

Fig 6. Mass flow rate for different M (k = 0.2)
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Fig 7. Mass flow rate for different k (M = 1)
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