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ABSTRACT 

 

       The study of fluid flow problems through porous channel is very important 

in all the fields of engineering, astrophysics, bio-medicines, meteorology, oceanography 

and other related disciplines. When such flows occur in the presence of magnetic 

field, various parameters present in the motion become more effective and shows 

significant behavior in the velocity. In this paper an attempt has been made to find the 

effect of inclined magnetic field on the flow pattern of the fluid. After forming the 

governing differential equations, their solutions have been derived by assuming 

suitable boundary conditions, after this a graphical study has been done to examine 

the effects of various parameters. It has been found that the magnetic field is very 

effective in controlling the velocity in presence of other parameters and this can be 

utilized in industries. 
 

Keywords Inclined Magnetic Field, bio-medicines, meteorology, oceanography, 

astrophysics 

 

I.  INTRODUCTION  

 

The discussion about MHD flow with porous medium in almost all the fields of study 

have been done in last some years. MHD flows and heat transfers having porous medium have 

been studied because it have so many applications and uses in industries. After viewing so 

many previous researches we take paper of15 M.C.Raju ‘MHD forced convective viscous flow 

through porous medium in a horizontal channel with insulated and impermeable bottom wall 

in the presence of viscous dissipation and Joule effect’ and extended the work of him with 

taking inclined magnetic field. This work has so many industrial importance. In this paper we 
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study the effects of taken parameters on velocity profiles and the results are discussed with the 

help of graphical study. There is I am added a parameter sin2b with magnetic field parameter 

(Bo) and see the results of this angle of inclination on velocity profile and concentration profile 

with graphs. This study has been used in metallurgy, casting, filtration of liquid metals, cooling 

of nuclear reactors and fusion controls.14 Mounuddin, Pattabhiramacharyulu discussed about 

Steady flow of a viscous fluid through a saturated porous medium of finite thickness, 

impermeable and thermally insulated bottom and the other side is stress free at a constant 

temperature.16 Ravikumar, Raju and Raju did work on MHD three dimensional coquette flows 

past a porous plate with heat transfer.   

 

II. FORMULATION OF THE PROBLEM 

 

We have considered here steady visco-elastic, MHD, electrically conducting fluid 

flowing through horizontal channel filled with porous medium and inclined magnetic field is 

taken here. H is the width of the channel and x-axis assumed as in the direction of flow and y-

axis taken as perpendicular to it. The boundary conditions at bottom Y=0 and at surface Y=H. 

An inclined magnetic field of uniform strength Bosin2b is applied, where b is angle of 

inclination. Pressure gradient taken as along to the x-axis which is decreases with increase of 

x. Let velocity of fluid is assumed as U in x-direction T is dimensional Temperature. With 

above assumptions governing equations are – 

For Velocity- 

−
∂P

∂X
+ μ

∂2U

∂Y2 − μ
U

K∗ − σeBo
2sin2αU = 0                                                           (3.1) 

For Temperature 

ρc
∂T

∂X
= κ

∂2T

∂Y2 + μ(
∂U

∂Y
)2 + σeBo

2sin2αU2                                                                    (3.2) 

The corresponding boundary conditions are – 

Y = 0 , U = 0 ,
∂T

∂Y
= 0   

Y = H , U = T1 , μ
∂U

∂Y
= 0                                                                            (3.3) 

Where  

P    :  Pressure of fluid. 

μ    :  Kinematics viscosity of fluid.  

X And   

Y   :  Cartesian Coordinates. 

σ    :  Electrical Conductivity. 

K∗  :  Dimensional porosity. 

Bo  :  Applied magnetic field. 

ρ    :  Density of fluid. 

T    : Dimensional temperature. 

H    : Width of the channel. 

κ    : Thermal conductivity. 
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b   : Angle of inclination. 

Now introducing the non-dimensional parameters – 

U =
μu

ρa2 . 

P =
μ2p

ρa2 . 

 X = ax  . 
Y = ay . 

H = ah . 

M =
σBo

2a2sin2b(d2)

μ
 . 

α1
2 = α2 + M . 

Pr =
μc

κ
  . 

T = To + (T1 − To)θ . 

K∗ =
a2

α2 . 

Br =
μ3

a2ρ2κ(T1−To)
 . 

− 
∂P

∂X
=

μ2c1

ρa3  . 

(c1 = −
∂p

∂x
) . 

− 
∂T

∂X
=

(T1−To)c2

a
 . 

(c2 = −
∂θ

∂x
) . 

M                : Hartman Number. 

Pr                : Prandtl Number. 

Br                : Brinkman Number. 

T1  and To :  Temperature at bottom and upper surface respectively.  

α                 : Permeability Parameter. 

c1                : Pressure Gradient. 

K                 : Porocity Parameter. 

 

SOLUTION OF THE PROBLEM 
 

Using equation (3.3) we convert our equations (3.1), (3.2) in non dimensional form- 

u′′ − u(α2 + M) = −c1a                                                                                       (3.4) 

θ′′ = Prac2 − Br (
∂u

∂y
)

2
− BrMu2                                                                            (3.5) 

With boundary conditions- 

y = 0 , u = 0 ,
∂θ

∂y
= 0   

y = h, θ = 1,
∂u

∂y
= 0                                                                          (3.6) 
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Using above boundary conditions (3.6) we solve equation (3.4) and (3.5) we get –  

u(y)=
c1a

α1
2 [1 −

coshα1(h−y)

coshα1h
]                                                                                  (3.7) 

θ(y) = 1 +
Prc1c2

α1
2 {

(y2−h2)

2
+

(h−y)tanhα1h

α1
+

1

α1
2cosα1h

× (1 − coshα1(h − y))} +

Brc1
2

2α1
2 {

(y2−h2)

2cosh2α1h
+

(h−y)tanhα1h

α1
+

(1−cosh2α1(h−y))

4α1
2cosh2α1h

} −
BrMc1

2

α1
4 {

(y2−h2)

2
+

(y2−h2)

4cosh2α1h
+

3(h−y)tanhα1h

2α1
+

2(1−coshα1(h−y))

α1
2coshα1h

−
(1−cosh2α1(h−y))

8α1
2cosh2α1h

}                 (3.8)             

 

Velocity profile for different angle of inclination 

 

(a=2, α=2, c1 =0.5, c=0.5, h=1, Bo=0.25, y=0.1, μ=0.05, ρ=0.1, σ=0.1) 
 

Sr. 

No. 

 

Magnetic 

field (Bo) 

Velocity of fluid (u) 

Angle 

(b=10) 

     Angle 

(b=20) 

      Angle 

(b=30) 

    Angle 

(b=40) 

   Angle 

(b=50) 

1 0.500 0.0209 0.0196 0.0193 0.0203 0.0216 

2 1.222 0.0178 0.0138 0.0131 0.0156 0.0206 

3 1.944 0.0143 0.0095 0.0089 0.0114 0.0192 

4 2.667 0.0114 0.0069 0.0064 0.0086 0.0175 

5 3.388 0.0092 0.0053 0.0048 0.0067 0.0158 

6 4.111 0.0076 0.0042 0.0038 0.0053 0.0141 

7 4.833 0.0064 0.0034 0.0030 0.0044 0.0126 

8 5.555 0.0054 0.0028 0.0025 0.0037 0.0113 

9 6.277 0.0047 0.0023 0.0021 0.0031 0.0102 

10 7.000 0.0041 0.0020 0.0018 0.0027 0.0092 
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RESULT AND DISCUSSION 

 

The above graph shows velocity profile of fluid with respect to inclined magnetic field 

as the magnetic field increases all the lines starts from a value of velocity nearly equal to 0.2 

and decreases very sharply as the magnetic field increases for all its inclinations. The curves 

show a decreasing trend which is also supported by its derived relation. The increasing angle 

of magnetic field decreases the slope of the curve. This means that inclined magnetic field 

offers less force on the fluid particles. Therefore such pattern is observed. Hence this result 

can be applied in controlling the velocity of fluid in industries. 
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