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ABSTRACT

In this paper, an attempt has been made to study of variably inclined MHD flows through Porous
media in magnetic graph plane. The study of MHD flow of a steady homogeneous, incompressible,
viscous fluid with finite electrical conductivity through porous media. In the last the expression for
vorticity function has been obtained.
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1. INTRODUCTION

Waterhouse and Kingston [5] studied steady, plane, inviscid and incompressible
MHD flows, in which the velocity field and the magnetic field are constantly inclined to
one another. Transformation techniques are employed for solving non-linear partial
differential equations and hodograph transformation method is one of the strongest
analytical method which has been widely used in continuum mechanics.

In this paper, we consider the steady plane variably inclined MHD flows of a
viscous incompressible fluid with finite electrical conductivity through porous media. A
Legendre transform function of magnetic flux-function is used to recast the equations in
the magnetograph plane in terms of this transformed function.

2. FORMULATION OF THE PROBLEMS

Here, we shall consider the following notations
p= fluid pressure

© = fluid density
n = coefficient of Viscosity
M= magnetic permeability

= Permeability of the medium
v, = magnetic viscosity

J= curlH =cCurrent density vector
H = magnetic field vector
= velocity vector.

Magneto hydrodynamic flow of a steady homogeneous, incompressible, viscous fluid

with finite electrical conductivity through porous media is given by [2]. Then the
equations are given as follows:

(2.1) VvV =0
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(2.2) V.H=0
(2.3) Vx(VxH)=V(v, curl H)
(2.4) p| (V.grad)V |=—grad p+ V4 + uJ x H —%\7

Assuming that flow to be the two dimensional so that V and H lie in a plane
defined by the rectangular coordinates (X, y) and all the flow variable's are functions of, x
and y. In this regard, the above system of equations is replaced by the following
equations:

25) NLN_g
ox oy
i 2 2
(26) p ua_u+va_u +@:77 6_l:+a_lj — uH, oH, oH,)\ 7n
X oy | ox \oxt oy ox  dy ) K
i 2 2
@7n p UQ+V@ +@:77 8_\2/+6_\2/ — uH, oH, oH, _y,
| Oox oy oy x> oy x oy ) K
@8) UHZ—VlevH(aH2_§thj+C
oxX <oy
(2.9) %4_%:0
oX oy

where u, v are the components of the velocity field V and H,, H, the components of

the magnetic field vector H.
The vorticity and current density function is defined as

(2.10) a):@—é—u
OX oy

(2.11) Q= oH, _oH,
oXx oy

(2.12) h=p+%p¢

where q2 =u’+V°
The above equations is replaced by following systems

(2.13) NNy

ox oy

ow n oh
2.14 ——poN+ uQH, + ~u=——
(2.14) Uay PON + HEL, K o

ow n  oh
2.15 —— — pou+ uQH, —Lv="—
(2.15) 778)( P Y x

www.ijert.org 1315



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 4, April - 2013

H H
(2.16) uH, —vH, =v, oH, M, +C
ox oy
(2.17) My M, g
ox oy
(2.18) @—8—u:a)
oX oy
(2.19) oH, —%:Q
ox oy

3. SOLUTION OF THE PROBLEMS
Consider variably inclined plane flow and let & = (X, y) be the variable angle in

the (X, y) flow region, the equation (2.16) reduces in the form—

: H, oH
(3.1) uH, —vH, =gqHsina=C +v, oH, _oH,
oxX oy
H, oH
(3.2) uH,+vH, =qHcosa =|.C +v,, oH, _oH, cota
oxX oy

where HZ:Hf+H§:>H =,/Hf+H§

Multiply equation (3.1) by H, and equation (3.2) by Hy, then

oH, oJH
(3.3 UH?2 +VvH,H, = C+VH( 2——1j H,
i ox oy
| oH, oH
(3.4) UH? +vH,H, =| C +v, ( 2 ——1F cotaH,
] ox oy )|
Adding equation (3.3) and equation (3.4), then we get
oH, oH H, + H, cot
(3.5) U=|:C+VH( - - 1jj|( : 2 : 205)
ox oy H;+H;
Multiply equation (3.1) by H,, then we obtain
oH, oJH
(3.6) uH,H, —VvH2=|C+v, | =—2——2L | |H,
ox oy
Multiply equation (3.2) by H, , then we obtain
oH, oJH
(3.7) UH,H, +vH,? =| C+v,| —2——2 | |H, cota
ox oy
Subtracting equation (3.7) from equation (3.6), we obtain
oH, oH H,cota —H
0 v, (TPt
ox oy (Hf+H2)
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Differentiating equation (3.8) with respect to ‘x’, we get

N_ 9l (C+v,0)
ox OX
Using equation (2.11) into equation (3.8), we get

ov o {(Hzcota—Hl)_ (H,cota—H,) &

(H,cota—H,) | oy
HZ+H2 | ox

&:(C'FVHQ)& Hf-i—Hg + Hf+H§ &(C'FVHQ)

0 0
Q)[(Hf + Hi)aX(Hzcota—Hl)—(Hzcota—Hl)éx(Hf + Hi)}
(HZ+H2Y
(H,cota—H,) aQ
2 42\ /H
(H:+H?) X

=(C+v,

. ov 1 P oH o4
1.e. & = (C +VHQ)|:F{H2&(COta)+COt0[ aXZ _gl}_
H,cotar— H H,cota — H o0
( 2 il l) 2H1£H1+2H22H2j:|+( 2 21)-VH
ov (C+VHQ)_{ o oH GH}
39) —=~—— 21 <H, — + cot 2 1\ _
(3.9) X 2| 28X(00ta) a = o
(HZCOta Hl) 8H1 aHZ (H2C0t0!—Hl) 20
+ .
H4 2H1 aX +2H2 aX H2 VH aX

Differentiating equation (3.5) partially with respect to ‘y’, we get

a_uzg{(C+VHQ)(H2+2chc;ta)}
ox oy (Hi+H3)
- Ll (H,+H,cota) (H, +H,cota) &
ay_(C+VHQ)ay|: (Hf-i—H;) :| (Hi+H§) ay(C+VHQ)
G, G,
(Hf+H§)(H2+chota)—(H2+H1cota)(Hf+H§)}
a—“=(0+ng)[ 2l : 2l
oy (Hi+H3)
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(H,+H,cote) . o0
(Hi+H3) "oy
Le. Zy (C+ VHQ)|:H {a:y +ng(cotaﬂ(cota)—@(al;l)}—
{(Hzcota—Hl)X( oH, | aszH (H,cota — H)U oQ
1 2 8X '

H* oX

(3.10) a_“:((3+—‘/2+|Q)H oH, | oH, }_
oy H Loy ay oy

(H2+H1cota) om, M oH, +2H, oH, +(H2+chom).vH oQ
H?2 oy H? OX
The vorticity function is defined as:

(3.11) w:@_ﬁ_u

OX oY

ov ou
Substituting the value of 8_ and 8_ from equation (3.9) and (3.10) in equation (3.11),
X y

we get

(C+v.Q) { 0 oH, _GHl}_
2 X OX

=
H? OX

(Hzcota—Hl)X( 8H1+2H26Hj (H, cotozc H).VHaQ}
OX H OX

(C+VHQ)HH o aHl+%}_
"oy o oy

{(H2 +H,coter) X(2H1%+ aHZ]H_ (H, +H, cote) e

2 Zay H2 . ay

oH, |, (OH, oM,
OX oy  oX
(2H2 +2H,H,cote) (oH, oH,) (2H,H,—2H}cota+cota)
> + + X 5
H x oy H

vy, {%(Hzcota—H )—%Z(H +H cotoc)}:a)H2

0 0
or (C +VHQ)|:H2 —(cotar) — Hla(cota) +

—+

On introducing Jacobians, we get
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(3.12)%(6‘%({(0 +v,Q)(2H5 +2H,H, + cot & + 2)

1

oQ _
+VHHZaT(H2 + HlCOta)} —

2

a: {(C +v,,Q)(2H3 cota —2H,H, —cot )

2

0 _
+VHH28?(H2 + chota)}_

1

oy {(C+v,22) (2H} +2H,H,cot & + 2ar )}

2

_a‘a’ {(C+v,Q) (2Hgcot§—2H1Hzcota—cota)}

1

Ly H? 00
oH,

Introducing  partial  differentiation  equation in  six  unknown  functions

x(Hy,H,),y(H, H,) and four transformed functions

o_J(Hl,HZ),h(Hl,HZ),Q(Hl,HZ) ando?(Hl,Hz).

The solenodial equation implies the existence of magnetic flux function @(X, y), such

that:

oD oD oL oL

—=-H,~—=-H,—=- X, L(H,,H,)=H,x—H,y + @(x,
P~ 2y Yo, yaH (HyH,)=H,x—Hy+®(x,y)

(H,cota - Hl)} =@®

_ oL _ 00
(313 @@= {GH H, {(C+v Q>(2H§+2HlH2COta+2)+VHH28H2

J
H
{ H, +H, cota +§?Q(H cota — H )}

1

6H2 {(C +V,,22)(2HZ cot& — 2H,H, —cot @)
2

+VHH22?Q><(H2 + chot&)}+

o°L 1

oH?

002 _
~v, H? vy (H,cota - HI)H.

{(C+v,2)(2HZcota - 2H,H, - cota )|
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