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ABSTRACT:

The unsteady Magnetohydrodynamic flow between two parallel porous plates is a
classical problem whose solution has many applications in magnetohydrodynamic
(MHD) power generators, cooling system, aerodynamics heating, polymer
technology, petroleum industry, centrifugal separation of matter from fluid,

purification of crude oil and fluid droplets and sprays.
KEYWORDS:

Unsteady laminar flow, magnetohydrodynamic flow, Suction Reynolds number,
Hartmann number, Pressure gradient
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1 INTRODUCTION:

1.1 FLUID DYNAMICS:

Fluid dynamics is "the branch of applied science that is concerned with the
movement of liquids and gases," according to the American Heritage Dictionary.
Fluid dynamics is one of two branches of fluid mechanics, which is the study of
fluids and how forces affect them. (The other branch is fluid statics, which deals

with fluids at rest.)

Scientists across several fields study fluid dynamics. Fluid dynamics provides
methods for studying the evolution of stars, ocean currents, weather
patterns, plate tectonics and even blood circulation. Some important technological
applications of fluid dynamics include rocket engines, wind turbines, oil pipelines

and air conditioning systems
1.2VISCOUS PROBLEM:

Viscous problems are those problems in which the fluid friction has

a significant effect on the fluid motion
1.3 REYNOLDS NUMBER:

Reynolds number is the ratio between the inertial forces and

viscous forces.
Reynolds number = Inertial force
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Viscous force

Re =22
u

Where,
Re is the Reynolds number
p is the density of the fluid
V is the velocity of flow
D is the pipe diameter
uis the viscosity of the fluid

Reynolds number is dimensionless quantity to determine the type of flow pattern

as laminar or turbulent while flowing through a pipe.
1.4 LAMINAR FLOW:

Laminar flow is a smooth free flow of fluid in parallel layers with no

disruption.
1.5 TURBULENT FLOW:

Turbulent flow is a flow regime characterized by chaotic property

changes.
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laminar flow

TY

turbulent flow

1.6 IMCOMPRESSIBLE FLOW:

The changes in pressure and temperature are very small and
that results in change of density which are negligible is called Incompressible flow.

1.7 COMPRESSIBLE FLOW:

Compressible flow is aflow that deals with fluids in which the fluid

density varies significantly in response to a change in pressure
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CHAPTER-2

2. LITERATURE SURVEY:

Hassanien and Mansour (1990) discussed the Unsteady magnetic flow through a
porous medium between two infinite parallel plates. Bagchi (1996) studied the
problem of Unsteady flow of viscoelastic Maxwell fluid with transient pressure
gradient through a rectangular channel. Attia and Kotb (1996) studied the Steady,
fully developed MHD flow and heat transfer between two parallel plates with

temperature dependant viscosity.

Attia (1999) extended the problem to the transient state. Ezzat, Othman
and Helmy (1999) studied the problem of micropolar magnetohydrodynamic
boundary layer flow. Aboul-Hassan and Attia (2002) discussed the flow of a
conducting Visco elastic fluid between two horizontal porous plates in the

presence of a transverse-magnetic field. Soundalgekar, Vighnesam and Takhar

14



(2003) discussed the effects of suction and injection on MHD heat transfer in

stagnation point flow with variable body temperature.

Nabil, Eldabe, Galal, Moatimid and HodaSm Ali (2003) studied the MHD
flow of Non-Newtonian visco-elastic fluid through a porous medium near an
accelerated plate. Attia (2004) has considered the Unsteady Hartmann flow with
heat transfer of a viscoelastic fluid considering the Hall effect. Hayat, Wang and
Hutter (2004) studied the Hall effects on the Unsteady hydromagnetic oscillatory
flow of a second-grade fluid.

Krishnambal and Ganesh (2004) discussed the Unsteady stokes flow of
viscous fluid between two parallel porous plates. Hazeem Ali Attia (2005) studied
the Unsteady laminar flow of an incompressible viscous fluid and heat transfer
between two parallel plates in the presence of a uniform suction and injection
considering variable properties. Hazeem Ali Attia (2005) studied the Unsteady flow
of a dusty conducting fluid between parallel porous plates with temperature
dependent viscosity.

15



CHAPTER-3

AIM AND SCOPE:

The Unsteady Magnetohydrodynamic flow between two parallel porous plates is a
classical problem whose solution has many applications in magnetohydrodynamic
(MHD) power generators, cooling system, aerodynamics heating, polymer
technology, petroleum industry, and centrifugal separation of matter from fluid,

purification of crude oil and fluid droplets and sprays.

The objective of this chapter is to analyse the Unsteady Magnetohydrodynamic
Stokes flow of viscous fluid between two parallel porous plates when the fluid is
being withdrawn through both the walls of the channel at the same rate. The
problem is reduced to a third order nonlinear differential equation which depends
on a Suction Reynolds number R and a Hartmann number M for which an exact

solution is obtained.
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CHAPTER-4

MATHEMATICAL FORMULATION:

The unsteady laminar flow of an incompressible viscous fluid between two parallel
porous plates is considered in the presence of a transverse magnetic field Ho
applied perpendicular to the walls. The origin is taken at the centre of the channel
and let x and y be the coordinate axes parallel and perpendicular to the channel

walls.

The length of the channel is assumed to be L and 2h is the distance
between the two plates. Let u and v be the velocity components in the x and y
directions respectively.

. . du  dv
The equation of continuity is— +——=0 (1)
ox dy

Equations of momentum are

18



ov_ dp {azv ava

- 4+
TR A RN @)

where o is the electrical conductivity and Bo = u,Ho, Bo is the electromagnetic

induction, u, being the magnetic permeability and Ho is the transverse magnetic

field. The boundary conditions are

u=0ony=handy=-h;v=voe“ony=handv =-vo

the velocity of suction at the walls of the channel.

Let n= % u=uxy)e”, v=vxy) ¢, p=pkxy) e

frequency.

The equations (1), (2) and (3) become

ony =

iax

ou 1 odv
LY ) 4
ox  hon )
2 2
pia)ue"" = —g—iem +ﬂ(§%+%}em ~0,Blue™
_ . op Ou 1 du
i.e. pPrau = _g+ﬂ(¥+?8_772 —GeBgu

ia)veiwt _a_peiwt_i_lu a_z"+a_2V eiwt
P 9y ox’> 9y’
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. . ap (azv 1azvj
l.e. Piwy =———+ ll| — +—

6
dy x> h’on’ (©)

Let V=£ = Kinematic Viscosity, p the density of the fluid, p the

coefficient of viscosity and p the pressure.

The boundary conditions are converted into

u(x,1) =0, u(x,-1) =0
and V(X,1)=vo, V(X,-1)=-Vo

Let w be the stream function such that

_ldy
u_han ®)

Iy
v=-on (10)

The equation of continuity can be satisfied by a stream function of the
form

wx,n) = (RU (0)—v,x)f (17) (11)

where U(0) is the average entrance velocity at x = 0. From equation (11), the
velocity components (9) and (10) are given by

1

=0 0)-,2) ) 12

v = vof(n)
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where the prime denotes the differentiation with respect to the dimensionless

variable n = % Since the fluid is being withdrawn at constant rate from both the
walls, vo is independent of x.

Using (12) and (13) in (5) and (6), the equations of momentum reduce to

—la—p=[U(O)—Mj-(iaf'(77) Vf"'(n)+%§f’(n)} (14)

P ox h e
_La_p_- _V'Vofﬂ(n)
o iaw, f(17) i (15)

Now differentiating (15) w.r.t.’x’, the following equation is obtained.

2°p _
0xdn

0 (16)

Differentiating (14) w.r.t. ‘n’, it follows that

—_182[7 — _M i / ' _L ” O-eB(? '
paxan—[v(o) h] dﬂ(mf(n) = f(n)j (17)

From (16), equation (17) can be written as

d(. V. .» .\ OB
— i -— + = =0 18
dﬂ[af(n) =/ () p f(n)] (18)
which is true for all x.
. hv,
Let R = Suction Reynolds number = V

1

2

M = Hartmann number = Boh(o-ej
vp
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Integrating (18) w.r.t. n and substituting the above expressions, it follows

that

” 10/ ch®
£ - " ) - OB )=k

= f(m)-a’n’ f'(n)-a,Rf (n)=K (19)

o,hB,

h
where R = % and a, = and Kis an arbitrary constant.

0

Boundary conditions on f(n) are
f(1) =1, f(-1) =-1,f'(1)=0 and f'(-1)=0 (20)

Hence the solution of the equations of motion and continuity is given by
a linear third order differential equation (19) subject to the boundary conditions

(20).

.. Equation (19) can be rewritten as

£)-(en® + M2)f ()= k

where atR=M? and &’ =14
U
ie.(D* - (@0 +M*)D)f(n) =k
Le.D(D” —(@n> + M2))f ()= Kk

where

2
D:iandDzz d2
dn dn

The roots of the auxiliary equation for the above equation are m=0,
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m= t+./a’h* +M?

NPt +Mt g _Na*h +M? g
+Ce

Hence the complimentary function is Ae® + Be

Pl = ! Ke

(D’ = (@’n* +M*)D)

1

.eon
3D* —(a*h* +M?)

= PI=Kn-

__—kKn
a’h? +M>

)= As BT ol KT

a2h2+M2 (21)

In order to obtain the values of the arbitrary constants, the boundary

conditions are applied on f(n).

Since f(1) =1,

Vath?+m? Na’n*+m? K
+Ce -

1= A+Be T e —— 22
= ¥ a*h> +M? (22)
Since f(-1) = -1
_Na*h*+M* g [ 2,2 1r2
—-1= A+Be Ve K (a3

a’h®>+M?
Adding (22) and (23), it is seen that

0=2A+B(6m+e_mj+c (6m+e_mj

=0=A+ Bcosha’h*+M?* + CcoshNa’h* +M* (24)

(22) - (23), it follows that
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2= B (em —e‘whwj_c (e\/a2h2+M2 _e_vazh”Mz) 2k
K
—1=BSinh+/a’h? + M? — CSinh+o*h? + M? —m) (25)
2,2 2
f’(ﬂ): a2h2+M2.B. (677\!0! h“+M )_ la2h2+M2C.e_” Ia2h2+M2 _ azthMz

Since 1'(1)=0

2 2 Va22+ 2
—0=\ 2} +M> Be' "M o2 +M>: Ce _azthMz (26)
+

Since f'(-1)=0

_ 2 2 PR M? 2 2 Vo +M? K
=0=Va’h’ +M’ Be —a’h +M’ Ce rar] @)
Adding (26) and (27),it is seen that
O=~va’h*+M*> B (em+e o )
a’h"+M

=BAo*h? +M? cosh va’h? +M? —C. Ya’h? +M? cosha’h? + M?

-K

e 0 #)

(26) - (27), it follows that
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0=~va*h*+M* B (wazhzwz et j

= Ja’n +M? B. Simha’h> +M? +CNa’h +M? . Sina’h> + M* =0
= B=-C (29)

(24) = A—Ccoshva?h* + M* +Ccosha*h® + M?* =0,

=A =0 (30)

(25) = —C SinhNa*h* +M?* —CSin hNa*h® + M? I S

a’h’+M?

(K+(@°h*+M?))

2a’h® + M*)SinhNa*h> + M?

= C= (31)

(28) = Va*h? + M? (=C) cosh va’h? + M?

- vJa’h? + M? (C). cosh a’h?+M? = K

o’h? +M?

K

=-2C+va’h? +M? coshva’h?+M? = 55 5
‘och +M )

N m.(K+a2h2+M2)cosh\/a2hz+M2 B K

(@®h> +M?)sinha’n> +M> @R+ M?

= K=KJa’h> +M? cotha’h> +M> + (@*h> + M>)" coth @®h® + M
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= K=V n? + M cot haPh® + M2 )=(a?h + M2 cothf a?h® + M

(@ + M2 Coman® + M

ie., K= (32)
—eh* + M>Cotle’n> + M7
3

(a2h2+M2) /ZCOthVa2h2+Mz 212 2\

_ | (ai-Va2h2+m2cothVa?h?+M?) +ath®+ M |

\ 2(a?h? + M?)Sinhva?h? + M? /

(from 31)
~C= ! (33)
sinia?n® + M [1—a*n? + M? Colan? + M ? )
1

(34)

:B:(

2Sinha?h? + M I =~la?h? + M Cotha*h* + M |
(Since B=-C)

Substituting the values of the arbitrary constants in f(n), the expression

1
flg)= '
) (1—\/0:2}12 +M?*Coth\ o’ ? +M2)

Sinh\a’h> + M’y

SinhN k> +M>

ek + M Coth &l + M (35)

Hence the expressions for the velocity components are

u= [hU0)=v,2l (e
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1

:(U(O)_h)[(l—\/azhz +M>Coth\a*h* + M )}

[\/O’zhz M Cosla'h + My _ Ja?h? + M? Cotla*h* + M? }e"“’

Sinha*h? + M*

It J-

—Ja*h* + M* Cothila*h? +M2)

272 2
(Coshw Ry HChmJ @)

SinhNa*h? +M>

v = vof(n) e’

1
=vy
{1—«/052/12 + M2 Cotha*h + M? j
| Sinha’h® +M’n
SinhNa’h* +M?

—pNa’h? + M2 Cothla’h> + M Je"“”
(37)
4.1 PRESSURE DISTRIBUTION

From equation (14), it is seen that

—1dp _ [U(O)—Mj . (ia)f’(n)—i2 () + 2P f’(ﬂ)]
Yo, ox h h P

14
Dividing by —?, it follows that

L (U(O)— V"xj : (ia)h £ o) - 220 1 ’(77)]
pV ox h 1% p v
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Z_;g_i =(U(0)—%j(f ”’(n)—h?z(im %ﬂf ’(77)]

andsince f"(n)—a’h’f'(n)—a,Rf'(n)=K (from 19)

e )= £ )= M F )= K
M _g (U(O)—MJ (from(19))
pV ox h

_Ku VoX 7
=220 u0)-222 |y = #
5 (U( ) p ] .[v ] (38)

Now, from equation (15) it is seen that

1 o _. Wy
o an iav,f(n) 1)

1)—iav,hof (17) (39)

0
Since dp Za—pdx+—pdy
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= dp =E 5(0) =205 |+ | %2 £7(m) - iawohor ) [ (40)
h h h

Integrating (40), it is clearly seen that

= 4| 000" o 2 an—samiso] b

p(x,n>=%(0(0)x—%}{%f’(n)—iawohpjf(n)dn]m

(41)

- The pressure drop is given by

= plan)= 00~ 24 00k =" 227 0) - 10)-sapmn] st

(42)
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CHAPTER-5

5. DISCUSSION

The graphs of the axial velocity and radial velocity profiles have been drawn
for different values of M. Figures 1, 2 and 3 represent the axial velocity profiles at
different cross sections of the channel namely at x=0,x=3 and x=5 when the
average entrance velocity is uo=0.5 and h = 1.0. The magnitude of the axial
velocity increases as x increases from x=0 to x=5 for different values of wt, namely

wt =0, m/4,m /2,31 /4, and mw respectively.

The Figure 4 represents the axial velocity profiles of u at x=0,h=1.0 when the inlet
velocity is increased to uo=1.0 from uo = 0.5. It is clearly seen that the magnitudes

of the axial velocity u are more when the values of x are increased and also the
30



magnitudes of the axial velocity u are more when the inlet velocity is increased.
When the Hartmann number M is increased from M = 1 to M = 5, we see that the

magnitude of the axial velocity profiles decrease as seen in Figure 5.

The Figures 6 and 7 represent the radial velocity profiles of v at vo =0.5, h=1.0,
a=1.0 and for different values of M. As M increases from M=1.0 to M=5.0, it is
seen that there is a marginal increase in the magnitude of the radial velocity. It is
also seen from the Figures 6 and 7 that the radial velocity vanishes for wt = m/2

and the radial velocity profiles are non linear for other values of wt.
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CHAPTER-6

6. CONCLUSION
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In the above analysis a class of solutions of unsteady
magnetohydrodynamic stokes flow of viscous fluid between two parallel porous
plates is presented, in the presence of a transverse magnetic field when the fluid is
being withdrawn through both the walls of the channel at the same rate.
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