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Abstract

The present problem discusses the unsteady MHD fluid dfowiscous incompressible fluid in between
two parallel horizontal plates, upper being at rest Emweer moving, in the presence of transvefse
magnetic field in a non Darcy (Darcy-Brinkman-Forchheimasjous medium. These equations wg
solved numerically using explicit finite difference methocheTfluid velocity with respect to the
governing parameters are computed and presented graphieally, in tabular form using
MATLAB.

Keywords: MHD flow; suction; Forchheimer parameter; nidarcy porous medium.
1 Introduction

MHD fluid flow finds application in many engineering and phykisaience problems such as MHD
generators, nuclear reactors, and plasma physics [Hmpes of flow through porous medium are
extraction of oil and natural gas from rocks (porous mediangarth, flow of underground water through
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soil and water in side earth, various medical treatmsath as tumour growth (a formation of porous
medium) and their treatment such as injection (a flow througbugomedium) and flow of blood and
nutrients in body (bone, cartilage and muscles) [2].

Gulab et al. [3] studied an exact solution of the unsteady maficen electrically conducting viscous
incompressible fluid through porous medium in the presence ofveesesmagnetic field. Aydin et al. [4]
studied effect of viscous dissipation and thermal buoyamt steady MHD mixed convection flow of
viscous incompressible fluid past a vertical plate.

Mahdy et al. [5] studied the effect of radiation on unstddéiyp convective flow of viscous incompressible
fluid over a vertical porous plate through a porous mediuhénpresence of transverse magnetic field.
Sengupta et al. [6] studied the effect of thermal radiatimtous dissipation on unsteady MHD convective
flow of viscous incompressible fluid over a vertical infiinporous plate in a porous medium in the presence
of transverse magnetic field, chemical reaction withialde temperature and concentration and velocity slip
conditions.

Das et al. [7] analysed the effect of mass transfeunsteady hydrodynamic free convective flow of a
viscous incompressible electrically conducting fluid pasinéinite vertical Porous plate in the presence of
constant suction and heat source. Babu et al. [1] studieagystwo dimensional flow of viscous
incompressible, electrically conducting fluid through poroeslionm in the presence of transverse magnetic
field, chemical reaction, viscous dissipation, radiationd &uction over vertical semi infinite moving
permeable plate.

Singh et al [8] analysed unsteady free convective viscotmripressible flow of electrically conducting
fluid with periodic heat and mass transfer past an infivatgical plate in the slip flow regime. Bala et al.
[9] studied unsteady one dimensional flow of viscous nmm@ssible, electrically conducting fluid along a
semi infinite vertical plate in the presence of transsemagnetic field, radiation, chemical reaction, and
suction, having thermal and mass buoyancy effects.

Jha et al. [10] studied approximate analytical solutiosteddy flow of viscous incompressible fluid through
porous medium between two parallel plates using DarcykBrém —Forchheimer porous model. Sandeep et
al. [11] studied the effects of radiation and chemicattien on unsteady MHD free convective flow of
viscous incompressible fluid on a vertical plate throughopermedium in the presence of transverse
magnetic field with variable temperature and concewotnatind velocity slip conditions at the boundary.

Poonia et al. [12] studied the unsteady MHD free convectoxe 6f viscous incompressible electrically
conducting fluid over porous vertical plate through a poroaslium in the transverse magnetic field with
viscous dissipation. Chand et al. [13] studied the sofettedn unsteady MHD convective flow of viscous
incompressible fluid between two vertical porous paralleigsl in porous medium.

Reddy et al. [14] studied thermal and mass buoyancy effent unsteady MHD flow of viscous
incompressible fluid past an infinite vertical plate thigh porous medium in the presence of transverse
magnetic field. Seth et al. [15] studied the effectgshafrmal and mass buoyancy, heat source/sink, and
chemical reaction on unsteady MHD free convective flow e€atis incompressible fluid over a vertical
moving plate through the porous medium in the presence ofvéiaes magnetic field, and ramped
temperature and ramped concentration.

Karthikeyan et al. [16] studied effect of heat source anditiadi on unsteady MHD mixed convective flow
of viscous incompressible fluid past a porous vertical moviateghrough porous medium in the presence
of transverse magnetic field and slip conditions. Reddy, Bbtakar et al. [17] studied the effect of
radiation and viscous dissipation on unsteady MHD free comweedtow of viscous incompressible
electrically conducting fluid past a vertical plate incaqus medium with Hall current.

Uwanta et al. [18] studied the effect of radiation viscogsidation on unsteady MHD free convective flow
past a vertical plate embedded in a non -Darcy poroaumein the presence of transverse magnetic field,
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heat source, variable thermal conductivity and chemical tiogacwith variable temperature and
concentration at the boundary.

Essawy et al. [19] discussed the effect of viscous dissipamn unsteady forced convective flow of a
viscous incompressible fluid between two horizontal palrgilates in a non —Darcy porous medium.
Olumide et al. [20] studied the effects of radiation andntlaébuoyancy on unsteady MHD flow of viscous
incompressible fluid between two parallel plates having pamegium under slip conditions.

Ram et al. [21] studied the effect of porosity on unstdd#p flow of viscous incompressible fluid past a
semi infinite moving vertical plate in the presencérahsverse magnetic field. Ahmed et al. [22] studied the
effect of radiation on unsteady MHD mixed convective flowwvidcous incompressible fluid past an
impulsively fixed vertical plate in the presence of transgenagnetic field.

Ibrahim et al. [23] studied the effect of radiation and doahreaction on unsteady MHD free convective
flow of viscous, incompressible fluid past a semi-infinite mgwvertical porous plate in the presence of
transverse magnetic field with variable temperature and otnaten at the boundary. Poornima et al. [24]
discussed effects of thermal radiation and chemicalti,maon unsteady MHD free convective flow of
viscous incompressible fluid past a semi- infinite vaitfmorous moving plate with constant suction.

Ali et al. [25] studiedUnsteady magnetohydrodynamic oscillatory flow of visastc fluids in a porous
channel with heat and mass transkdran, et al. [26] analysed the Effects of Hall current arads transfer
on the unsteady magnetohydrodynamic flow in a porous chanrekhS#t al. [27] discussedHD Flow of
Micropolar Fluid over an Oscillating Vertical Plate Embedde&anous Media with Constant Temperature
and ConcentrationAli et al. [28] carried outan exact analysis of the MHD free convection flow of a
Walters'-B fluid over an oscillating isothermal vealiplate embedded in a porous medium.

Above mentioned work shows following.

Table 1. Table shows the work in square bracket (refenced) with the assumptions in the cells just

above them
Steady Non-porous Non Darcy porous  Absent Magnetic  Presence of pressure
medium medium field gradient
[4] and [10] [4,8,9,22] [10,18,19] [10,19] [2,3,6], [10,13,16,20]

[25,26,27,28]

Thus in the reference, the works [4,10] studied steady flaid and remaining works studied unsteady
fluid flow. Works [4,8,9,22] do not consider no porous mediworks [10,18,19] consider non-Darcy
porous medium and remaining Darcy porous medium. The works ,[)318,16,20] consider pressure
gradient, and remaining do not consider it. The works PlOgb not consider magnetic field and while
remaining others consider the magnetic field.

And from the above study it is observed that the unsteddi Kiuid flow of viscous incompressible fluid in
between two parallel horizontal plates, upper beingstt and lower moving, in the presence of transverse
magnetic field in a non- Darcy (Darcy-Brinkman-Forchheinpemous medium is not discussed.

The present problem discusses the unsteady MHD fluid flovisobus incompressible fluid in between two

parallel horizontal plates, upper being at rest and lomering, in the presence of transverse magnetic field
in a non Darcy (Darcy-Brinkman-Forchheimer )porous medium.

2 Formulation of the Problem

In the formulation of the problem we consider following assuomgti
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Assumptions: fluid is viscous, incompressible, electhycatnducting. Flow is unsteady, two dimensional,
laminar between two parallel plates, located at ty¢=0 and Yy’ =h planes and extend from

X =—00t0 + 00 and Z' =-o t0 + o embedded in an Extended-DF (Darcy Forchheimer) porous
medium where a high Reynolds number. Flow region is itrémsverse magnetic field, and is having Non -
Darcy (Darcy-Brinkman-Forchheimer) porous medium. strergfttuniform magnetic field isB, and

electrical conductivity of the fluid i€J . The fluid is assumed to be Newtonian with uniform propgerind
the porous medium is isotropic and homogeneous. The fluid flowsebetiwhe two plates under the

influence of a constant pressure gradiépf/ax' in theX -direction, and a uniform suction from above and
injection from below which are applied tit= 0 with constant velocity, in the positivey' -direction, as
shown in Fig. 1.

Uniform Suction

e L TF 4 4y

:: Uniform Injection
A A A )
Y'=0, u'=U, i X

v

’ Lower Plate (Moving)

Fig. 1. The geometry of the problem (Physical problerand coordinate system)

The upper plate is kept stationary while the lower pt@moving with a constant velocii;)o. The flow is

through a porous medium and affected by another inertiatteffeghere the non-Darcy (Darcy-Brinkman-
Forchheimer) model is assumed.

From the geometry of the problem and due to infinite dimensiotise X and Z' -directions, it is evident

0 0 L : o . :
that F = Ffor all quantities, i.e. they are independent in ¥ieand Z' -coordinates. pressure gradient
X z

0p'/0X' is assumed constant. Thus the velocity vector of thie #uv' (y,t) =U'(y,t)i +V, ], with
the inital and boundary conditons U'=0att' =0for all valuesof y' , and

u'=Ujaty'=0andu’'=0, aty'=h for t'>0. Under the above assumptions the fluid flow
is governed by the following continuity and momentum equation.

The continuity equation:
ou  ov
+ —

bl 1
ox oy @
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The equation of momentum:

ou’ ou _ oap o
P71t~ = tH

- H.y —'O_A u'?
ot' ay’ ox T oy'”?

—UBOZU'—EU N )

The first term in the right-hand side of Equation (2)piessure gradient term, second is the Brinkman
viscous term (it represents the viscous force actmfjuad due to flow through a highly porous medium),
third is magnetic effect term, fourth is the Darcy aifith fis the Forchheimer term, hence the momentum
transfer in the porous media, under magnetic field is godelne time dependent, extended Darcy-
Brinkman-Forchheimer model.

Under these assumptions, the appropriate boundary conditiothdovelocity field satisfies following
conditions:

t'<0:u' =0 for all y;
t'>20:u'=U, at y'=0 @)

u - 0,asy - h.

The equations above also have been transformed in dimensidatesdy using the non-dimensional
parameters defined as follows

XI y' Z'
X=—,y=—,Z2=—,U= t= , 4
nY h 2 (4)

u
U, h U

The dimensionless form of equation (2):

ou Vv, 0u _ dp 4 0°u oBZh U h? A,
—+ — -—+ - u- e
ot U,dy ox phU,dy> pU, phU,K 0K

us, (5)

2
%+S@:—@+ia_g—|\/|lu—£u—yu2’ (6)
ot oy 0x Reody Re

Dimensionless parameters:

Suctionparamete$ = L\Jlio , Prassurgradient —?
0

phy,
7

. BZh
,MagnetiqparameteM 1= g L(] : )

0

ReynolchumbeRe =

. h2 . Ah
PorosityParameteff = —,Forchheime Parametey = .
yP 6= V=K

t<0:u=0 forall vy;
t=0:u=1at y=0; (8)
u-0asy-1
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The numerical solution of Equation (6) using the inittedd boundary conditions (9) is obtained by
discretization of the momentum Equation (6) into the finifeecence equation at the grid poifisk) .

Here the index refers toy (spatial coordinate) an¥ to t (time coordinate). Using the following in
equation (6) and simplifying we get

k+l _  k k _ .k k _ k k
‘luz(ui Ui),‘luz(um Ui),@zw,uwﬁ,oru:u(i,k) 9)
At ay Ay oy (ayy

(uik+l - uik)_l_s (Uik+1 - uik) __0Op +i (Uik+1 -2uf +uik—l)

At Ay 0x Re (ay)y

(10)
VR TTCR A Y 11
i Re i y( i )
This implies
1- 2At : +S£
k+l _ At At k RG(A y) Ay k
* lRdayy oy e
y _Mat- BAt
Re
At K 2 op At
+ —— |uf, At ok - (11)
(RdAyVJ s =
or uft =ruduf, +ru2u +ruduf, + rud (uik )2 +ru5; (12)
with boundary conditions :
t<0:u=0 forall vy;
t=0:u=1lat y=0; (13)
U - 0, asy - 1.
where
2At
Ry
rulz( At Z—SAAtJ, ru2= At Y At
RdA y) y + S— - M At - (14)
Ay Re

ru3:{L2J, ru4=- yAt , rus=-a At wherea= @
Re(Ay)
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Putting

2
s=Yo —0G=-9P m1=9BN_gpa=Yo K -y Uoh
U, ox pU, vh

equation (6) reduces to

ou 10%u 1 C
—=G+——2——u -—u®. (15)

ot Reody Da +Da

Jha et al. [10]. Here G is pressure gradient, Re is®eéynumber, Da is Darcy parameter, C is Forchheimer
coefficient

3 Numerical Solutions of the Governing Equations

Equations (6) is solved numerically using finite differenaeder the initial and boundary conditions (9) to
determine the velocity distribution for different valu#she parameters: Magnetic parameter (M1), Porosity
Parameter (beta), Forchheimer Parameter (gamma),o8uyséirameter (S) and pressure gradient(a). The
explicit finite difference method is applied. The finitéfelience equations are written at the mid-point of the
computational cell and the different terms are replacedth®ir second-order central difference
approximations in the y-direction. Finally, the blockdiagonal system is solved using Thomas algorithm.
The effect of various parameters for their some valaasthe fluid velocity is discussed by the help of
tables annd figures ploted using MATLAB.

4 Results and Discussion

The non-dimensional linear velocity ‘u’ for various valueslifferent parameters is shown in Figs. 2 to 7.

To ensure the numerical accuracy, the values of 'u’ byeptesethod are compared with the results of Jha
et al. [10] in Table 2 for various values of 'y’ and u(0) = Re,= 1.0, Da = 0.01, G=0.0, C = 0.52 and

those are found in excellent agreement with the preséums/aThus, we are very much confident that the
present results are accurate.

1
0.9HY4
\\ x0=0, xf=1, M =50, T=0.02, N = 1000,
081\ a= -5, beta=1, Re=1, gamma=1, S=1.

Fig. 2. Graph between x and u for some values of magieparameter (M1)



Kala; ARJOM, 3(4): 1-14, 2017; Article no.ARJOM.B820

1
0.9\
08f

xf=1, M=50, T=0.02, N = 1000,
£ a= -5, M1=2, Re=1, gamma=1, S=1
\\ §
07 \\\Q‘
08t \Qt\
s05F  \\
’ \ beta=1,10, 25 ,50
04} NN Ve
03 X
0.2
0.1
. ‘ ‘ =
0 0.2 0.4 06 0.8 1

Fig. 3. Graph between x and u for some values of Porosparameter (beta)

12} x0=0, xf=1, M =50, T =0.02, N = 1000,
: a= -5, beta=1, M1=2, Re=1, §=1.

gamma=0.52, 10, 50,100

Fig. 4. Graph between x and u for some values of Fdrheimer parameter (gamma)

The effect of magnetic field parameter Md the velocity profiles of the flow field keeping othergraeters

of the flow field as constant is shown in Fig. 2. The n&ig field parameter is taken in increasing order and
it is found to slow down the velocity of the flow field to ansiderable amount due to the magnetic pull of
the Lorentz force acting on the flow field and hence thicknés&locity boundary layer decreases. This
parameter shows overturn effect. The curves have point ottiofteat some point of x. Thus, as M1
increases the concavity to the right of the point oeitfbn increases slowly.

The effect of beta parameter on the velocity profileghefflow field keeping other parameters of the flow
field as constant is shown in Fig. 3. The beta parameteken in increasing order and it is found to slow
down the velocity of the flow field to a considerable amamd hence thickness of velocity boundary layer
decreases. This parameter shows overturn effect. Theschaxe point of inflection at some point of x.
Thus, as beta increases the concavity to the right qfdime of inflection increases slowly.

The effect of gamma parameter on the velocity profilethe flow field keeping other parameters of the
flow field constant is shown in Fig. 4. It is observed th& gamma parameter decreases the velocity of the
flow field at all points and hence thickness of velocity boupdayer decreases. The curves have point of
inflection at some point of x. Thus, as gamma increasesaheavity to the right of the point of inflection
increases slowly.

The effect of S parameter on the velocity profileshef flow field keeping other parameters of the flow field
constant is shown in Fig. 5. The S paramés$etaken in increasing order and it reveals that it has an
increasing effect on velocity of the flow field and hettiekness of velocity boundary layer increases. This
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parameter shows reverse effect. The curves have poimfiedtion at some value of x. Thus, as S increases
concavity to the right of the point of inflection incressdowly and to the left of the point of inflection
convexity increases speedily.

The effect of Reynolds number on the velocity profileghef flow field keeping other parameters of the
flow field constant is shown in Fig. 6. The Reynolds nuni®éaken in increasing order and it reveals that it
has a decreasing effect on velocity of the flow field drohce thickness of velocity boundary layer
decreases. This parameter shows reverse effect. Theshwave point of inflection at some value of x. Thus
as Re increases concavity to the right of the poimft#dtion increases slowly and to the left of the point of
inflection convexity increases speedily.

x0=0, xf=1, M =50, T =0.02, N = 1000,
a= -5, beta=1, M1=2, Re=1, gamma=1

0 0.2 0.4 06 0.8 1

Fig. 5. Graph between x and u for some values of Suction parater(S)

091y x0=0, xf= 1, M= 50, T = 0.02, N = 1000,
08 -\\ \-\ a= -5, beta=1,M1=2, gamma=1, §=1.
| t\'\\“-\.

o6 |\ \ iy

sost \\ N\ O\
04 '\\\\.\ LY [Re=05,1.35 |
T

N
2l A\ N
e \\\ ™ ‘“\\‘\\_ V- 000767
0.1 ‘_/ e ——

0 02 0.4 06 0.8 1
X

Fig. 6. Graph between x and u for some values of Re

The effect of ‘a’ parameter on the velocity profiles loé flow field keeping other parameters of the flow
field constant is shown in Fig. 7. The ‘a’ parametetalen in increasing order and it reveals that it has a
decreasing effect on velocity of the flow field and heméekhess of velocity boundary layer decreases. This
parameter shows reverse effect. The curves have poinfl@ftion at some value of x. Thus as ‘a’ from
negative to positive increases concavity to the righthe point of inflection decreases slowly and to the
left of the point of inflection convexity increases. ‘At=0 curve is having no point of inflection. As ‘a’
increases positively convexity of the curves increapegdily. It shows back flow of fluid.
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beta=1, M1=2, gamma=1, S=1, Re=1

1 x0=0, xf= 1, M= 50, T =0.02, N = 1000

Fig. 7. Graph between x and u for some values of prase gradient ‘a’

Table 2. u(0) = 1.0, Re=1.0,Da=0.01,G=0.0,C =0.52

Y Jha et al. 2011 Jha et al. 2011 Numerical Presentnumerical

Analytical solution solution(implicit finite-difference  solution (explicit finite
solution) -difference solution)

0 1.00000 1.00000 1.000000000000000

0.1 0.3644: 0.3645° 0.3645759060334"

0.2 0.13439 0.13381 0.133816860095207

0.2 0.0495¢ 0.0492: 0.0492390666095!

0.4 0.01828 0.01813 0.018134379532668

0.5 0.00673 0.00668 0.006680768585060

0.€ 0.0024¢ 0.0024¢ 0.0024608978873¢

0.7 0.00091 0.00090 0.000904830462657

0.8 0.0003: 0.0003: 0.0003280920752¢

0.9 0.00011 0.00010 0.000106444781205

1.0 0.00000 0.00000 0

Table 3 shows with increase in M1 the magnetic paramétere is decrease in skin friction.

Table 3. x0=0, xf =1, M =50, T =0.02, N = 1000,a= -5, betaRk=1, gamma=1, S=1

M1(Magnetic parameter) f'(0)

2 -3.124018684816082
10 -3.6951604955600:
20 -4.363598355225684
50 -6.1160183108346

Table 4 shows with increase in porosity parameter )Itle¢gie is decrease in skin friction.

Table 4. x0=0, xf=1, M =50, T =0.02, N = 1000,a= -5, M1&e=1, gamma=1, S=1

beta(porosity parameter) f(0)

1 -3.1240186848160¢
10 -3.764198077816205
25 -4.742579302900640
50 -6.1688299897587!

10
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Table 5 shows with increase in Forchheimer parameter (gatherg)is decrease in skin friction.

Table 5. x0=0,xf =1, M =50, T = 0.02,N = 1000,a= -5,eta=1#P,Re=1,S=1

Gamma (Forchheimer parameter) f(0)

0.52 -3.098479707521196
10 -3.5849491834965(
50 -5.306871559144716
10C -6.9601844228208.

Table 6 shows with increase in Suction parameter (S) théncrease in skin friction.

Table 6. x0=0, xf=1, M =50, T =0.02, N =1000,a= -®th=1, M1=2, Re=1, gamma=1

S (Suction parameter) f'(0)

0.5 -3.315022949648028
1 -3.124018684816082
5 -1.806322818171507
10 -0.723288116082899

Table 7 shows with increase in Reynold number (Re) there isatgcm skin friction.

Table 7. x0=0, xf=1, M =50, T = 0.02,N = 1000, a= -®th=1,M1=2, gamma=1, S=1

Re (Reynold number) f'(0)

0.t -2.3339792992513¢
1 -3.124018684816082
3 -4.952852877483122
5 -6.095401644675269

Table 8 shows with increase in pressure gradient (a) thelerrease in skin friction.

Table 8. x0=0, xf=1, M =50, T = 0.02, N = 1000, beta=1, Mlgamma=1, Re=1, S=1

a (pressure grad.) f'(0)

-10 -2.433187705086781
-5 -3.124018684816082
0 -3.815244127786965
5 -4.5068646341666:
10 -5.198880805411488

5 Conclusions

In the present work, the numerical study of effectsnaignetic field, porosity, Forchheimer, suction, and
pressure- gradient parameters on an unsteady magnetopyanid (MHD) fluid flow, between two
horizontal parallel plates in a non—-Darcy porous mediambeen discussed. The fluid velocity with respect
to the governing parameters are computed and presented gilypdand in tabular form.

From the study, it is found that the fluid velocity dexses with increase in the value of Magnetic parameter
(M1), Porosity parameter (beta), Reynold number (Réressure gradient (a).The velocity increases with
increase in the value Suction(S) parameter. Skin friafieereases with increase in the value of Magnetic
parameter (M1), Porosity parameter (beta), Reynold nur(i®e) or Pressure gradient (a). Skin friction

increases with increase in the value Suction(S) paranétervelocity boundary layer thickness decreases
with increase in the value of Magnetic parameter (M1)p$ity parameter (beta), Reynold number (Re) or

11
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Pressure gradient (a). The velocity boundary layer thickireseases with increase in the value Suction
parameter (S).
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