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ABSTRACT

The effect of magnetic field on the three dimensional flow of viscous
incompressible fluid past a porous vertica plate subjected to periodic suction
velocity distribution has been analyzed. Appromimate solution for vel ocity and
temperature fields have been obtained by using perturbation technique. It is
found that main fluid velocity decreases with increase in magnetic parameter
while the magnetude of the cross velocity decreases near the plate but increases
away from the plate with increase in magnetic parameter. It is aso found that
the shear stress due to main flow decreases with increase in Prandtl number.
Furthermore, the heat transfer is enhanced due to increasing the vaues of the
Prandtl number.
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1. Introduction

The problem of laminar flow control plays and important role in many engineering
applications, particularly in the fields of aeronautical engineering to reduce drag and hence
the vehicle power requirement by substantial amount. Thetransition from laminar to turbulent
flow was first examined by O, Reynoldsin a pipe flow. Later Prandtl shown experimentaly
that the boundary layer also can be both laminar or turbulent and that process of separation
and thus the drag problems are controlled by this transition. The effect of different
arrangements and configurations of the suction holes and dits on the drag has been studied
extensively. An analysis of such flows find applications in ion propulsion, e ectromagnetic
pumps, MHD power generators, controlled fusion etc. The method of “cooling of the wall”
in controlling the laminar flow together with the application of suction has become important
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and has received the attention of scholars. Singh et at. [1] studied the effect on wall shear
stress and heat transfer of the flow caused by the periodic suction when the difference
between the wall temperature and free stream temperature gives rise to buoyancy force in
the directions of free stream. Singh et . [2] investigated the three dimensional fluctuating
flow and heat transfer by applying the transverse sinusoidal suction velocity distribution
fluctuating with time at the porous plate. Singh [3] studied the effects of magnetic field on
the three dimensional flow of aviscous, incompressible fluid past a porous plate by applying
transverse sinusoidal suction. Singh [4] analyzed the effect of magnetic forld on the oscillatory
flow past aporous plate by applying transverse simusoidal suction. Also singh[5] studied the
flow of viscousincompressible fluid past a porous plate with transverse sinusoida suctionin
the presence of viscous dissipative heat. Recently Guriaand Jana[6] considered the unsteady
three dimensional flow of viscous incompressible fluid past avertical porous plate. Theam
of this paper isto study the three dimensional flow past avertica porous plate subjected to a
periodic suction velacity distribution in the presence of a uniform mangetic field.

2.  Formulation of the Problem

Consider the flow of viscous, incompressible, eectrically conducting fluid past along a semi
infinite vertical porous plate. Thex*-axisischosen along the vertical platethat isthedirection
of theflow, y*-axisis perpendicular to the plate and z*-axisis perpendicul ar to thex™y*-plane.
A uniform magnetic field B isimposed in the)"-direction. Theplateis subjected to aperiodic
suction velocity distribution of the form
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wherel (<<1) is the amplitude of the suction velocity.
Denoting velocity components »*, v, w" in the directions x™-, y*-, z*-axes repectively, the
flow is governed by the following equations
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wherer isthe density, p* is the fluid pressure, g is the acceleration due to gravity, b is the
coefficient of thermal expansion b, k is the coefficient of heat conduction, ¢, is the specific
heat at constant pressure, s isthe electrica conduction.

The boundary conditions of the problem are

* N

. . e . ¥z U . .
u =0,v =-V,al+l cosuu,w =0, T=Ty aty =0

é nq
u =0V =-Vy,w =0,p =pyaty ®¥ (2.7
Introducing the non-dimensiona variables
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equations (2.2)-(2.6) become
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where G, :M is the Grashof number, A = SBOZV is the magnetic parameter
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and P. = K” isthe Prandtl number, 7, isthe temperature outside the boundary layer and
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py isthe pressure outside the boundary layer.
The corresponding boundary conditions (2.7) become
u=0, v=-Sgl+T COS(pz)g, w=0,g=1la y=o
u=0,v=-S,w=0,g=0a y® ¥ (2.14)
S = V,/uy, the suction parameter.

3.  Solution of the Problem
To sovle (2.9)-(2.13), we assume the solution of the following form :

u=ug+ w+1 % uy +..,
v=vg+l w1 2w, +
0 1 27
w=wy+l wy+l 2w, +
O l 2 neny
— 7 72
p=potl pt1° pr+., (3.15)

q=0o+1 G+ 2y +...
Substituting (3.15) in (2.9)-(2.13), comparing the term free from 1 and the coefficient of 1
from both sides, and neglecting those of T 2, the term freefrom T is

v§=0, (3.16)
uf+ Sug+G,q, - Mugy =0, (3.17)
af+ SP.a§ =0, (3.18)

where the primes denote differentiation with respect to y.
The corresponding boundary contitions are

uO=0,vO='S, q0=1 at y:o’ and uO=0,vO='S, q0=0 aI y® ¥ . (319)
The solution of equations (3.16)-(3.18) subject to the boundary conditions (3.19) are

-G Py
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Go(y) =€, (3.21)
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The corresponding boundary conditions are

u; =0, v1=-SCOS(pz),w1=O, g,=0a y=0
u =0,y =0,w=0,0,=0at y® ¥

(3.23)

(3.24)

(3.25)

(3.26)

Equations (3.22)-(3.26) are the linear partial differential equations describing the three-
dimensiona flow. Now we assume velacity components, pressure, and temperature in the

following form

u (v,2) =uyy (y)cos(pz), vy (v,2) = vy () cos(pz),

w (n2) =- %vﬁ(y)sm(pz),pl(y,z)=pﬂ(y)cos(pz),

o (,2) =y () cos(pz),

(3.29)

Subgtituting (3.28) in (3.22)-(3.26), we obtain the following set of differential equations

i+ Svfl - PPy = Pl
v+ Sutt - (p? + M) =p?pyy,
oft + SP.afh - p°oy; =- SPAvye

uff + Sufy - (p? + M Jufh = v G0

Using (3.28), boundary conditions (3.27) become
u;; =0,v;==Sw,=0,q,=0aty=0,
u;; =0,v,; =-S5 w;,;=0,gq,=0ay® ¥.
Solving (3.29)-(3.32), under the boundary conditions (3.33), we get

(3.29)
(3.30)

(3.31)

(3.32)

(3.33)



Hydromagnetic effect on the three dimensional flow past a vertical porous plate 49
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4.  Result and Discussion

We have presented the non-dimensional velocity u for Gr =5.0, Pr=0.72,S=1.0,T =0.2
Fig. 1 and crossvelocity w for S=1.0,z=0.5,1 =0.2inFig. 2 againsty for different values
of magnetic parameter M. It is shown that the main flow velocity is significantly affected
with magnetic parameter. It is observed that main fluid velocity u decreases with increase in
magnetic parameter while the magnitude of the cross velacity w decreases near the plate
and increases away from the plate with increase in magnetic parameter. This is due to the
fact the magnetic field exerts a retarding force on the free convective flow.

One of the important characteristic of the problem is the shear stress. The shear stress
components due to main flow and cross flow direction can be calculated as

t, =u$(0)+1 uf{0),

=C(l,- SB.)
+(a|_ b)é_Csl 4-Gli-Cy(a+SP)- C3(b+SP)- Cy(a+ly)- Cs(b+I)gcospz
(4.40)
t_=l w1¢(0),
=- S sinp: (4.41)

The shear stresses due to main flow are obtained for different values of magnetic parameter
and suction parameter and for G, =5.0, .= 0.72,z = 0.0,1 =0.2. Itisclear from Table 1
that the shear stress due to main flow decreases with increase in either suction parameter or
magnetic parameter. Table 2 shows the computed values of the shear stress due to cross
flow for different values of S and M and for G, = 5.0, P = 0.72. It isclear that the magnitude
of the shear stress due to cross flow decreases with increase in magnetic parameter.
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Tablel
Shear stress component due to main flow for G, = 5.9, §=0.9,z=0.2.

M t

X

P=05 P =071 P =10 P =20
40 | 2417526 2204472 1960588 1361472
50 | 2177563 2004038 1802101 1302868
6.0 | 1997334 1850867 1678216  1.246100
70 | 1855545 1728778 1577792 194944

Table2
Shear stress component due to cross flow for $=0.9, z = 0.2.
Iy 4.0 5.0 6.0 7.0

t. |-0381100 -0.380520 -0.379960 -0.379419

The temperature profile has been plotted in Fig. 3 against y for different values of
Prandtl number and for S=1.0, M =10.0,z=0.2,1 =0.2. It isobserved that the temperature
decreases with increase in Prandtl number. This shows that the thermal boundary layer
thickness decreases with increase in Prdndtl number. The effect of the Prandtl number is
very important in temperature profile.

The rate of heat transfer from the wall to the fluid can be calculated as

Nu:-g%gy = - §(0)- 1 qf(0).

=0

_ . §?pr? € a? b2 u
—SP}"-I {IS-(b+SPl’)}-m{|3-(a+SPF)}H. (442)

(a-b)abg(l , +sPr)

The hest transfer coefficient in terms of Nusselt number is shown in Fig. 4 against suction
parameter for different values of Prandtl number and for M = 10.0,1 = 0.02. It is seen that
the heat transfer increases with increase in Prndtl number Pr. This is due to the fact that a
fluid having larger Prandtl number possesses alarger heat capacity and hence enhances the
heat transfer. Thus, the fluid with larger Prandtl numbers will perform more efficiently the
cooling of the heated plate.
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Fig.2 Crossvelocity 10 x w for S= 1.0, Pr=0.72,z=0.5,T =0.2
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Fig.3 Temperature Profile g for S= 1.0, M =10.0,z=0.2,1 =0.2
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Fig.4 Rage of heat transfer at the plate for M = 10.0,z=0.2,1 =0.2



