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ABSTRACT

Chemical reaction effect on unsteady MHD flow past a moving vertical plate with variable mass diffusion
and Hall current is studied here. The wall temperature is kept constant. The fluid considered is viscous,
incompressible and electrically conducting. The model under consideration is solved by Laplace
transform method. The velocity profile for different parameters has been studied. This study is usefull in
magnetic field controlled materials processing systems, planetary systems and MHD induction machine
energy generators, etc.
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1. INTRODUCTION

The magneto hydrodynamic flow with Hall effect plays important role in engineering and astrophysics.
Some applications are in the field of MHD generators, MHD bearings, ion propulsion, stellar and solar
structure, inter planetary and inter stellar matter, solar storms and the three-dimensional channel flow
MHD pumps etc. Some articles are worth mentioning. Deka [5] has discussed Hall effects on MHD flow
over an accelerated plate. Watanabe et al. [7] have studied Hall effects on MHD boundary layer flow on
a continuous moving plate. Katagiri [9] has discussed the effect of Hall current on the MHD boundary
layer flow past a semi-infinite plate. Unsteady Hartmann flow with heat transfer has been studied by
Attia [6]. Further, mass diffusion effects on infinite vertical plate with heat flux have been studied by
Deka et al [8]. Raptis et al. [4] have analysed viscous flow on stretching sheet with chemical reaction.
Ibrahim et al. [3] have studied MHD boundary layer flow on moving vertical plate. Rajput and Sahu [2]
have studied effects of chemical reaction on MHD flow between two vertical parallel plates. H. Kumar
[1] has studied MHD free convection flow on a stretching porous sheet with heat source. We are
considering Chemical reaction effect on unsteady MHD flow on a plate with Hall current. The results are
shown with tables and some graphs.

2. MATHEMATICAL MODELING
The Geometric model of the flow problem is shown in Figure - A.
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A vertical moving electrically non-conducting plate with constant wall temperature is considered here. A
uniform magnetic field B is taken on the flow. Using the relation v.B =0, for the magnetic field—

EZ(B B B ), we obtain B, (sayB, ) = constant, i.e. B=(0,B,,0), where B is externally applied
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transverse magnetic field. Due to Hall effect, there will be two components of the momentum equation.

With usual assumptions the fluid model is as under:

2 - 32
Y 0T BT ~Teo) + 08 (C~Coo) - — L uem), (1)
ot oy pL+m*)
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The boundary conditions considered for the model are as follows:
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t<0:u=0,w=0,C=C,,T =Ty, forall thevalues of y,
2
uO t
t>0:u=u0,w=0,T=TW,C=COO+(CW—COO)Taty=0, 5)

U—->0w—->0C—>Cqxp, T>Typ asy—ow.
Definition of symbols:

u — fluid velocity along x, w — fluid velocity along z, m - Hall parameter, g - gravity, 8 - coefficient of
thermal expansion, §* - coefficient of concentration expansion, t - time, C.. - the species concentration
away from the plate, C - species concentration in the fluid, C, - species concentration at the plate, D -
mass diffusion, T.. - fluid temperature near the plate, T,, - plate temperature, T - fluid temperature, k -
the thermal conductivity, v - the kinematic viscosity, p - the fluid density, K. -chemical reaction
parameter, o - electrical conductivity, u - the magnetic permeability, C; - specific heat at constant
pressure.

Here m = @7, with @, - cyclotron frequency of electrons and z, - electron collision time.

To transform the equations (1) - (4) in dimensionless from, the following non - dimensional quantities

are used:
u W yuo 1% 'UCP OBgU
0=—,W=—,y=—,5c=—,Pr= M =—,
UO UO v D K puo
~tu Cweie@ Tw T
=0 ‘Gm:gﬂv( W3 w),er:gﬂ”( W3 oo)’
13
Ug Ug
- C-Cyxp ,HZ(T—Too)' 0:1)1<2c_
Cw—Cw (Tw —Tow) ug (6)

The symbols in dimentionless form are@ - velocity, W - velocity, & - temperature, C - concentration, Gr
- thermal Grashof number, Gm - mass Grashof number, 4 - the coefficient of viscosity, Pr - the Prandtl
number, Sc - the Schmidt number, M - the magnetic parameter K; - the chemical reaction parameter.
The dimensionless forms of equations (1), (2), (3) and (4) are as follows

_ o | .
a—qza—u+GrH+Gm5—M, (7)
ot 372 (1+m2)
oW 0°W  M(W-mu)
E: _2_ 2 ] (8)
oy @+m*)
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ot Pr (372

The corresponding boundary conditions are:

f<0,0=0,w=0,C =0,0=0,forall thevalues of y,
{>0,0=,W=0,0=1C =taty=0, (11)
u—>0,w—0C -0, >0 asy— .

Dropping the bars and combining the equations (7) and (8), we get

oq d%q ( M ]
—=—+Gréd+GmC- 1-mi) (g, 12
ot 1 1+m2( ) L

oC 1 8%

ot Sc gy

2
L MR (14)
ot Pray2

Here q =u+iw. The corresponding boundary conditions become

t<0,g=0,C =0,0=0,forall thevalues of y,
t>0,g=1,0=1,C=taty=0, (1
g—0,C—>0,6—->0 asy— .

The solution of the above equations is obtained by the Laplace transform method, which is an under

\/ﬁy}
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2.1 SKIN FRACTION

at _, [atf oy [-aPr
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The dimensionless skin friction at the plate y = 0 is computed by

d
(—qj =7y +i7,

2.2 SHERWOOD NUMBER

The dimensionless Sherwood number at the plate y = 0 is computed by
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Sh=— Lg% (B,,(~Scy +21,/ScK,, )+ 62V (B, (Sey + 2t,/ScK, )) +4\/817Key Ko (_gcB, 2% 5cB, )
C! 0

4

Jic (€% (=Sc-+2t[SeK, )+ & % 2V (504 2, [SeK )+ 2670 By Sc-+ 21,5k, ).

3. INTERPRETATION OF RESULTS

The velocity, skin friction and Sherwood number computed for different parameters.

Figures 1 and 5 show that u increases when m, and t are increased. Figures 2, 3, 4, and 6 show that u

decreases when M, Sc, Pr and, K, are increased. Further, it is deduced from figures 8 and 11 that w

increases when M, and t are increased. Figures 7, 9, 10 and 12 show that w decreases when m, Pr, Sc

and K, are increased. Further, Figures 13 and 14 show that concentration decreases when K, and Sc are

increased. These results are in agreement with the actual flow of the fluid. From table — 1 it is deduced

that Sherwood number decreases with increase in Sc, Ko, and t. From table - 2 it is deduced that 7,

decreases with increase in Pr, M, Sc and Ky, and it increases with increase in m, Gm, Gr, and t. The value

of 7, increases with increase in Gr, t, Gm, and M. Further, it decreases when Sc, Pr, K, and m are

increased. Effectively it is as per the expectations of the boundary layer theory.
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Table - 1 Sherwood number
Sc K, t Sh
0.16 1.0 0.2 -0.2150
0.3 1.0 0.2 -0.2944
0.6 1.0 0.2 -0.4164
2.01 10 0.2 -1.1182
2.01 20 0.2 -1.4264
2.01 1.0 0.1 -0.5225
2.01 1.0 0.2 -0.7621
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Table — 2 Skin fraction

m Gr Gm M Sc K, Pr t T

1.0 |10 10 2 201 |10 |0.71 |0.2 |1.3939 | 0.3315

1.0 (10 |20 2 201 |10 |0.71 |0.2 |1.6614 | 0.3357

10 |5 100 2 201 |10 |0.71 |0.2 | 2.4815 | 0.3239

1.0 |10 100 2 201 |10 |0.71 |0.2 | 3.8014 | 0.3695

20 |10 100 2 201 |10 |0.71 |0.2 |4.0317 | 0.3079

3.0 | 10 100 1 2.01 1.0 (071 |0.2 |4.1129 | 0.2341

1.0 |10 100 3 2.01 1.0 (071 | 0.2 | 3.6056 | 0.5357

1.0 |10 100 5 2.01 1.0 [(0.71 | 0.2 |3.2202 | 0.8345

1.0 |10 100 2 2.01 1.0 [2.00 | 0.2 |3.1942 | 0.3320

1.0 |10 100 2 201 |1.0 |3.00 |0.2 |29636 | 0.3204

1.0 |10 100 2 0.16 (10 |0.71 |0.2 |5.7437 | 0.4533

1.0 |10 100 2 030 (10 |0.71 |O0.2 |5.3035|0.4304

1.0 |10 100 2 201 |10 |0.71 |0.1 |0.9034 | 0.2139

1.0 |10 100 2 201 |10 |0.71 |0.2 |3.8014 | 0.3695

1.0 |10 100 2 201 |10 0.71 | 0.2 |3.3781 | 0.3598

1.0 |10 100 2 201 |20 0.71 | 0.2 | 3.0806 | 0.3531

4. CONCLUSION

Velocity u increases with the increase in m, and t. But it decreases with the increase in M, Pr, K, and Sc.
Further, velocity w increases with increase in t and M. However, it decreases with the increase in m, Pr,

Koand Sc. The value of 7, decreases with the increase in Pr, M, Sc, K, and it increases with the increase

Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Aryabhatta Journal of Mathematics and Informatics
http://www.ijmr.net.in email id- irjmss@gmail.com Page 737




Y JMR™

= Vol.09 Issue-01, (January - June, 2017)  ISSN: 2394-9309 (E) / 0975-7139 (P)
M Aryabhatta Journal of Mathematics and Informatics (Impact Factor- 5.856)

in m, Gm, Gr, and t. The value of 7, increases with the increase in Gr, t, Gm, and M. But it decreases

when Sc, Pr, Kyand m are increased. Concentration decreases with increase in Sc and K,. Sherwood
number decreases with increase in Sc, Kyand t.
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