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Abstract

An analysis is carried out to study the effect of Hall and Ion-slip current and heat transfer characteristics over an infinite
vertical plate for micropolar fluid in the presence of magnetic field. The governing boundary layer equation first transformed into
non-dimensional form and resulting non-linear system of partial differential equations are then solved numerically by using the
robust implicit finite difference technique. Also the unconditional stability and convergence test has been carried out to establish
the effect of shear stresses, couple stress, Nusselt number and Sherwood number on the flow field. Finally, the effects of various

parameters are separately discussed and shown graphically.
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1. Introduction

Magneto-micropolar fluid flow with hall and ion slip currents is play an important role in the view of its wide
applications in many engineering problemssuch as electric transformers and heating elements. Eringen [1] proposed
the theory of micopolar fluid considering microrotation and microinertial effect. These flow characteristics cannot
be described by the usual Navier-Stokes theory. Hence,the renowned NavierStokes formula is not appropriatefor
modelling such type of problem. Since, the pioneering work by Eringen [1] has created a lot of interest. However,
there are comprehensive works that have been carried out on viscous and incompressible fluid with the effect of Hall
current by Chamhka [2], Seddeek [3], Takher et al. [4], Shateyi et al. [5,6], Salem and Abd El-aziz [7], Anika et al.
[8,9], and among others.

Nomenclature

(x.y,z)Cartesian Coordinates (,v,w) Velocity components

e Suction velocity M Magnetic Parameter

b, Hall current t Dimensionless time

P. Prandlt number E. Eckert number

S, Schmidt number B Magnetic field

D Microrotation parameter T, Temperature at the plate

/ Spin gradient viscosity IN Temperature outside the boundary layer
L Vortex viscosity C, Concentration at the plate

G, Grashof number Cy Concentration outside the boundary layer
G/’ Modified Grashof number U Dimensionless primary velocity

b, Ion-slip parameter w Dimensionless secondary velocity

S, Soret number W Dimensionless microrotation variable

q Dimensionless Temperature F Dimensionless Concentration variable

The momentum, heat, and mass transport on vertical plate have several practical engineering applications. The
heat transfer problem associated with Hall and Ion slip current under different physical conditions has been analysed
by several authors. Dash et al. [10] investigated MHD free convection and mass transfer flow over a continuously
moving vertical plate under the action of strong magnetic field. The hall and ion slip current in the momentum
equation are considered for high speed fluid flows and the level of concentration of foreign mass have been taken
very high. Anika and Hoque [11] studied the one dimensional Magnetohydrodynamics flow behaviour through an
infinite vertical plate. Hall and Ion slip current with strong magnetic field and constant suction are applied
perpendicular to the plate. Recently, Haque et al. [12] studied MHD free convection and mass transfer flow past a
semi-infinite vertical porous plate having variable suction with constant heat and mass fluxes. The diffusion thermo,
thermal diffusion terms, viscous dissipation and Joule heating terms have been considered for high speed fluid.But
the boundary layer micropolar fluid flow characteristic in presence of Hall and Ion slip with magnetic field still not
well understood.

Hence our aim is to study the Unsteady One-dimensional Micropolar fluid flow behaviour through an infinite
vertical plate with the influence of Hall and Ion-slip current having constant suction with constant heat and mass
fluxes. The model has been solved by implicit finite difference technique. In general it is very complicated to
evaluate the flow characteristic of this kind of problem. Therefore, it is necessary to investigate in detail the
accuracy of primary velocity, secondary velocity, angular velocity, temperature and concentration across the
boundary layer. The corresponding Shear stress in x and z direction, Couple stress, Nusselt number and Sherwood
number have been shown graphically. In this study, all figures have not shown for brevity.
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2. Mathematical Model of Flow

An unsteady one dimensional free convection flow of ionized
micropolar fluid along an infinite vertical plate y= 0 has been

expedited in this work. The flow is permeated by a non-conducting
vertical plate taken along x - axis in the upward direction and y -axis
is normal to the plate. A uniform magnetic field of strength By is
assumed to be applied along the positive y -direction normal to the

plate and that induced another magnetic field on the electrically
conducting fluid. The flow configuration and coordinate system are g
shown in Fig.l. Consequently, electrically conducting fluid is  ,%=7 T||L/’ B = (0,B,,0)

affected Hall and Ion-slip current. A force (coriolis force named
microrotational force) owing to the rotating of the particle and the /

interaction of magnetic and electric field induces a cross flow in the Fig.1: Boundary layer development on a vertical plate
z -direction. The equation of conservation of charge D.J = 0 gives

J, = constant.Since the plate is of infinite extent and the fluid motion is unsteady so all the flow variables will

depend only upon y and time ¢ . Within the framework of the above stated assumption and using the dimensionless
tUO

quantities, Y =—,U =—, W = T in the equations relevant to the problem is governed by
Uo Too

0 =
Uy’ Tw—
the following coupled non-dimensional partlal differential equations under the electromagnetic Boussinesq
approximations as:
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with the corresponding initial and boundary conditions
U=0, w=0 0=-S% 9=1, =1 aty =0
>0, oy (6)
U=0, W=0 0=0,606=0,&=0 asY - o

where the symbols have their usual meaning and defined in nomenclature section.
3. Method of Solution

For simplicity the implicit finite difference method has been used to
solve equations (1)-(5) subject to the initial and boundary conditions

equation (6). In this case the region within the boundary layer is divided i—1 i i+1

by some perpendicular lines of Y - axis, where Y - axis is normal to the
medium as shown in Fig. 2.It is assumed that the maximum length of
boundary layer is ¥, (= 30) as corresponds toY ® ¥ i.e. Y vary from
0 to 30. And the number of grid spacing in Y directions is m(= 200),
hence the constant mesh size along Y axis becomes
DY = 0.150£ Y £ 30) with the smaller time step Dz = 0.001.

Let U/, W, W ,q/" and F} denote the values of U,”,W,q andF at Fig 2. Implicit finite difference space grid.
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the end of a time-step respectively. Using the implicit finite difference approximation we have

Uin+1 - ut —€ Ui, - U Ufiy =208 + U, O, —Q
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and the initial and boundary condition with finite difference scheme as
n n n U{I — Ug' n n
Uug =0, Wgt=0, OZ_ST' 0y =1, 0=1, T>0 (13)
ur=0, wtr=0o, r=0 6'=1, oF =1, L - o
Here, irepresent the grid points while n represents a value of time, T = nAt, where, n = 0,1,2,3, ... ... ... ...Also

the numerical values of the shear stresses, couple stress, Nusselt number and Sherwood number are eventually by
five point approximate formula for the derivatives. The continuity equation is ignored since D¢ does not appear in
it. The general terms of the Fourier expansion forU;",W/", W/ ,q" and F/ at a time arbitrarily called 7 = 0 are all &“”
apart from a constant, where i = J-1.The stability conditions are not shown for brevity.

4. Results and Discussion

To investigate the physical conditions of the developed mathematical model the effects of dimensionless
steady-state shear stresses (namelys .7 ,), couple stress, Nusselt number and Sherwood number versus ¢ has
been analysed in Figs. 3 to 15 respectively. Fig. 3 has shown the effects of magnetic parameters M on the
several steady-state Shear stresses. It can be observed that the main flow decreased with the magnetic parameter
M . But the Shear stress in z -direction (Fig. 4) gives the opposite effect with increase of magnetic parameter.
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Fig. 3.Shear stresst, for different values Fig. 4.Shear stress 7, for different values Fig. 5. Shear stress 7, for different values

of M. of M. of 3.
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Also from Fig. 5 it can be concluded that shear stress in the z -direction has increased with increaseof Hall
parameter b, as compared to time 7 , whereas the shear stress in x -direction has no visible effect(figure is not
shown for brevity).Generally, it has been seen that an electrically conduction fluid is affected by Hall currents in
the presence of transverse magnetic field. So the shear stress ¢, increases with increasing values of 5,, when
b, £ 1. Fig.6 ascertain that the effect of P. on Nusselt (- ~,) number. The value of Nusselt (- N, ) significantly
increases with increase of P.. Schmidt number S, embodies the ratio of the momentum diffusivity to the mass
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Fig. 9. Couple stressfor different values Fig.10. Couple stressfor different values Fig.11. Shear stress 7, for different values
of A. of dimensionless lon-slip parameterf;. of dimensionless Suction parameter €.

(species) diffusivity. It physically relates the relative thickness of the hydrodynamic boundary layer and mass
transfer (concentration) boundary layer. Fig. 7 has shown the effect of Sherwood (- S),) number for different
values of §, .The time development of couple stress for the different values Vortex viscosity / has been
presented in Fig.8. Shear viscosity causes a backward flow and then it rise to become linear. Therefore, the
couple stress decrease as vortex viscosity / increases with ¢ T
dimensionless time until they reach the steady-state condition as Sno E}f;;:‘:
t ® ¥ .Local spinning motion of the fluid usually decreases in |

viscosity at higher shear rates. The effects of spin gradient viscosity

L on couple stress have been plotted in Fig.9 with respect toz . The o:sf

steady state couple stress has a backward flow and increase steeply % |

onwards as compared to ¢ . Again the couple stress increases with the % o1 f

increase of gradient viscosity L . Considerable effect of dimensionless £

Ion-slip parameter b; on time development has been plotted in “ons|

Fig.10. Because of considering very small magnetic parameter, the b o —emmm e e Pl e s
increase of b; has negligible effects on those profiles.In order to get o % Tinﬁﬂi i

the physical insight of suction parameter e , it has been seen from Fig.12. Shear stress T, for different values

Figs. 11, 12 that shear stresses for both x and z direction has fallen for of dimensionless Suction parametere
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the rise ofe . So, boundary layer flow attains minimum velocity for large suction.And the Sherwood number
(- S},) has increases for low suction as illustrated in Fig.13.The effect of dimensionless Soret number S, has
been discussed in Figs.14 and 15. It is noticed that for increasing S, , at low times, Couple stress decelerates for
large S, . And then onwards it was boosted from below for large time steps with the increase of §, . The
Sherwood number (- S),) decreases drastically for the increase of dimensionless Soret number S, as illustrated
in Fig.15.
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Fig.13. Sherwood numberfor different Fig.14. Couple stress for different values Fig.15. Sherwood number for different
values of dimensionless Suction parameter € of dimensionless Soretnumber S,,. values of dimensionless Soretnumber S,,.

5. Conclusions

MHD mass transfer problem by free convection flow of an ionized incompressible viscous micropolar fluid
across the infinite vertical plate under the action of Hall current and Ion-slip parameter has been taken into account.
The physical properties are graphically discussed for different values of corresponding parameters. Some important
findings of this study are given below:

1. The Shear stress in x -direction decreases with the increase of Mande .

2. The Shear stress in z-direction increases for of Mandb, while it decreases with the increase of e .

3. The Couple stress increases with increase of L and decrease for/ and.sS .

4. The Sherwood number increases with the increase of S.ande and decrease for S,, .

5. The Nusselt number increases with increase of P. .
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