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Abstract

In this paper, an investigation of the effects of some physical parameters and
Hall current on magneto hydrodynamics (MHD) fluid flow with heat flux
over a porous medium was carefully examined, taking into consideration Hall
effects where the temperature and concentration are assumed to be oscillating
with time. Furthermore, perturbation method is used in solving the govern-
ing equations. The profiles of velocity, temperature and concentration are
presented graphically, going into the problem the primary and secondary ve-
locity are presented and compute for some physical parameters such as mass
Grashof number (Gc), Schmidt number S¢, Prandtl number (Pr) viscoelastic
parameter (K)) and hall current parameter (m). Results indicated that prima-
ry velocity increases with increase in values of Gc on one hand and on the
other hand it decreases with increase in the values of Pr, K| and m. Secondary
velocity demonstrated opposite trend.
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1. Introduction

The problems of fluid flow continue to attract the attention of so many re-
searchers in engineering science, applied mathematics and applied geophysics.
Heat and mass transfer is used in aerodynamic, extrusion of plastic sheets and
other engineering processes which include chemical engineering and petroleum

engineering [1]. Flows through porous media are very much prevalent in nature
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and therefore the study of flows through porous medium has become important
to many scientists. In view of the above [2], studied MHD free and forced con-
vection flow of Newtonian fluid through a porous medium in an infinite vertical
plate in the presence of thermal radiation, heat transfer and surface temperature
oscillation. [3] examined heat and mass transfer in MHD viscous elastic fluid
flow through a porous medium over a stretching sheet with chemical reaction.
In the last six years many investigations dealing with heat flow problem over a
vertical porous plate with variable suction, soret effects, heat absorption, dissipa-
tion and have been investigated by so many researchers. Hall current effects on
unsteady magnetohydrodynamics flow between streaching sheet and an oscil-
lating porous upper parallel plate with constant suction [4]. Mass Transfer and
Free Convection Effects on the Flow Past an Accelerated Vertical Plate with Va-
riable Suction or Injection, was illustrated by [5]. [6] studied radiation effects on
heat and mass transfer over a vertical plate with Newtonian fluid. Hall current
effects on unsteady Mhd fluid flow with radiative heat flux and heat source over
a porous medium, was analytically examined by [7]. [8] conducted Analytical
study of MHD radiation-convection with surface temperature oscillation and
secondary flow effects. [9] have investigated the effects of hall current on the
steady hydromagnetic flow in an incompressible viscous fluid. [2] studied steady
and unsteady magneto hydrodynamic (MHD) viscous, incompressible free and
forced convective flow of an electrically conducting Newtonian fluid through a
porous medium in the presence of appreciable thermal radiation heat transfer
and surface temperature oscillation taking hall current into account. In addition
[10] analyzed MHD free convection and mass transfer flows with hall current,
viscous dissipation joul heating and thermal diffusion. [11] analyzed MHD free
convection and mass transfer flow in a porous media with simultaneous rotating
fluid. [12] had discussed the MHD unsteady free convective Walter’s memory
flow with constant suction and heat sink. [13] investigated radiation effects on
heat and mass transfer over an exponentially accelerated infinite vertical plate
with chemical reaction. Combined influence of radiation absorption and hall
current effects on MHD double diffusive free convective flow past a stretching
sheet, was demonstrated [14]. [15] analyzed hall current effects on MHD free
convective heat and mass transfer flow past an oscillating vertical porous plate in
the presence of radiation. Effects of radiation, chemical reaction and porosity of
the medium on MHD flow past an oscillating plate with heat and mass transfer
was examined by [16]. [17] studied Hall current effects on unsteady magnetohy-
drodynamics flow between stretching sheet and an oscillating porous upper pa-
rallel plate with constant suction. The effect of slip conditions and Hall current
on unsteady MHD flow of a viscoelastic fluid past on infinite vertical porous
plate through porous medium was studied by [18], the research investigated that
primary velocity significantly decreases with the increases of Hall current para-
meter. Considering [18], in this research the effects of Hall current on MHD

fluid flow are investigated to include radiative heat flux and concentration over a
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porous medium.

2. Problem Formulation

Consider the flow of incompressible memory fluid in an infinite plane with heat
and mass transfer, under the influence of an induced magnetic field and con-
stant suction. The x-axis is taken along the plane in the upward direction and a
straight line perpendicular to that of the y-axis. All fluid properties are assumed
constant. Since the fluid is conducting, the magnetic Reynolds number is much
less than unity and hence the induced magnetic field is not neglected.

The equations governing the flow under Boussineqs approximation are:

Continuity equation:

X

oy

Momentum equation

ou' ou' o*u' u' P i o
gﬁ“%@:l)ayz U= +gf (G =C))+gp (T;-T;)
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Energy equation:
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Concentration equation:
' ' 21
a£,+uoa—C,=Da—C;—KC’ (4)
Ot Oy o'

The initial boundary conditions are:

u=0,w=0, T=T,+(T,-T,)ec"”, C=C,+(C,—-C,)ee at y=0 5)
u=0,w=0,T=0, C=0 aty=d

where uis the velocity of the fluid in the x-direction and vin the y-direction, 7T'is
the temperature of the fluid, Cis the concentration of the fluid, gis the accelera-
tion due to gravity, S are the kinematic viscosity, K is the thermal conductiv-
ity and Cp is the specific heat capacity of the fluid at constant pressure. ¢ is the
time, o is the electrical conductivity of the fluid and , is the magnetic per-
meability. 7 is the temperature of the plate and 7, is the temperature of the flu-
id far away from plate. G is the concentration of the plate and C,is the concen-
tration of the fluid far away from the plate. A/ is magnetic number, K] is viscoe-
lastic parameter, ¢ is the frequency of oscillation, m2 is hall current parameter.

Introducing the following non-dimensional quantities,
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The term aq’ represents the radiative heat flux. By using Rosseland ap-

4c'0T*
3a,0y

Boltzmann constants and mean absorption coefficient respectively. We assume

proximation, the radiation heat flux ¢, =— , where and Stephen and

that the temperature difference within the flow is such that may be expanded in
a Taylor’s series.

Hence, expanding T* about 7, and neglecting higher order terms, we get
T =T, +4T;T" =4T;T'-3T}"

We assume the following solutions:

u' =uy +euje™

! it

w =w, +ewe

. (7)
0' =0, + b/
C'=C}+&Cle™
o* 0
—uzo+ﬂ—Lu0—Jw0+GCC0 =0 (8)
Oy
Mi
where [ = LJrL2 ) J=( mzj
K, 1+m 1+m
d’ d
S0 S0 4 Juy =0 ©)
dy dy
Combining (8) and (9) using complex variable method, we have,
2
F
d—z—E—FL—FJ:—GcCO (10)
d”  dy
where F =(u,+iw,) and i= J-1
d°F dF
>———RF =-GcC, (11)
& dy
where P, =(L+J)
2
= (1-iwk,)S & Y 4y = —GeC (12)
dy”  dy

where Ln= (L + ia))
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2
= (1-iok, ) 5] i), e, =0
y y
2
3(l—in])d 4 O+ =0 (13)
o dy
Using the method of complex variable, combining (12) and (13) to have,
2
 LH A p =G, (14)
d”  dy

where H =(u, +iw), P, =(1-iwK,), L=(L,+iw).
The new boundary conditions are,
uy=u/ =0, wy=w =0,6,=6/=1, C;=C| =1, aty=0}

’ ’ ! U ’ ’ ’ ’ (15)
uy=u, =0, wy=w=0,6,=6/=0, C;=C{=0, at y =1

3. Method of Solution

To solve for mass diffusion, therefore we assume:

Concentration to be
C(y,t)=C,+Ceexp(ior)
C(y,t)= A4 exp(my)+ 4, exp(m,y) (16)
+(A3 exp(myy)+ 4, exp(m4y))gexp(ia)t)

To solve for the momentum equation then

F(h)= A5 exp(msy)+ A exp(mgy) (17)
d*H dH

-P——-PH=0 18

FERF (18)

H(y)= A4, exp(m,y)+ A exp(mgy)+ Dy exp(myy)+ D, exp(m,y) (19)
Therefore, the solution of primary velocity is assumed to be
F(uy +u,) =uy +uee'™
F(uy +uy)
= A; exp(msy )+ Ag exp(mgy )+ D, exp(m,y)+ D, exp(m,y) (20)
+ A, exp(m,y)+ Ay exp(mgy)+ D, exp(m,y )+ D, exp(m,y) e
Then, the secondary velocity also is as follows:
H(w, +w ) =w, +wee
H(w, +w)
= i{ 4, exp(msy)+ Ag exp(mgy)+ D, exp(my)+ D, exp(m,y) (21)
+ A4, exp(m,y)+ A, exp(myy)+ Dy exp(m,y)+ D, exp(m4y)gei””}

From the energy equation we have,

or' ., or_ k T 1 a1 (ou ?
o "oy pep &7 pep dy  pep

pep & pep oy pep Y
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Substituting the value of 87" yields

00,00_ 120 4re0 . (ou'Y
o 6y TP 8)/ 3Pr6y2 oy’
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where Ec=

where E = (1+%}

2 "2
00 00 _E &0 Ec[alJ (22)
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We also assumed solution to be
0=0,+06ce™
u=u,+uce”
Therefore, the solution of the energy equation is as follows:
0= {A + Bexp(PrEzy)—i-D11 exp(ZmSy)—i-D12 exp(2m6y)
+ Dy exp(2m,y)+ Dy, exp(2m,y)+ Dys exp(ms +mg) y
+ Dy exp(m; +m1)y+D17 exp(m5 +mz)y+D18 exp(m6 +m1)y
+ Dy exp(mg +m, ) y+ Dy, exp(m, +m,)y }
+{A9 exp(m, )+ A, exp(mwy)+D21 exp(m5 +m, )y
+ Dy, exp(ms +my )y + Dy exp(mg +my )y + D, exp(ms +m,)y
(

+ D,, exp(m, +m4)y+D29exp(m1+m7)y+D30exp(ml+m8 y

y

)
)

+D,, exp(m, +m )y + D exp(m2 +my )y (23)

(
(
(
(
+D25exp(m +m7)y+D26exp m6+m8)y+D27exp(m6+m3)y
(
+ Dy, exp(m, +my)y+ Dy, exp(m, +m,)y+ Dy exp(m, +m,
(
(

+ Dy exp(m, +m, ) y}eexp(iot)

4. Results and Discussion
4.1. Velocity Profiles

Figures 1-10 represent velocity profile for the flow.

4.2. Concentration Profiles

Figure 11 and Figure 12 represent concentration profiles for the flow.

4.3. Temperature Profiles

Figure 13 and Figure 14 represent temperature profiles for different values of
Prandtle number (Pr) and radiation parameter (R) of the flow.
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Figure 1. Primary velocity profiles for different values of mass Grashof number (Gc).This
indicates that the primary velocity attends its peak at y = 0.5, in the same vein primary
velocity increase with increase in the values of Gc.
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Figure 2. Secondary velocity profiles for different values of Thermal Grashof number
(Go). The least value was attended at y = 0.45, consequently the velocity of the fluid in-
crease with increase in values of Gc.
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Figure 3. Primary velocity profiles for different values of viscoelastic parameter (X). In
this flow primary velocity decrease with increasing values of K;. This is in agreement with
general belief that viscoelastic causes drag in a flow of a fluid.
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Figure 4. Secondary velocity profiles for different values of K;, this demonstrated the
same behavior as in primary velocity.
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Figure 5. Primary velocity profiles for different values of Schmidt number (Sc). As Scin-
creases the primary velocity decreases.
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Figure 6. Secondary velocity profiles for different values of Scindicated the same trend as
in the case of primary velocity.
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Figure 7. Primary velocity profiles for different values of hall current parameter ().
When m = 0 the velocity reached its maximum at 0.19 units, y = 0.45, as the values of m
increases the velocity reduced to as low as 0.08 units. This means that hall current has
adverse effects on flow of this fluid.
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Figure 8. Secondary velocity profiles for different values of m. when m = 0 the flow was
low, it became lowest as the values of m increased.
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Figure 9. Primary velocity profiles for different values of magnetic field (). The effects
of M in this flow are insignificant, even though it reduces the flow of the fluid.
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Figure 10. Primary velocity profiles for different values of magnetic field (M).
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Figure 11. Concentration profiles for different values of chemical reaction parameter
(KD).
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Figure 12. Concentration profiles for different values of Schmidt number (Sc).
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Figure 13. Temperature profiles for different values of Prantle number (Pr). The graph
demonstrated uniformity where Pr= 0.71 and 1.0, while the last two values did not show
significant effect on temperature.
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Figure 14. Temperature profiles for different values of radiation parameter (R). The ef-
fects of radiation parameter are insignificant as demonstrated in the figure above.

5. Conclusion

Investigation of effects of some physical parameters and hall current on MHD
fluid flow with heat flux over a porous medium is studied by transforming the
governing partial differential equations into ordinary differential equations which
are then solved using perturbation techniques. The result of the flow variables
indicates that the fluid temperature is reduced by increasing Prandtl number
(Pr) and radiation parameter (R). Concentration is reduced with increase in
Schmidt number (8¢) and chemical reaction parameter (X). The primary veloci-
ty decrease with increasing prandtl (Pr), radiation parameter and hall-current
while the opposite trend is observed in secondary velocity. The primary velocity
increases with increase in mass Grashoof number (Gr) and thermal Grasshoof
number (Gc) also the reverse is the case in secondary velocity. The primary ve-
locity decreases with increase in A4, sand Sc.
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