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Hall effect on unsteady MHD flow along vertical plate with variable
temperature and mass diffusion in the presence of porous
medium and chemical reaction

Manish Kumar, Gaurav Kumar’, Abdul Wadood Khan

Abstract. The effects of chemical reaction and Hall current on the unste-
ady magneto hydrodynamic flow along a vertical plate with variable
temperature and mass diffusion in the presence of a porous medium is
studied hare. The fluid flow model of this paper contains governing par-
tial differential equations of the motion, energy, and diffusion equation.
To simplify the analysis, the governing equations are transformed into
dimensionless form using non-dimensional variables. The Laplace-
transform technique is employed to obtain an exact solution for the flow
equations of the MHD model. The results of the analysis are presented
using graphical representations of the velocity profiles. With the help of
graphs, we discussed the behavior of fluid velocities with different para-
meters, including the chemical reaction parameter, Hall currents para-
meter, accelerated parameter, magnetic field parameter, and permeabi-
lity parameter, and the numerical values of Sherwood number have been
tabulated. We found that the values obtained for velocity, concentration
and temperature are in concurrence with the actual flow of the fluid.
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1. Introduction

The influence of chemical reaction and Hall current on magneto hydrodynamic
(MHD) flow has been extensively studied in various scientific and technological fi-
elds, including chemical engineering, mechanical engineering, biological science,
and petroleum engineering. Researchers have investigated different aspects of MHD
flow problems associated with these factors, focusing on diverse scenarios and phe-
nomena. Raptis and Kafousias [4] examined MHD free convection flow and mass
transfer through a porous medium bounded by an infinite vertical porous plate with

©2023 Studia UBB Engineering. Published by Babes-Bolyai University.

@@@@ This work is licensed under a Creative Commons Attribution-NonCommercial-

arrmnm NoDerivatives 4.0 International License


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

a constant heat flux. They aimed to understand the behavior of the flow and its inte-
raction with the porous medium in the presence of MHD effects, chemical reactions,
and heat transfer. Abo-Eldahab et al. [1] explored the impact of Hall current on MHD
free-convection flow past a semi-infinite vertical plate with mass transfer. Their
investigation sought to comprehend how the Hall current influenced the convective
flow patterns and the transfer of mass between the fluid and the plate. Youn [10]
focused on the heat and mass transfer in MHD micro polar flow over a vertical mo-
ving porous plate in a porous medium. Attia [2] analyzed the ion slip effect on unste-
ady Coquette flow with heat transfer under an exponential decaying pressure gradi-
ent. The investigation aimed to understand how the ion slip phenomenon influenced
the flow behavior, heat transfer, and the overall fluid dynamics. The influence of
chemical reaction and Hall current on MHD flow was also explored by Ibrahim and
Makinde [3], they investigated the chemically reacting MHD boundary layer flow of
heat and mass transfer over a moving vertical plate with suction. The study aimed to
uncover the effects of these factors on the boundary layer flow, heat transfer, and
mass transfer processes. Sahin and Chamkha [8] studied the effects of chemical re-
action, heat and mass transfer, and radiation on MHD flow along a vertical porous
wall in the presence of an induced magnetic field. Their investigation aimed to com-
prehend the combined impact of these factors on the flow characteristics, heat trans-
fer, and mass transfer mechanisms occurring within the porous medium. Rajput and
Kumar [6] focused on unsteady MHD flow past an impulsively started inclined plate
with variable temperature and mass diffusion in the presence of Hall currents. By
considering the effects of unsteadiness, variable temperature, mass diffusion, and
Hall currents, they aimed to analyze the complex interactions and their influence on
the flow behavior and heat and mass transfer. Further, they [5] have worked on che-
mical reaction effect on unsteady MHD flow past an impulsively started oscillating
inclined plate with variable temperature and mass diffusion in the presence of Hall
current. Sharma et al. [9] studied Influence of chemical reaction and radiation on
unsteady MHD free convection flow and mass transfer through viscous incompres-
sible fluid past a heated vertical plate immersed in porous medium in the presence
of heat source. The study aimed to understand how the chemical reaction, radiation,
and MHD effects influenced the convective flow patterns, heat transfer, and mass
transfer in the presence of a porous medium. Rajput and Kumar [7] examined the
effects of radiation and chemical reaction on MHD flow past a vertical plate with
variable temperature and mass diffusion. Their investigation aimed to analyze the
combined influence of radiation, chemical reaction, and MHD effects on the flow
behavior, heat transfer, and mass transfer occurring near the vertical plate.

In this paper, we have investigate the influence of chemical reaction and Hall
current on unsteady MHD flow along a vertical plate with variable temperature and
mass diffusion in the presence of a porous medium. The present study provides
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insights into how these factors affect the flow characteristics, heat transfer, and mass
transfer processes. The results of their investigation are presented using graphical
representations and tabulated data, which help visualize and summarize the findings.

2. Mathematical Analysis.

In this paper, consider unsteady MHD flow past on vertical plate with no electrical
conductivity. The plate's x axis and z normal are taken along the flow of fluid. Fluid flow
has a primary velocity u along the plate, while fluid has a secondary velocity v along the
z-axis. The uniform strength magnetic field By is applied perpendicular to the surface at
angled ¢. The plate and the fluid were first assumed to be at the same temperature 7. It
is assumed that C is the species concentration in the fluid. The temperature of the plate
is increased to 7, at time t > 0 when the plate suddenly starts to rise vertically upward in
its own plane in the positive x-direction with a velocity of uo f(t). The concentration C
near the plate is raised linearly with respect to time. The induced magnetic field can be
ignored because the fluid has a relatively low Reynolds number value. So, under above
assumptions, the flow model is as under.

Momentum equations

ou  0u oB; Cos’ p(u+mvCos vu
O O gp(T-T,)+ g (C-C,) - TN LN
ot 0z p(1+m*Cos*p)
ov o’v  oB;Cos’p(muCosp—v) vv
— =D > + 2 B T (2)
ot oz p(I+m Cos @) K
Diffusion equation
oC o0°C
=D —-K.(C-C,)), 3
at az C( oo) ( )
Energy equation
or , o°T
—=k 4
e T e @

Following are the initial and boundary conditions:

t<0:u=0,v=0,T=T, C=C_, foreveryz,
ult Lt

>0 u=u, ), v=0T =T, +(T,-T.)"" c=C, +(C, C)—atz—O (5)
)]

u—>0v->0T->T,6 C—>C, asz—> oo,
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Here u and v are the primary and the secondary velocities along x and z
respectively, v- the kinematic viscosity, p- the density, C,- the specific heat at con-
stant pressure, k- thermal conductivity of the fluid, D- the mass diffusion coefficient,
g- gravitational acceleration, f- volumetric coefficient of thermal expansion, #- time,
m- the Hall current parameter, 7- temperature of the fluid, 8" - volumetric coefficient
of concentration expansion, C- species concentration in the fluid, 7;,- temperature of
the plate, C,- species concentration, ¢ - Angle of inclination, By- the uniform mag-
netic field, o - electrical conductivity.

To convert equations (1), (2), (3), and (4) into dimensionless form, the
following non-dimensional quantities are introduced:

B2
E:ﬂ)ﬁ:i)ﬁ:l’sczg,luzpv’M:O- 020, )
v u, u, D pu,
LK ue gpv, -T.,) (r-T,)
K0: ZC’R: p’Gr: 3 ,6: ,> (6)
. ; " (T, -T,)
* _ o _ ~ P 2
Gm — gﬁ U(Cvg ch;) ) C — (C Coo) ,t — u() )
u, (C,-C,) v )

The symbols in dimensionless form are as under:

b- Acceleration parameter, & - the temperature, C - the concentration, G, - thermal
Grashof number, u - the primary velocity, v - the secondary velocity, - the coeffi-
cient of viscosity, P,- the Prandtl number, S,- the Schmidt number, 7 - time, G,- mass
Grashof number, Ky - The chemical reaction parameter, K - permeability parameter
of the medium, Ha- the magnetic parameter.

As a result, the model is:

8_1/?2 827 +G.0+G, T - (Ha)2C0S2¢2(L_l+;7’l\7C0S(D) —éﬁ, o
ot o0z (I+m~Cos” @) K
v _ o’u . (Ha)’ Cos’p(muCosp —v) g ®
or oz° (I + m’Cos’ @) K’

_ =
aa_(t‘jzsicaaz(j -K,C, ©)
00 1 0°0
or P ozl (19
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with the aforementioned boundary constraints:
1<0:u=0v=0 0=0 C=0, forevery Z,
(>0:u=f(),v=0 0=t C=t atz=0. (11)
>0, v>0 050 C >0 as z—> o0,

When we drop bars from the equations above, we obtain:

2 2 2 2
8_u: 0 I;l +G,0+G.C— (Ha)" Cos (ogu+121vCos ) —iu,(lz)
ot 0Oz (I+m Cos @) K
ov _ 82\2/ N (Ha)ZCosz(pZ(mu(Zfosgo—v) —iv, a3
ot 0Oz (I+m " Cos ) K
oc 1 0°C
S_ LT ko, 14
a S ot (14
ot P oz’

with the boundary conditions:

t<0:u=0,v=0,0=0, C=0, forevery Z,
t>0:u=f(t),v=0 0=t C=t at z=0, (16)

u—>0,v—->0 0->0 C—>0, as z—> 0.

Combining equations (12) and (13) in the following form:

2 2 2 .

8_61: 0 ?+Gr 0+G. C— (Ha)* Cos (ogl l;nCosgo)q _i’(”)
ot 0Oz I1+m"Cos ¢ K
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the boundary conditions:
t<0:9=0,0=0,C=0, foreveryz,

t>0:q=1f(1),0=tC=t, atz=0, (20)
g—0,0-50,C—>0, as z— 0.
The standard Laplace-transform method is used to solve the dimensionless go-

verning equations (17) to (19), subject to the boundary conditions (20). The found
solutions are as follows:

4\/1K7 exp(—z+/S.K, ){erfc[

+ 26, JK,) + exp(2z4/S.K, )erfc[

+2tr)}

02t{(1+ )erfc[ \/\; \/\/;_ p(—4—) g
T

Case 1: In this case, we considered the motion of the surface with uniform velocity,
and the velocity is
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Case 2: In this case, we studied the motion of the surface with exponentially accele-
rating, after which the fluid's velocity is

a+bt—z
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t
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erfc| D+ -G, {zx +2exp(—~az)) x, P +2x ., 7,
24t 4a
G,

(I—R)}+4( CK.S) sz + 221 —S.) +2exp(—Vaz) x,

1—1K 1 N K 2 ZP
S.(A—t¢ O)—ﬁzexp(— az) s K,S.}— 2\/—G{ za exp(— =)

tP, + N7 1 (Xs + 21 P) N7 x5 (az> P =2+ 2at + 2P,)}
G, S g 1

2J_(a KOSC)z 2,/K,

+ 2N T Ao (S, =) +exp(—2[K SN (1 —at =S, +1K,S.)}

exp(—z+/KS. ) 29/ 7 S, (S.K, —az)

where,

(Ha) Cos’p(1 - szosqo)
1+m’Cos’ ¢ K '

2, =1+, +exp(2\/ZZ)(1—Z17), Xt 1, =0,

x5 +expzNa) -y, ) =1+ x5, Xy T1= 20+ X15(X0 = D),
Xs+1=p,,+x,0(xs— D), Xs+ Xos ¥1=215(X2 — 1),
X+ X6 =0 x+ 200 +1= Y5022 = D,

Ko =1+ X0+ X301 =D X1o+ Xos t1=X10(X2 — 1),

P

ZX = exp(—\/a_z)(2;51+2at;(2+\/213), X tl=erf] 2\/; 1,

g=u+iv, a

t—tK,S, [
X3 =exp(%—z)(3,\/s_c), K14 :exp((;(32)2t—z;(32 P,),

SC
2dat—z 2dat+z
=1, = - - = =er s
Xis Xis =erfl 2\/; 1 %7 vl 2\/— —1

24
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2.1. Sherwood Number

The dimensionless Sherwood number is given by

L

JiS. K,
+t\/_) \/7;{_ ,

The numerical values of Sy are given in table-1 for different parameters.

—JiK,

1
WK,

3. Results and Discussion

In this paper, graphical representations of the analytical solution obtained for
the MHD fluid velocity, which has two components-primary velocity u and se-
condary velocity v in the transverse direction and along the direction of motion of
the surface, are shown in figures 1 to 14. Here, two cases are discussed thought
graph: Figures 1 to 6 show the velocity profile for the first case's various parameters,
such as the magnetic field parameter (Ha), Hall parameter (m), chemical reaction
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parameter (Ky), acceleration parameter (b), and permeability parameter (K), while
additional figures are shown for the second case of the solution. It is observed that
in both situations, primary velocity and secondary velocity each reach an extreme
value in the area close to the plate before gradually decreasing to reach free stream
value. Figures 1 and 7 show that as the angle of inclination g increases, the primary
fluid velocity rises and the secondary fluid velocity falls. From figures 2 and 10, it
can be concluded that as permeability parameter K increases, then rise the velocities.
This is because a decrease in the resistance of the porous medium, as indicated by
an increase in the permeability parameter K, tends to accelerate primary and se-
condary velocities in the boundary layer region. It seems that the velocities decrease
as the chemical reaction parameter Ko increases (Figures 3, 4, and 11, 12). It can be
seen from figures 5 and 13 that speeds rise as the Hall current parameter m is raised.
Additionally, figures 6 and 14 show that increasing values of the parameter Ha have
the opposite effect on «# and v. Figures 8 and 9 show that when velocities increase,
the acceleration parameter b also increases.

r Gr =100, Gm =100, Pr=0.71, 1
12} Sc=2.01,Ko=021t=0.2 ]
Ha=4m=1,K=0.2 1

@=30%45%60°

Figure 1. Velocity u and v for different values of @
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Figure 2. Velocity u and v for different values of K
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Figure 3. Velocity u and v for different values of Ko
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Figure 5. Velocity u and v for different values of m
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Figure 4. Velocity v for different values of Ko
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Figure 6. Velocity u and v for different values of Ha
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Figure 7. Velocity u and v for different values of @
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Figure 9. Velocity v for different values of b
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Figure 10. Velocity u and v for different values of K
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Figure 11. Velocity u and v for different values of Ko
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Figure 12. Velocity v for different values of Ko
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Figure 13. Velocity u and v for different values of m
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Figure 14. Velocity u and v for different values of Ha
Table 1. Sherwood number for different Parameters
KO Sc t Sh
01 2.01 0.2 -0.7622
10 2.01 0.2 -1.1182
20 2.01 0.2 -1.4264
05 3.00 0.2 -1.1399
05 4.00 0.2 -1.3162
05 2.01 0.3 -1.2602
05 2.01 04 -1.5814

4. Conclusion

An analytical investigation has been conducted for the MHD fluid flow model
under the consideration by converting the governing linear partial differential equa-
tions into non dimensional form. It has been observed that raising the chemical re-
action parameter causes a decrease in boundary layer velocity. The velocity of

33




fluid close to the surface increase as the acceleration parameter increases. It has been
noted that Hall current tends to slow secondary fluid flow velocity while accelerating
primary flow of the velocity. We observed that the values obtained for velocity, con-
centration and temperature are in concurrence with the actual flow of the MHD fluid.
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