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ABSTRACT
An attempt has been made to investigate the effects of chemical reaction on an unsteady MHD flow past an
impulsively started oscillating inclined plate with variable temperature and mass diffusion in the presence of
Hall current and Heat source. The dimensionless governing equations are solved numerically using Laplace
transform technique. The profiles of velocity, temperature, concentration are discussed with the help of graphs
for different parameters like Grashof number, Prandtinmber, Schmidt number, Chemical reaction parameter,
Heat source parameter ,Hall current parameter, Magnetic field parameter.
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l. INTRODUCTION

MHD viscous flows with Hall currents have grown considerably because of its engineering applications to
problems of MHD generators, Hall accelerators, as well as magneto hydrodynamics. It is also important in solar
physics involved in the sunspot development, the solar cycle and the structure of magnetic stars. The effect of
Hall current in the fluid flow with variable concentration has many applications in MHD power generation, in
several astrophysical and meteorological studies as well as in plasma flow through MHD power generator.
Sundalgekar et.al.,[1] gave an exact solution of the MHD flow of an incompressiable, electrically conducting,
viscous fluid past a uniformly accelerated infinite plate. Gupta and Gupta[2] investigated hall effects on the
hydromagnetic flow past an oscillating flat plate in the presence of a uniform magnetic field. AbdusSattar and
AhamudAlam [3] analysed an unsteady MHD free convective heat and mass transfer flow with Hall current of
electrically conducting incompressible viscous fluid through a porous medium along an infinite vertical porous
plate by taking constant heat flux at the plate. Aboledahab and Elbarbary [4] studied heat and mass transfer
along a vertical plate under the combined buoyancy force effects of thermal and spices diffusion in the presence
of a transversely applied uniform magnetic field and the hall currents are taken into account. Stanford shateyi
et.al.,[5] investigated the influence of a magnetic field on heat and mass transfer by mixed convection from
vertical surfaces in the presence of Hall, radiation, Soret and Dufoureffects. Sarkar et.al.,[6] investigated the
Hall effects on an unsteady MHD free convective flow of a viscous incompressible electrically conducting fluid
past a uniformly accelerated vertical plate in the presence of a uniform transverse applied magnetic field taking
viscous and Joule dissipations into account.. Seth et.al.,[7] studied the effects of Hall current and rotation on
unsteady MHD natural convection flow with heat and mass transfer of an electrically conducting, viscous,
incompressible, chemically reacting and optically thin radiating fluid past an impulsively moving infinite
vertical plate embedded in a porous medium in the presence of thermal and mass diffusion . Bhupendra Kumar
Sharma et.al.,[8] analysed the unsteady MHD mixed convective flow of a viscous incompressible fluid past an
infinite vertical porous flat plate in the presence of a heat source/sink with Hall effect. Ramana Reddy et.al.,[9]
presented an analysis of the effects of magnetohydrodynamic force and buoyancy on convective heat and mass
transfer flow past a moving vertical porous plate in the presence of thermal radiation and chemical reaction.
Seth et.al.,[10] analysed unsteady hydromagnetic free convection flow of a viscous, incompressible and
electrically conducting fluid past an impulsively moving vertical plate with Newtonian surface heating
embedded in a porous medium taking into account the effects of Hall current is carried out.

The objective of the paper is to examine the effects of chemical reaction and Hall current on unsteady flow of a
viscous, incompressible and electrically conducting fluid past an impulsively started oscillating inclined plate
under the influence of transversely applied uniform magnetic field in the presence of heat source with aid of

graphs.
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Figure(A): Physical diagram

Il. MATHEMATICAL FORMULATION
The x axis is taken along the vertical plane and z axis is hormal to it. So the z axis lies in the horizontal plane.
The plate is inclined at an angle « from vertical. The magnetic field Byof uniform strength is applied

perpendicular to the fluid flow. It has been considered that the plate as well as the fluid is at the same
temperature T_ initially. The species concentration in the fluid is taken as C_, (see Figure(A)) . At time t > 0, the
plate starts oscillating in its own plane with frequency  and temperature of the plate is raised toT,, . The
concentration C near the plate is raised linearly with respect to time. The flow governing equations are as under:
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The boundary conditions
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Here u is the primary velocity, v is the secondary velocity, gis the acceleration due to gravity, S is the
volumetric coefficient of thermal expansion, t isthe time, m is the Hall parameter , Tisthe temperature of the
fluid, p*is the volumetric coefficient of concentration expansion, Cisthe species concentration in the fluid, v is
the kinematic viscosity, p is the density, C,is the specific heat at constant pressure, k is the thermal
conductivity of the fluid, D is the mass diffusion coefficient, Ty, is the temperature of the plate at z= 0, C,, is the
species concentration at the plate z= 0, Byis the uniform magnetic field, Kc is the chemical reaction, cis the
electrical conductivity, Q’ is the dimensional heat source parameter.
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Non dimensional quantities are
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Where u is the dimensionless Primary velocity, vis the secondary velocity, tis the dimensionless time, 6 is

the dimensionless temperature, Cis the dimensionless concentration, Gr is the thermal Grashof number, Gm is
the mass Grashof number, p is the coefficient of viscosity, Kr is the chemical reaction parameter, Pr is the

Prandtl number, Sc is the Schmidt number, M is the magnetic parameter,Q is the Heat source parameter. The
flow model becomes.
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The corresponding boundary conditions are
t<0:u=0,v=0,6=0,C=0 forall z
t>0:u=cosat,v=060=tC=tatz=0(11)
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Dropping the bars we get
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The corresponding boundary conditions are
t<0:u=0,v=0,0=0,C=0 forall z

t>0:u=cosamt,v=0,0=t,C=tatz=0(16)
u—>0,v—>060-—->0C—>0asz—>wx

The dimensionless governing equations (12) to (15), subject to the boundary conditions (16), are solved by the
usual Laplace - transform technique.The solution obtained is as under:

VOLUME 20 : ISSUE 4 (APRIL) - 2024 || Page No:40



Journal of Beijing Institute of Fashion Technology || ISSN : 1001-0564 || https://bjfzxyxb.cn/

q(Lt):%{e;" {e_z a_merf{ﬁ_m]{ez = 'werfc[——m DH

eia)t

et el )

+b%{ ‘Z‘ferfc[zf/f \/E]+ezferfc(7+\/—ﬂ

t z _z4a t z z2/a
+ bll{[a—mje erfc[m—\/gJ+[E+m] erfc(—\/_ \/_J:l
_ beez_bg_t {eh/aibserfc[ﬁ ~Jla-byx J + ezﬂerfc(ﬁ + \/mﬂ
_bee > ot {e_zﬂerfc(# - Ja—bg )tj+ ezﬁerfc[ﬁ+ (a—bs ) H
_b?ﬁ{ TP erfel Z\/_ \/Ej+e 2Py erfc(z‘/— \/Eﬂ

Prb, Z\/ﬁ t Z\/ﬁ —z,[Priy Z\/_
H . le rfc[ 2\/{ —\/b—f[]+(5+m]e (Zﬁ + /bt ]]

]
+%l:e—2\/ﬁwlb1—b3 erfc[%— libl —b, ;_t]+e2\/ﬁw/b1—b3 erf({#+,”bl b, X H
t t

by g 2YSKr arfe ﬂ—\/Krt +e2VSKrarfe @+ Krt
2 2t 2Vt

t Z\/_ —zScKr Z\/_ 24/ScKr Z\/_
-b, HE 4\/_J [ \/K_rJ j erfc[ 2\/_ H

by
+_b8e2 ! {e'zgmerf{—zﬁ —WJ+GZJ§merfC(—Z§ +MH
t t
_ i_z\/ﬁ -z,/Prb; Z\/ﬁ_ l Z\/ﬁ ~z,[Priy Z\/ﬁ
T(z,t)_[2 —4\/E]e rfc( o blt]+(2+4\/b_l e erfc e +Jbt

C(z,t)= (; j\/\/:J_Z“SCKrerfC[Z\/\/T MJ (t ;j:j Z“SCKrerfc(Z\/\/T MJ

1. RESULTS AND DISCUSSIONS

The velocity profile for different parameters like, Hall parameter (m),Schmidt number(Sc), chemical reaction
parameter(Kr), Phase angle wt, magnetic field parameter (M), Heat generation parameter (Q) and angle of
inclination (o )are shown in Figures 1 to 7. The secondary velocity profile for different parameters like, Hall
parameter (m),Schmidt number (Sc), chemical reaction parameter(Kr), mass Grashof number (Gm), Phase angle

(ot ), magnetic field parameter (M), Heat source parameter (Q) and angle of inclination (a) are shown in

Figures 8 to 15.The temperature profile for different parameter like Phase angle (ot ), Prandtl number (Pr),
Heat generation parameter (Q) are shown in figures 16 to 18.The concentration profile for different parameters
like Schmidt number (Sc), chemical reaction parameter (Kr),Phase angle ( wt ) are shown in Figure 19 to 20. It
is observed from Figures 1 and 8 that the primary velocity increases whereas secondary velocities of fluid
decrease when the Hall parameter m increases. Figures 3,10 and 20depicts that as chemical reaction parameter
Kr increases primary velocity ,secondary velocity as well as concentration of the fluid decreases. This implies
that chemical reaction tends to decelerate primary and secondary velocities throughout the boundary layer
region near the plate. By observing figures 6,14 and 18 it is evident that primary velocity, secondary velocity
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and temperature of the fluid increases when heat source parameter increases. From figures 2, 9 and 19 it is
concluded that as Schmidt number Sc increases primary velocity, secondary velocity as well as concentration of
the fluid decreases. Physically, the increase of Scmeans decrease of molecular diffusivity (D).The concentration
of the fluid near the inclined plate is lower for large values of (Sc). From figure 11 it is evident that as mass
Grashof number(Gm) increases secondary velocity of the fluid increases. Also by observing figurel7 it deduced
that the temperature of the fluid decreases as Prandtl number (Pr). From figures 5 and 13 it is observed that the
effect of increasing values of the parameter Mresults in decreasing in primary velocity and increasing in
secondary velocity. It is observed from Figures 4,12and 16 it is deduced that when phase angle wt increases,
both the velocities are decreased and temperature of the fluid increases. From figures 7 and 15 it is observed that
as angle of inclination of the plate from vertical increases both the velocities decreases.
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Figure 1. Velocity for various values of m with Figure 2. Velocity for various values of Sc with

Sc =201 Gr =10,6m=100,Kr =3.0,Q =1 a)t:%, a:%,M =2Pr=071 | m=1Gr=10,6m=10,Kr=30,Q=1 m:%, a:%,M =2,Pr=071
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l Figure 4. Velocity for variousvalue of ot with

Figure.3.Velocity for various values of Kr with z
m=1,Sc =201 Gr=10,Gm =100,Kr =5,Q =1, a:E,M =2,Pr=071

m=1Gr =10,Gm =100,5¢ = 2.01, Q =1 wt :%, a=%,M =2,Pr=071
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Figure.5.Velocity for various values of M with
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Figure 6. Velocity for various values of Q with
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Figure 7. Velocity for various values of Ol with

m=1Gr =10,Gm=100,S¢ = 201, Q =1 at :%, Kr=5M =2,Pr=0.71

Figure 8. Secondary velocity for various values of
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Figure 9. Secondary velocity for various values of Sc
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Figure 10.Seondary velocity for various values of Kr
with

=1Sc=2.01Gr =10,6m =100, Q =1, a)t:%, a:%,M =2,Pr=071m=1
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Figure 12. Secondary velocity for various values of ot
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Figure 15..Secondary velocity for various values of ¢ « °
with

Sc=2.01Gr=10,Gm =100, M =2, wt=%, a=%,Pr:0.71, Kr=0.Lm=1

Figure 16. Temperature for variousvalue of ot
with

m=1,Sc=2.01, Gr =10,Gm=100,Kr =2.5Q =1, « :%, M =2,Pr=0.71
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Figure 17. Temperature for variousvalue of Pr with

m=1,5¢ = 2.01, Gr =10,Gm =100, Kr :2.5,a)t:%,Q:1, a:%,M =2
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Figure 18. Temperature for variousvalue of Q with

m=1,5¢ = 2.01 Gr =10,Gm =100, Kr = 2.5, wI:%,a:%,M =2,Pr=0.71
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Figure 19. Concentration for various values of Sc with
Gr =10,6m =100,Kr =2.5,Q =1, a)t=%, a=%, M =2,Pr=071,m=1
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Figure.20. Concentration for various values of Kr
with

m=1,Gr=10,Gm=100,Sc =201, Q=1, a)t:%, a=%,M =2,Pr=0,

71

V. CONCLUSIONS
The following are the important key points

1. As Hall parameter increases primary velocity increases whereas secondary velocity decreases.
2. Aschemical reaction parameter increases primary velocity, secondary velocity and concentration of the

fluid decreases.

3. As heat source parameter increases primary velocity, secondary velocity and temperature of the fluid

increases.

4. As angle of inclination of the plate with vertical increases primary velocity and secondary velocity of

the fluid decreases.

5. As phase angle increases primary velocity and secondary velocity of the fluid decreases whereas

temperature of the fluid. Increases.
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