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Abstract: In this chapter we study the unstudy effect on MHD preamble porous medium through
with thermal absorption and heat generation in the oscillatory flow of visco-elastic fluid between
two plates in the presence of Chemical reaction. The expressions for the velocity, temperature and
concentration distributions are arthemitiaclly solved by pertribution method.
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Introduction

Phenomenon of heat and mass transfer by MHD (Magneto hydrodynamics) refers to the study
of the transfer of heat and mass in the presence of a magnetic field. One specific area of interest in
this field is the oscillatory flow of viscoelastic fluid between two plates. This particular phenomenon
has gained significant attention due to its spaciousness, making it applicable in various fields of
engineering, such as chemistry, the processing industry, food preservation, oil production, rain,
electrostatics, polymer technology, and energy engineering. Chen [1] have investigated heat and
mass transfer in MHD flow by natural convection from a permeable inclined surface with variable
wall temperature and concentration. Kesavaiah et.al [8] is studiedEffects of the chemical reaction and
radiation absorption on an unsteady MHD convective heat and mass transfer flow past a semi-infinite
vertical permeable moving plate embedded in a medium with heat source and suction. Kumar et. al
[11] has analysed MHD flow and heat transfer in a visco-elastic fluid over a flat surface with constant
suction. An analytical solution to the problem of radiative heat and mass transfer over an inclined
plate at prescribed heat flux with chemical reaction was studied Kumar [12].Nandeppanavaret. al[14]
have discussed heat transfer in MHD visco-elastic boundary layer flow over a stretching sheet with
thermal radiation and non-uniform heat source/sink.

In the chemistry field, the understanding of heat and mass transfer by MHD in oscillatory flow
of viscoelastic fluid between two plates has enabled advancements in chemical reactions and
separations. The processing industry has also benefited from this phenomenon, as it allows for
efficient heat and mass transfer in various manufacturing processes. In the food preservation sector,
knowledge of MHD heat and mass transfer has led to improved methods of preserving food quality
and extending shelf life. Daniel and Daniel Y. S [2] is studied Convective flow two immiscible fluids
and heat transfer with along an inclined channel with pressure gradient. Hayat et. al. [3] have
investigated three-dimensional mixed convection flow of Sisko nano liquid. Ibrahim et.al [5] have
analyzed effect of chemical reaction and radiation absorption on the unsteady MHD free convection
flow past a semi infinite vertical permeable moving plate with heat source and suction.Jahanet al [7]
effects of solar radiation and viscous dissipation on mixed convective Non- Isothermal hybrid
Nanofluid over moving thin needle. Khan et al. [9] impact of magnetic field on boundary-layer flow
of Sisko liquid comprising nanomaterial’s migration through radially shrinking/stretching surface
with zero mass flux.
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Furthermore, the oil production industry has capitalized on the phenomenon of heat and mass
transfer by MHD. It has been utilized to enhance oil recovery processes, increase production
efficiency, and optimize oil reservoir management. The application of MHD in rain and electrostatics
has led to better understanding and control of precipitation phenomena, as well as improved
methods for electrostatic precipitation.Khan et. al. [10] have investigated MHD boundary layer
radiative, heat generating and chemical reacting flow past a wedge moving in a Nanofluid. Hossain
et. al. [4] studied free convection radiation interaction from an isothermal plate inclined at a small
angle to the horizontal. Iskandaret. al. [6] have analysed hybrid Nanofluid flow past a permeable
moving thin needle. Sheikholeslamiet. al. [19] was studied numerical simulation of MHD nanofluid
flow and heat transfer considering viscous dissipation. Sheikholeslamiet. al. [20] Heat transfer
simulation of heat storage unit with nanoparticles and fins through a heat exchange. Makinde and
Aziz [13] analysed boundary layer flow of a nano fluid past a stretching sheet with a convective
boundary condition.

In the field of polymer technology, MHD heat and mass transfer has found applications in
polymer processing, such as extrusion and molding. It has enabled precise control over temperature
and mass distribution, resulting in improved product quality and performance. Lastly, in energy
engineering, the phenomenon of MHD heat and mass transfer has been harnessed to enhance energy
conversion and storage systems, leading to more efficient energy utilization and resource
management.Rajuet. al. [15] Soret effects due to natural convection between heat inclined plates with
Magnetic field. Sarithaand Satya Narayana [16] thermal diffusion and chemical reaction effects on
unsteady MHD free convection flow past a semi infinite vertical permeable moving plate. Seddeek et
al [17] Effects of chemical reaction and variable viscosity on hydromagnetic mixed convection heat
and mass transfer for Hiemenz flow through media with radiation. Shateyi and Prakash [18]A new
numerica approach for MHD laminar boundary layer flow and heat transfer of nanofluids over a
moving surface in the presence of thermal radiation.[21] Sivaraj and Kumar [21] Viscoelastic fluid
flow over a moving cone and flat plate with variable electric conductivity.Yashkun et al. [22] MHD
hybrid nanofluid flow over a permeable stretching/shrinking sheet with thermal radiation effect.

In conclusion, the phenomenon of heat and mass transfer by MHD, particularly in the oscillatory
flow of viscoelastic fluid between two plates, has wide-ranging applications in various fields of
engineering. Its impact can be seen in chemistry, the processing industry, food preservation, oil
production, rain, electrostatics, polymer technology, and energy engineering. The understanding and
utilization of this phenomenon have contributed to advancements in technology, efficiency, and
sustainability in these industries.

Mathematical Formulation

The unsteady, two — dimentional, oscillatory MHD oscillatory flow of rheological(visco-elastic
liquids) and incompressible viscous fluid through a channel and subjected to a transverse magnetic
field in the presence of thermal radiation, chemical reaction, radiation absorption and concentration
buoyancy effects. Let x-axis be along the lower plate and straight line perpendicular to that as the y
— axis. The present visco-elastic fluid model introduces additional terms into the momentum and
Energy equations. For free convection flow, the transversely applied magnetic field and magnetic
Reynolds number are assumed to be very small so that the induced magnetic field and the Hall effects
are negligible. Under the above assumption with usual Boussinesq’s approximation, the conservation
equation of momentum, energy and diffusion are governed by the following set of equations.

Momentum equation is:

* * 2 3 % 2
I A M. —”/’f +gB, (T =T, )+ gB.(C ~C,)sing (1)

Energy equation is:

c aT*_kaZT* aq +poKrazc* (T* = T,") + Q.(C* — C;' )
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Species diffusion equation is:
ac* D02C* K.(C* = Cy") 3)
ot* ay*z 0
The boundary conditions of the problem are
u'=0T"=T,,C"=C, aty* =1
4)

u*=0,T"= TO*,C* =Cy aty* =0

—4a2(T -7

Here a? = [ o 522 E is the absorptlon coefficient, A 1is frequency, B is Planck’s function and § is

radiation absorption coefficient.
The non-dimensional quantities are

x* y* u* t*U Ua (T*-Ty*) (€C*=Co™) 9Bc(Cw*—CoMa?
x=—’y=—,u=—,t=—’Re=—0_ ¢= *,G — c(Cw :
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GT':g'BT(W o) . — ’Da:_z, 2 _ eO’le Qc(w OP p,RZI (5)
9,U p9L U a pIq k(Tyy-T3) k k
D 1 Qa? Kra
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al Da k U

With the above substitution in the equations (1) to (3), the system of equations reduced to the
dimension less form as

au _op 0%u 3u

_ 2 2 6
e = "as + 377 Vayzat (S“+ H)u + Gr 6 + Gc, 0 (6)
Pae ae 62C+ R —E)6 + 7)
640 _s 0%¢ s @®)
ot oy /

Here Gry = Gr sin® and Gc; = Gc sin®
The boundary conditions on velocity, temperature and concentration in the form of non-
dimensional are

u=0606=10=1aty=1 o)
u=0606=00=0aty=0

Solution of the problem:
To solve equations (6) to (8) with boundary conditions (9) for purely oscillatory flow, let us
assume

aoP . . . .
_a = Aelwtv u(y; t) = uO(y)elth 9(}" t) = 90(}’)elwt' ¢(y; t) = ¢0(y)elwt (10)
Substituting equation (10) into equations (6) to (8), we get,
2
a1+ La)y) — M{uy = —A — Gr0, — Gcy ¢y (11)
d?6
>+ M26, = —(Q, + DuM2)¢, (12)

dy?
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d*o
—M2hp, =0 13)
dyz 3 ¢0 (
The corresponding boundary conditions are
Uy =06,=10,=1aty=1
0 0 0 y (14)

Uy=060,=00,=0aty=0

By solving equations (11) to (13) under the boundary conditions (14), we obtain the solution of
Velocity, temperature and concentration distributions as follows

1+k; [sinMyy kq sinh M3y
M? + 12M? L2M?% — M?| sinh M,

M
_[ 1+k, ky ]sthly

+
M? + [2M7 ' [2M3 — M?

u(y! t) = Grl [ sin M.
2

sinh%
sinhm i ()
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sinhT1
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sinh I
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00,0) = {(1 T h) sin M, 1 sinh M,

sinh M3y
=——=¢

iwt
00, 0) = sinh M, a7)

Result and Discussion

In order to get a physical insight into the problem, a representative set of numerical results is
shown graphically in Figures 1-16, to illustrate the influence of physical parameters viz.,, H=1;
Pr=0.71; E=0.5; Gr=4; Gc=4; Re=0.71; J=2; Q1=1.5; 5=1.5; R=1.9; Sc=0.6; t=1; y=1; w=1; 1=1; w=pi/4;
Du=0.5; R=1; a=0.1; p=0.1; n=0.1 on the velocity f(77), temperature 8 (77) and concentrationg (77) .

The Prandtl number was taken to be Pr=0.72, which corresponds to air, the values of Schmidt
number (Sc) were chosen tobe Sc = 0.24, 0.62, 0.78, 2.62, representing diffusing chemical species of

most common interest in air like I_Iz ,1_120,]\”{3, and Propyl Benzene, respectively. Attention is

focused on positive values of the buoyancy parameters, that is, Grashof number Gr > 0 (which
corresponds to the cooling problem) and modifiedGrashof number Gc> 0 (which indicates that the
chemical species concentration in the free stream region is less than the concentration at the boundary
surface).

The effects of the Hartman number Hon the velocity are shown in Figure 1. It is observed that
an increase in the Hartman number Hresults in a decrease in the velocity. The Echet number on the
temperature is shown in Figure 2. It can be seen that the temperature decreases with the increase of
Ec.

The Dufour effect on the velocity for different values of Dufour effect Du is shown in Figure 3.
Weobserved that the velocity decreases with the increase of Du.

The effects of the Grashof number Gr on the velocity are shown in Figure 4. It is observed that
an increases in the Grashof number Grresults in a decrease in the velocity. The influence of the
modified Grashof number Gc on the velocity is shown in Figure 5. It is noticed that the velocity
profiles increase with the increase of modified Grashof number Gc.
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The joule diffusion J on the velocity is shown in Figure 6. We observed that the velocity increases
with the increase of joule diffusion J.

Figure 7 shows the dimensionless velocity for different values of Q1. It can be seen that the
velocity decreases with the increase of Q1.From Figure 8 shown that the velocity for different values
of radiation parameter R. We observed that the velocity increases with the increase of R.

Figure 9 shows the dimensionless velocity for different values of Schmidt number Sc. It can be
seen that the velocity decreases with the increase of Schmidt number Sc. Figure 10 shows the
dimensionless velocity for different values of 6. It can be seen that the velocity increases with the
increase of 6.

The Echet number on the temperature is shown in Figure 11. It can be seen that the temperature
decreases with the increase of Ec. Figure 12 shows the dimensionless temperature for different values
of Q1. It can be seen that the temperature decreases with the increase of Q1. From Figure 13 shown
that the temperature for different values of radiation parameter R. We observed that the temperature
increases with the increase of R.

The Dufour effect on the temperature for different values of Dufour effect Du is shown in Figure
14. We observed that the temperature decreases with the increase of Du.

The joule diffusion ] on the Concentration is shown in Figure 15. We observed that the
concentration decreases with the increase of joule diffusion J.

Figure 16 shows the dimensionless concentration for different values of Schmidt number Sc. It
can be seen that the concentration increases with the increase of Schmidt number Sc.
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Figure 2. Velocity Profile for E.

25

[}
(=}
T

I

Velocity ——>
>

o
T
I

Du=0.1,0.2,0.3

0 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

Y —>

Figure 3. Velocity Profile for Du.

@
=}

Gr=4,6,8 i

'S
[
T

o
o
T

I

Velocity ——— >
N w w
(4] o o
. .

20 q

O I I Il Il Il Il Il I I
0 0.1 02 03 04 05 06 07 08 09 1

Y —>

Figure 4. Velocity Profile for Gr.

[3.}
(=}

Gc=4,6,8

— >
w w S S
o (9] o o

Velocity
5
.

201 B

0 Il Il Il Il Il Il Il Il Il
0 01 02 03 04 05 06 07 08 09 1

Yy —>

Figure 5. Velocity Profile for Ge.


https://doi.org/10.20944/preprints202408.0417.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0417.v1

— >

Velocity

0 I I I I

Il
0 01 02 03 04 05 06 07 08 09 1
Y —>

Figure 6. Velocity Profile for J.

25

20 B

Velocity

Q1=1.5,2,2.5

0 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

Y —>
Figure 7. Velocity Profile for Q1.

25

R=15,1.7,1.9
201 N

Velocity

O 1 1 1 1 1 1 1 1 1
0 01t 02 03 04 05 06 07 08 09 1

Y —>

Figure 8. Velocity Profile for R.


https://doi.org/10.20944/preprints202408.0417.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0417.v1

60

(33}
=]
T

w
=}
T

Velocity ——>
S
o

20

0 01 02 03 04 05 06 07 08 09 1

Figure 9. Velocity Profile for Sc .

30

0=6,14,m3

—
=]
‘

Velocity
>

o
T
I

0 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

Y —>

Figure 10. Velocity Profile for 6.

Temperature ——>
o o o o o o o
w E= [$,] [=2] ~ [e=] © —_
. . . . . .

o
N
T
I

01r E=456

0 Il Il Il Il Il Il
0 01 02 03 04 05 06 07 08 09 1

Y —>

Figure 11. Temperature for E.


https://doi.org/10.20944/preprints202408.0417.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0417.v1

- >
Ses &
@ NN

Temperature
o
o
-

0.73 0.74 0.75 0.76 0.77 0.78

o
~
T

0.3

0.1

Q1=0.1,0.3,0.5
0 1 L L L

1 1
0 01 02 03 04 05 06 07 08 09 1
Y ———>

Figure 12. Temperature for Q1.

0.9

0.8

Temperature
o o o o
P S S

o
)
T

0.1+

1
0 01 02 03 04 05 06 07 08 09 1

0 I I

Y —>

Figure 13. Temperature for R.

0.2931
0.293
0.2929
0.2928
0.2927
0.75210.75220.75230.75240.7525

o
©

Temperature —— >
o o o o o o
w = (4] » ~ ©o

Fd
N

0.1 b
Du=0.1,0.3,0.5

0 I Il Il Il Il Il Il Il
0 01 02 03 04 05 06 07 08 09 1

Y —>

Figure 14. Temperature for Du.


https://doi.org/10.20944/preprints202408.0417.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0417.v1

10

o
©
T

o o
~ [e°)
: ‘

Concentration
o o o o
w ~ (9, (o)

o
N
T

0.1

0 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

Y ——>

Figure 15. Concentration for for J.

S¢=0.4,0.6,0.8

Concentration
o o o o
w =N o [e>)

o
L)

0.1F

Figure 16. Concentration for Sc.

Conclusion

In this chapter we study the unstudy effect on MHD preamble porous medium through with
thermal absortion and heat geerneration in the presence of Chemical reaction. The expressions for
the velocity, temperature and concentration distributions are arthemitiacllysolved by pertribution
method.

It can be seen that the velocity increases with the increase of 6.

We observed that the velocity decreases with the increase of Du.

It is observed that an increase in the Hartman number Hresults in a decrease in the velocity.
We observed that the velocity increases with the increase of joule diffusion J.

It can be seen that the velocity decreases with the increase of Schmidt number Sc.

We observed that the temperature increases with the increase of R.

We observed that the concentration decreases with the increase of joule diffusion J.
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