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ABSTRACT

The partial differential equations with the boundary conditions of effects of chemical reaction and
heat source on MHD oscillatory viscoelastic flow in a channel were formulated based on
assumptions and already existing model. The partial differential equations were transformed to
dimensionless equations using suitable variables. Analytical solution was obtained for the
dimensionless equations. With aids of Matlab, graphs were plotted and a table was generated to
study the necessary parameters present in the flow. Increase in heat source resulted to increase in
velocity of the flow while increase in chemical reaction led to decrease in velocity of the flow. The
rate of heat transfer at both wall increases as heat source increases.
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INTRODUCTION

A chemical reaction can be defined as the
rearrangement of atoms of the reactants to
create a new substance known as the product.
The substances that goes into chemical
reactions are called reactants while the ones
produced at the end of the reactions are
known as products. Chemical reactions takes
place in numerous engineering and biological
fluid flow. A heat source is an object that
produces or radiates heat. The study of heat
generation/absorption effects in fluid flows is
necessary in several fluid problems that
undergoes exothermic or endothermic
chemical reactions. Magnetohydrodynamics
(MHD) is the dynamical study of electrically
conducting fluid under the influence of
magnetic field. Oscillatory flow can be
described as a flow in which motion under
consideration have a dominant frequency that

can be maintained by an oscillating boundary
conditions or self-oscillation of the flow. The
ability of fluid to have property that exhibit
both viscous and elastic characteristics when
undergoing deformation is known as
viscoelasticity. A medium is said to be porous
when it allows the passage of gas or liquid
through it’s interstices and such medium is
also called permeable medium. The
permeability of a medium is very important
in fluid flow.

Authors have investigated work relating to
effects of chemical reaction and heat source
on magnetohydrodynamics (MHD)
oscillatory viscoelastic flow in a channel
filled with porous medium. Lawanya et. al.
(2019) discuss the effects of heat and mass
transfer on oscillatory flow with couple stress
in a wavy channel in the presence of heat
source and chemical reaction. Closed form
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solution was assumed to solve the coupled
dimensionless governing equations which
was used for analysis. Narayana et. al. (2015)
studied chemical reaction and heat source
effects on MHD oscillatory flow in an
irregular channel using analytical solution for
analysis.Olajuwon and Oahimire (2014)
studied the effects of Hall current and thermal
radiation on heat and mass transfer of
unsteady MHDflow of a viscoelasticmicro
polar fluid through a porous medium using
analytical solution for analysis. Ali and
Asghar  (2014) investigated two -
dimensional oscillatory flow inside a
rectangular channel for Jeffrey fluid with
small suction. The viscoelastic behavior of
non-Newtonian fluids subjected to time
harmonic oscillation was studied with the
analytical solution obtained for the governing
equations. Masuda and Tagawa (2019)
investigated quasi-periodic oscillating flows
in a channel with suddenly expanded section.
Two-dimensional numerical simulation was
carried out for an oscillatory flow between
parallel flat plates having a suddenly
expanded section. The governing equations
were discretized and solvednumerically for
analysis.Tabakova et. al. (2020) considered
the oscillatory of carrean fluid in a channel at
different womersley and carrean numbers.
Kalpana and Vijaya (2019) studied the effects
of suction/injection on unsteady MHD
oscillatory second grade fluid flow in a
vertical channel with non-uniform wall
temperature. Closed form solution was
obtained for the dimensionless governing
equations which was used for the analysis of
the pertinent parameters present in the flow.
Haciogulu and Narayanan(2016) investigated
effects on species separation by two-
dimensional laminar flow arising in a

rectangular channel. Saleem et. al. (2020)
studied oscillation and radiation effects on
MHD casson fluid model within an
asymmetric wavy channel. The governing
equations were handled analytically by
choosing the group theoretical method.
Sharma and Dubewar (2019) considered
MHD flow between two parallel infinite plate
and used finite difference method to obtain
solution for analysis. Makinde and Mhone
(2005) investigated heat transfer to MHD
oscillatory flow in a channel filled with
porous medium. Close-form analytical
solution was constructed for the problem
which was used for analysis. Choudhury and
Das(2012) studied the combined effect of a
transverse magnetic field and radiative heat
transfer on unsteady flow of optically thin
viscoelastic fluid through a channel filled
with saturated porous medium and non-
uniform wall temperature. We extend the
work of Choudhury and Das (2012) by
incorporating concentration equation with
chemical reaction and heat source term to
study effects of chemical reaction and heat
source on MHD oscillatory viscoelastic flow
in a channel filled with porous medium
which has not be studied by any author to the
best of our knowledge.

MATHEMATICAL FORMULATION

We considered an optically thin fluid flow in
a channel under the influences of an
externally applied magnetic field. It is assume
that the fluid has small electrical conductivity
and the electromagnetic force produce is very
small. The fluid flow is between two parallel
walls at y» =0 and y> = a.The x-axis is
taken along the centre of the channel while
y- axis is taken to be perpendicular to it as
shown in figure 1.
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Assuming Boussineq incompressible fluid model and extending the work of  Choudhury and

Das(2012) , the governing equations are
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With the boundary condition given by
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While u'is the axial velocity, (x'y") is the space co-ordinates, t’ is time, w' is frequency of

oscillation, T is the temperature of fluid, C is the mass concentration of the fluid,

p is the fluid

density,p’is the pressure, g is gravitational force,v; = ”i/p (i = 1,2) is dynamic viscosity, K is
thepermeability of the porous medium, o is the conductivity of the medium. By, = (., H,) is the
electromagnetic induction where u, is the magnetic permeability and H, is the intensity of
magnetic field,B; is the coefficient of volumetric thermal expansion, B.is the coefficient of
volumetric mass expansion, kis the thermal conductivity, C, is the specific heat at constant
pressure, q, is the radiative heat flux,Q, is the constant heat flux, K. is the rate of chemical
reaction,C,,, Co T,y, Toand a are concentration at the wall, concentration far from wall, temperature

at wall, temperature far from wall and distant between the walls respectively.

Following Cogley et. al(1968),for optically thin fluid with low density, radiative heat flux is

9ar _ po2(T _
oy = 42 (To—T)

where «a is the mean radiation absorption coefficient

We now use the following non-dimensional variables for transformation;
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Applying equation(7) for transformation, yield the following dimensionless equation.

(6)

(7)
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With the dimensionless boundary conditions:
u=00=e",p=e"aty=1 (11)
u=0,0=00=0aty=0 (12)
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De = %, R% = Zva ,S, = F“,HS = “KQ‘),CT = CTaare Renolds number(Re), viscoelastic
1

parameter(Vo), porous medium shape parameter(S), Darcy number(Da), Hartmann number(H),
Grashof number(Gr), modified Grashof number(Gc), peclet number(Pe), radiation parameter(R),
Schmidth(Sc) number, heat source parameter(H,) and chemical reaction (C, )respectively.

METHOD OF SOLUTION

Inorder to solve the dimensionless governing equations for purely oscillatory flow, let
ap

P =Ze™t(where Z is a constant, Nirmala et al. (2018)) (13)
u@, t) = up(y)e™* (14)
0(y,t) = 6o(y)e™" (15)
By, t) = Bo(y)e™ (16)
Substituting equation (13) — (16) into (8)-(12), we have

Muy (v) = Nug(y) = =Z = G,8,(y) — GcDo(¥) (17)
6o (¥) +Q6(y) = 0 (18)
Bo (¥) — (ws+C)Bo(¥) = 0 (19)
With the boundary conditions;

uy(y) =0,60(y) =1, Qo(y) =laty =1 (20)
up(y) = 0,60(y) = 0,80(y) =0aty =0 (21)

Where M = (1 + iwV,),N = iwR, + {S? + H*}and Q = R?> — iwP, + H,
Solving (17)-(19) with (20) and (21), yield:

u(y, t) = (Blem33’ + B,e™Y + By + B: sin(\/ay) + Bge™Y + B7em2y)ei""t (22)
_ sin(J@y) _iwe
O(y,t) = SnJ0). e (23)

O(y,t) = (A,e™Y + A,e™?Y)eWt(25)

Where m, = ./iwSc + C,
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The rate of heat and mass transfer across the channel at the upper wall are:

00 _ _ 20D e

N==30=""mgo (aty=1)
Sp = _Z_Z = —(myA1e™Y + m,A,e™Y)e™ (aty = 1)

The rate of heat and mass transfer across the channel at the lower wall are

_ _6_9 _ \/6 iwt =
Y9y T sin/Q) ¢ (aty =0)
==ty e aty =)

RESULTS AND DISCUSSION

Numerical evaluation of the analytical solution of chemical reaction and heat source to MHD
oscillatory viscoelastic flow in a channel filled with porous medium was performed. The results are
presented in graphs and in a table. This was done to know the influences of important parameters in
the flow. In this study, we choose t = 0.1 and w = 1 while other parameters are varied over range.
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Fig.2: Velocity profile for different values of Hartmann number.
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Fig.3: Velocity profile for different values of heat source parameter.
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Fig.4: Velocity for different values of chemical reaction parameter
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Fig.5: Velocity profile for different values of viscoelastic parameter.
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Fig.6: Velocity profile for different values of Reynolds number
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Fig.7: Velocity profile for different values of porous medium shape parameter.
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Fig.8: Velocity profile for different values of peclet number
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Fig.9: Velocity profile for different values of Grashof number.
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Fig.10: Velocity profile for different values of modified Grashof number
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Fig.11: Velocity profile for different values of radiation parameter
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Fig.12: Velocity profile for different values of Schmidt number.

TABLE:

R Pe Hs -6(1) -6(0)

05 20 20 0.1886 -1.3906
1.0 20 20 0.1540 -1.5966
15 20 20 0.8343 -2.0405
20 05 20 29289 -3.7984
20 10 20 27590 -3.6214
20 15 20 24665 -3.3240
20 20 05 0.9905 -2.1479
20 20 10 1.3263 -2.3849
20 20 15 1.6956 -2.6530

Sc Cr -0(1) -0(0)
1.0 2.0 15708  -0.7271
20 20 -1.5835  -0.7060
30 20 -1.6200  -0.6660
20 05 -1.2272  -0.8200
20 1.0 -1.3640  -0.7641
20 15 -1.4947  -0.7129

Figure 2 to figure 12 which are parabolic in
nature and satisfied prescribed boundary
condition, demonstrates the effects of varied
parameter over range on velocity distribution
of the fluid flow across the channel. Fig.2
shows that increase in Hartmann number led
to decrease in velocity which is not

unexpected since transverse magnetic field
gives rise to resistive force that slow down
the motion of the fluid, fig.3 displays that the
velocity increases as heat source parameter
increases which is not surprising because the
higher the heat transfer the higher the
velocity,fig.4 illustrates that the effects of
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increase in chemical reaction is to decrease
the velocity distribution across the channel,
fig.5 and fig.6 demonstrates that velocity
decreases as the viscoelastic
parameter/Reynolds number increases, fig.7
depicts that increase in porous shape
parameter led to increase in velocity, fig.8
displays that velocity decreases as Peclet
number increases, the effects of increasing
Grashof number/modified Grashof number is
to increase the velocity as illustrated by fig.9
and fig.10 , fig.11 shows that the velocity
increases as radiation parameter increases
which is expected because the bond holding
the components of the fluid particles can
easily be broken when the intensity of heat
generated through thermal radiation is
increased and fig.12 depicts that velocity
decreases as Schmidt number increases. The
table illustrates the effects of varied
parameters on Nuselt number and Sherwood
number at upper wall and lower wall
respectively; increase in radiation parameter
increases the Nuselt number at upper wall
while the reverse is the case at the lower wall,
increase in Peclet number decreases the
Nuselt number at both upper and lower wall,
The Nuselt number at both upper and lower
wall increases as heat source parameter
increases, increase in Schmidt number
decreases the Sherwood number at upper wall
while it increases it at lower wall and the
effects of increasing chemical reaction
parameter is to decrease Sherwood number at
upper wall but increases it at the lower wall.

CONCLUSION

The problem of chemical reaction and heat
source on MHD viscoelastic flow through a
channel filled with porous medium was
studied using analytical solution. The results
are discussed through graphs and a table. The
following conclusion can be seen from the
results.

1) Increase in heat source resulted to
increase in velocity of the flow

2) Increase in chemical reaction led to
decrease in velocity of the flow

3) The rate of heat transfer at both upper
wall and lower wall increases as heat
source increases

4) Increase in the rate of chemical
reaction led to decrease in the rate of
mass transfer at the upper wall while
the reverse is the case at lower wall

REFERENCES

Ali, A and Asghar, A. (2014) Analytical
Solution for Oscillatory Flow in a
Channel for Jeffrey Fluid. Journal of
Aerospace Engineering, 27(3), 644-651

Choudhurry, R and Das, U. J. (2012). Heat
Transfer to MHD Oscillatory
Viscoelastic Flow in a Channel Filled
with  Porous Medium. International
Journal of Physics Research,
D0i:10.1155/2012/879537

Cogley, A. C., Vincent, W. G and Giles, E.
S. (1968). Differential Approximation
for Radiative Heat Transfer in Non-
Linear Equations-Grey Gas Near
Equilibrium.  American institute of
aeronautics and astronautics, vol. 6, pp.
551-553

Hacioglu, A. and Narayanan, R (2016).
Oscillating Flow and Separation of
Species in  Rectangular  Channels.
Physics of Fluids, 28, 073603

Kalpana, M. and Vijaya, R. B. (2019). Hall
Effect on MHD Oscillatory Flow of
Non-Newtonian Fluid Through Porous
Medium in a Vertical Channel With
Suction/Injection. International journal
of applied engineering research, vol. 14,
No. 21, pp. 3960-3967.

Lawany, T., Vidhya, M., Govindarajan, A.
and Parthasarathy, S.(2019). Effect of
Chemical Reaction and Heat Source on
Oscillatory Flow of Couple Stress Fluid
in a Wavy Channel, Conference on
Mathematical Techniques and
Application, 2112(10): 020158,
D0i:10.1063/1.5112343.

Masuda,T. and Tagawa, T. (2019). Quasi-
Periodic Oscillating Flows in a Channel
with  Suddenly Expanded Section.



Scientia Africana, Vol. 22 (No. 3), December, 2023. Pp 39-52

© Faculty of Science, University of Port Harcourt, Printed in Nigeria

ISSN 1118 — 1931

Journal of symmetry in fluid, 11(11),
1403.

Makinde, O. D. and Mbone, P. Y. (2005).
Heat Transfer to MHD Oscillatory Flow
in a Channel Filled with Porous Medium.
Romanian  Journal of  Physics,
https://www.researchgate.net/publication
1228762638

Narayana, P, V. and Venkatewarlu, B.(2015).
Chemical Reaction and Heat Source
Effects on MHD Oscillatory Flow in an
Irregular ~ Channel,  Ain  Shams
Engineering Journal,
D0i:10.1016/j.asej.2015.07.012

Nirmala, P. R., Balakrishnan, V. and
Vasanthakumari, R. (2018). MHD
Transport Phenomena of Oscillatory
Channel of Blood Flow with Hall
Current. International Journal of
Mathematics trends and technology, vol.
54, No. 2, 164-175.

Olajuwon, B. I. and Oahimire, J. I. (2014).
Effect of Heat Source and Thermal-

Diffusion on MHD Heat and Mass
Transfer Flow of a Micropolar Fluid
Over a Vertical Permeable Plate. Journal
of Nigerian Association of Mathematical
Physics, vol. 28, No. 1, 261-274.

Saleem, M., Tufail, M. N. and Ali, O. (2020).
An Oscillation Effect on MHD
Radiative Casson Fluid Flows in an
Asymmetric Channel Through Group
Theoretical Analysis. Canadian Journal
of Physics, 98(1):81-88.

Sharma, A. and Dubewar, A. V. (2019).
MHD Flow Between Two Parallel Plates

Under the Influence of Inclined
Magnetic Field by Finite Difference
Method. International Journal of

Innovative Technology and Exploring
Engineering, vol. 8, issue 12.

Tabakova, S. Kutev, N. and Radev, S. T.
(2020). Oscillatory Carreau Flows in
Straight Channels. Royal society open
science,
https://doi.org/10.1098/rs05.191305



https://www.researchgate.net/publication/228762638
https://www.researchgate.net/publication/228762638
https://doi.org/10.1098/rso5.191305

