
INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

 

 

OPEN ACCESS

Received: 05.02.2021
Accepted: 08.04.2021
Published: 25.04.2021

Citation:Matta S, Malga BS,
Appidi L, Pramod Kumar P (2021)
Chemical Reaction and Heat Source
Effects on MHD Free Convective
Flow over A Linearly Accelerated
Moving Vertical Porous Plate. Indian
Journal of Science and Technology
14(13): 1044-1055. https://doi.org/
10.17485/IJST/v14i13.229
∗
Corresponding author.

mswethamaths@gmail.com

Funding: None

Competing Interests: None

Copyright: © 2021 Matta et al. This
is an open access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
author and source are credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

Chemical Reaction and Heat Source
Effects on MHD Free Convective Flow over
A Linearly Accelerated Moving Vertical
Porous Plate
Sweta Matta1,2∗, Bala Siddulu Malga2, Lakshmi Appidi1,2, P Pramod Kumar2,3

1 Department of Mathematics, CMR Technical Campus, Kandlakoya, 501401, Telangana, India
2 Department of Mathematics, GITAM University, Hyderabad, 502329, Telangana, India
3 Department of Mathematics, B V Raju Institute of Technology, Narsapur, 502313,
Telangana, India

Abstract
Objective: To make discussion on the chemical reaction and heat source
effects on MHD flow on micro polar fluid along vertical porous plate.Method:
The governing dimensionless equations are involved analytically by using finite
element scheme. Findings: The effects of governing parameters on the flow
variables are discussed quantitatively with the help of graphs for the flow
field, temperature field, concentration field, skin friction and Nusselt number.
Novelty: The accuracy of the problem has been verified by comparing with the
previous published work and the agreement between the results is excellent,
which established confidence in the numerical results reported in this study.
Keywords: Heat source parameter; Finite Element Method; MHD; chemical
reaction parameter; viscous dissipation

1 Introduction
Theoretical study of magneto-hydrodynamics (MHD) flow problem plays with a
chemical reaction is of huge number of applications to scientists, engineers. In a lot
of chemical engineering process chemical reaction take place involving a distant mass
and working fluid in that the plate was touching. This process takes place in several
manufacturing applications like developed of food processing, glassware, ceramic
objects and polymer production. Foreign mass possibly here moreover naturally or
mixed through the water or air. The existence of a distant mass in water and air effects
few types of the chemical reactions. Chemical technology improved with the study of
chemical effect. Such as food processing, generating the electric power and polymer
fabrication. Ali et al. (1)examined the effects of Heat and Mass movement through free
convection flow in a vertical plate. Reddy et al. (2)analyzed the chemical reaction effects
onMHDnatural convection. Sehra et al. (3)examined the Convection heatmass transfer
over a vertical plate with chemical reaction. Nayak et al. (4) consideredthe chemical
reaction results on stretching sheet. Kumar et al. (5) interpreted the thermal diffusion
effects on MHD. Babu et al. (6)analyzed the impacts of chemical reaction, diffusion
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thermo and radiation on unsteady natural convective flow past an inclined vertical plate under aligned magnetic field. Babu
et al. (7) considered the radiation and chemical reaction results on MHD free convention mass transfer fluid flow in a porous
plate. Kumar et al. (8)studied the suction special effects on accelerated vertical on permeable plate. Hoq et al. (9)studied theerror
analysis of heat conduction partial differential equations. Prasad et al. (10)considered radiation, viscous dissipation effects on
the heated vertical plate in permeable medium. Magala et al. (11)has investigated dissipation effects on accelerated vertical plate
through suction. Kandasamy et al. (12)interpreted the effects of heat and mass transfer along a wedge with heat source and
concentration in the presence of suction. Lakshmi et al. (13)considered viscous dissipation effects on pours. Bhagya Lakshmi et
al. (14)has studied the MHD free convective flow of dissipative fluid past an exponentially accelerated vertical plate. Shehzad et
al. (15) studied theMHDflowmedium. PramodKumar et al. (16)reviewed inducedmagnetic field in the free convective Radiating
Stream above Permeable Laminate. Ekakitie et al. (17) interpreted the impact of chemical reaction and heat source onMHD free
convection flow over an inclined porous Surface. Anupam et al. (18)studied the radiation effects on stretching sheet. Chamkha et
al. (19) explained in a permeable medium. Sankar et al. (20)explained the radiation impacts in the semi-infinite permeable plate.
Sweta et al. (21)analyzed fem of heat absorption effects on MHD Casson fluid flows above exponentially accelerate temperature
through ramped surface concentration.

The objective of the present work is to study the chemical reaction and heat source effects on MHD flow on micro polar
fluid along vertical porous plate. It has been noticed that the chemical reaction and heat source parameter had an effect
on velocity profile, temperature profile, and concentration profile. The governing partial differential equations are solved by
Galerkin Finite Element Method. We have extended the problem of Bhagya Lakshmi (14) in the presence of chemical reaction,
heat source parameter and the accuracy of present problem have been verified by comparing with theoretical solution of Bhagya
Lakshmi (14) through figures and the agreement between the results is excellent.This has established confidence in the numerical
results reported in this paper.

2 Mathematical Formulations
The transitory magneto-hydrodynamic free convective flow of fluid over a growing accelerated plate with unstable temperature
presented. Here x, y - axis are taken as along the plate in vertically straight way and normal to the plate.The plate is considering
bound less in x-direction, all the flows quantity turn into self-similarmissing from the leading edge.The total physical quantities
turning into functions of t,y. By time t<=0. Fluids are at equal to t and C less important than the constant wall temperature,
concentration correspondingly. By t>0, the plate was growing accelerated through a velocity= u exp (at) in its own plane and
temperature of the plate, concentration are rising linearly with time- t. An unvarying magnetic playing field amount H is
applying in the y-direction. Therefore the magnetic field and the velocity are taken by H=(0,H ), q=(u,v). The fluids electrically
conducted themagnetic Reynolds number is to a great extent less than 1 and therefore inducedmagnetic field can be uncared for
in comparison with applyingmagnetic field in the non appearance of input electric field.The heat because of viscous dissipation
considered into an account below the above assumptions with Boussines mass, energy, momentum and species governing the
free convection boundary layer flows over vertical plate can be studied as:

Continuity equation:

∂v
′

∂y
′ = 0 (1)

Momentum equation:

∂u
′

∂ t ′
= gβ

(
T

′ −T
′
∞

)
+gβ ∗

(
C

′ −C
′
∞

)
+ν

∂ 2u
′

∂y′2 −
σ µ2

e H2
0

ρ
u
′ (2)

The Energy equation:

ρcp

∂T
′

∂ t
′ = K

∂ 2T
′

∂y
′2 +µ(

∂u
′

∂y
′ )

2

+
S∗

ρCp
(T −T∞) (3)

The Concentration equation:

∂C
′

∂ t
′ = D

∂ 2c
′

∂y
′2 −K∗

1C∗ (4)
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Boundary conditions can be written in dimensional form as

t ′ ≤ 0 : u′ = 0,T ′ = T ′
∞2C′ =C′

∞; for all y′

t ′ > 0 : u′ = u0 exp(a′t ′)
T ′ = T ′

∞ +(T ′
w −T ′

∞)At ′

C′ =C′
∞ +(C′

w −C′
∞)At ′ at y′ = 0

and u′ → 0,T ′ → T ′
∞,c

′ → c′∞ as y′ → ∞

(5)

Where A= u2
0

ν , T
′
w and C

′
w are constants

Let us familiarize the subsequent dimensionless

u =
u
′

u0
, t =

t
′
u2

0

v
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y
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v
,θ =

T
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(6)

Then the resultant non-dimensional equations are:

∂u
∂ t

= Grθ +GcC+
∂ 2u
∂y2 −Mu (7)

∂θ
∂ t

=
1

Pr
∂ 2θ
∂y2 +E(

∂u
∂y

)
2

+Sθ (8)

∂C
∂ t

=
1
Sc

∂ 2C
∂y2 −K1C (9)

Boundary conditions can be written in dimensionless form as

U = 0,θ = 0,C = 0,∀y, t ≤ 0
u = exp(at),θ = t,C = t at y = 0

u → 0,θ → 0,C → 0 as y → ∞

}
∀t > 0 (10)

3 Method of Solution
Thefinite elementmethod (FEM) is employed to solve the transformed, coupled boundary value problem defined by Equations.
(7)–(9) under Eq.(10). The fundamental steps involved in finite-element analysis of a problem are as follows:

Step 1: Discretization of the fluid domain into finite elements
Step 2: Generation of element equations
Step 3: Assembly of element equations
Step 4: Imposition of boundary conditions
Step 5: Solution of assembled equations
Numerical study of a dissipative fluid flow
The variation formulation associated with Equations. (7) – (9) are joined with boundary conditions (10), we represent the

velocities u, temperature θ and concentration C. By applying the Galerkin finite element method for equation (7) over a typical
two-nodded linear element(e) ( y j ≤ y ≤ yk) is

u = N.∅,where N = [N j,Nk] , ∅=

[
u j
uk

]
,N j =

yk − y
l

, Nk =
y− y j

l
, l = yk − y j = h

∫ yk
y j

NT
[

∂ 2u
∂y2 − ∂u

∂ t
−Mu+Grθ +GcC

]
dy

(11)
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We write the element equation for the elements yi−1 ≤ y ≤ yi andyi ≤ y ≤ yi+1. Assembling these element equations,
where r = k

h2 where h and k are the mesh sizes along y direction and time direction respectively. Index i, j refers space and time
respectively. The mesh system consists of h=0.4 for velocity profiles and concentration profiles and k=0.5 has been considered
for computations. In the above equations taking i=1(1) n and using initial and boundary conditions (10), the following system
of equation are obtained.

AiXi = Bi , i = 1,2,3 . . . .
WhereAi’s arematrices of order n andXi and B′

i s are columnmatrices having n-components.The solution of above systemof
equations are obtained usingThomas algorithm for velocity, angular velocity, temperature and concentration. In order to prove
the convergence and stability of Galerkin finite element method, we are using C programming with slightly change of values h
and k, then no significant difference was observed in the values of velocity, angular velocity, temperature , concentration. Hence,
the Galerkin finite element method is steady and convergent.

Skin friction:

τ =
∂u
∂y

| y = 0 =
(Ui+1 −Ui)

h

Table 1. Skin friction variation
M Gr Gc Pr Sc a S E K1 t Skin friction
4 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 1.99328
6 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 2.00754
8 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 2.02190
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 0.7457
2 5 5 1.0 0.22 0.5 0.5 0.5 0.5 0.2 0.8456
2 5 5 7.0 0.22 0.5 0.5 0.5 0.5 0.2 1.9312
2 5 5 0.71 0.5 0.5 0.5 0.5 0.5 0.2 1.06449
2 5 5 0.71 2.0 0.5 0.5 0.5 0.5 0.2 1.34124
2 5 5 0.71 3.0 0.5 0.5 0.5 0.5 0.2 1.97356
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 1.1051
2 5 5 0.71 0.22 1.0 0.5 0.5 0.5 0.2 1.4678
2 5 5 0.71 0.22 2.0 0.5 0.5 0.5 0.2 1.7856
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 0.14901
2 5 5 0.71 0.22 0.5 1.0 0.5 0.5 0.2 0.15634
2 5 5 0.71 0.22 0.5 2.0 0.5 0.5 0.2 0.16787
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 0.37851
2 5 5 0.71 0.22 0.5 0.5 0.5 1.0 0.2 0.36234
2 5 5 0.71 0.22 0.5 0.5 0.5 2.0 0.2 0.35781
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 1.43456
2 7 7 0.71 0.22 0.5 0.5 0.5 0.5 0.2 1.36853
2 10 10 0.71 0.22 0.5 0.5 0.5 0.5 0.2 1.23456
2 5 5 0.71 0.22 0.5 0.5 0.5 0.5 0.2 0.14321
2 5 5 0.71 0.22 0.5 0.5 2.0 0.5 0.2 0.12348

Nusselt number:

Nu =
−∂θ
∂y

| y = 0 =
(Ti+1 −Ti)

h
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Table 2.Nusselt number
M Pr E S t NU
2 0.07 0.05 0.5 0.2 0.14065
3 0.07 0.05 0.5 0.2 0.14114
5 0.07 0.05 0.5 0.2 0.14209
2 0.07 0.05 0.5 0.6 0.43462
3 0.07 0.05 0.5 0.6 0.43536
5 0.07 0.05 0.5 0.6 0.43677
2 0.07 0.05 0.5 0.2 0.14901
2 1.0 0.05 0.5 0.2 0.35726
2 3.0 0.05 0.5 0.2 0.38420
2 0.07 0.05 0.5 0.6 0.43536
2 3.0 0.05 0.5 0.6 1.15277
2 0.07 0.05 0.5 0.2 0.14901
2 0.07 3.0 0.5 0.2 0.14653
2 0.07 7.0 0.5 0.2 0.14317
2 0.07 0.05 0.5 0.6 0.44710
2 0.07 3.0 0.5 0.6 0.44340
2 0.07 7.0 0.5 0.6 0.43838
2 0.07 0.05 0.5 0.2 0.14901
2 0.07 0.05 3.0 0.2 0.14635

Sherewood number:

Sh ==
−∂c
∂y

| y = 0 =
(Ci+1 −Ci)

h

Table 3. Sherwood number variation
Sc K1 T Sh
0.22 0.5 0.2 0.26167
0.6 0.5 0.2 0.32474
0.96 0.5 0.2 0.35716
2.00 0.5 0.2 0.37851
0.22 0.5 0.6 0.78501
0.6 0.5 0.6 1.00599
0.96 0.5 0.6 1.07148
2.00 0.5 0.6 1.13554
0.22 0.5 0.2 0.26167
0.22 2.0 0.2 0,26372
0.22 4.0 0.2 0.26642
0.22 0.5 0.6 0.78501

4 Results and Discussion
In order to obtain purpose of problem we calculate arithmetic solutions shown used for non-dimensional profiles we have
plotted Schmidt number Sc = 0.22, Eckert number E, Acceleration parameter (a), Mass Grashof number (Gc), Magnetic
parameter (M), Heat source parameter (S), Chemical reaction parameter (K1), Prandtl number Pr = 0.71, Thermal Grashof
number (Gr) and time t = 0.2 ,0.6.
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Figure 1 (a) showed the effects of Prandtl number (Pr). We noticed that effect of Pr velocity profiles are decreases. Since
fluids having high viscosity then we observed that it move slowly.

Figure 2 (b) and Figure 1(b) showed that reaction of Eckert number (E) on the velocity fields, Temperature fields. Observed
that, velocity profiles, Temperature profiles increases as E increases.The Eckert number effects on the flow of field are to improve
energy, yielding a larger temperature and greater buoyancy force. The increases in the buoyancy force are because of increases
in dissipation parameter to improve the velocity.

Figure 1(c) shown that the effects of acceleration parameter (a) taking place the velocity fields. We noticed that rises in
acceleration parameter leads to rises in velocity profile.

Figure 1(d), Figure 1(e) shown that the effects of the mass Grashof (Gc), Grashof number (Gr) number on the velocity
profiles. It is observed that greater cooling of the surface in Grashof number, mass Grashof number results raises in the velocity
of air. It is due to the fact increase in the values of thermal Grashof number; mass Grashof number has the tendency to increase
the thermal and mass buoyancy effect. This gives rise to an increase in the induced flow.

Figure 1(f) shows the effect of time t on the velocity in cooling of the plate. It is obvious from the figure that the velocity
increases with the increase of time t.

Figure 1(g) shown that magnetic parameter (M) increases while decreasing in velocity profile. The presence of transverse
magnetic field produces a resistive force on the fluid flow. This force is called the Lorentz force, which leads to slow down the
motion of electrically conducting fluid.

Figure 1(h) and Figure 3 (a) observed that velocity fields and concentration fields are decreases while increasing in Chemical
reaction parameter (K1).

Figure 2(2a) observed that temperature profiles are decreases while increasing in Prandtl number (Pr). Physically, it is
possible because fluids with have high viscosity and hence move slowly.

Figure 1(i) and Figure 2(2.c) illustrate the effect of heat absorption S on temperature fields and velocity fields. We
observed that velocity fields and temperature fields are increases with increasing in the source parameter. It is seen that heat
absorption/heat generation tends to accelerate the motion of the fluid. The positive sign indicates the heat generation (heat
source) whereas negative means heat absorption (heat sink). Heat source physically implies the generation of heat from the,
which increases the temperature in the flow field. Therefore, as the heat source parameter increased, the temperature increases
steeply. The influence of heat source parameter S>0 on velocity and temperature profiles is very much significantly related to
the heat sink parameter S<0. These results are clearly supported from the physical point of view.

Figure 3(3b) illustrates that the non-dimensional concentration fields for Schmidt number (Sc). A decrease in concentration
with increasing Sc. Also it is noticed that the concentration boundary layer becomes thin as the Schmidt number increases.
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Fig 1.
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Fig 2.
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Fig 3.

5 Conclusion
The study on chemical reaction and heat source effects on the problem ofMagneto hydrodynamics free convection of dissipative
flow fluid past an exponentially accelerated plate. We studied velocity, concentration and temperature fields by different
parameters like heat source parameter, Prandtl value, Schmidt number, modified Grashof and Grashof number, acceleration
parameter, chemical reaction parameter. We observed that velocity fields decreases with respect to t=0.2,0.6 increases in
magnetic parameter (M), Chemical reaction parameter K1, Modified Grashof number Gc, Prandtl number Pr, acceleration
parameter a, Grashof number Gr. The following conclusions can be drawn

The velocity, temperature fields increases with increasing the heat source parameter.

1. The velocity flow of the fluid increases by means of increasing the viscous dissipation.
2. We observed those Schmidt number SC increases then the concentration profiles as decreases.
3. We observe that skin friction values are increases time t by means of increasing in M, Sc, Pr, S and a . While it decreases

with an increase in thermal Gr, Gc and K1. Gr, Gc and k1 values are increases then skin friction values are decreases.
4. We noticed that M, Pr increases with increasing the Nusselt value. E,S are increases with decreasing in Nusselt value.
5. We noticed that K1, Sc values are increases with increasing the Sherewood number.

Recommendation

The same problem in future can be extended by Duffer effect

Nomenclature

a∗ Absorption coefficient
A Constant
B0 External Magnetic field
C Dimensionless concentration
C

′ concentration
Sc Schmidt number

Continued on next page
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Table 4 continued
C

′
w Concentration of the plate

g Acceleration due to gravity
C

′
∞ Concentration in the fluid far-off from the plate

D Chemical molecular diffusivity
Cp heat at constant pressure
Gr Thermal Grashof number
Gm Mass Grashof number
kThermal conductivity fluid
MMagnetic field parameter
pr Prandtl number

qr Radioactive heat flux in the y direction
R Radiation parameter
T

′ Temperature of the fluid in near the plate
T

′
w Temperature of the plate

T
′

∞ Temperature of the fluid far away from the plate
t

′ Time
t Dimensionless time
u Dimensionless velocity
u0 Characteristic Velocity of the plate
y′ Coordinate axis normal to the plate
y Dimensionless coordinate axis normal to the plate
u
′ Velocity of the fluid in the x

′ -direction
Greek symbols
α The fluid thermal diffusivity
µ viscosity of fluid
v kinematic viscosity
σ Electric conductivity
erf Error function
θ Dimensionless temperature
ρ Density of the fluid
τ Dimensionless skin friction
β ∗ coefficient of Volumetric expansion with concentration
β coefficient of Volumetric c thermal expansion
Subscripts
∞ Free stream conditions
w Conditions at the wall
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