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Abstract
Objective: To study the effects of Radiation and chemical reaction on
unsteady MHD free convection flow in a porous plate. Method: The problem
is governed by coupled non-linear partial differential equations. The non-
dimensional equations of the problem have been solved numerically using
Finite Element Method. 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: Radiation parameter; Chemical reaction; Eckert number; heat
source parameter; micro polar fluid

1 Introduction
The role of thermal radiation on the flow and heat transfer process is major importance
in the design of many advanced energy conversion systems operating at higher
temperatures.Thermal radiation within the system is the result of emission by hot walls
and the working fluid. Recently, considerable attention has also been focused on new
applications ofMagneto-hydrodynamics (MHD) andheat transfer such asmetallurgical
processing. Melt refining involves magnetic field applications to control excessive heat
transfer rate. Other applications ofMHDheat transfer includeMHDgenerators, plasma
propulsion in astronautics, nuclear reactor thermal dynamics and ionized- geothermal
energy systems. Amo et al. (1) studied theMHD convective flow over an inclined porous
surface with variable suction and radiation effects. Prasad et al. (2) studied the MHD
flow of nano - fluid with radiation absorption. Ekakitie and Amos (3) investigated the
chemical reaction and heat source effects on MHD convection flows over an inclined
surface. Pramod Kumar et al. (4) interpreted the induced magnetic field on MHD.
Kandasamy et al. (5) interpreted the soret and duffer effects on free convective flow.
Seddeek et al. (6) analyzed the variable viscosity on mass transfer and MHD above a
stretching sheet among chemical reaction. Mostafa et al. (7) considered
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thermal results going on MHD through temperature dependent thickness. Ahmad et al. (8) studiedThermophorosis results on
micro polar fluid. Krishnendu et al. (9) analyzed the special Effects of heat source onMHD. Bala Siddulu et al. (10) has interpreted
the suction results on flow of fluid accelerate Vertical Permeable Plate. Periasamy et al. (11) has studied the results of chemical
reaction by the side of a wedge in occurrence of suction. Anupam et al. (12) analyzed the Chemical Reaction Effects onNanofluid
flows. Pal et al. (13)interpreted the combine effects onMHD above plate in permeable media. Vijayaragavan et al. (14) interpreted
the Duffer and Chemical reaction effects on MHD convective Casson fluid flow over a vertical porous plate. Afzal Hoqet et
al. (15) have studied the error analysis of heat conduction Partial Differential Equations. Prabhakar reddy et al. (16) investigated
chemical reaction, Radiation effects lying on infinite isothermal vertical plate. Sweta et al. (17) analyzed the heat absorption effects
onMHD.Muralidharan et al. (18)has study theRadiation effects on linearly accelerated platewith variablemass diffusion. Salawu
et al. (19)has studied inclined magnetic field with dissipation in a non-Darcy medium. Bala Siddulu et al. (20) has explained heat
generation, thermal diffusion results on moving plate.

The objective of the present work is to study the influence of radiation and chemical reaction effects on unsteady MHD free
convectionmass transfer fluid flow in porous plate. It has been noticed that the radiation and chemical reaction parameters had
an effect on velocity profile, temperature profile, concentration profile.The governing partial differential equations are solved by
Galerkin Finite Element Method. We have extended the problem of Balasiddulu (20) in the presence of radiation parameter and
the accuracy of present problem have been verified by comparing with theoretical solution of Balasiddulu (20) through figures
and the agreement between the results is excellent. This has established confidence in the numerical results reported in this
paper.

2 Mathematical Formulation
An unsteady 2-dimensional coordinate systemMHD free of convention in a porous plate with radiation and chemical reactions
are considered. The flows are taken to be in x, y directions to the plate. Here x-axis represents the upward direction, y-axis
represents the normal to the plate. A homogeneous magnetic field considered in the direction upright to the plate. Reynolds
numbers are less than 1. The induced magnetic fields are insignificant and comparison by means of the considering magnetic
fields. We considered that the fluids properties are stable. Also, there is a chemical reaction among the diffusing type and the
fluid. The foreign mass presents in the flow of fluids are considered to be a small level and therefore Duffer, Soret results are
unimportant. The above considerations, the governing equations written as

Continuity equation:

∂v∗

∂y∗
= 0 (1)

Momentum equation:

∂U∗

∂ t∗
+V ∗ ∂U∗

∂y∗
=− 1

ρ
∂ p∗

∂x∗
+(v+Vr)

∂ 2U∗

∂y∗ 2 +gβ f (T −T∞)− v
U∗

K∗ +2Vr
∂ω∗

∂y∗
+gβc (C−C∞) (2)

Angular momentum equation:

ρ j∗
(

∂ω∗

∂ t∗
+V ∗ ∂ω∗

∂y∗

)
=

∂ 2ω∗

∂y∗ 2 (3)

Energy equation:

∂T
∂ t∗

+V ∗ ∂T
∂y∗

= α
∂ 2T
∂y∗ 2 +µ

(
∂U∗

∂y∗

)2

+
S∗

ρCp
(T −T∞)−

1
ρCp

∂qr

∂y∗
(4)

Diffusion equation:

∂C∗

∂ t∗
+V ∗ ∂C∗

∂y∗
= D∗ ∂ 2C

∂y∗ 2 −K∗
1 (5)

fluid kinematic viscosity - ν , fluid density- ρ , the coefficients about volume expansions meant for the concentration and
the temperature are (β c,, β f ), acceleration due to gravity- g, fluid kinematic rotating viscosity - Vr , micro-inertia density-
j*,empirical invariable called permeability about the porous medium - K, component of dimensional concentration - C*,
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temperature - T, chemical reaction parameter K1
*, fluid dynamic viscosity-µ , spin-gradient viscosity - γ , Dimensionless co-

ordinate η , fluid thermal heated - α is the amount about mass diffusivity.
The boundary conditions are

U∗ = 0,T = Tw + ε (Tw −T∞)en∗t∗ ,ω∗ =−1
2

∂U∗

∂y∗
,C =Cw, at y∗ = 0

U∗ →U∗
∞ =U0

(
1+ εen∗t∗

)
,T → T∞,ω∗ → 0,C →C∞, as y∗ → ∞

 (6)

V ∗ =−V0
(
1+ εAen∗t∗

)
(7)

hereU∞
* - free stream velocity, n* - dimensionless exponential index, ε , εA- undersized values fewer than 1, V0- scale of suction

velocity,U0 - scale of unbound stream velocity , A - constructive positive constant.
Outside the boundary layer, equation (2) becomes

− 1
ρ

d p∗

dx∗
=

dU∗
∞

dt∗
+

v
K∗U∗

∞ (8)

Using the following dimensionless quantities are

U =
U∗

U0
,V =

v∗

V0
,y =

y∗V0

v
,U∞ =

U∗
∞

U0
,ω =

v
U0V0

ω∗, t =
t∗V 2

0
v

θ =
(T −T∞)

(TW −T∞)
, C =

(C∗−C∞)

(CW −C∞)
,n =

n∗v
V 2

0
,K =

K∗V 2
0

v2 , j =
V 2

0
v2 j∗,K1 =

K∗
1 v

V 2
0

Sc =
v

D∗ Schmidthnumber, Pr =
v
α

Prandtlnumber

Gr =
vgβ f (Tw −T∞)

U0V 2
0

thermal Grashof number for heat transfer

Gm =
vgβ f (Cw −C∞)

U0V 2
0

solutal Grashof number for mass transfer

γ = µ j∗
(

1+
1
2

β
)
,β =

Λ
µ
, Ec =

U2
0

Cp( Tw −T∞)
Eckert Number

R =
64avσT 3

∞
ρv2

0Cp
,

S =
S∗v

ρCpV 2
0
heat source parameter β is the dimensionless viscosity ratio



(9)

∂qr
∂y∗ =−4a

−
σ (

−
T ∞

4
−

−
T

4
), Stefan Boltzmann constant-

−
σ , mean absorption - a. whereas the differences of the temperature in the

flow accordingly undersized neglecting higher order terms then. Expressing
−
T

4
it is equal to the linear function of

−
T . Applying

the method of the Taylor series expansion

By expanding
−
T

4
about the

−
T ∞. Higher order terms are neglecting

−
T

4
= 4

−
T ∞

3−
T −3

−
T ∞

4

In examination of equation (6), (7), (8), (9) the equations (2), (3), (4) are reduces to the next non dimensional form are:

∂U
∂ t

−
(
1+ εAent) ∂U

∂y
=

dU∞

dt
+(1+β )

∂ 2U
∂y 2 +Grθ +

1
K
(U∞ −U)+2β

∂ω
∂y

+Gm (10)

∂ω
∂ t

−
(
1+ εAent) ∂ω

∂y
=

1
η

∂ 2ω
∂y 2

(11)

∂θ
∂ t

−
(
1+ εAent) ∂θ

∂y
=

1
Pr

∂ 2θ
∂y 2 +Ec

(
∂U
∂y

)2

+Sθ +
PrR

4
θ (12)

∂C
∂ t

−
(
1+ εAent) ∂C

∂y
=

1
Sc

∂ 2C
∂y 2 −K1C (13)

https://www.indjst.org/ 709

https://www.indjst.org/


Matta et al. / Indian Journal of Science and Technology 2021;14(8):707–717

Where, β =
Vr

V
, η =

µ j∗

γ
(14)

The resultant boundary conditions are

U = 0, θ = 1+ εent , ω =−1
2

∂U
∂y

,C = 1 ony = 0

U →U∞, θ → 0, ω → 0, C → 0 asy → ∞

 (15)

3 Method of Solution
The Galerkin FEM is applying to solve the equation (11), (12), (13) and (14) and above a 2 nodded linear component(e)
(y j ≤ y ≤ yk) is∫ yk

y j

NT
[
(1+β )

∂ 2u
∂y2 − ∂u

∂ t
+
(
1+ εAent) ∂u

∂y
+

∂U∞

∂ t
+Grθ +Gm∅+

1
k
(U∞ −u)+2β

∂ω
∂y

]
dy

∫ yk

y j

NT
[

Z
∂ 2u
∂y2 − ∂u

∂ t
+G

∂u
∂y

− 1
k

u+
∂U∞

∂ t
+Grθ +Gm∅+

1
k

U∞ +2β
∂ω
∂y

]
dy

∫ yk

y j

[
Z

∂N
∂y

.
∂u(e)

∂y
−NT

(
G

∂u(e)

∂y
− ∂u(e)

∂ t
− 1

k
u(e)+R

)]
dy = 0

where G =
(
1+ εAent) , Z = (1+β ) , R =

(
Grθ +GcC+

1
k

U∞ +
∂U∞

∂ t
+2β

∂ω
∂y

)
,

N = [N j, Nk, ϕ ](e) =
[

u j
uk

]
,

u(e) = N.ϕ (e), N j =
yk − y

l(e)
, Nk =

y− y j

l(e)
, l(e) = yk − y j = h

The element equations are given by

∫ yk
y j

Z
[

N′
jN

′
j N′

jN
′
k

N′
kN′

j N′
kN′

k

][
u j
uk

]
dy−G

[
N jN′

j N jN′
k

NkN′
j NkN′

k

][
u j
uk

]
dy+

[
N jN j N jNk
NkN j NkNk

][
u̇
u̇k

]
dy+

1
k

[
N jN j N jNk
NkN j NkNk

][
u j
uk

]
dy−R

[
N j
Nk

]
dy = 0

(16)

Z
l(e)

[
1 −1
−1 1

][
u j
uk

]
− G

2

[
−1 1
−1 1

][
u j
uk

]
+

1
k

l(e)

6

[
2 1
1 2

][
u j
uk

]
+

l(e)

6

[
2 1
1 2

][
u̇J
u̇k

]
dy−

R
l(e)

2

[
1
1

]
= 0

(17)

Where (.) denotes the differentiating with respective to t, we get (yi−1 ≤ y ≤ yi) and (yi ≤ y ≤ yi+1), three element equations
are assembling

Z
l(e)

 1 −1 0
−1 2 −1
0 −1 1

 ui−1
ui

ui+1

− G
2

 1 1 0
−1 0 1
0 −1 1

 ui−1
ui

ui+1

+ 1
k

l(e)

6

 2 1 0
1 4 1
0 1 2

 ui−1
ui

ui+1

+
l(e)

6

 2 1 0
1 4 1
0 1 2

 u̇i−1
u̇i

u̇i+1

= R
l(e)

2

 1
2
1

 (18)
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substitute row resultant to the node i to zero from difference schemes

l(e) = h
z

h2 (−ui−1 +2ui −ui+1)−
G
2h

(−ui−1 +ui+1)+
1
k

1
6
(ui−1 +4ui +ui+1)+

1
6
(u̇i−1+

4u̇i + u̇i+1) = R

(19)

Crank –Nicolson method is applied to the above equation we get :

A1un+1
i−1 +A2un+1

i +A3un+1
i+1 = A4un

i−1 +A5un
i +A6un

i+1 +12kR (20)

Where, R = GrT j
i +GcC j

i +
1
kU∞ + ∂U∞

∂ t +2β ∂ω
∂y

R = GrT j
i +GcC j

i +
1
kU∞ + ∂U∞

∂ t , consider ξ = N
Similarly, for the equation (10),(11) following equations are obtained:

B1θ n+1
i−1 +B2θ n+1

i +B3θ n+1
i+1 = B4θ n

i−1 +B5θ n
i +B6θ n

i+1
D1Cn+1

i−1 +D2Cn+1
i +D3Cn+1

i+1 = D4Cn
i−1 +D5Cn

i +D6Cn
i+1 +12KSCR∗∗ (21)

Where, R∗∗ = Sr ∂ 2θ
∂ y2

A1 =−6rZ +3Grh+S1k+2,A2 = 12rZ +4S1k+8,A3 =−6rZ −3Grh+S1k+
2,A4 = 6rZ −3Grh−S1k+2,A5 =−12rZ −4S1k+8,A6 = 6rZ +3Grh−S1k+2
B1 = 2η −6r+3Gηrh, B2 = 8η +12r, B3 = 2η −6r−3Gηrh
B4 = 2η +6r−3Gηrh, B5 = 8η −12r,B6 = 2η +6r−3Gηrh
C1 =−6r+3 GPrrh +2Pr+PrQK,C2 = 8Pr+12r+4PrQK
C3 =−6r−3 GPrrh +2Pr+PrQK
C4 = 6r−3GPrrh+2Pr−PrQK,C5 = 8Pr−12r−4PrQK, C6 = 6r+3GPrrh+
2Pr−PrQK
D1 =−6r+3GScrh+2Sc+K1Sck, D2 = 12r+8Sc+4K1Sck
D3 =−6r−3GScrh+2Sc+K1Sck
D4 = 6r−3GScrh+2Sc−K1Sck, D5 =−12r+8Sc−4K1Sck
D6 = 6r+3GScrh+2Sc−Sck

r = k
h2 . Taking h=0.1, k = 0.001 are considering for simplifications for the equations (19) to (21) and h, k are mesh sizes along

y, k direction. Considering i=1(1)n and using the initial, boundary condition (6) and (15).
AiXi = Bi, here i = 1, 2,3 . . . .
HereAi is the matrix of order n and X i, Bi’s are column matrices having n-components. Thomas algorithm is used to solve

the system of equations for Temperature, micro rotation, velocity and concentration and also arithmetical solutions used for
these equations considered by c –programme to show the convergence and constancy of Galerkin Finite Element Method.The
c-programme executed among small changes h , k and no changes are observing in the standards of u, w, θ and C. For this
reason we are observing that Galerkin Finite Element Method is convergent and stable.

Table 1. Sherwood number is given by Sh= -( ∂c
∂y ) at y=0

t Ec Sc Sh
0.5 1.5 0.5 0.22 1.19953156
0.8 1.2 0.6 0.5 1.59112000
1.0 1.4 0.7 0.8 1.82498217
1.0 1.5 0.7 0.8 1.82556152
1.0 1.0 0.8 0.8 1.82556152
1.0 1.5 1.0 1.0 1.933.7602
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Table 2.Nusselt number is given by Nu = -( ∂θ
∂y ) at y=0

β η t R Ec Nu
0.4 0.5 1.0 1.0 0.5 0.51554173
0.4 0.5 1.0 1.1 0.5 0.56152892
0.4 0.5 1.0 1.2 0.6 0.58270884
0.5 0.5 1.0 1.2 0.7 0.62856168
0.5 0.5 1.0 1.4 0.7 1.10143113
0.5 0.5 1.0 1.5 0.8 1.09877360
0.5 0.5 1.0 1.5 1.0 1.09867287

Table 3. Skin friction number is given by τ= ( ∂u
∂y ) at y=0

β η A Gr Gc ε τ
0.4 0.6 1.0 2.0 2.0 0.001 0.34819758
0.5 0.6 1.1 2.0 2.0 0.001 0.33404320
0.5 0.6 1.3 2.2 2.2 0.001 0.33404320
0.7 0.7 2.5 5.0 5.0 0.005 0.34162831
0.7 0.7 2.0 5.0 5.0 0.001 0.30892715
0.7 0.6 1.8 5.0 5.0 0.001 0.31479214

4 Results and Discussion
The approximate values are obtained for concentration, temperature, angular velocity and velocity fields.The results of physical
parameters Eckert number – (Ec), Prandtl number – (Pr), Schmidt number –(Sc), the dimensionless viscosity –(β ),Grashof
number meant for heat and mass transfer – (Gr,Gc), index number-(n), the spin gradient viscosity –(γ), chemical reaction
parameter – (K1), coefficient of gyro viscosity –(Λ), time – (t) considered through graphs.

The contribution of the time – t lying on velocity profiles, angular velocity profiles is noticed in Fig 1a. and Fig 2a. We
experiential that the velocity profiles raises and angular velocity profiles reduces.

It is seen that from Fig 1b. and Fig 2b.velocity increases and angular velocity increases with an result of index number-(n).
Fig 1c, Fig 3c shown the viscous dissipation-(Ec) effects on the velocity, temperature results. We observe viscous dissipation

increases then velocity results are raises, temperature results are reduces.
Fig 1.d., Fig2.c and Fig 4.c.observed thatChemical Reaction – (K1) effects on velocity, angular velocity, concentration profiles.

We observed that the velocity results raises all through the generative reaction (K1<0) and decrease throughout destructive
reaction (K1>0), even though the reverse occurrence is observed used for micro- rotation. Concentration results are reduces.

Fig 1e.shown that Prandtl number -(Pr) increases then velocity fields are decreases.
Fig1f. Observing that velocity results improves with increasing in Gr, Gc.
The radiation parameter – (R ) e f f e c t s o n the velocity profile, temperature profile , angular velocity profile are displays in

the Fig 1.g, , Fig 3.e., Fig 2.g., Fig 4.d. We noticed that the radiation parameter raises, then the temperature and velocity profiles
are raises and its observed that angular velocity are decreases.

Angular velocity increases with increases of η in fig 2d.
Fig 3a. noticed that Prandtl number-(pr) increases then the temperature profiles are reduces.
fig 3b.shown that effects of n on the temperature fields.
Fig 3(d ) noticed that suction parameter results on the temperature profile with raises on the suction parameter S then the

temperature decreases for a fixed η and therefore thermal boundary layer thickness reduces.
Suction parameter raises then temperature profiles are reduces in Fig 3.d.
Fig 4.a. shown that growing in Schmidt number – (Sc) then concentration profile decreases.
Fig 4b.can be observed that decreasing in the concentration fields then increasing in index number n.
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Graphs
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Fig 1.
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Fig 2.
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Fig 3.

Fig 4.
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5 Conclusion
We studied the chemical reaction and heat source results on MHD. We applied finite element technique to solve the partial
differential equations. The conclusions of the study are as follows:

• The velocity rises with the rising in Time, Eckert numbers, Thermal Grashof, Modified Grashof, Radiation parameter,
Index number whereas the velocity reduces with the increases of chemical reaction parameter and Prandtl number.

• Increasing the temperature Radiation parameter increases while temperature decreases rising of Eckert number Prandtl
• Angular velocity profiles are increases with increasing of chemical reaction parameter, index number and angular velocity

results are decreases with decreasing of radiation parameter and time.
• Schmidt parameter, chemical reaction parameter and index number increase when concentration profiles decrease.
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