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ABSTRACT.

MHD heat disposal fluid flow within a vertical surface in the attendance of Hall
current is smeared in this recent paper. The leading partial differential equations (PDEs) are
motamorposhosed into dimensionless coupled of partial differential equations (PDEs) by the
as usual mathematical procedure of transformation and the resultant equations are numerically
evaluated by applying the explicit finite difference method (EFDM). The numerical outcome of
velocity (primary and secondary) and temperature profiles are computed with the helps of
COMPAQ VISUAL FORTRAN (CVF) 6.6a for the variations of various non-dimensional
parameters such as magnetic parameter (M), Grashof number (Gr), Prandtl number (Pr), Hall
parameter (m), permeability of porous medium (Kp) and radiation parameter (Ra) which values
are chosen after stability convergence test (SCT). Furthermore, the effects of different system
parameters on skin friction, Nusselt and Sherwood number are exhibited graphically. In
addition, the Streamlines and isotherms have been investigated for different interesting
parameters in this article. At the end the acquired results are plotted by using TECPLOT-9
(graphics software) and these are cultivated with graphically.
RÉSUMÉ. L’écoulement de fluide d'évacuation thermique MHD sur une surface verticale en

présence du courant de Hall est étalé dans le présent article. Les équations aux dérivées
partielles (EDP) dominantes sont motamorposées en couplage sans dimension d'EDP par la
procédure mathématique habituelle de transformation et les équations résultantes sont
évaluées numériquement en appliquant la méthode des différences explicites finies (EFDM).
Les résultats numériques des profils de vitesse et de température sont calculés à l'aide de
logiciel COMPAQ VISUAL FORTRAN (CVF) 6.6a pour les variations de divers paramètres
non dimensionnels tels que le paramètre magnétique (M), le nombre de Grashof (Gr), le nombre
de Prandtl (Pr), le paramètre de Hall (m), la perméabilitédu milieu poreux (Kp) et le paramètre
de rayonnement (Ra) après analyse de la convergence de la stabilité(SCA). En outre, les effets
de différents paramètres du système sur le frottement superficiel, le nombre de Nusselt et de
Sherwood sont présentés graphiquement. De plus, les lignes de courant et les lignes isothermes
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ont étéétudiés pour différents paramètres intéressants dans cet article. A la fin, les résultats
acquis sont tracés à l'aide de TECPLOT-9 (logiciel graphique) et sont cultivés avec des
graphiques.
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1. Introduction
The voltage difference through an electrical conductor and vertical to an electric
current in the conductor where a magnetic field which is perpendicular to the current
is called Hall effect. Now a days, the phenomenon of Hall current effect and heat
transfer are applicable in science and technology. The Hall effects was first revealed
experimentally by Edwin Hall in 1879. Also, during the recent years, MHD natural
convection plays a vital role in geophysics, engineering and technological fields. In a
rotating system, MHD free convection fluid flow of mass transfer past an oscillatory
porous plate in the presence of Hall, ion-slip currents and heat source have been
cultivated by Hossain et al. (2015). Unsteady MHD free convective flow through an
accelerated plate with Hall effects was well-acquainted by Shankar et Yirga (2013).
Also, the magnetohydrodynamic (MHD) Casson fluid flow over a stretching cylinder
has been investigated by Biswas et Ahmmed (2018), Tamoor et al. (2017), Das et al.
(2016), Attia (2005, 2006, 2007) and Pattnaik et al. (2016) have sacrifced the
diffusion-thermo effect, MHD and Hall current effects. It is observed from their
research activity that the velocity reduces with an increase in both suction and
injection. Transient MHD free convection, mass transfer flow past an infinite
perpendicular plate in a rotating system, with the consideration of Hall current has
been studied by Ahmed et Kalita (2011). Mass transfer and Hall effects on oscillatory
hydromantic through a perpendicular porous flat surface has been carried out by
Biswal et al. (1994). Also, Kumar et Sahoo (2016) have argued the swirling flow.
Magnetohydrodynamics (MHD) is the schooling of a continuous, electrically
conducting fluid under the impact of magnetic fields. MHD analysis deals with many
ordinary phenomena and engineering problems. Now a days, there are many
applications of MHD such as petro-chemical industry, heat exchanger design and
geophysics, cooling of nuclear reactors as well as magnetohydrodynamics power
generation system. Also, MHD free convection flows are applicable in fibre and
granular insulation, geothermal systems etc. The cosmos is filled with extensively
spaced charged particles and permeated by magnetic fields. Further, MHD is useful
in astrophysics. The unsteady couette flow in the considering of Ion-slip has been
researched by Attia. Also, Islam et al. have searched the incompressible fluid flow
past a cellular plate in the presence of induced magnetic field. Casson fluid flow using
the homology analysis method (HAM) has been abandonted by Animasaun et al.
Casson fluid flow between a parallel plates was elaborated by Ahmed et al. (2017).
The unsteady hydromagnetic flow with diffusion- thermo effect, Hall current was
found by Pattnaik et al. (2013) and heat and mass transfer was discussed by Rajput et
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Chad (1017). MHD flow of nanofluids past a stretching sheet was captialized by
Shankar et al. (2016), Animasaun et al. (2016), Ali (2014), Venkateswarlu et al.
(2017), Sharma et al. (2018) and bifurcation and stability of forced convection was
analysed by Wang et Yang (2004).
Radiation is the heat from the sun, the heat is radiated through space to our planet
without the aid of fluids or solids. Also, the electromagnetic radiation is through a
given frequency and which is proportional to the amount of absorption heat.
Furthermore, boundary layer phenomena occurs when the influence of a physical
quantity is restricted to small regions or when the non-dimensional diffusion
parameters such as the Reynolds number is very large. Further, the boundary layers
are proportional to the square root of the associated diffusion number. Like MHD
behaviour, chemical reactions also an unabated term in fluid mechanics in recent times
due to its technological and engineering interest. Burning fuels, smelting iron,
brewing beer and making wine and cheese are very common precedent for long time
of incorporating chemical reactions. Physical changes include changes of state, such
as ice melting to water and water evaporating to vapour. MHD casson fluid flow
through an oscillating perpendicular plate with radiation and chemical reaction effects
has beeen practised by Kataria et Patel (2016), Islam et al. (2011), Rohsenow et al.
(1998), Makinde et al. (2017, 2018). Also, the MHD casson fluid flow has been
introduced by Biswas et al. (2017, 2018). Effects of Hall current and chemical reaction
on MHD unsteady heat and mass transfer of casson nanofluid flow through a vertical
plate was performed by Biswas et al. (2018). Unsteady magnetohydrodynamic free
convection flow of nanofluid through an exponentially accelerated inclined plate
embedded in a porous medium with variable thermal conductivity in the presence of
radiation was recently contibuted by Ahmmed et al. (2018). These types of work are
recently published by Balocco and Petrone (2018); Garg et al. (2017); Sun et al. (2017)
and Chaware et al. (2017).
However, the motivation of this recent reasearch is to study the effects of Hall
current of heat transfer fluid flow. Basically, here we have obtained the steady state
solution of our proiblem. A mathematical solution of the flow governing model
equations which includes the transient momentum and energy equations. These
equations are solved numerically by using explecit finite difference method (EFD M)
after non-dimensional. The closed numerical solutions has been evaluated for the
velocity and temperature profile after stability and convergence analysis (SCA) by
using FORTRAN language. The effect of different parameters on velocity and
temperature distributions are calculated and presented graphically with overall
discussions.
2. Mathematical formulation
Consider an electrically conducting unsteady MHD incompressible fluid as well
as viscous fluid flow through a perpendicular cellular surface in the force of
permeability of porous medium and Hall current. The anatomical synopsis of the
model is demonstrated in the Figure 1. In this research work, x-axis is taken into the
perpendicular surface and the y-axis is normal to the surface. It is assume that an
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identical magnetic field strength B0 is acted transversely to the way of fluid flow and
which is ignored due to the small Reynolds number. So that the magnetic field is B=(0,
B0, 0). The equation of preservation of charge is considered as .J=0 where
Jy=constant. Along the y-axis, J does not have any change in y-axis i.e. Jy=0.
According to Cowling,
𝐽+

𝑊𝑒 𝜏𝑒
𝐵0

(𝐽 × 𝐵) = 𝜎(𝑞 × 𝐵) +

1
𝑒𝜂𝑒

∇𝑃𝑒

(1)

where q is velocity vector, B is magnetic field vector, J is current density vector, e is
electric charge,  is electric conductivity, e is cyclotron frequency, e is electron
collision time, B0 is uniform magnetic field of strength, Pe is electron frequency and
e is number of density of electrons.

Figure 1. Physical configurations and coordinate system

Also, we supposed that the plate temperature is Tw. But at time t>0, the temperature
is out side the layer is T with time. According to Das et al. (2016), the primary and
secondary velocity can found by the following equations:
∂𝑢
∂𝑡

+𝑢

∂𝑢
∂𝑥

+𝑣

∂𝑤
∂𝑡

∂𝑢
∂𝑦

+𝑢

=𝜐

∂𝑤
∂𝑥

∂2 𝑢
∂𝑦 2

+𝑣

+ 𝑔𝛽𝑇 (𝑇 − 𝑇∞ ) −

∂𝑤
∂𝑦

=𝜐

∂2 𝑤
∂𝑦 2

−

𝜐
𝑘∗

𝑤−

𝜐
𝑘∗

𝑢+

𝐵0

𝐽
𝜌 𝑧

𝐵0

𝐽
𝜌 𝑥

(2)
(3)

Under these assumptions the dimensional primary velocity, secondary velocity
and temperature equations of the present problem can be expressed as:
𝜕𝑢
𝜕𝑥
∂𝑢
∂𝑡

+𝑢

∂𝑢
∂𝑥

+𝑣

∂𝑤
∂𝑡

∂𝑢
∂𝑦

+𝑢

=𝜐

∂𝑤
∂𝑥

∂2 𝑢
∂𝑦 2

+𝑣

+

𝜕𝑣
𝜕𝑦

=0

+ 𝑔𝛽𝑇 (𝑇 − 𝑇∞ ) −

∂𝑤
∂𝑦

=𝜐

∂2 𝑤
∂𝑦 2

−

𝜐
𝑘∗

𝑤+

(4)
𝜐
𝑘∗

𝑢−

𝜎𝐵02 (𝑢+𝑚𝑤)
𝜌(1+𝑚2 )

𝜎𝐵02 (𝑚𝑢−𝑤)
𝜌(1+𝑚2 )

(5)
(6)
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∂𝑇
∂𝑡

+𝑢

∂𝑇
∂𝑥

+𝑣

∂𝑇

𝑘 ∂2 𝑇

=

∂𝑦

𝜌𝐶𝑝 ∂𝑦 2

−

1 ∂𝑞𝑟

+

𝜌𝐶𝑝 ∂𝑦

𝑄
𝜌𝐶𝑝

(𝑇 − 𝑇∞ )

335

(7)

𝑡 = 0, 𝑢 = 0, 𝑣 = 0, 𝑤 = 0, 𝑇 = 𝑇𝑤 at𝑦 = 0
}
𝑡 > 0, 𝑢 = 0, 𝑣 = 0, 𝑤 = 0, 𝑇 → 𝑇∞ as𝑦 → ∞

(8)

where, 𝑘 ∗ is Darcy permeability, Cp is the specific heat at constant pressure, k is the
thermal conductivity,  is the fluid density, g is the gravitational acceleration, T is
the thermal expansion coefficient, and qr is the radiated heat flux. By the Rohsenow
et al. (1998) approximation radiation effect can be defined as
𝑞𝑟 = −

4𝜎 ′ ∂𝑇 4

(9)

3𝑘 ′ ∂𝑦

where ´is the Slefan-Boltzmann constant and k´is the mean absorption constant
respectively. It is assumed that temperature differences are sufficiently small and T4
may be obtained as:
𝑇 4 ≈ 𝑇∞4 + 4𝑇∞3 𝑇 − 4𝑇∞3 𝑇∞ ≈ 4𝑇∞3 𝑇 − 3𝑇∞4
∴

∂𝑞𝑟
∂𝑦

=−

3 ∂2 𝑇
16𝜎 ′𝑇∞

3𝑘 ′

(10)

∂𝑦 2

Due to the solutions of EFDM, the obtained equations can
dimensionless and choose the variables as:
𝑈=

𝑢
𝑈0

;𝑉 =

𝑣

;𝑊 =

𝑈0

𝑤
𝑈0

;𝑌 =

𝑦𝑈0
𝜐

;𝑋 =

𝑥𝑈0
𝜐

;𝜏 =

be evslusted

𝑡𝑈02
𝜐

𝑇 = 𝑇∞ + 𝑇̄ (𝑇𝑤 − 𝑇∞ )

(11)

By substituting the above values and its derivatives into the equations (4) to (8)
we obtained,
𝜕𝑈
𝜕𝑋
𝜕𝑈
𝜕𝜏

+𝑈

𝜕𝑈
𝜕𝑋

𝜕𝑊
𝜕𝜏

+𝑉

+𝑈
∂𝑇̄
∂𝜏

𝜕𝑈
𝜕𝑌

𝜕𝑊
𝜕𝑋

+𝑈

=

𝜕2 𝑈
𝜕𝑌 2

+𝑉

∂𝑇̄
∂𝑋

+

𝜕𝑊
𝜕𝑌

+𝑉

𝜕𝑉
𝜕𝑌

=0

(12)

+ 𝐺𝑟 𝑇̄ − 𝑀
=

∂𝑇̄
∂𝑌

𝜕2 𝑊
𝜕𝑌 2

=

−𝑀

1 ∂2 𝑇̄
𝑃𝑟 ∂𝑌 2

𝑈+𝑚𝑊
1+𝑚2
𝑊−𝑚𝑈
1+𝑚2

+ 𝑅𝑎

− 𝐾𝑝 𝑈(13)

(13)

− 𝐾𝑝 𝑊

(14)

∂2 𝑇̄
∂𝑌 2

+ 𝛼𝑇̄

(15)

Also, we get the associate boundary conditions,
𝜏 = 0, 𝑈 = 0, 𝑉 = 0, 𝑊 = 0, 𝑇̄ = 1at𝑌 = 0
}
𝜏 > 0, 𝑈 = 0, 𝑊 = 0, 𝑇̄ → 0as𝑌 → ∞

(16)
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where, Prandlt number: 𝑃𝑟 =
parameter: 𝛼 =
4𝜎 ′ 𝑇∞3
𝑘 ′𝑘

𝑄𝜐
𝜌𝐶𝑝 𝑈02

𝜐𝜌𝐶𝑝
𝑘

; Grashof number: 𝐺𝑟 =

; magnetic parameter: 𝑀 =

𝜎𝐵02 𝜐
𝜌𝑈02

𝜐𝑔𝛽𝑇 (𝑇𝑤 −𝑇∞ )
𝑈03

; Heat source

; Radiation parameter: 𝑅𝑎 =

; Hall parameter: 𝑚 = 𝜔𝑒 𝜏𝑒 .

The skin friction, Nuselt and Sherwood number are obtained as:
𝐶𝑓 = −

1
2√2

3

𝜕𝑈

(𝐺𝑟 )−4 ( )

𝜕𝑌 𝑌=0

, 𝑁𝑢 =

1
√2

3

𝜕𝑇̄

(𝐺𝑟 )−4 ( )

𝜕𝑌 𝑌=0

, 𝑆ℎ =

1
√2

3

𝜕𝐶̄

(𝐺𝑟 )−4 ( )

𝜕𝑌 𝑌=0

.

Stream function is denoted as (X,Y) and its component are given below as:
𝑈=

𝜕𝜓
𝜕𝑌

,𝑉 = −

𝜕𝜓
𝜕𝑋

.

3. Calculation technique
The obtained non-dimensional couple PDEs (12) to (17), have been solved by
applying the EFDM. Here, it is considered that plate height is Xmax(=125) and
Ymax(=150). Also, we have assumed the grid spacing m=150 and n=300. All these
observation are shown in the Figure 1(a). Further, X=0.83 (0X125) and Y=0.50
(0Y150) are taken the mesh sizes along X and Y axes with time-step, =0.0005
and 𝑈 ′ , 𝑊 ′ and𝑇̄ ′ denote the values of 𝑈, 𝑊and𝑇̄ at the end of a time-step.

Figure 1(a). The finite difference space grid

Therefore by using EFDM we get the equations as:
𝑈𝑖,𝑗 −𝑈𝑖−1,𝑗
Δ𝑋

+

𝑉𝑖,𝑗 −𝑉𝑖,𝑗−1
Δ𝑌

=0

(17)
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′
𝑈𝑖,𝑗
−𝑈𝑖,𝑗

+ 𝑈𝑖,𝑗
𝛥𝜏
𝑈𝑖,𝑗 +𝑚𝑊𝑖,𝑗

𝑀(

1+𝑚2

′
𝑊𝑖,𝑗
−𝑊𝑖,𝑗

1+𝑚2

′
𝑇̄𝑖,𝑗
−𝑇̄𝑖,𝑗

Δ𝜏

+ 𝑈𝑖,𝑗

𝑈𝑖,𝑗 −𝑈𝑖−1,𝑗
𝛥𝑋

) + 𝑉𝑖,𝑗 (

𝑈𝑖,𝑗+1 −𝑈𝑖,𝑗
𝛥𝛶

)=(

𝑈𝑖,𝑗+1 −2𝑈𝑖,𝑗+𝑈𝑖,𝑗−1
(𝛥𝛶)2

) + 𝐺𝑟 𝑇̄𝑖,𝑗 −

) − 𝑘𝑝 𝑈𝑖,𝑗

+ 𝑈𝑖,𝑗
Δ𝜏
𝑊𝑖,𝑗 −𝑚𝑈𝑖,𝑗

𝑀(

(

(

(18)

𝑊𝑖,𝑗 −𝑊𝑖−1,𝑗
Δ𝑋

) + 𝑉𝑖,𝑗 (

𝑊𝑖,𝑗+1 −𝑊𝑖,𝑗
ΔΥ

)=(

𝑊𝑖,𝑗+1 −2𝑊𝑖,𝑗 +𝑊𝑖,𝑗−1
(ΔΥ)2

)−

) − 𝑘𝑝 𝑊𝑖,𝑗
𝑇̄𝑖,𝑗 −𝑇̄𝑖−1,𝑗
Δ𝑋
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(19)

+ 𝑉𝑖,𝑗

𝑇̄𝑖,𝑗+1 −𝑇̄𝑖,𝑗
Δ𝑌

=

𝛼𝑇̄𝑖,𝑗

1 𝑇̄𝑖,𝑗+1 −2𝑇̄𝑖,𝑗+𝑇̄𝑖,𝑗−1
(Δ𝑌)2

𝑃𝑟

+ 𝑅𝑎

𝑇̄𝑖,𝑗+1 −2𝑇̄𝑖,𝑗+𝑇̄𝑖,𝑗−1
(Δ𝑌)2

+

(20)

In this case, boundary conditions in explicite finite different method are obtained
as:
𝑛
𝑛
𝑛
𝑛
𝑈𝑖,0
= 0, 𝑉𝑖,0
= 0, 𝑊𝑖,0
= 0, 𝑇̄𝑖,0
=1
}
𝑛
𝑛
𝑛
𝑈𝑖,𝐿 = 0, 𝑊𝑖,𝐿 = 0, 𝑇̄𝑖,𝐿 → 0where𝐿 → ∞

(21)

Here i and j designate to the mesh points.
4. Stability and convergence analysis
The stability conditions for the present problem are,
2𝛥𝜏
(𝛥𝑌)2

+
1

𝑀𝛥𝜏
1+𝑚2

(𝑅𝑎 + )

+𝑈

2𝛥𝜏

𝑃𝑟 (𝛥𝑌)2

𝛥𝜏
𝛥𝑋

+𝑈

+ |−𝑉|

𝛥𝜏
𝛥𝑋

𝛥𝜏
𝛥𝑌

+ |−𝑉|

+

𝛥𝜏
𝛥𝑌

𝐾𝑝 𝛥𝜏

−

2
𝑄𝛥𝜏
2

≤1

(22)

≤1

(23)

By using initial conditions, U=W=0 at =0, we get the convergence criteria of the
equations (22) to (23) are Pr0.34 and Ra 0.30.
5. Results and discussion
An explicit finite difference method (EFDM) has been used to obtain the results
of the present problem and the numerical values are evaluated by the variations of
various parameters. The primary velocity, secondary velocity, temperature, skin
friction coefficient, Nusselt number, Sherwood number, streamlines and isotherms are
obtained of the present model for the values of magnetic parameter (M), Hall
parameter (m), permeability of porous medium (Kp), Prandtl number (Pr), Grashof
number (Gr), heat source parameter () and radiation parameter (Ra). Here we have
chosen the overall common values as: M=3.00, Pr=0.71(air), Ra=0.50, m=0.20, =1.0,
Gr=10 and Kp=1.0. Also, we have considered the dimensionless time =10, 20, 30, 40,
50, 60, 70, 80. The result changes for =10-40 but when arising time more than it then
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become steady-state. The values U versus Y, W versus Y and 𝑇̅ versus Y are evaluated
in the respective figures.
Figures. 2 to 5 are drawn with the variations of Gr (10.00, 15.00, 20.00) for
dimensionless time =10, 20, 50, 80 respectively. Here, Pr=0.71, M=3.00, m=0.20,
Ra=0.50, Kp=1.0 and =1.00 are constant. It is found that U improve with the
enhancement of Gr. But the profiles coincide once with the increase of Gr for =40 to
80. Physically, the Gr which produced a buoyancy force in the boundary layer. Due
to this force which increse the fluid velocity. Here the steady-state solution continued
for =50 to 80. Also, it is shown that temperature profiles are same with the
improvement of Gr. But there is no impact over the temperature profiles. Therefore,
the solutions occurs steady-state for all time intervals.

Figure 2. Effects of U for the variation of Gr against Y where M=3.00, Pr=0.71,
Ra=0.50, kp=1.0, m=0.20, =1.00, and =10

Figure 3. Impact of U for the variation of Gr against Y where M=3.00, Pr=0.71,
Ra=0.50, kp=1.0, m=0.20, =1.00, and =20

MHD natural convection and heat transfer fluid flow
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Figure 4. Influence of U for the variation of G r against Y where M=3.00, Pr=0.71,
Ra=0.50, kp=1.0, m=0.20, =1.00, and =50

Figure 5. Variations of U for the variation of G r against Y where M=3.00, Pr=0.71,
Ra=0.50, kp=1.0, m=0.20, =1.00, and =80

Figure 6. Despription of U for the variation of P r against Y where Gr =10.00,
M=3.00, Ra=0.50, kp=1.0, m=0.20, =1.00, and =10
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Figure 7. Representation of U for the variation of P r against Y where Gr =10.00,
M=3.00, Ra=0.50, Kp=1.0, m=0.20, =1.00, and =20

Figure 8. Elucidation of U for the variation of P r against Y where Gr =10.00,
M=3.00, Ra=0.50, kp=1.0, m=0.20, =1.00, and =50

Figure 9. Explication of U for the variation of P r against Y where Gr =10.00,
M=3.00, Ra=0.50, kp=1.0, m=0.20, =1.00, and =80
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Figure 10. Depiction of 𝑇̄ for the variation of Pr against Y where M=3.00, Gr
=10.00, Kp=1.0, Ra=0.50, m=0.20, =1.00, and =10

Figure 11. Vestige of 𝑇̄ for the variation of Pr against Y where M=3.00, Gr =10,
Ra=0.50, m=0.20, =1.00, and =20

Figure 12. Painting of 𝑇̄ for the variation of Pr against Y where M=3.00, Gr =10,
Ra=0.50, m=0.20, =1.00, and =70
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Figure 13. Variations of 𝑇̄ for the different values of Pr where M=3.00, Gr =10,
Ra=0.50, m=0.20, =1.00, and =80

The influence of velocity and temperature profiles are displayed in the respective
Figures 6-13 for various values of Pr= 0.71, 1.00, 2.00 for dimensionless time =10,
20, 70, 80 respectively. Here, Gr=10, M=3.00, m=0.20, Ra=0.50, Kp=1.0 and =1.00
are constant. In Figures 6 to 9, it is observed that U is down with the headway of Pr.
But the profiles coincide once and then increase with the rise of Pr for =50 to 80.
Here, the steady-state solution continued for =50 to 80. Also, we found that
temperature distributions decline 23.25%, and 0.09% at Y=0.35452 for Pr=0.71 to
Pr=1.00, Pr=1.00 to Pr=2.00 which are shown in Figure 6, decreases at Y=0.36452 for
Pr=0.71 to Pr=1.00, Pr=1.00 to Pr=2.00 which are found in Figure 7 and reduced
0.46% and 0.29% at Y=0.45672 for Pr=0.71 to Pr=1.00, Pr=1.00 to Pr=2.00 which are
shown in Figures 10 to 13 respectively, but Figure 12 is coincide with 13. Naturally,
this is due to the fluid with high Pr have high viscosity, which down the thermal
boundary layer thickness i.e. for decays thermal boundary layer, heat transfer is
reduced. Therefore, the steady condition occurs for all time intervals.

Figure 14. Graphs of U for the variation of M against Y where P r =0.71, Gr =10,
Ra=0.50, m=0.20, =1.00, and =10
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Figure 15. Illustration of U for the variation of M against Y where P r =0.71, Gr
=10, Ra=0.50, m=0.20, =1.00, and =20

Figure 16. Illustration of U for the variation of M against Y where P r =0.71, Gr
=10, Ra=0.50, m=0.20, =1.00, and =70

Figure 17. Velocity U for the variation of M against Y where P r =0.71, Gr =10,
Ra=0.50, m=0.20, =1.00, and =80
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The primary velocity distribusion are shown in the Figures 14 to 17 respectively
with the variation of Gr=10, Pr=0.71, m=0.20, Ra=0.50, Kp=1.0 and =1.00 for
dimensionless time =20, 30, 70, 80 respectively. It is audited that from Figure 14
primary velocity cluim up 9.75% and 8.75% for M=3.00 to M=4.00, and M=4.00, to
M=5.00. Similarly, from Figures 15 to 17 velocity profiles are progressed with the
development of magnetic parameter (M). But the profiles approximately coincide
once and improvement with the enhancement of M for =(70-80). Here the solutions
are approximately steady-state for =40 to 80. Here the steady-state solution occurs
for all time intervals.
Figures 18 to 21 represents the graphs for various values of m= 0.50, 0.60, 0.70
for dimensionless time =10, 20, 70, 80 respectively. Here, M=0.50, Pr=0.71, m=0.20,
Ra=0.50 Kp=1.0 and =1.00 are constant. From Figures 18 to 21, it is preserved that
U is reducing with the reduce of m. Generally, Hall current produced a resistive force.
This resistive force decrease the velocity. But the profiles approximately coincide
once and then completion with the rise of Hall parameter (m) for =40 to 80. Here the
solutions are approximately steady-state for=40 to 80.

Figure 18. Graphical representation of U where M=3.00, Pr =0.71, Gr =10,
Ra=0.50, =1.00, and =10

Figure 19. Graphs of U for the variation of m against Y where M=3.00, Pr =0.71, Gr
=10, Ra=0.50, =1.00, and =20
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Figure 20. Velocity of U for the variation of m against Y where M=3.00, P r =0.71,
Gr =10, Ra=0.50, =1.00, and =40

Figure 21. Illustration of U for the variation of m against Y where M=3.00, P r
=0.71, Gr =10, Ra=0.50, =1.00, and =80

Figure 22. Illustration of W for the variation of R a against Y where m=0.20,
M=3.00, Pr =0.71, Gr =10, kp=0.50, =1.00, and =10
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Figure 23. Effects of W for the variation of R a against Y where m=0.20, M=3.00, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =20

Figure 24. Illustration of W for the variation of R a against Y where m=0.20,
M=3.00, Pr =0.71, Gr =10, kp=0.50, =1.00, and =60

Figure 25. Presentation of W for the variation of R a where m=0.20, M=3.00, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =80
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Figure 26. Impact of 𝑇̄ for the variation of Ra against Y where m=0.20, M=3.00, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =10

Figure 27. Temperaturer𝑇̄ for the variation of Ra where m=0.20, M=3.00, Pr =0.71,
Gr =10, kp=0.50, =1.00, and =20

Figure 28. Influence of 𝑇̄ for the variation of Ra where m=0.20, M=3.00, Pr =0.71,
Gr =10, kp=0.50, =1.00, and =60
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Figure 29. Illustration of 𝑇̄ for the variation of Ra against Y where m=0.20, M=3.00,
Pr =0.71, Gr =10, kp=0.50, =1.00, and =80

Secondary velocity profiles are exhibited in Figures 22 to 25 respectively for
various values of Ra. There is an increment in the secondary velocity due to the
improvement of Ra. From Figure 22, it is noticed that secondary velocity fulfilment
8.67% and 11.0% respectively as radiation parameter Ra changes from 0.10 to 0.20
and 0.20 to 0.30 at Y= 0.5560. But the profiles approximately coincide once and then
compensation with the rise of Ra for =60 to 80. Also, temperature profiles are
increament due to the raise of Ra which are exhibitated in the Figures 26 to 29. This
enhancement is happened due to the raise of Ra, because which devoloped the thermal
boundary layer.
For various values of Kp on secondary velocity and temperature are delimitated in
Figure 30 to 33 respectively. From Figures 30, secondary velocity decreasing 14.41%
and 27.26% as Kp changes from 0.50 to 1.50 and 1.50 to 2.50 respectively which
occurs at time =10 with the increasing of Kp at Y=0.57750. The Kp which increases
the resistive force. Due to this resistive force, primary and secondary velocity profiles
are decreasing with the increasing of Kp. But the profiles approximately coincide once
and then increase with the increase of Kp for =40 to 80. Therefore the solutions are
approximately steady-state for=40 to 80. Also, temperature profiles are enhancement
with the rise of Kp.

Figure 30. Representation of W for Kp against Y where m=0.20, M=3.00, Ra=0.5, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =10
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Figure 31. W for the variation of Kp against Y where m=0.20, M=3.00, Ra=0.5, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =20

Figure 32. W for the variation of Kp against Y where m=0.20, M=3.00, Ra=0.5, Pr
=0.71, Gr =10, kp=0.50, =1.00, and =40

Figure 33. Secondary velocity W for Kp where m=0.20, M=3.00, Ra=0.5, Pr =0.71,
Gr =10, kp=0.50, =1.00, and =80
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Figure 34. Skin friction for the variation of m against Y where M=3.00, P r=0.71,
Ra=0.50, =1.00 and Kp=0.50

Figure 35. Sherwood number for the variation of G r against Y where M=3.00,
Pr=0.71, Ra=0.50, =1.00 and Kp=0.50

Figure 36. Nusselt number for the variation of P r against Y where M=3.00, Ra=0.50,
Ra=0.50, =1.00 and Kp=1.0
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Figure 37. Illustration Nusselt number for the variation of Ra against Y where
M=3.00, Pr=0.71, =1.00 and Kp=1.0

The Figures 34 to 37 represents the effects of m, Gr, Pr and Ra on Cf, Nu and Sh. It
is found that the Cf is down with the multiplication of m which is permit in the Figure
34. Physically, skin friction which is developed the rate of velocity of the fluid flow
but here it is opposite. Also it is shown that form Figure 35, also Sh down with the
growing of Gr this is way because by the downfall of convective mass transfer. On the
other hand the Nusselt number is an improvement functions of Pr but abating the
function of Ra. Generally, convective heat transfer rise with the augmentation of Nu.
The dimensionless equations are solved numerically by the doing of
dimensoionless. Therefore, X and Y axis are dimensionless which presents the mash
point i.e. numerical point of view. The difference of boundary layer for different
parameters can be defined as stream and isotherms. The legend values (flood view)
represents the stream and isotherms. Furthermore, streamlines profiles can be used to
improve the visualization of fluid fields where the temperature remains constant (T
= 0). An isotherm at 00C is called the freezing level. The influence of M on streamlines
and isotherms are represented in Figure 38 and Figure 39. Also, the streamlines and
isotherms are aggrandizement due to the development of M in the Figure 38. Further,
Figure 39 displays the thermal direction of fluid (thermal boundary layer thickness)
with the benefit of two various magnetic parameter (M). The contours levels are also
provided in the legend.

Figure 38. Streamlines for M=3.00, and M=4.00, (green dashed line) with flood
view
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Figure 39. Effects of Isotherms for M=3.00, and M=4.00, (green dashed line) with
flood view

Table 3. Represents the previous results by Kataria et Patel (2018)
Previous results by Kataria et Patel (2018).
Increased parameters

U

T

S

In c

In c

Sr

In c

M

Dec



Dec

C

Skin fri.

Nusl. Num.

Sher. Num.

Gr

Dec

In c

Ec
Pr

In c

Table 4. Represents the present results
Our present results
Increased parameters

U

Gr

Inc

S

In c

Sr

In c

M

Dec



Dec

Ec

Inc

Pr

T

C

Skin fri.

Nusl. Num.

Sher. Num.

In c

Dec

Dec

In c

In c
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6. Conclusions
The following conclusions have been drawn by the above discussions:
(1) From the investigation we got that for the case of primary velocity profiles
develop with the assemblage of Gr. But there is no effect on temperature profiles with
the forward movement of Gr.
(2) It is pridicted that velocity profiles fall with the progession of Pr. Also,
temperature profiles reduces with the advancement of Pr.
(3) It is found that, U put on with the promotion of M. On the other hand, there is
no effect on temperature profiles.
(4) With the advancement of m, the velocity profiles minimizes. But there is no
effect on temperature profiles with the dispersal of m.
(5) Nusselt are also flow on by Pr but flow down by Gr.
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Nomenclature
x, y, z

Cartesian coordinates

u, v, w

Velocity components

U

Dimensionless primary velocity

W

Dimensionless secondary velocity

Nu

Nusselt number



Heat source parameter
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Cf

Skin friction



Fluid density



Kinematic viscosity

Tm

Mean fluid temperature,

Cs

Concentration susceptibility

Sh

Sherwood number

Ra

Radiation parameter

m

Hall parameter

𝑇̄

Non-dimensionlal fluid temperature

T

Thermal expansion coefficient

M

Magnetic parameter

Pr

Prandlt number

Gr

Grashof number

Kp

Permeability of porous medium

T

Temperature of fluid

k

Thermal conductivity

Cp

Specific heat at constant pressure

