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Magnetic field plays an important role in numerous fields such as biological, chemical, mechanical and
medical research. In clinical and medical research the magnets are extremely important to create three
dimensional images of anatomical and diagnostic importance from nuclear magnetic resonance signals.
In view of these applications, the purpose of present research is to the effects of thermal radiation and
rotation on the unsteady MHD convective flow past an infinite vertical moving absorbent plate. The sim-
ilarity transformations are employed to migrate the governing partial differential equations in a system
of non-linear ordinary differential equations and elucidated computationally by making use of cubic B-
splines collocation method. The consequences of physical variables on fundamental segmentations are
commented through visual aids. Even if the digital estimates of frictional force, Nusselt number and
Sherwood number with respect to different parameters are delivered in matrix template and exchange
of views proportionally. From the results, the resultant velocity magnifies with an increasing in rotation
parameter, the thermal and solutal buoyancy forces. Reversal performance is adhered with expanding in
the slip parameter. An enlargement in the radiation parameter, rise in the fluid speed and temperature
profiles. The concentration profiles augments with increasing in suction parameter. The rate of mass
transport is influenced on strengthening in Schmidt number and slip parameter.
� 2020 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Ain Shams University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

In many practical situations such as condensation, evaporation
and chemical reactions the heat transfer process is always accom-
panied by the mass transfer process. Perhaps, it is due to the fact
that the study of combined heat and mass transfer is helpful in bet-
ter understanding of a number of technical transfer processes.
Besides, free convection flows with conjugate effects of heat and
mass transfer past a vertical plate have been studied extensively
in the literature due to its engineering and industrial applications
in food processing and polymer production, fiber and granular
insulation and geothermal systems. The positive outcome in this
the expansion of complicated numerical performances for process-
ing the straight forward problems provide addresses the challenges
and solving mechanical engineering problems on a degree of huge
complexities.

Solutions of some physical problems are not available analyti-
cally in general. So that it has obtained its numerical solutions to
develop the nonlinear phenomena. It is designed a collocation
method based on cubic B-splines basis functions for solving the
nonlinear partial differential equations with initial and boundary
conditions. It is known that cubic B-splines have few special fea-
tures; these are useful in computational work, 1. The continuity
conditions are inherent, 2. They have minute local support, i.e.,
each B-spline function is only non-zero over a few mesh subinter-
vals, so that the resulting matrix for the discretization equation is
tightly banded. Due to their smoothness and capability to handle
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Nomenclature

u; v The velocity components along x and y directions
respectively (m.s�1)

g Acceleration due to gravity (m.s�2)
t Time (s)
T Dimensional temperature (K)
C dimensional concentration (Kg m�3)
Tw The uniform temperature of the fluid at the plate (K)
Cw The uniform concentration of the fluid at the plate (Kg

m�3)
T1 The temperature of the fluid far away from the plate (K)
C1 The concentration of the fluid far away from the plate

(Kg m�3)
k Permeability of porous medium (m2)
B0 applied magnetic field (A/m)
u0 Characteristic velocity (m.s�1)
w slip velocity (m.s�1)
w0 slip parameter
D Coefficient of mass diffusivity (m2s�1)
k1 Thermal conductivity (Wm�1.K�1)
k2 chemical reaction rate constant
M Hartmann number,
K Permeability parameter
Ra Thermal radiation parameter
R Rotation parameter
Gr thermal Grashof number
Gm mass Grashof number
Pr Prandtl number
Sc Schmidt number

N Temperature difference parameter
qr local radiative heat flux (W m�2)
qw local surface heat flux (W m�2)
Sw local surface mass flux (Kg s-1 m�2)
Nu local Nusselt number
Sh local Sherwood number

Greek symbols
h non-dimensional temperature,
/ non-dimensional concentration,
m kinematic viscosity of the fluid (m2 s�1)
r Electrical conductivity (sm�1)
q fluid density (Kg.m�3)
X angular velocity (s�1)
b volumetric expansion coefficient of due to temperature
b� volumetric expansion coefficient of due to concentra-

tion
a thermal diffusivity (m2 s�1)
rs Stefen–Boltzmann constant
d mean absorption coefficient
sw local wall shear stress (pascal)
s local skin friction coefficient

Subscripts
w plate wall
r Radiation
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local phenomena, B-splines offer distinct advantages. In combina-
tion with collocation, this significantly simplifies the solution pro-
cedure of differential equations. There is a great reduction of the
numerical effort, because there is no need to calculate the inte-
grals, like in variational methods ex. Ritz, Galerkin and Petrov-
Galerkin methods; to form the final set of algebraic equations,
which substitutes the given set of nonlinear differential equations.
Some dissimilar preceding techniques using various transforma-
tions to reduce the equation into much simpler, the existing
method does not need additional effort to deal with the nonlinear
terms. Therefore, the equations are solved easily and elegantly
using the present method. This method also has additional advan-
tages more than some challenger techniques, such as ease of use
and computational cost effectiveness to find solutions of the given
nonlinear evolution equations.

The flow through porous dissemination is momentous in a lot of
applications in scientific discipline and machine building. Blended
thermal radiative flow over a semi-infinite perpendicular plate
implanted in circumstances porous medium integrating the
changeable permeability through Darcy’s law premeditated by
Mohammadein and El-Shaer [1]. Zhang et al. [2] explored the
short-lived and consistent free convective flow implanted in a
drenched porous layer. Singh et al. [3] are presented the MHD con-
vective flow of an incompressible homogeneous viscous fluid over
an accelerated porous plate with suction/injection using Laplace
transform technique. Seddeek [4] studied effects of thermal radia-
tion and variable viscosity on unsteady MHD natural convection
flow past a semi-infinite flat plate with an aligned magnetic field.
Bestman [5] researched the free convective boundary layer with
heat and mass transportation in accordance with permeable
medium. Singh and Soundalgekar [6] conceded out research
on the transient free convective flow in cooling water over an
2100
immeasurable porous layer. The upshot of perspiration on com-
bined heat and mass transfer in mixed convective flow along a ver-
tical plate has been addressed by Hossain [7]. Makinde [8]
premeditated natural convective flow past a moving vertical por-
ous plate about thermal radiation along with mass transport.

More recently, Sheikholeslami et al. [9] explored swirl genera-
tor and four-lobed pipe were installed in a solar collector to
achieve higher performance not only in view of cooling rate but
also available energy. Utilizing multi helical tape, the transporta-
tion of nanomaterial within a tube has been scrutinized by Sheik-
holeslami et al. [10]. Hayat et al. [11] discussed the temperature
dependent thermal conductivity in stagnation point flow toward
a nonlinear stretched surface with variable thickness. A compara-
tive study of Casson fluid with homogeneous-heterogeneous reac-
tions has been discussed by Khan et al. [12]. Khan et al. [13]
investigated the simulation and mathematical modelling of second
order velocity slip flow of micropolar ferrofluid through Darcy-
Forchheimer porous medium past stretched surface. Nayak et al.
[14] explored a static and dynamic approach on the flow and ther-
mal analysis for Darcy-Forchheimer flow of copper-water nano-
fluid through a rotating disk. The MHD entropy optimized Darcy-
Forchheimer flow over a stretched surface has been discussed by
Abbas et al. [15]. The MHD second order velocity slip flow of vis-
cous material with nonlinear mixed convection towards a
stretched rotating disk has been numerically examined by Abbas
et al. [16]. Khan et al. [17] explored nonlinear mixed convective
nanoliquid slip flow of Walter-B fluid subject to stretched surface
with gyrotactic microorganisms. Wang et al. [18] investigated the
irreversibility aspects in MHD flow of viscous nanofluid by a vari-
able thicked surface with viscous dissipation, Joule heating and
heat generation/absorption. Wang et al. [19] explored the three-
dimensional MHD stagnation point flow of non-Newtonian



Fig. 1. Physical model.
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material (Oldroyd-B) with Ohmic heating and radiative flux.
Muhammad et al. [20] discussed the effects of viscous dissipation,
thermal radiation, Joule heating and homogeneous-heterogeneous
reactions on an electrically conducting viscous fluid flow over a
curved surface with second order slip using the Buongiorno model
with thermophoretic and Brownian diffusions. Khan and Alzahrani
[21] examined the nonlinear MHD thermal radiative stagnation
point flow of Walter-B nanofluid with mass and heat transfer
by implementing the effects of chemical reaction, Joule heating
and activation energy and also using Brownian motion and
thermophoresis effects. Muhammad et al. [22] discussed signifi-
cant insights regarding dissipative mixed convective Darcy-
Forchheimer flow with entropy generation over a stretched curved
surface. Khan et al. [23] investigated the impact of MHD slip flow
of Williamson nanomaterial with Cattaneo-Christov double diffu-
sions, heat and mass transport, where the flow is generated by a
nonlinear stretching rate over a porous medium. Ibrahim and Khan
[24] explored the mixed convection flow of SWCNT-Water and
MWCNT-Water over a stretchable permeable sheet with Darcy’s
law for porous medium and viscous dissipation. Nayak et al. [25]
investigated the important insights regarding three dimensional
unsteady MHD flow and entropy generation of micropolar Casson
cross nanofluid subject to nonlinear thermal radiation, chemical
reaction, Brownian movement, thermophoresis effect, convective
boundary condition, viscous dissipation and Joule heating. Khan
et al. [26] scrutinized the chemically reactive MHD squeezing flow
of second-grade nanoliquid between two infinite plates with vis-
cous dissipation and Ohmic heating. Krishna et al. [27] discussed
the unsteady MHD free convective rotating flow through porous
medium past an exponentially accelerated inclined plate. The com-
bined effects on MHD rotating flow of ciliary propulsion of micro-
scopic organism through porous medium have been studied by
Krishna et al. [28]. Krishna and Chamkha [29] investigated the
MHD convective flow of elastico-viscous fluid through porous
medium between two rigidly rotating parallel plates with time
fluctuating sinusoidal pressure gradient. Krishna et al. [30] dis-
cussed the MHD flow of an electrically conducting second-grade
fluid through porous medium over a semi-infinite vertical stretch-
ing sheet. Krishna and Chamkha [31] investigated combined effects
of diffusion-thermo and radiation-absorption on MHD free convec-
tive rotating flow of nanofluids past a semi-infinite permeable
moving plate with constant heat source. More recently Lodhi and
Ramesh [32] are to explore the impact of an external magnetic field
on the visco-elastic fluid flow in the existence of electroosmosis,
porous medium and slip boundary conditions by making use of
analytical, finite difference and cubic B-spline methods. Abu zeid
et al. [33] presented a numerical method based on cubic B-spline
function for studying the effects of thermal radiation and mass
transfer on free convection flow over a moving vertical porous
plate. Makinde and Ogulu [34] studied the effect of thermal radia-
tion on the heat and mass transfer flow of a variable viscosity fluid
past a vertical porous plate permeated by a transverse magnetic
field. Ogulu and Makinde [35] presented unsteady hydromagnetic
free convection flow of a dissipative and radiating fluid past a ver-
tical plate with constant heat flux. The problem of unsteady MHD
free convective flow with thermal radiation and chemical reaction
past a porous vertical plate moving through a binary mixture in an
optically thin environment is investigated by Sharma et al. [36].
Pattnaik et al. [37] studied the radiation and mass transfer effects
on MHD flow through porous medium past an exponentially accel-
erated inclined plate with variable temperature. The rotation and
Soret effects on an unsteady MHD free convection heat and mass
transfer flow of a viscous, incompressible and electrically conduct-
ing fluid past an infinite vertical plate embedded in a porous med-
ium are investigated by Sarma and Pandit [38]. Reddy et al. [39]
discussed the radiation and chemical reaction effects on MHD flow
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along a moving vertical porous plate. Caglar and Caglar [40]
explored the cubic B-spline method for solving linear system of
second-order boundary value problems.

Keeping the above mentioned facts, the effects of thermal radi-
ation and rotation on the unsteady MHD convective flow past an
infinite vertical moving absorbent plate have not been discussed
yet. Therefore, the effects of thermal radiation and rotation on
the unsteady MHD convective flow past an infinite vertical moving
absorbent plate have been executed in the current numerical
investigation. The existing investigation is systematized as pur-
sues, in the second section, we scrutinized the mathematical
design and solution of this problem and shall be the place imple-
mentation the cubic B-spline method. In the section three, it has
composed the numerical findings along with confabulation. Ulti-
mately, the determinations of such investigation are provided
through the section four.

2. Formulation and solution of the problem

We take into account the unsteady MHD natural convective
rotating flow of an incompressible electrically conducting viscous
fluid past an infinite vertical moving porous surface. In this fashion
as to x-axis captured along the surface of the plate in perpendicu-
larly upward direction and z-direction exists orthogonal to it as
shown in the Fig. 1. The fluid and the plate rotate in unison with
a uniform angular velocity X and supported by z-axis and applying
the uniform transverse magnetic field B0 at orthogonal to the direc-
tion of the plate. Both the fluid and plate are at rest and are main-
tained at a uniform temperature T1. Also species concentration at
the surface of the plate as well as at every point within the fluid is
maintained at uniform concentrationC1. The plate starts moving in
x-direction with a uniform velocity u0 in its own plane. The tem-
perature at the surface of the plate is raised to uniform tempera-
ture Tw and species concentration at the surface of the plate is
raised to uniform species concentration Cw and is maintained
thereafter. Since the plate is of infinite extent in x and y directions
and is electrically non-conducting, all the physical quantities are
functions to z and t merely.

According to Boussinesq’s approximation, the governing equa-
tions of continuity, momentum, energy and mass transport for
the unsteady MHD convective flow of an incompressible, electri-
cally conducting fluid with respect to the rotating frame are
(Makinde [8] and Krishna et al. [27]),

@w
@z

¼ 0 ) w ¼ �w0 ðw0 > 0Þ ð1Þ
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@u
@t

þw
@u
@z

� 2Xv ¼ m
@2u
@z2

� rB2
0u
q

� m
k
u þ gbðT � T1Þ

þ gb�ðC � C1Þ ð2Þ

@v
@t

þw
@v
@z

þ 2Xu ¼ m
@2v
@z2

� rB2
0v
q

� m
k
v ð3Þ

@T
@t

þw
@T
@z

¼ a
@2T
@z2

þ a
k1

@qr

@z
ð4Þ

@C
@t

þw
@C
@z

¼ D
@2C
@z2

ð5Þ

The boundary conditions are,

u ¼ u0; v ¼ 0; T ¼ Tw; C ¼ Cw at z ¼ 0 ð6Þ

u ¼ 0; v ¼ 0; T ! T1; C ! C1 at z ! 1 ð7Þ
Utilizing Rosseland approximation (Reddy et al. [39]), the radia-

tive heat flux term might be,

qr ¼ � 4r
3d

@T4

@z
ð8Þ

Understand that, from the Eq. (1), wis, whether it be invariable
or a utility of time.

w ¼ �w0

ffiffiffi
m
t

r
ð9Þ

here, w0 > 0 suction-parameter.
Combining the Eqs. (2) and (3), let q ¼ uþ iv we achieved,

@q
@t

þw
@q
@z

þ 2iXq ¼ m
@2q
@z2

� rB2
0

q
þ m
k

 !
q þ gbðT � T1Þ

þ gb�ðC � C1Þ ð10Þ
It is introducing similarity variables and the non-dimensional

quantities,

z� ¼ z
2
ffiffiffiffiffi
mt

p ; f ¼ q
u0

; h ¼ T � T1
Tw � T1

; / ¼ C � C1
Cw � C1

; P r ¼ m
a
; Sc

¼ m
D
; N ¼ T1

Tw � T1
; Ra ¼ 16rsðTw � T1Þ3

3dk1

M2 ¼ rB2
0t
q

; K ¼ k
mt

; R ¼ Xm
u2
0

;Gr ¼ 4gbtðTw � T1Þ
u0

; Gm

¼ 4gb�tðCw � C1Þ
u0

Making use of the non-dimensional variables, the governing
equations lessens to,

f } þ 2ðzþw0Þf
0 � ðM2 þ 2iRþ ð1=KÞÞf ¼ �Gr h� Gm/ ð11Þ

h} þ 2ðzþw0ÞPrh0 ¼ �Rað3ðN þ hÞ2h02 þ ðN þ hÞ3h}Þ ð12Þ

/} þ 2ðzþw0ÞSc/0 ¼ 0 ð13Þ
With the boundary conditions,

f ¼ h ¼ / ¼ 1 at z ¼ 0 ð14Þ

f ¼ h ¼ / ¼ 0 as z ! 1 ð15Þ
It is solved the Eqs. (11), (12) and (13) with the boundary con-

ditions (14) and (15) by employing Cubic B-splines method (Caglar
and Caglar [40]). The cubic B-splines BiðzÞ are specified as,
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BiðzÞ ¼ 1

h3

ðz� zi�2Þ3 ; z 2 zi�2; zi�1½ �
h3 þ 3h2ðz� zi�1Þ þ 3hðz� zi�1Þ2 � 3ðz� zi�1Þ3 ; z 2 zi�2; zi½ �
h3 þ 3h2ðziþ1 � zÞ þ 3hðziþ1 � zÞ2 � 3ðziþ1 � zÞ3 ; z 2 zi; ziþ1½ �

ðziþ2 � zÞ3; z 2 ziþ1; ziþ2½ �

8>>>><
>>>>:

ð16Þ

where h ¼ ziþ1 � zi; for all i ¼ 0; 1; 2; :::::::::; n:
The quantities of the cubic B-splines BiðzÞ as well as all its first

and subsequent derivatives disappear outside the interval
zi�2; ziþ2ð Þ. It is demonstrated the assessments for BiðzÞ; its credit
derivatives are exhibited through Table 1.

It is considered that, cubic B-spline function to get the solutions
of the Eqs. (11), (12) and (13) as,

f ðzÞ ¼
Xnþ1

i¼�1

ai BiðzÞ ð17Þ

hðzÞ ¼
Xnþ1

i¼�1

bi B
0
iðzÞ ð18Þ

/ðzÞ ¼
Xnþ1

i¼�1

ci B
}
i ðzÞ ð19Þ

where the quantities ai; bi and ci are to be evaluated from bound-
ary conditions and the collocation spots zi , i ¼ 0; 1; 2; ::::::::::::; n.
By utilizing the Eqs. (17)–(19) and on the basis of the Cubic
B-splines BiðzÞ into the Eq. (16) and own fundamental, twofold

derivatives B
0
i zð Þ as well as B}

i ðzÞ at the knots with those values are
mentioned in Table 1. The quantities of f i; hi and /i; and those
derivatives prepared for second order toward the knots are,

f i ¼ ai�1 þ 4ai þ 4aiþ1; f
0
i ¼ �3

h
ai�1 þ 3

h
aiþ1 ; f

}
i

¼ 6

h2 ai�1 � 12

h2 ai þ
6

h2 aiþ1; 8 i ¼ 1; 2; ::::::; n ð20Þ

hi ¼ bi�1 þ 4bi þ 4biþ1; h
0
i ¼ �3

h
bi�1 þ 3

h
biþ1 ; h

}
i

¼ 6

h2 bi�1 � 12

h2 bi þ 6

h2 biþ1; 8 i ¼ 1; 2; ::::::; n ð21Þ

/i ¼ ci�1 þ 4ci þ 4ciþ1; /
0
i ¼ �3

h
ci�1 þ 3

h
ciþ1 ; /

}
i

¼ 6

h2 ci�1 � 12

h2 ci þ
6

h2 ciþ1; 8 i ¼ 1; 2; ::::::; n ð22Þ

Replacing the Eqs. (20)–(22) into the Eqs. (11)–(13), we
procured,

6

h2 ai�1 � 12

h2 ai þ
6

h2 aiþ1 þ 2ðihþw0Þ �3
h
ai�1 þ 3

h
aiþ1

� �

� M2 þ 2iRþ 1
K

� �
ai�1 þ 4ai þ 4aiþ1ð Þ

¼ �Gr bi�1 þ 4bi þ 4biþ1ð Þ � Gc ci�1 þ 4ci þ 4ciþ1ð Þ ð23Þ

6

h2 bi�1 � 12

h2 bi þ 6

h2 biþ1 þ 2Pr ðihþw0Þ �3
h
bi�1 þ 3

h
biþ1

� �
¼ �Ra

3ðN þ bi�1 þ 4bi þ 4biþ1Þ2 �3
h
bi�1 þ 3

h
biþ1

� �2
 

þðN þ bi�1 þ 4bi þ 4biþ1Þ3 6

h2 bi�1 � 12

h2 bi þ 6

h2 biþ1

� ��
ð24Þ



Table 1
The values indicated of .BiðzÞ; B

0
iðzÞ and B

0 0
i ðzÞ.

zi�2 zi�1 zi ziþ1 ziþ2

BiðzÞ 0 1 4 1 0

B
0
iðzÞ 0 �3=h 0 �3=h 0

B}
i ðzÞ 0 6=h2 �12=h2 6=h2 0

M. Veera Krishna, N.Ameer Ahamad and A.J. Chamkha Ain Shams Engineering Journal 12 (2021) 2099–2109
6

h2 ci�1 � 12

h2 ci þ
6

h2 ciþ1 þ 2Sc ðihþw0Þ �3
h
ci�1 þ 3

h
ciþ1

� �
¼ 0 ð25Þ
With the relevant boundary conditions are,

a�1 þ 4a0 þ a1 ¼ b�1 þ 4b0 þ b1 ¼ c�1 þ 4c0 þ c1 ¼ 1 ð26Þ

an�1 þ 4an þ anþ1 ¼ bn�1 þ 4bn þ bnþ1

¼ cn�1 þ 4cn þ cnþ1 ¼ 0 ð27Þ
Solving the system of non-linear Eqs. (23)–(25) with respect to

the boundary conditions (26) and (27), it is obtained the values of
ai; bi and ci for�1 6 i 6 nþ 1. Then substituting into Eqs. (20)–
(22), therefore, we attained the velocity, temperature and concen-
tration distributions accordingly. For engineering curiosity, we
derived the local shear stress sw near the wall z ¼ 0 might be,

sw ¼ qm
@q
@z

� �
z¼0

ð28Þ

And the non-dimensional local skin friction be,

s ¼ 2t sw
qu0

ffiffiffiffiffi
mt

p ¼ f 0ð0Þ ¼ a�1 þ 4a0 þ a1 ð29Þ

The local surface heat flux qw is,

qw ¼ �k1
@T
@z

� �
z¼0

� 4r
3d

@T4

@z

 !
z¼0

ð30Þ

And the local Nusselt number Nu be,

Nu ¼ 2qw

ffiffiffiffiffi
mt

p

k1ðTw � T1Þ ¼ �h0ð0Þ 1þ Ra hð0Þ þ Nð Þ3
h i

¼ 3
h
ðb�1 � b1Þ 1þ Ra b�1 þ 4b0 þ b1 þ Nð Þ3

h i
ð31Þ

The local surface mass flux Sw is

Sw ¼ �D
@C
@z

� �
z¼0

ð32Þ

The local Sherwood number is,

Sh ¼ 2Sw
ffiffiffiffiffi
mt

p

DðCw � C1Þ ¼ �h0ð0Þ ¼ � c�1 þ 4c0 þ c1ð Þ ð33Þ
Fig. 2. The velocity Profile for f verses M with K ¼ 0:5; R ¼ 1; Gr ¼ 5; Gc ¼ 3; Sc ¼
0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.
3. Results and discussion

It is examined the effects of rotation and thermal radiation on
the unsteady MHD convective flow past an infinite vertical moving
absorbent plate. The similarity transformations are employed to
migrate the governing partial differential equations in a system
of non-linear ordinary differential equations and elucidated com-
putationally by making use of cubic B-splines collocation method.
The flow governed by the non-dimensional parameters namely viz.
Hartmann number M, permeability parameter K, rotation parame-
ter R, thermal Grashof number Gr, mass Grashof number Gc, Sch-
midt number Sc, Prandtl number Pr, temperature difference
parameter N, radiation parameter Ra and suction parameter w0.
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We obtained the computational results with step size Dz ¼ 0:05.
For those computations, it deems that, fixing the variables
M ¼ 0:5;K ¼ 0:5;R ¼ 1; Gr ¼ 5; Gc ¼ 3; Sc ¼ 0:22;Pr ¼ 7; N ¼ 0:1;
Ra ¼ 0:5;w0 ¼ 0:25; and plotted the profiles of the velocity, tem-
perature and concentration varied over the range as shown in
the Figs. 2–16 respectively. It is observed that, the fluid velocity
enhanced and afterwards extremely small distance from the plate
achieve to its maximum value and subsequently find a progres-
sively reduce in the fluid velocity to vanish.

It may be acknowledged that from Fig. 2, the resultant velocity
lessens with widening in Hartmann numberM. Therefore, unantic-
ipated decrement in velocity is noted in the vicinity of the surface
by the application of magnetic field. Also, it has marked that those
incidence trim downs the velocity distribution by the side of all
points. This recognized that, an introduction of a magnetic field
orthogonal towards the flow direction, a tendency to produce the
resistance recognized as Lorentz force. This shows a tendency to
refuse to go along with the flow throughout the fluid medium. As
a result, it is observed as the outcome of magnetic field in the
appearance of porous material, endorses a decelerating effect on
the velocity distribution and thickness of the momentum boundary
layer. It is looked from the Fig. 3 that, the resultant velocity height-
ens with ever growing permeability parameter K. Since enhances
the ensuing velocity and then consequently enlarge the thickness
of the momentum boundary layer. Lower the penetrability of por-
ous medium causes lesser the fluid speed is well-regarded inside
the flow region occupied by the fluid. The Fig. 4 depicted that the
demeanor of the resultant velocity dispensations through an
enlargement in rotation parameter R. It is observed that, as rein-
forcement in rotation parameter, and then the resultant velocity
reduces throughout the fluid region. Hence, an improvement in
the ensuing speed leads to reduce the thickness of the momentum
boundary layer all over the fluid region when an enlargement in
rotation parameter.

The Figs. 5–6 disclosed the consequences of thermal and solute
Grashof numbers on the fluid resultant velocity. The resultant
velocity improves with growing in thermal Grashof number Gr
and mass Grashof number Gc throughout the fluid region. The



Fig. 3. The velocity Profile for f verses K with M ¼ 0:5; R ¼ 1; Gr ¼ 5; Gc ¼ 3; Sc ¼
0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 4. The velocity Profile for f verses R with M ¼ 0:5; K ¼ 0:5; Gr ¼ 5; Gc ¼
3; Sc ¼ 0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 5. The velocity Profile for f verses Gr with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gc ¼
3; Sc ¼ 0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 6. The velocity Profile for f verses Gc with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Sc ¼ 0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 7. The velocity Profile for f verses Sc with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Gc ¼ 3; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.
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thermal Grashof number Gr implies the experienced outcome of
the thermal buoyancy force to the viscous hydrodynamic force
through the boundary layer, at the same time as the mass Grashof
number Gc establishes the ratio for the solutal buoyancy force to
the viscous hydrodynamic force. As accepted the fluid velocity
boosts by virtue of the strengthening of heat and solute buoyancy
force strengths. The velocity distribution enlarges rapidly next to
the porous surface and later this is decay smoothly to the initial
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velocity zero. This is due to the fact that, both buoyancy forces
enhances velocity and increases thickness of momentum boundary
layer through a heightening in thermal Grashof number Gr and
mass Grashof number Gc.

The Fig. 7 represent the velocity profile with the unlike values of
Schmidt numberSc. On enlarges in the values of Schmidt number
be inclined to decreasing of the velocity distribution. Physically
an increase of Schmidt number means a decrease of molecular dif-
fusivity, and hence which results reduced the thickness of momen-
tum boundary layer.

The amendments of velocity profiles with the Prandtl number
Pr are also designed in Fig. 8. This is perceived that the enlarge-
ment of Pr made the fluid movement slowing down for the resul-
tant velocity. Therefore, the resultant velocity is reduced with an
augment in Pr throughout the region occupied by the fluid. Actu-
ally, it is reasonable due to the fact that so as to the fluid through
the highest Prandtl number, and has elevated viscosity this made
as the fluid has substantial thickness. The Fig. 9 depicted that the
demeanor of the velocity dispensation through temperature differ-
ence parameter N, It is spotted that, as an reinforce in temperature
difference which results, enhances the ensuing speed and hence
increases the thickness of momentum boundary layer all over the
fluid region. The Fig. 10 represented that, the deviation of velocity
distribution with respect to thermal radiation parameter Ra, which
an increase of thermal radiation parameter results in an increase of
the fluid velocity within the boundary layer. It is discovered that
the spike size of the fluid velocity boost nearby the surface quickly



Fig. 8. The velocity Profile for f verses Pr with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Gc ¼ 3; Sc ¼ 0:22; N ¼ 0:1; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 9. The velocity Profile for f verses N with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Gc ¼ 3; Sc ¼ 0:22; Pr ¼ 7; Ra ¼ 0:5; w0 ¼ 0:25.

Fig. 10. The velocity Profile for f verses Ra with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Gc ¼ 3; Sc ¼ 0:22; Pr ¼ 7; N ¼ 0:1; w0 ¼ 0:25.

Fig. 11. The velocity Profile for f verses w0 with M ¼ 0:5; K ¼ 0:5; R ¼ 1; Gr ¼
5; Gc ¼ 3; Sc ¼ 0:22; Pr ¼ 7; N ¼ 0:1; Ra ¼ 0:5.

Fig. 12. The temperature profiles for h verses Ra with Pr ¼ 7; w0 ¼ 0:25.
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followed by growmouldy approaches to zero. Thus the thickness of
momentum boundary layer raises with enhance in thermal radia-
tion parameter. The progress of velocity profiles with the suction
parameter w0 is also premeditated in Fig. 11. There is enlarge on
suction parameter lessens the velocity for the entire fluid medium.
Hence, the thickness of momentum boundary layer diminishes
with mounting in suction parameter.
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The dissimilarity of temperature is noticeable during the flow
domain in the Figs. 12–14. It is observed that, the fluid temperature
fallen progressively to vanish after a quantity of distance apart
from the plate. Fig. 12 shows the influence of the thermal radiation
parameter Ra on the fluid temperature, which an increase of the
thermal radiation parameter results in an increase of the tempera-
ture within the boundary layer. This is due to the fact that an
increase in the value of Ra implies increasing of thermal radiation
in the thermal boundary layer which results in an increase in the
value of the temperature profile in the thermal boundary layer. It
is noticed from the Fig. 13 that, the temperature distribution les-
sens with escalating in Pr intact the liquid constituency. The eluci-
dation of that performance conceals through the information to
Prandtl number is described as the proportion of momentum diffu-
sivity to thermal diffusivity. Hence, at less important values of
Prandtl number liquids acquire huge thermal conductivity this
elicits the heat diffuse gone from the heating facade supplemen-
tary speedily and quicker contrasted to bigger quantities of Prandtl
number. Consequently, thickness of the thermal boundary layer is
slow down through an increasing in Prandtl number. The Fig. 14
illustrated that, the variation in temperature distribution with suc-
tion parameterw0. A decrease in fluid temperature occurs when
there is an increase in suction parameter. This is due to the fact
that suction parameter reduces the temperature shortly at every
point.

Further, discrepancy of concentration in the flow region is
depicted through Figs. 15–16. It demonstrates the fluid concentra-
tion is highest at surface of the plate and then lessens to vanish



Fig. 13. The temperature profiles for h verses Pr with w0 ¼ 0:25; Ra ¼ 0:5.

Fig. 14. The temperature profile for h verses w0 with Pr ¼ 7; Ra ¼ 0:5.

Fig. 15. The concentration profile for / verses Sc with w0 ¼ 0:25.

Fig. 16. The concentration profile for / verses w0 with Sc ¼ 0:22.
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after a quantity of distance apart from the plate. We choose the
Schmidt number Sc = 0.22, 0.3, 0.6, 0.78 these corresponds to
hydrogen, helium, water vapour and ammonia respectively. It is
observed that high value of Sc i.e., higher species with less diffusiv-
ity diminishes the concentration through all points of the flow
region. An increase in the Schmidt number keep up a correspon-
dence to a weakest solute diffusivity this makes it possible a most
superficial dispersal of absolves impact. As a veracity, the concen-
tration declines with an increment in Schmidt number. Therefore,
the concentration boundary layer thickness decreases with
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increasing values of Schmidt number. In practice, increasing Sch-
midt number means increasing momentum diffusion over mass
diffusion which in turn reduces the concentration profile.

At different values of the suction parameterw0, it is illustrated
that a decrease in the fluid concentration happens when there is
an enhancement in the suction parameter as depicted in Fig. 16.
This is due to the fact that suction gives the fluid flow some resis-
tance upon increasing the friction between its layers and hence, a
decrease in concentration.

The frictional force, Nusselt number and Sherwood number are
found and presented in the Table 2, it is respected that the fric-
tional force diminishes with an increase in Hartmann number M,
Prandtl number Pr, Schmidt number Sc and suction parameter
w0. Also it amplify with growing in rotation parameter R, thermal
Grashof number Gr, mass Grashof number Gc, radiation parameter
Ra, permeability parameter K, temperature difference parameter N.
From Table 3, we marked that Nusselt number accentuates with
widening in suction parameterw0, Prandtl number Pr and thermal
radiation parameter Ra. Thus, it is finalized that the fluid with
higher values of radiation parameter and less heat diffusivity
favours larger proportion of heat transfer near the plate. According
to Table 4, it is also observed that proportion of mass transfer
whenever founds the proportion of concentration nearby the sur-
face of the wall, heightens with growing in Schmidt number Sc
and suction parameterw0.

The numerical results exhibited in the Table 5 that, the intended
methodology indicates efficient solutions of the contemplated
problem and identical to the results of Makinde [8].
4. Code validation

The exactitude of numerical codes is simulated for propriety, by
MATHEMATICA 10.4 software through the Cubic B-splines colloca-
tion mechanism. Using MATHEMTICA code, it is obtained the resul-
tant velocity distributions are shown in Table 5 for quite a few
values of pertinent parameters namely suction parameter, radia-
tion parameter, thermal Grashof number, mass Grashof number
and Prandtl number. Again, by using FORTRAN code for the previ-
ous work (Makinde [8]), the same results are obtained nearly
described above and are shown in Table 5 respectively for numer-
ous values of pertinent parameters. The rigorously identical results
are distinguished for both the calculating tools MATHEMTICA and
FORTRAN codes. Thus, the sensitivity of coding achieved accuracy.
5. Conclusions

It is carried out the numerical investigation for the effects of
thermal radiation and rotation effects on an unsteady free



Table 2
Frictional force.

M K R Gr Gc Sc Pr N Ra w0 s

0.5 0.5 1 5 3 0.22 7.00 0.1 0.5 0.25 2.855479955447
1.0 2.428520710259
1.5 1.700479096532

1.0 3.332544789820
1.5 3.588052010265

2 3.345587369620
3 3.901142589665

8 4.620788547962
11 6.592488574990

4 3.415224896558
5 4.900474120663

0.30 2.447012554789
0.60 2.007968895412

1.38 3.225478999522
3.00 3.014474896658

0.2 3.211247895638
0.3 3.612014778432

1.0 3.882013365447
1.5 4.855479628980

0.50 2.409965895541
0.75 1.581474478522

Table 3
Nusselt number.

w0 Pr Ra Nu

0.25 7.00 0.5 1.122574025778
0.50 1.366587014412
0.75 1.602548568145

1.38 0.330668897415
3.00 0.721698025446

1.0 1.755874602502
1.5 2.220145579877

Table 4
Sherwood number.

w0 Sc Sh

0.25 0.22 0.875688952102
0.50 1.092335687401
0.75 1.281560300254
1.00 1.396654896655

0.30 0.996501445882
0.60 1.177885959366
0.78 1.336255478899

Table 5
Results comparison for the velocity (M ¼ 0; K ¼ 1; R ¼ 0; z ¼ 0:5).

w0 Ra Gr Gc Pr Previous Results Makinde
[8]

Present Results

0.25 0.5 05 3 7.00 0.799012005470 0.799012114450
0.50 0.602554189630 0.602554521447
0.75 0.552254877096 0.552254856694

1.0 1.239562414233 1.239562470125
1.5 0.855547889564 0.855547899658

8 1.588584123320 1.588584166358
11 2.332547854691 2.332547800147

6 1.336588478577 1.336588744141
9 1.996515612444 1.996516001407

1.38 1.335245598566 1.335245501002
3.00 0.996012005470 0.996012110452
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convective flow through a vertical moving porous plate. It is
provided a computational work into cubic B-splines method that
sublimates the equations governing the fluid layer to regime of
non-linear algebraic analogies. However, from computational
2107
results, the resultant velocity magnifies with widening in rotation
parameter. The thermal and solutal buoyancy forces contribute to
the ensuing velocity ever-increasing. Similar performance is
adhered with expanding in the permeability parameter and tem-
perature difference parameter. An enlargement in the thermal
radiation parameter which results that a raise in the fluid speed
as well as temperature profiles. It is very obvious from our results
that thermal radiation intensifies the convective flow. The concen-
tration profiles reduces through an increasing the values of Sch-
midt number and a strengthening in suction augments the
concentration throughout the fluid region. The effect of strength
of the magnetic field is to diminish the skin friction, whereas it is
augmented through an increasing in rotation parameter. The rate
of mass transport is influenced on strengthening in Schmidt num-
ber and slip parameter where the proportion of mass transport is
reinforced.
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