
Vol.:(0123456789)1 3

https://doi.org/10.1007/s13399-022-03160-2

ORIGINAL ARTICLE

Hall and ion slip effects and chemical reaction on MHD rotating 
convective flow past an infinite vertical porous plate with ramped wall 
and uniform wall temperatures

M. Veera Krishna1 

Received: 1 June 2022 / Revised: 20 July 2022 / Accepted: 28 July 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
In this paper, we discussed the chemical reaction influences on the radiating MHD convective flow of an incompressible 
viscous electrically conducting fluid past an exponentially accelerated perpendicular surface under the influences of slip 
velocity in the revolving structure taking Hall and ion slip impacts into account. A steady homogeneous magnetic field is 
applied under the presumption of less magnetic Reynolds number. The ramped wall temperature and time altering concen-
tration at the plate is constructing into consideration. First order consistent chemical reaction and heat absorption are also 
regarded. Laplace transformation technique is engaged on the non-dimensional governing equations for the closed form 
solutions. Supporting on these results, the phrases for non-dimensional shear stresses and rate of heat and mass transport are 
also found. The graphical profiles are represented to examine the impacts of physical parameters on the important physical 
flow features. The computational quantities of the shear stress and rate of heat and mass transportations near the surface are 
tabulated by a variety of implanted parameters. The resulting velocity is growing by an increase in heat and solutal buoyancy 
force, while rotation and slip parameters have reverse outcomes on this. The resulting velocity is falling by an increasing in 
the Hartmann number while the penetrability parameters and Hall and ion slip effects have overturn impacts on this. The 
temperatures and the thickness of thermal boundary layer decrease on an enhancing heat source parameter for together 
ramped wall temperature and uniformed wall temperature. The heat absorptions increase the Nusselt number near the surface.

Keywords MHD flows · Porous media · Slip effects · Vertical plates · Viscous fluid

Nomenclature
(u, v)    The velocity components along the (x, y) direc-

tions (m  s−1)
B0  Applied magnetic field (tesla)
B  Magnetic field vector (tesla)
J  Current density vector (A/m2)
Cp   Specific heat ( Kelvin−1m2sec−2)
k  Permeability of the porous medium  (m2)
q  Non-dimensional resultant velocity
g   The gravitational acceleration vector (m  s−2)
T  Temperature of the fluid (K)
Tw  Fluid temperature at the surface (K)
T∞   Fluid temperature in the free stream (K)
C  Concentration of the fluid (Kg  m−3)
Cw  Fluid concentration at the surface (Kg  m−3)

C∞   Fluid concentration in the free stream (Kg  m−3)
k1  Thermal conductivity of fluid  (Wm−1  K−1)
Q0  Hear absorption coefficient
Kr*   Chemical reaction coefficient
M  Magnetic field parameter
R   Rotation parameter
Gr  Thermal Grashof number
Gm  Mass Grashof number
K  Permeability parameter
Pr  Prandtl number
Q  Heat source parameter
Sc   Schmidt number
Kc  The chemical reaction parameter
E  Electric field vector (volts.m−1)

Greek symbols
�   Density of fluid (Kg  m−3)
�   Viscosity of fluid (Kg.  m−1.sec−1)
�   Kinematic viscosity of fluid  (m2s−1)
�T   Thermal expansion coefficient of the fluid
�C   Solute expansion coefficient of the fluid
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λ  Slip parameter
θ  Dimensionless temperature
ϕ  Dimensionless concentration
Ω  Angular velocity  (s−1)
σ  Electrical conductivity of the fluid  (sm−1)
τ  Coefficient of skin friction
�e   Hall parameter
�i   Ion slip parameter
�e   Cyclotron frequency (Rad.sec−1)
�e   Electron collision time (s)

Sub‑scripts
w  Conditions on the wall
∞   Free stream conditions

1 Introduction

The recent developments in technology require the pioneer-
ing revolutions in the domain of heat transport. In spite of 
the difficulty of Newtonian fluids, realistic mathematicians 
and engineering scholars are affiliated in Newtonian fluid 
dynamics, since the stream and heat transport characteristics 
of these fluids are important to plentiful and various systems 
in bio-technology, pharmacy, and chemical engineering, etc. 
In wide-ranging, Newtonian modelling has linear relation-
ship flanked by stress and rates of strain. The mechanically 
characteristics of Newtonians liquids, both with thin and/
or shear thickness, usually stress differences, and chemical 
reactions, may not be depicted with the conservation theory; 
therefore, an innovatively and effectually prediction is requi-
site. Different constitutive type equations have been advised 
to portray the progress and heat transport mechanism; by 
these, Newtonian models have developed an immense deal 
acceptances. This model became Newtonians fluid to the 
explorers since those of wide-range applications in the range 
of bio-medical and industrial engineering, energy construc-
tion, and geo-physical fluid mechanics and dynamics.

Magnetohydrodynamic (MHD) flows are of interest and 
use because they are used to treat injury and cancer tumours, 
reduce bleeding during surgeries, deliver certain drugs 
using magnetic particles, and determine disease using MRI 
(magnetic resonance imaging). MHD is the study of how 
magnetic fields interact with fluid flow, and it is a branch 
of physics. MHD viscous flows with temperature and mass 
transport have risen due to their use in a wide range of engi-
neering and technology sectors and astronomy, geophysics, 
and nuclear studies. A large number of experimental and 
computational researches have been published in MHD flow 
in chemical engineering. The concept of chemical reaction 
and Hall and ion slip effects on unsteady hydromagnetic 
convection flow past permeable medium is in the momen-
tous regions of bio-engineering, renewable energy, and 

environmental protections. The development of investiga-
tions and applications in thermo-chemical renovation and 
physical and chemical adaptations with bio-chemical con-
versions, jointly with each and every one essential action 
for the provisions and preparations of the biomass and all 
feasible downstream dispensation movements for the eco-
logical sound and economical viable provision of energy 
and chemical manufacture possessions.

The gyratory fluids are essential because they occur in a 
variety of predicted phenomena and technological needs due 
to the Coriolis forces action. Many of the most critical quali-
ties in rotating fluids may be found across the broadest areas 
of various disciplines. The influences of the Coriolis forces 
are the most important than the effects of gelatinous and 
non-reactive forces. Furthermore, the magnetic and Coriolis 
strengths are equivalent in their terrible character. According 
to the definition of the Hall effects, it is the generation of the 
voltage differential (the Hall voltages) transversely an elec-
trically conductor when the electrical current flows through 
the conductor and the magnetic domain vertical to the wind 
is applied to the conductor. Edwin Hall found it in 1879 and 
published his findings in 1880. The effects of ion slips on a 
flow of Newtonians fluids had received microscopic study 
in the literature. A macroscopic wall slide is particularly 
noticeable in polymer melts. In technical application they 
are, the polish of simulated heart valve, rarefied fluid dif-
ficulties, and flow across numerous surfaces, boundary ion 
slip fluids are critical to understand and manipulate. The ion 
slips of the fluid near the unyielding walls are a term that 
is used to explain the macroscopic consequences of certain 
molecular events in the investigation of liquid-solids sur-
face interaction. Thermal radiating on usual central heat-
ing has become tremendously appropriate. Ram et al. [1] 
discussed closed form solutions for porosity significance of 
an Oldroyd-B fluid flow transport between parallel plates. 
The effects of radiation and Hall current on an unsteady 
MHD free convective flow in a vertical channel filled with a 
porous medium have been studied by Krishna et al. [2]. The 
Hall current, heat generation/absorption, and thermo-diffu-
sion on an unsteady free convective MHD flow of radiating 
and chemically reactive second grade fluid near an infinite 
vertical plate have been studied by Krishna and Chamkha 
[3]. Chamka et al. [4] discussed a modelling and is used for 
the nanoliquids with the effect of Brownian movement and 
thermophoretics. Samad and Rahman [5] explored the inter-
actions of thermal radiating on the unstable MHD flows past 
a porous plate with the time dependent suction. Hamad [6] 
explored the analytical solutions of MHD normal convective 
flow of the nanoliquids past the linear lengthening sheets. 
Krishna et al. [7] explored the radiating and magnetic field 
impacts on unstable normal convective flows of the nanoliq-
uid over an unbounded vertical plate. Krishna and Chamkha 
[8] investigated the diffusion-thermo, radiation-absorption 
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and Hall and ion slip effects on MHD free convective rotat-
ing flow of nano-fluids past a semi-infinite permeable mov-
ing plate with constant heat source. Chamkha and Aly [9] 
explored the MHD free convective flow of the nanoliquid 
over a perpendicular plate with the warmth generating and/
or absorption impacts. Sheikholeslami et al. [10] inspected 
the heat transport of MHD flow of nanofluids with the 
effects of Brownians movement. Krishna [11] investigated 
the radiation absorption, chemical reaction; Hall and ion slip 
impacts on MHD free convection flow past a semi-infinite 
moving porous surface. The effects of Hall and ion slip on 
the radiative MHD rotating flow of viscous incompressible 
electrically conducting Jeffrey fluid over an infinite ver-
tical flat porous surface by the ramped wall velocity and 
temperature, and isothermal plate have been explored by 
Krishna [12]. Mustafa et al. [13] explored the influences 
of unstable MHD normal convection frontier stratum fluids 
past a lengthening piece with glutinous dissipations. The 
influences on MHD nanoliquid flows of the wedge by a 
porous slips and the media have been examined by Pandey 
and Kumar [14]. Upreti et al. [15] discussed the MHD flow 
of Ag-water nanofluid over a flat porous plate with viscous-
Ohmic dissipation, suction/injection and heat generation/
absorption. Krishna [16] explored the radiative MHD flow 
of an incompressible viscous electrically conducting non-
Newtonian Casson hybrid nanofluid over an exponentially 
accelerated vertical porous surface. Mishra et al. [17] exam-
ined the impacts of Ohmic glutinous dissipation and slip 
impacts on nanoliquid flows past the lengthening cylinder 
by a suction and/or injection. Motsumi and Makinde [18] 
deliberated the impacts of thermal radiating and gelatinous 
dissipation on boundary layered flows of nanoliquids past a 
porous moving smooth plate. Haroun et al. [19] scrutinized 
the unsteady MHD assorted convective in the nanofluids 
owing to a stretching and/or shrinking surfaces by suction 
and/or injections. Farooq et al. [20] conferred the influences 
of transpiration and glutinous dissipation on entropy flows 
past the nonlinear and radial stretching disks. Kuznetsov and 
Nield [21] have deliberated the normal convection frontier 
stratum flows of a nanoliquid over a perpendicular plate. 
Hamad and Pop [22] explored the unstable MHD compli-
mentary convective flows of the nanofluids over the per-
pendicular porous smooth plate in the revolving frame. The 
MHD free convective flow of the nanofluids over the perpen-
dicular half-unbounded smooth plate have been examined by 
Hamad et al. [23]. Turkyilmazoglu [24] has found the inves-
tigative solution for warmth and mass transport of MHD slip 
flow in nanoliquids. Nandkeolyar et al. [25] have represented 
the unsteady MHD radiating flows of the nanoliquid over a 
smooth plate by the ramped wall temperature.

Recently, Shankar et al. [26] discussed the two dimen-
sional mixed convection non-Darcy model with radia-
tion effect in a nanofluid over an inclined wavy surface. 

Radiation effect on MHD Casson fluid flow over an inclined 
non-linear surface with chemical reaction in a Forchheimer 
porous medium has been studied by Shankar et al. [27]. The 
thermal radiation impact of MHD boundary layer flow of 
Williamson nanofluid along a stretching surface with porous 
medium taken into account of velocity and thermal slips 
has been discussed numerically by Reddy et al. [28]. Reddy 
et al. [29] explored the multiple slip effects on steady MHD 
flow past a non-isothermal stretching surface in presence of 
Soret, Dufour with suction/injection. Reddy et al. [30] dis-
cussed the transport properties of a hydromagnetic radiative 
stagnation point flow of a nanofluid past a stretching surface. 
Kumar et al. [31] thermal radiation impact on MHD heat 
transfer natural convective nanofluid flow over an impul-
sively started vertical plate. Kumar et al. [32] discussed 
an impact on non-Newtonian free convective MHD Cas-
son fluid flow past a vertical porous plate in the existence 
of Soret, Dufour, and chemical reaction. Reddy et al. [33] 
explored the influence of radiation and viscous dissipation 
on MHD heat transfer Casson nanofluid flow along a non-
linear stretching surface with chemical reaction.

Singh et al. [34] discussed the numerical results of stag-
nation point flow of micropolar fluid over a porous stretch-
able surface due to the physical effects of internal heat 
generation/absorption, melting heat transfer and chemical 
reaction via Keller-Box method. Singh et al. [35] investi-
gated a numerical solution to the melting heat transfer on 
micropolar fluid flow over a stretchable porous medium. 
Singh et al. [36] explored the numerical approach for chem-
ical reaction and suction/injection impacts on magnetic 
micropolar fluid flow through porous wedge with Hall and 
ion-slip using Keller Box method. Singh et al. [37] explored 
the slip flow of micro-polar fluid through a permeable wedge 
due to the effects of chemical reaction and heat source/sink 
with Hall and ion-slip currents. Joshi et al. [38] discussed the 
combined impact of thermal radiation and suction/blowing 
on the MHD flow of Cu-Ag/H2O-C2H6O2 hybrid nanofluid 
through a stretchable surface in Darcy-Forchheimer porous 
medium. Joshi et al. [39] discussed the mixed convection 
flow of magnetic hybrid nanofluid over a bidirectional 
porous surface with internal heat generation and a higher-
order chemical reaction. Natural convection and thermal 
radiation influence on nanofluid flow over a stretching cyl-
inder in a porous medium with viscous dissipation have been 
explored by Pandey and Kumar [40]. Pandey and Kumar 
[41] discussed the boundary layer flow and heat transfer on 
Cu-water nanofluid flow over a stretching cylinder with slip 
effects. Joshi et al. [42] discussed the heat and mass transfer 
assessment of magnetic hybrid nanofluid flow via bidirec-
tional porous surface with volumetric heat generation. Upreti 
et al. [43] explored the unsteady squeezing flow of magnetic 
hybrid nanofluids within parallel plates and entropy gen-
eration. Thermophoresis and suction/injection roles on free 
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convective MHD flow of Ag–kerosene oil nanofluid have 
been explored by Upreti et al. [44].

Analytic expression for unsteady hydromagnetic 
boundary layer flow past an oscillating vertical plate in 
optically thick nanofluid in presence of thermal radiation 
and uniform transverse magnetic field has been obtained 
by Kataria and Mittal [45]. Kataria and Mittal [46] dis-
cussed the mathematical modeling of flow, heat and mass 
transfer in the unsteady natural convection MHD flow of 
electrically conducting nano fluid, past over an oscillat-
ing vertical plate. Sheikholeslami et al. [47] scrutinized 
three dimensional  Al2O3-Water nanofluid flow and heat 
transfer features between two horizontal parallel plates in 
the presence of magnetic field through porous medium. 
Sheikholeslami et al. [48] studied the thermal diffusion 
and heat generation effects on the unsteady MHD flow 
of radiating and electrically conducting nanofluid past 
over an oscillating vertical plate through porous medium. 
Three dimensional CuO–water nanofluid flow consider-
ing Brownian motion in presence of radiation has been 
discussed by Mittal and Kataria [49]. Two dimensional 
mixed convective MHD stagnation point flow of Casson 
fluid past an infinite plate in porous medium has been 
discussed by Mittal and Patel [50]. Mittal et al. [51] dis-
cussed the mixed convection micropolar ferrofluid flow 
with viscous dissipation, joule heating and convective 
boundary conditions. Patel et al. [52] explored the MHD 
flow of micropolar nanofluid model with microstructure 
and inertial features of the substructure particles. MHD 
flow of a nanofluid through a permeable duct is ana-
lyzed through the mesoscopic approach by Li et al. [53]. 
Mittal [54] discussed heat and mass transfer of three-
dimensional water-based composite MHD nanofluid 
flow through two horizontal parallel plates in a rotating 
system.

Shamshuddin et al. [55] discussed the computation of 
reactive thermo-solutal micro-polar nanofluid Sakiadis 
convection flow with gold/silver metallic nanoparticles. 
Shamshuddin et al. [56] explored the thermal and solutal 
performance of nanoparticles on a non-linear radiating 
stretching surface with heat source/sink and varying 
chemical reaction effects. Shamshuddin et al. [57] inves-
tigated the thermo-magnetic reactive ethylene glycol-
metallic nanofluid transport from a convectively heated 
porous surface with Ohmic dissipation, heat source, ther-
mophoresis, and Brownian motion effects. Shamshuddin 
and Eid [58] explored the nth order reactive nanofluids 
through convective elongated sheet under mixed con-
vection flow by the joule heating effects. Radiative heat 
energy exploration on Casson-type nanoliquid induced 
by a convectively heated porous plate in conjunction 
with thermophoresis and Brownian movements has been 

discussed by Shamshuddin et al. [59]. Shamshuddin et al. 
[60] discussed the computation of reactive mixed con-
vection radiative viscoelastic nanofluid thermo-solutal 
transport from a stretching sheet with Joule heating. 
Patil et al. [61] explored double diffusive time-depend-
ent MHD Prandtl nanofluid flow due to linear stretch-
ing sheet with convective boundary conditions. Humane 
et al. [62] dynamics of multiple slip boundaries effect 
on MHD Casson-Williamson double-diffusive nanofluid 
flow past an inclined magnetic stretching sheet. Naka-
mura and Sawada [63] discussed numerical study on the 
flows of non-Newtonian liquids during the axisymmetric 
stenosis. Krishna and Vajravelu [64] explored the MHD 
free convection and oscillating flows of second graded 
fluids during two corresponding porous walls.

Keeping on the top of stated details, the chemical reac-
tion influences on the radiating MHD convective flow of an 
incompressible viscous electrically conducting fluid past an 
exponentially accelerated perpendicular surface under the 
influences of slip velocity in the revolving structure tak-
ing Hall and ion slip impacts into account have not been 
explored yet. Therefore, in the present investigation, it is 
discussed the chemical reaction influences on the radiating 
MHD convective flow of an incompressible viscous elec-
trically conducting fluid past an exponentially accelerated 
perpendicular surface under the influences of slip velocity in 
the revolving structure taking Hall and ion slip impacts into 
account. The governing equations are solved making use of 
Laplace transforms technique and computationally discussed 
with reference to the pertinent parameters.

2  Formulation and solution of the problem

We considered the chemical reaction influences on the radi-
ating MHD convective flow of an incompressible viscous 
electrically conducting fluid past an exponentially accel-
erated perpendicular surface under the influences of slip 

Fig. 1  Physical model
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velocity in the revolving structure taking Hall and ion slip 
impacts into account. The physical modelling of a current 
study is represented by Fig. 1. Considered the x-direction 
is acquired through the surface in the perpendicular grow-
ing direction, the z-direction vertical to the surfaces and 
the y-direction are at right angle to the xz-plane. The plate 
and the fluid have been regarded in the situations of non-
flexible body revolving by the uniformed angular speed Ω 
along z-directions. The consequences of revolving concern-
ing the z-directions put in the transversal body strengths for 
the stream, that in terms produced transversal speed gra-
dient, and the stream became 2-dimensionalised. The flow 
of fluids underneath contemplations is subject to the sturdy 
uniformed transversal magnetic strength B0 parallel to the 
z-direction. The strengths of the provoked magnetic domain 
owing to liquid flow is presumed to be not significant in 
contrasted to apply the magnetic domain. Underneath the 
beyond referenced presumptions, and presuming Boussin-
esqs approximation for the body strength expression, the 
momentum equation leading the unstable MHD strength of 
liquids by porous medium in the revolving structure are as 
pursues (Singh and Srinivasa [65]).

The primary and boundary stipulations for the flows past 
the electrical non-conducting plates with slip impacts are,

(1)
�u

�x
+

�u

�y
= 0,

(2)

�u

�t
− 2Ωv = �

�2u

�z2
+

B0Jy

�
u −

�

k
u + g�T

(

T − T∞
)

+ g�C
(

C − C∞

)

,

(3)
�v

�t
+ 2Ωu = �

�2v

�z2
−

B0Jx

�
v −

�

k
v

(4)�Cp

�T

�t
= k1

�2T

�z2
− Q0

(

T − T∞
)

,

(5)�C

�t
= D

�2C

�z2
− Kr∗

(

C − C∞

)

,

(6)u = v = 0, T = T∞,C = C∞, t ≤ 0, z > 0,

(7)u = u0e
t∕t0 + �0

�u

�z
, v = �0

�v

�z
at z = 0,

(8)

T =

{

T∞ +
(

Tw − T∞
)(

t∕t0
)

, if 0 < t ≤ t0
Tw if t > t0

at z = 0,

(9)C = C∞ +
(

Cw − C∞

)

(t∕t0) at z = 0,

Here, �0(≥ 0) is the slip coefficient and negative quanti-
ties of �0 did not keep in touch to physical case (Khaled and 
Vafai [66]) and the characteristic time t0 may be defined in 
accordance for the non-dimensional process as t0 = �∕u2

0
 . 

The slip coefficient is depending on the variety of substantial 
issues, they are defer the phases in the rheological behaviour 
of the fluid (Lauge et al. [67]).

The electrons and atoms collision occurrence is assumed 
to be enormously prominent; subsequently, the Hall and ion 
slip impacts might not be abandoned. For that cause, the 
Hall and ion slip consequence increases to the velocity in the 
y-direction. If the strength for the magnetic field are exten-
sively larger, the comprehensively Ohms law is tailored to 
included Hall and ion slip effects be (Sutton and Sherman 
[68]),

 Furthermore, it is presumed that, �e�e ∼ O(1) and 
𝜔i𝜏i << 1, in the Eq. (11), the electrons pressure gradients 
and thermo-electrical impacts are discarded, i.e., the electri-
cal field E = 0 underneath those presumptions, the Eq. (11) 
compacted to be,

On solving Eqs. (12) and (13), it is acquired as,

where, �1 =
1+�e�i

(1+�e�i)
2+�2

e

and �2 =
�e

(1+�e�i)
2+�2

e

.  
Substituting the Eqs. (14) and (15) in (3) and (2) accord-

ingly, it is acquired the momentum equation equations are,

Combining the Eqs.  (16) and (17), let q = u + iv, it is 
acquired be,

(10)
u → 0, v → 0, T → T∞,C → C∞, t > 0, as z → ∞.

(11)

J = �(E + V × B) −
�e�e

B0

(J × B) +
�e�e�i

B2

0

((J × B) × B)),

(12)(1 + �i�e)Jx + �eJy = �B0v,

(13)(1 + �i�e)Jy − �eJx = −�B0u,

(14)Jx = �B0(�2u + �1v),

(15)Jy = −�B0(�2v − �1u),

(16)

�u

�t
− 2Ωv = �

�2u

�z2
+

�B2

0
(�2v − �1u)

�

−
�

k
u + g�T

(

T − T∞
)

+ g�C
(

C − C∞

)

,

(17)�v

�t
+ 2Ωu = �

�2v

�z2
−

�B2

0
(�2u + �1v)

�
−

�

k
v,
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The non-dimensional variables are introduced as

Using the non-dimensional quantities, we obtained the 
revised non-dimensional leading equations and are given by,

The relevant non-dimensional primary and boundary 
conditions are:

where, � =
�0u0

v
 is the slip parameter.

To solve the governing Eqs. (19) - (21) by making use 
the Laplace transform method with the initial and boundary 
conditions (22) – (24). The transformed differential equa-
tions become,

(18)

�q

�t
+ 2iΩq = �

�2q

�z2
−

�B2

0
(�1 + i�2)

�

q −
�

k
q + g�T

(

T − T∞
)

+ g�C
(

C − C∞

)

,

u ∗=
u

u0
, v ∗=

v

u0
, z ∗=

z
√

vt0

, t ∗=
t

t0
, � =

T − T∞

Tw − T∞
,�

=
C − C∞

Cw − C∞

,M2 =
�B2

0
v

�u2
0

, Sc =
v

D
,Kc =

Kr∗v

u2
0

R2 =
Ωv

u2
0

,K

=
ku2

0

v2
,Gr =

g�Tv
�

Tw − T∞
�

u3
0

,Gc =
g�Cv

�

Cw − C∞

�

u3
0

, Pr

=
�Cp

k1
,Q =

Q0v

�Cpu
2

0

.

(19)

�q

�t
=

�2q

�z2
−
(

M2(�1 + i�2) + 2iR2 +
1

K

)

q + Gr� + Gc�,

(20)��

�t
=

1

Pr

�2�

�z2
− Q�,

(21)
��

�t
=

1

Sc

�2�

�z2
− Kc�,

(22)q = 0, 𝜃 = 0,𝜙 = 0 for all z > 0 and t ≤ 0,

(23)

q = et + 𝜆
𝜕q

𝜕z
, 𝜃 =

{

t if 0 < 𝜏 ≤ 1

1 if 𝜏 > 1
,𝜙 = t at z = 0,

(24)q → 0, 𝜃 → 0,𝜙 → 0 as z → ∞ for t > 0.

(25)a1
d2q

dz2
− (s + �1)q = −a2� − a3�,

(26)d2�

dz2
− (s + a5)a4� = 0,

(27)d2�

dz2
− (s + a1)a10� = 0,

The boundary stipulations in terms of changed variable 
are,

Solving the differential Eqs. (25) – (27) with the fron-
tier conditions (28) – (29), we acquire the transformed 
solutions for the velocity, temperature, and concentration 
q(z, s), �(z, s) and �(z, s) are,

Captivating the inverse Laplace transforms for the 
Eqs. (30) – (32), it is acquired the solutions for the veloc-
ity distribution, temperature, and concentration distribu-
tion afterwards moving on the t-path for the flow near 
a perpendicular surface by the ramped wall temperature 
précised by,

Initiate to emphasize the consequence of the ramped 
wall temperature on a flow domain, it may be consequen-
tially to contrasts a fluid flow due to uniformed wall tem-
perature. In the current case, the initial and boundary con-
ditions (22)–(24) are the identically exclude the condition 
�(0, t) = 1, for t = 0 . The temperature and velocity for the 
flow over the plate surface with the uniform wall tempera-
ture may be obtained as,

Equations (36) and (37) designated the velocity and tem-
perature distribution for a uniform wall temperature and the 
time altering concentration distribution.

In support of engineering inquisitiveness, the non-dimen-
sional shear stresses due to the initial and secondary flow at 
a plate (z = 0) are calculated by the Eqs. (33) and (36).

For the ramped wall temperature,

(28)

q =
1

s − 1
+ �

dq

dz
, � =

1

s2
(1 − e−s),� =

1

s2
at z = 0,

(29)q → 0, � → 0,� → 0 as z → ∞,

(30)q(z, s) =
{

(

1 + �b5
)−1

[

1

s − 1
+ b3 + b4 + �(b1 + b2)

]}

e−b5z − b3e
−b1z − b4e

−b2z ,

(31)�(z, s) =
1

s2
(1 − e−s)e−

√

(s+a5)a4z,

(32)�(z, s) =
1

s2
e−

√

(s+a1)a10z.

(33)q(z, t) = q1(z, t) − H(t − 1)q1(z, t − 1),

(34)�(z, t) = f1(�2, a5, t) − H(t − 1)f1(�3, a5, t − 1),

(35)�(z, t) = f1(�3, a1, t).

(36)q(z, t) = q2(z, t),

(37)�(z, t) = f7(�1, a5, 0, t).
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For the uniform wall temperature

The Nusselt number in terms of rate of heat transport at 
the plate surface (z = 0) for ramped wall temperature and for 
uniform wall temperature is calculated by the Eqs. (34) and 
(37), and are specified by

The Sherwood number in terms of rate of mass transport 
at the plate surface (z = 0) is calculated through the Eq. (35) 
also specified as,

All the constant expressions are mentioned in the 
appendix.

(38)� = �x + i�y =

(

�q

�z

)

z=0

= q3(t) − H(t − 1)q3(t − 1),

(39)� = �x + i�y =

(

�q

�z

)

z=0

= q4(t).

(40)

�
�

(0, t) = −

(

��

�z

)

z=0

= −

√

a4
(

g1
(

a5, t
)

− H(t − 1)g1
(

a5, t − 1
))

,

(41)�
�

(0, t) = −

�

��

�z

�

z=0

= −
√

a4 g7(a5, 0, t).

(42)Φ
�

(0, t) = −

�

��

�z

�

z=0

= −
√

a10 g1(a1, t).

3  Results and discussion

It is regarded as the chemical reaction influences on the 
radiating MHD convective flow of an incompressible vis-
cous electrically conducting fluid past an exponentially 
accelerated perpendicular surface under the influences of 
slip velocity in the revolving structure taking Hall and ion 
slip impacts into account. The precise solutions of the lead-
ing equations are accomplished with the Laplace transform 
procedure. The fluid flow is presided by the non-dimensional 
parameters named as, viz. Hartmann quantity M, perme-
ability parameter K, revolution parameter R, slip parameter 
λ, thermal Grashofs quantity Gr, mass Grashofs quantity 
Gm, temperature source parameter Q, chemical reaction 
parameter Kc, Schmidt quantity Sc, and time t. Figures (2, 
3, 4, 5, 6, 7, 8 and 9), (10 and 11), and (12 and 13) pre-
sent the sketches of velocity, temperature for ramped wall 

Table 1  Shear stresses (τ) 
(Pr = 0.71, Kc = 2, t = 0.5)

M K R λ Gr Gm βe βi Ramped wall
temperature

Uniform wall temperature

2 0.5 0.5 0.2 5 3 1 0.2 0.545784011452 0.765874141125
3 0.652145452289 0.901425012366
5 0.784012148898 1.258874474585

1.0 0.624478996854 0.865478001025
1.5 0.680145369584 0.970112141528

1.0 0.502554001256 0.714152632563
1.5 0.462101112547 0.652149987456

0.4 0.769855669850 0.956695456332
0.6 0.922598369854 1.622254221256

10 1.866289987455 2.985547965847
15 3.985548748596 3.955241785469

6 1.825412985478 1.924478102000
9 2.954989012331 3.811490748554

2 0.756966012366 0.896658985669
3 0.925668859665 0.966589410233

0.4 0.658995145221 0.996589958874
0.6 0.785556336254 1.225654896566

Table 2  Nusselt number (Nu)

Q Pr t Ramped wall tempera-
ture

Uniform wall temperature

2.0 0.71 0.5 0.366589441522 0.632879336963
4.0 0.548902012547 0.855471784596
6.0 0.725447785440 1.254788965899

3.00 0.669854458896 1.366415745896
7.00 0.996587369965 1.800241223102

1.0 0.233654123654 0.333652002001
1.5 0.122578745896 0.052241785549
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temperature and uniform wall temperature, and concen-
tration profiles correspondingly. The resultant velocity is 
executed a distinguished higher quantity near the surface of 
the plate and then diminishes suitably on increasing frontier 
layers co-ordinates z to reaches free stream conditions. This 
is also observed that, the resultant velocity is slowly downs 
in a case of ramped wall temperature plate than that of uni-
form wall temperature. The skin friction, Nusselt number on 
together ramped wall temperature and uniform wall tempera-
ture, and Sherwood number are also evaluated and exhibited 
in Tables 1, 2 and 3. Table 4 represents the comparison of 
the results.

It is look upon that of the values of Hartmann param-
eter 0 < M ≤ 8 ; the values of the permeability parameter 
are 0 < K ≤ 3 ; revolution parameter 0 < R ≤ 3 ; slip param-
eter 0 < 𝜆 < 1 ; thermal Grashofs quantity 0 < Gr ≤ 20 , 
mass Grashofs quantity 0 < Gm ≤ 12 ; heat source param-
eter 0 < Q ≤ 8 ; the quantities of the Hall parameter �e are 
1 to 4 (�e�e ≈ O(1)) ; the quantities of ion slip parameter 
�i are 0 to less than 1 (𝜔i𝜏i << 1) ; the Schmidt number as 
Sc = 0.220, 0.30, 0.60, 0.780 this analogous to  H2, He,  H2O- 
vapour, and  NH3 respectively; chemical reaction parameter 
0 < Kc ≤ 4 (Krishna [69] and Seth et al. [70]). For com-
putational purposes, fixing values, M = 2, K = 0.5, R = 1, 

λ = 0.2, Gr = 5,Gm = 3, Q = 2, Kc = 1, Sc = 0.22, βe = 1, 
βi = 0.2, t = 0.6, while it is illustrated the profiles on each of 
the parameters varied over the range.

Figure 2 exhibits the consequences of the Hartmann quan-
tity on resultant velocity with together kinds of ramped wall 
temperature and uniform wall temperature. It is evidently that, 
in both cases, the resultant velocity is reducing over the plate 
with the analogous performance throughout the liquid medium. 
Subsequently, unpredicted reduction in the velocity is noticed in 
a neighbourhood of a surface in the manifestation of the mag-
netic field. In addition, this has been cleared that, that occur-
rence diminishes the velocity distributions throughout the liquid 
medium. These reflected to known that, the appearances of a 
magnetic field vertically toward the movement paths, an incli-
nation on or attractions to produce the resistances distinguished 
as Lorentz forces, it is shown the propensity to refuse to gone 
together with the flow field throughout the fluid media. As the 
consequences, it is attained as the applications of the magnetic 
field strength in the manifestation of porous materials, support 
the lessening outcomes on the thicknesses of the momentums 
frontier layer.

Table 3  Sherwood number (Sh)

Sc Kc t Sh

0.22 1.0 0.5 0.485507410225
0.30 0.574483478558
0.60 0.836805112254
0.78 1.250078225896

2.0 0.652225985699
3.0 0.822547564120

1.0 0.388508001412
1.5 0.299663652102

Table 4  Comparison of results for principal velocity for the ramped 
wall temperature (Kc = 0,βe = 0, βi = 0 , Sc = 0, Q = 0, Gm = 0, R = 0) 

M K Gr t Previous work
Seth et al. [70]

Present work

2.00 0.50 5.00 0.50 0.524455852001 0.524450748850
4.00 0.430653001458 0.430648748559
6.00 0.345588410157 0.345584745889

1.00 0.660958256998 0.660946963325
1.50 0.788548321458 0.788545987445

8.00 0.854779784596 0.854765002569
11.0 1.220499663635 1.220491774859

1.00 0.610050014589 0.610041987889
1.50 0.700741002150 0.700733012695
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Fig. 2  The velocity profiles against M 
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Fig. 3  The velocity profiles against K 
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Figure 3 demonstrates that, the consequences of perme-
ability parameters K on a resultant speed for together ramped 
wall temperature and uniform wall temperature. This is per-
ceived that, the resultant velocity is enhancing by an incre-
ment in permeability parameters K throughout the liquid 
environment. This is obviously that, in generally, propor-
tional values of K developed the resultant velocity rapidity 
and thus an enlargement in the momentum boundary layer 
thickness. Lower the penetrability reasons lesser the liquid 
velocity is scrutinized within the flow medium engaged by 
the fluid.

Figure  4 displays that the consequences of rotation 
parameter R on a resultant velocity for together ramped wall 
temperature and uniform wall temperature. It is observed 
that, on both cases, the resultant velocity lessens on increas-
ing in the rotation parameters in the liquid environment from 
a plate. This is due to a reason that, the Coriolis strength is 
predominant in the fluid medium at the direction of rotation.

The outcome of slip velocity for the resultant velocity for 
mutually ramped wall temperature and uniformed wall tem-
perature is depicted in Fig. 5. The resulting velocity reduces 

and thickness of momentum frontier layers increase by a 
rising in slip parameter throughout a fluid region.

Figures 6 and 7 depict the specially consequence of ther-
mal and concentration buoyancy strengths, the resulting 
velocity for both cases of temperature are increasing with an 
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Fig. 4  The velocity profiles against R 
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Fig. 5  The velocity profiles against λ 
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Fig. 6  The velocity profiles against Gr
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Fig. 7  The velocity profiles against Gm
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Fig. 8  The velocity profiles against βe
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enlargement in the thermal Grashofs quantity Gr or the mass 
Grashofs quantity Gm. Thermal Grashofs quantity described 
as the relative forces of the thermal buoyancy to the vis-
cous, similarly, mass Grashofs quantity signify a compara-
tive strength of concentration buoyancy forces to gelatinous 
forces. Therefore, thermal Grashofs quantity Gr or the mass 
Grashofs quantity Gm are enhancing on a boost up in the 
potency of thermal and mass buoyancy forces accordingly. 
Therefore, the thickness of the momentum boundary layer 
is enhanced for both kinds.

This is professed from Figs. 8 and 9 that, for together 
ramped walls temperatures and uniformed walls tempera-
tures, the resultant velocity boosts on a growing in Hall and 
ion slip parameters βe and βi throughout the fluid medium. 
This is noticeable that, as reinforcement in the Hall param-
eter and the ion slip parameters, this results, increased the 
resultant velocity and the momentum frontier layered thick-
ness during the fluid medium. The inclusions of Hall param-
eter retard the effective conductivity and as a result down-
grade the magnetic renitent ferocity. Also, the proficient 
conductivity increased as increases in the ion slip parameter, 

for that motivation, the attenuation strengths are reducing; 
consequently, velocity intensifies in the fluid region.

The computational quantities of temperature θ are evalu-
ated from the systematic resolutions (33) and (36) and are 
displayed diagrammatically through Figs. 10 and 11 for a 
variety of values of heat source parameters Q and Prandtl 
number Pr. This is apparent through Fig. 10 that liquid 
temperature and the thickness of thermal boundary layer 
decrease on an enhancing heat source parameter Q for 
together ramped wall temperature and uniform wall tem-
perature. It might be established from Fig. 11 that, this is 
divulged that fluid temperature lessens with mounting in 
Prandtl number. Therefore, in both case, thermal diffusion 
has a tendency to augment fluid temperature during the 
boundary layer region. At the highest values of Prandtl num-
bers have less velocities, this is in revolve also imply that, 
at lesser fluid velocity, the species diffusion are relatively 
lower, and therefore, the highest species concentrations is 
examined at higher Prandtl numbers.

Figures  12 and 13 exhibit to the inf luences of 
Schmidt quantity Sc, chemical reaction parameter Kc on 
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Fig. 9  The velocity profiles against βi
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Fig. 10  The temperature profiles against Q 

Pr  0.71, 3, 7  

Uniform wall temperature

Ramped wall temperature

0 1 2 3 4 5 6

0.0

0.2

0.4

0.6

0.8

1.0

z

Fig. 11  The temperature profiles against Pr
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Fig. 12  The concentration profiles against Sc
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concentration profiles. The concentration distribution and 
these boundary stratum thickness are diminished by an 
enhancement in Schmidt quantity. Actually, Schmidt quan-
tity is linear relation to the ratio of the momentum diffusivity 
to the mass diffusivity. Schmidt number hence measured the 
relative efficiency of momentum and mass transportation 
during diffusion to the hydrodynamic boundary layers. The 
reduction into the concentration graphs is supplementary 
with immediate diminution in the concentration frontier stra-
tum thickness. The concentration sketches are reducing for 
an enhancing in chemical reaction parameter Kc. The largest 
values of Kc lead to reduce the diffusion coefficients of mix-
ture chemical species; it reduced concentration and bound-
ary stratum thickness. Actually, for a harmful case (Kc > 0), 
reliable chemical reaction acquires position through lot of 
disturbances.

The computation results for shear stresses at the sur-
face of a plate are shown by Table 1 for some quantities 
of important parameters. This is examined by Table 1 that 
for together ramped and uniformed wall temperatures, the 
shear stresses at the surface of a plate enhanced with a 

boosting in Hartmann number, penetrability parameter, 
slip parameter, and thermal and concentration buoyancy 
forces, βe and βi, and lessen by an growing in rotation 
parameter. Also, the shear stress of ramped wall tempera-
tures is lower than towards the uniformed wall tempera-
ture. The computational results of Nusselt quantity at the 
surface of a plate for together ramped and uniform wall 
temperature are publicized into Table 2. This is noticed 
that, the Nusselt quantity is increasing with an enhanc-
ing in temperature source parameters Q, Prandtl number 
Pr for together temperature cases where as it is reduced 
with an increase in time. Additionally, the Nusselt num-
ber near the plate is moderately lowered for ramped wall 
temperature than that of uniform wall temperature. The 
computational assessments of the Sherwood number for 
different values of Schmidt number, chemical reaction 
parameter Kc, and time t are representing in Table 3. The 
Sherwood number at a plate is boosting by an increment 
in Schmidt number Sc, chemical reaction parameter Kc, 
and reduced with time t.

Figures 14, 15, 16, 17 and 18 expose the stream lines 
associated with the digressions in the magnetic field parame-
ter, rotation parameter, permeability parameter, and Hall and 
ion slip parameters. This is recognized from Figs. 14 and 15 
that, the streamlines are comprehensively more, vertically, 
with inferior strength if growing higher choices of magnetic 
field and rotations. Truly, enormous strengths of magnetic 
field and rotation tried to counter-balances the significances 
of free convection; Hall and ion slip impacts. It is perceived 
that, with an enhancement of Hartmann number and/or rota-
tion parameter, the quantities of stream functions trim down. 
As a rising in Hartmann number induced the strongest mag-
netic fields, this in turns fabricated the Lorentz forces in flow 
domain; this retarded the reinforcement of flow, explicitly, 
slighter the convective currents in the perpendicular absor-
bent plate. Additionally, from Figs. 16, 17 and 18, it is noti-
fied that, the streamlines were spreading in the porous plate 
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Fig. 13  The concentration profiles against Kc

Fig. 14  The stream lines against 
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through the prominent stream function quantities due to the 
higher penetrability of absorbent medium; Hall and ion slip 
impacts. It designated that, stronger convection on greater 
penetrability and Hall and ion slip parameters.

4  Code validation

In applied mathematics and all branches of engineer-
ing, analytical methods for finding exact solution to the 

Fig. 15  The stream lines against 
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Fig. 16  The stream lines against 
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Fig. 17  The stream lines against 
βe
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boundary value problem using Laplace transform meth-
odology. Analytical methods are used in a wide range 
of field, and reach its most sophisticated and advanced 
structures in all engineering regions. The field in general 
remains actively and heavily researched across multiple 
disciplines. The exactitude of numerical code is simu-
lated for propriety, by the MATHEMATICA 10.4 soft-
ware through the computational mechanism. Using this 
code, it is obtained that the primary velocity distributions 
are shown in Table 4 for quite a few values of perti-
nent parameters namely Hartmann number, permeability 
parameter, thermal Grashof number, and time. Again, by 
using same code for the previous work (Seth [70]), the 
same results are obtained nearly described above and are 
shown in Table 4 respectively for numerous values of 
pertinent parameters. The rigorously identical results are 
distinguished for both the research problems. Thus, the 
sensitivity of coding achieved accuracy (Fig. 19).

5  Conclusions

It is regarded as chemical reaction influence on the radiative 
MHD flow of an incompressible viscous electrically con-
ducting fluid past an exponentially accelerated perpendicular 
plate under the influences of slip velocity in the revolving 
structure taking Hall and ion slip effects into account. The 
terminations are finished as the subsequent.

• The resulting velocity is growing by an increase in heat 
and solutal buoyancy force, while revolution as well as 
slip parameters have reverse outcomes on it.

• The resulting velocity is falling by an increasing in the 
Hartmann number while the penetrability parameters and 
Hall and ion slip effects have overturn impacts on it.

• The temperatures and the thickness of thermal boundary 
layer decrease on an enhancing heat source parameter for 
together ramped wall temperature and uniformed wall 
temperature.

• The fluid temperature lessens with mounting in Prandtl 
number. Species concentration of fluid is reduced by an 
increased through Schmidt number as well as chemical 
reaction parameter.

• The shear stresses are enlarged by a growing in Hartmann 
number, slip parameter, and thermal and concentration 
buoyancy strengths and it is diminished by an increasing 
in Coriolis force.

• The heat absorptions increase the Nusselt number near 
the surface.

• The Sherwood number at the surface is superior with 
chemical reaction parameter.

• The current research has more applications with magnetic 
materials dispensation, electrical performing polymers 
mechanics, and purifications of molten metal through 
non-metallic.

• The research in the biomass conversion is mostly concen-
trated on steam gasification, entrained flow gasification’s, 

Fig. 18  The stream lines against 
βi
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Fig. 19  Comparison of primary velocity u with Sc = Kc = Gm = R
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applications of thermo-chemical cycle, and/or conver-
sions of ethanol as well as bio-oils.

• The present work is also extended for nanofluids and 
hybrid nanofluids.

Appendix
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