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VISCOUS DISSIPATION, HALL CURRENT AND ION SLIP EFFECTS

ON AN UNSTEADY MHD FLOW OVER AN INCLINED PLATE

S. AISWARYA1∗ , K. BHUVANESHWARI1, §

Abstract. In this study, we have examined the effects of Hall current and ion slip on
an unsteady MHD flow of a viscous, electrically conducting incompressible fluid over a
porous medium bounded by an infinite inclined plate in the presence of viscous dissipa-
tion. Closed-form solutions are obtained for velocity, temperature, and concentration
profiles using the regular perturbation technique. The effect of various non dimen-
sional parameters such as Hall current (βe), Ion slip parameter(βi), Eckert number (Ec),
Grashof number (Gr), Magnetic parameter(M), Modified Grashof number (Gm), Heat
source parameter(Q), Dufour number (Du), Schmidt number (Sc), Permeability param-
eter (K), Radiation parameter(N), and Chemical Reaction parameter (ν), on velocity,
temperature and concentration were discussed graphically. The results reveal that the
Hall current increases velocity and decreases temperature by creating a secondary flow
that reduces resistance and redistributes energy. In contrast, the ion-slip effect reduces
velocity while increasing temperature due to increased resistance and internal energy
dissipation.

Keywords: Hall current, ion slip, inclined plate, porous medium, heat and mass transfer,
MHD, chemical reaction, Dufour effect.
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1. Introduction

Magnetohydrodynamic (MHD) flow across inclined plates is of great importance for a
number of geophysical and technical applications, including cooling technologies, plasma
systems, and MHD generators. MHD flows under simple assumptions have been studied
by several researchers; however, the combined effects of ion slip, Hall current, and viscous
dissipation in an unsteady flow situation have not been extensively addressed. The prop-
erties of momentum and heat transport are significantly impacted by internal friction,
electromagnetic cross-forces, and ion-electron interactions in high-temperature and partly
ionised environments. The unique aspect of this study is the presentation of a thorough
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model that depicts how various physical systems interact in an unstable MHD flow along
an incline. This method provides more insight into the dynamics of conducting fluids and
improves forecasting capabilities for real-world thermal-fluid systems. Osalusi et al. [21]
examined the influence of Hall current and ion slip on Bingham fluid in rotating fluid over
a porous matrix in the presence of joule heating and viscous dissipation. They observed
that an increase in the Hall parameter, ion-slip parameter, increases the temperature pro-
files, whereas an increase in the magnetic parameter and Eckert number decreases the rate
of heat transfer coefficient. Jha et al.[11] analysed the influence of suction and injection
on unsteady MHD Couette flow in a rotating system in the presence of Hall and ion slip
parameters. Sigey et al. [27] numerically investigated the magnetohydrodynamics free
convective flow past an infinite vertical porous plate with Joule’s heating. They found
that an increase in Joule’s parameter leads to an increase in velocity and temperature,
and found that it is uniformly distributed near the plate, but as we move away from the
plate, the velocity and temperature profiles remain constant. Seth et al. [26] carried out a
numerical study to analyse the influence of hall current and rotation effect on an unsteady
MHD natural convective flow of chemically reacting and radiating fluid past a moving ver-
tical plate. Maripala and Naikoti [18]considered a stretching sheet with variable viscosity
and viscous dissipation under the influence of Hall current and found that the velocity
profile decreases with an increase in Eckert number. Ojjela and Kumar [20] analysed the
influence of hall and ion slip currents on micropolar fluid with velocity slip condition with
expansion or contraction. Sandhya et al. [25]analysed the effects of viscosity and Dufour
number on MHD free transport on a perforated plate with ion slip current, and it was
found that the ion slip parameter increases the flow field and decreases the temperature.
Increases in velocity and temperature were observed with an increase in Hall currents.
Rajakumar et al. [23] carried out an analytical study to analyse the impact of Dufour
number, Hall current, ion slip current and viscous dissipation on an unsteady free convec-
tive oscillatory flow through a semi-infinite porous inclined plate. Falodun and Ahmed [6]
studied the effects of unsteady Casson magneto nanofluid flow and observed that as the
non-Newtonian Casson nanofluid parameter increases, the fluid velocity decreases. The
temperature profile increases with the Soret parameter, whereas concentration decreases
with an increase in the Dufour parameter. Babu et al.[3] examined the combined effects of
Joule’s and viscous dissipation on unsteady natural convective MHD Casson fluid past a
vertically inclined plate in the presence of heat and mass transfer. Veera Krishna et al.[31]
studied the effects of radiation and hall current on an unsteady magnetohydrodynamics
free convective flow in a vertical channel filled with a porous medium. They observed that
the velocity component for the primary flow enhances with an increase in permeability
parameter, Hall parameter and seems to have a reduction with an increase in the intensity
of the magnetic field and radiation parameter. Anand et al. [16]examined the resultant
effect of the Hall current on free convective flow of a micropolar fluid through a porous
surface with an inclined magnetic field. Sadiq Basha et al. [24] considered the steady fully
developed MHD free convection flow through a porous medium in a microchannel bounded
by two infinite vertical plates due to asymmetric heating of plates, taking Hall and ion
slip effects into account. Vedavathi et al.[30] carried out an analytical study to investigate
the Hall Effect on Nanofluids in the presence of ion slip on an incompressible flow, and
they found that increasing thermal convection of nanoparticles during drug delivery will
help to destroy cancer cells. Islam et al. [9] studied mixed convective flow of electrically
conducting fluid in the presence of Dufour and observed that the velocity decreases with
an increase in heat source parameter, whereas found increasing nature with an increase in
Dufour number. Krishna et al. [13] discussed about the influence of Hall and ion slip on a
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rotating magnetohydrodynamic nanofluid through a porous medium and found that due
to the increased effect of thermal convection of a nanofluid, cancer cells can be destroyed
during drug delivery. Krishna [15] investigated the impact of radiation-absorption, hall
current, ion slip and chemical reaction on MHD free convective flow and observed that
resultant velocity increases as the Hall and ion slip parameter increases. Nhial et al.
[19] discussed about radiation and mass transfer effects on MHD free convective flow of
an electrically conducting incompressible viscous fluid and found that velocity as well as
concentration decreases with an increase in the Schmidt number and chemical reaction pa-
rameter. Alim and Ali [2] examined the impact of viscous dissipation, slip parameter and
Joule’s heat parameters on the flow of MHD nanofluids over a permeable wedge surface.
Raghunath et al. [22] explored the impact of radiation, hall and ion slip, on Jeffrey fluid
embedded on a porous medium in the presence of chemical reaction. They observed that
an increase in the radiation parameter, Prandtl number and the heat source parameter
increases the heat transfer coefficient. Bilal et al. [4] used Ag and AI2O3 nanoparticles
to study the behaviour of Jeffrey fluid (blood) and discovered that when magnetic and
viscoelastic components rise in steady state flow, heat transfer increases while velocity
magnitude decreases. Ganjikunta et al. [7] investigated the effect of radiation absorption
and chemical reaction combined with the effects of Hall and ion slip effects on a rotat-
ing flow of a heat-producing fluid across an inclined surface. The results of the study
show that velocity is increased by increasing radiation absorption, Hall, and ion slip pa-
rameters, with thermal and solutal buoyant forces playing a role. While Hall and ion
slip effects increase skin friction, the rotation parameter decreases it. Sridevi et al. [29]
studied the effects of radiation absorption, diffusion thermodynamics, and Hall current
on the unsteady magnetohydromagnetic free convection flow of a viscous incompressible
fluid between inclined porous plates. The findings indicate that velocity is increased by
higher radiation absorption and hall current parameters, which are influenced by thermal
and solutal buoyancy forces. Alamirew et al. [1] in their work examined the significance
of MHD Williamson nanofluid flow across a stretched plate with Hall and ion-slip effects
while taking nonlinear radiation, viscous dissipation, chemical reaction, and Joule heating
into account. Unsteady convection flow of a conducting viscous fluid across an inclined
plate with Hall and ion-slip effects was investigated by Islam et al. [10]. An oscillat-
ing plate drives the flow, which is affected by magnetic and buoyant forces. By ignoring
magnetic induction and applying boundary layer theory, the results demonstrate that tilt
decreases velocity. Kanimozhi et al.[12] investigated the behaviour of Jeffrey fluids in a
variety of circumstances, such as chemical influences, magnetic fields, heat effects, and
slip situations. Soret and Hall currents, velocity, temperature, and concentration differ-
ences are taken into account in this study on mixed convective flow across an inclined
vertical plate. An incompressible viscous electrically conducting non-Newtonian Casson
hybrid nanofluid’s radiative MHD flow across an exponentially accelerated vertical porous
surface is examined by Krishna [14]. Slip velocity, Hall and ion slip impacts, and the
development of titanium and silver nanoparticles in the base fluid are all taken into ac-
count in this work. Gomathi and De [8] analysed the transmission of mass and energy in
a viscous dissipative Casson Williamson nanofluid while taking the Hall current and ion
slip effect into account. The research solves non-linear ordinary differential equations us-
ing the fifth-order Runge–Kutta–Fehlberg technique. A thorough grasp of fluid behaviour
and mass transport mechanisms is possible through contour analysis. The results indicate
that injection and suction have higher Nusselt number sensitivity.Lakshmi and Murty [17]
investigated how water-based Cu and TiO2 nanofluids move in a magnetohydrodynamic
(MHD) environment in relation to Hall current, rotational effects, and thermal diffusion.
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Figure 1. Physical model and coordinate system

It demonstrates that raising the Hall parameter causes the primary flow velocity to in-
crease while the secondary velocity drops. While a stronger magnetic field slows fluid
motion because of Lorentz force effects, a higher thermal Grashof number improves veloc-
ity. Titanium oxide-engine oil (TiO2-EO) nanofluid transient hydromagnetic convective
flow across a vertically oriented surface was investigated by Singh et al. [28] in relation
to Hall and ion-slip. Based on the data, the major flow is stabilised by both ion slip and
Hall current, whereas the secondary flow is destabilised by the Hall effect.

Inspired by the numerous applications of Hall current and ion slip parameters on the
transport of flow of an incompressible fluid over an inclined plate, we have extended the
work of Islam et al.[9] to integrate the effects of viscous dissipation, Hall current and ion
slip on MHD free convection on an inclined plate embedded in a porous medium.

2. Mathematical Formulation

Consider an unsteady flow of an incompressible magnetohydrodynamic fluid through a
porous medium in an infinite inclined plate with variable heat and mass transfer in the
presence of Hall current, ion slip, viscous dissipation, along with heat source and Dufour
effect.

The x-axis is considered along the plate with the angle of inclination α to the verti-
cal, and the y-axis is taken normal to the plate. Assuming that the fluid is electrically
conducting, a uniform magnetic field B0 is provided transversely to the plate in the y
direction. The electric field generated by the polarisation of charges is zero, since there is
no applied voltage placed on the flow field.

At first, the temperature and concentration of the fluid and the plate are both kept
constant (T∞ and C∞). The plate receives a tiny shock at time t > 0 and motion is
produced with uniform velocity u0 in the direction of flow counter to gravity. The plate’s
temperature and concentration rise linearly as time passes. Each physical variable is a
function of y and t alone because the plate is infinite in the (x, z) plane.
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The basic governing equations are as follows,

∇.q̄ = 0 (1)

ρ

(
∂q̄

∂t
+ (q̄.∇)q̄

)
= −∇p+ j̄ × B̄ + ρ ¯g + µ∇2q̄ − µq̄

k∗
(2)

ρCp

(
∂T̄

∂t
+ (q̄.∇)T

)
= K∇2T + ∇̄.q̄r +

ρDMKT

CS
∇2C̄ + φ (3)

∂C

∂t
+ (q̄.∇)C = DM∇2C + k̄(C − C∞) (4)

Owing to flow assumption and using the Boussinesq approximation, the governing equa-
tions of the problem will be reduced to[23],

∂u
′

∂t′
= ν

∂2u
′

∂y′2
+ gβ(T − T∞)cosα+ gβ(C − C∞)cosα

−B0Jz
ρ

− ν

k∗
u

′
(5)

∂w
′

∂t′
= ν

∂2w
′

∂y′2
+

B0Jx
ρ

− ν

k∗
w

′
(6)

∂T
′

∂t′
=

K

ρCp

∂2T
′

∂y′2
− 1

ρCp

∂qr
∂y

+
DMKT

CpCs

∂2C
′

∂y′2
+

Q0

ρCp
(T − T∞)

+
µ

ρCp

(∂u
′

∂y′

)2

+

(
∂w

′

∂y′

)2
 (7)

∂C
′

∂t′
= DM

∂2C

∂y′2
−K1(C − C∞) (8)

The boundary conditions are,

t′ ≤ 0 : u′ = 0, w′ = 0, T = T∞, C = C∞ for all y′ > 0

t′ > 0 : u′ = U0, w
′ = 0, T = Tw + (Tw − T∞) ent, C = Cw + (Cw − C∞) ent at y′ = 0

u′ = 0, w′ = 0, T = T∞, C = C∞ as y′ → ∞
(9)

The electron-atom collision frequency is assumed to be very high, so that Hall and ion
slip currents cannot be neglected. Hence, the Hall and ion slip currents give rise to the
velocity in the y-direction. When the strength of the magnetic field is very large, the
generalised Ohm’s law is modified to include the Hall and ion slip effect. The electron
pressure gradient and thermoelectric effects are abandoned, i.e., the electric field E = 0.
The Generalised Ohm’s law is defined as

J = σ(E + q ×B)− ωeτe
B0

(J ×B) +
ωeτeβi
B2

0

((J ×B)×B)

Upon solving, we get
Jx = σB0 (α2u− α1w)

Jz = σB0 (α2w + α1u)

where α1 = 1+βeβi

(1+βeβi)
2+βe

2
, α2 = βe

(1+βeβi)
2+βe

2
βe = ωeτe ∼ O (1) (Hall parameter) and

βi = ωiτi ≪ 1, (ion slip parameter)



S. AISWARYA, K. BHUVANESHWARI: VISCOUS DISSIPATION, HALL CURRENT AND ION SLIP ... 159

Using Rosseland approximation, the radiative heat flux qr is defined as

qr =
−4σ∗

3a∗
∂T

′4

∂y

Now omitting higher order terms and expanding T ′4 in Taylor series about T∞ we obtain

T ′4 = 4T ′3
∞T ′ − 3T 4

∞

∂qr
∂y

=
−16σ∗T 3

∞
3a∗

∂2T ′

∂y′2
(10)

In view of equation (10), equation (7) will be rewritten as

∂T ′

∂t′
=

K

ρCp

∂2T ′

∂y2
+

1

ρCp

16σ2T 3
∞

3a2
∂2T ′

∂y2
+

DMKT
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∂2C ′

∂y2
+

Q0

ρCp
(T − T∞)

+
µ

ρcp

[(
∂u′

∂y′

)2

+

(
∂w′

∂y′

)2
]

(11)

Introducing non-dimensional quantities

t =
t′u20
v

, u =
u′

u0
, w =

w′

u0
, y =

y′u0
v

, θ =
T − T∞
Tw − T∞

, φ =
c− C∞
Cw − C∞

,

The non-dimensional form of the equations (5,6,8,11) are represented as follows.

∂u

∂t
=

∂2u

∂y2
+Grθ cosα+Gmφ cosα−M2 (α1w − iα2u)−

1

k
u (12)

∂w

∂t
=

∂2w

∂y2
+M2 (α1u− iα2w)−

1

k
w (13)

∂θ

∂t
=

(
1 +N

Pr

)
∂2θ

∂y2
+Du

∂2φ

∂y2
+

Qθ

Pr
+ Ec

((
∂u

∂y

)2

+

(
∂w

∂y

)2
)

(14)

∂ϕ

∂t
=

1

sc

∂2ϕ

∂y2
− γφ (15)

The non-dimensional parameters are as follows

Gr = vgβ(Tw−T∞)
v30

(Grashof number);Gm = vgβ(Cw−C∞)
v30

(Modified Grashof number) Pr =

µcp
k (Prandt1 number) K = k∗U2

o
v2

(Permeability); Sc = v
DM

(Schmidt number) M =√
σB2

0v

ρU2
0

(Magnetic field parameter; N = 16σT 3
∞

3ka∗ (Radiation parameter); Q = γ2Q0

kU2
0

(Heat

source parameter); Du = DTKT (Cw−C∞)
γCpCs(Tw−T∞) (Dufour number);Ec =

U2
0

cp(Tw−T∞) (Eckert num-

ber) γ = K1

v20
(Chemical reaction parameter)

The modified boundary conditions are
t ≤ 0 : u = 0, w = 0, θ = 0, φ = 0 for all y > 0
t > 0 : u = 1, w = 0, θ = 1 + ent, φ = 1 + ent at y = 0
u = 0, w = 0, θ = 0, φ = 0 as y → ∞

Let q = u+ iw. Now combining equations (12) and (13) we have,

∂q

∂t
= v

∂2q

∂y2
+Grθ cosα+Gmφ cosα−M2 (α1 − iα2)−

q

k
(16)
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3. METHOD OF SOLUTION

In order to solve the dimensionless governing equations, we apply the regular perturba-
tion technique. This can be done by representing the velocity, temperature and concen-
tration as follows.

q = q0(y) + ϵq1(y)e
nt

θ = θ0(y) + ϵθ1(y)e
nt

φ = φ0(y) + ϵφ1(y)e
nt

 (17)

Substituting equation (17) in equations (14), (15) and (16) and equating like terms and
neglecting higher order terms of ϵ we get

q′′0 −
(
M2 (α1 − iα2) +

1

k

)
q0 = −Grθ0 −Gmφ0 (18)

q′′1 −
(
M2 (α1 − iα2) + n+

1

k

)
q1 = −Grθ1 −Gmφ1 (19)(

N + 1

Pr

)
θ′′0 +

Q

Pr
θ0 = −Duφ′′

0 − Ec
(
q′0q

′
0

)
(20)(

N + 1

Pr

)
θ′′1 +

(
Q

Pr
− n

)
θ1 = −Duφ′′

0 − Ec
(
q′0q

′
1 − q′0q

′
1

)
(21)

φ′′
0 − Scvφ0 = 0 (22)

φ′′
1 − Sc(v + n)φ1 = 0 (23)

The modified boundary conditions are

q0 = 1, q1 = 0, θ0 = 1, θ1 = 1, φ0 = φ1 = 1 at y = 0

q0 = q1 = θ0 = θ1 = φ0 = φ1 = 0 as y → ∞

On solving (22) & (23) with the help of the boundary condition, we get the solutions
of φ0 and φ1 as follows.

φ0 = e−a1y

φ1 = e−a2y

To solve the non-linear coupled equation, we use the Eckert number (Ec) as the pertur-
bation parameter and assuming Ec << 1, the asymptotic expansions are as follows:

q0 = q00 + Ecq01 + o(Ec)2

q1 = q10 + Ecq11 + o(Ec)2

θ0 = θ00 + Ecθ01 + o(Ec)2

θ1 = θ10 + Ecθ11 + o(Ec)2

 (24)
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Substituting equation (24) in equation (18) to (21) and equating like terms and neglect-
ing higher order terms of Ec, we get the set of following equations

q′′00 −
(
M2 (α1 − iα2) +

1
k

)
q00 = −Grθ00 −Gmφ0 (25)

q′′01 −
(
M2 (α1 − iα2) +

1
k

)
q01 = −Grθ01 (26)

q′′10 −
(
M2 (α1 − iα2) +

1
k + n

)
q10 = −Gr θ10 −Gmφ1 (27)

q′′11 −
(
M2 (α1 − iα2) +

1
k + n

)
q11 = −Grθ11 (28)(

N+1
Pr

)
θ′′00 +

(
Q
Pr

)
θ00 = −Duφ′′

0 (29)(
N+1
Pr

)
θ′′01 +

(
Q
Pr

)
θ01 = −

(
q′10q

′
00

)
(30)(

N+1
Pr

)
θ′′10 +

(
Q
Pr − n

)
θ10 = −Duφ′′

1 (31)(
N+1
Pr

)
θ′′11 +

(
Q
Pr − n

)
θ11 = −

(
q′00q

′
10 + q′00q

′
10

)
(32)

The corresponding boundary conditions are as follows

q00 = 1, q01 = 0, θ00 = 1, θ01 = 0 at y = 0

q10 = 0, q11 = 0, θ10 = 1, θ11 = 0 at y = 0

q00 = q01 = q10 = q11 = 0 as y → ∞
q10 = q11 = θ10 = θ11 = 0 as y → ∞

Upon solving equations (25) - (32) with the help of boundary condition we get the
solutions of θ00, q00, q01, θ11, q11 as follows.

θ00 = A4e
−a2y + C3e

−a1y

q00 = A6e
−a4y + C5e

−a2y + C8e
−a1y

θ01 = A8e
−a3y + C15e

−2a1ye−2a2y + C17e
−2a4y + C18e

−(a1+a2)y + C19e
−(a1+a4)y+

C20e
−(a2+a4)y

q01 = A10e
−a4y + C21e

−a3y + C16e
−2a2y + C22e

−2a1y + C23e
−2a2y + C24e

−2a4y+

C25e
−(a1+a2)y + C26e

−(a1+a4)y + C27e
−(a2+a4)y

θ10 = A12e
−a6y +A13e

−a2y

q10 = A15e
−a1y +A16e

−a6y +A17e
−a2y

θ11

= A19e
−a6y +A20e

−(a4+a8)y +A21e
−(a4+a6)y +A22e

−(a2+a4)y +A23e
−(a2+a8)y

+A24e
−(a2+a6)y +A25e

−2a2y +A26e
−(a1+a8)y +A27e

−(a1+a6)y

+A28e
−(a1+a2)y

q11 = A30e
−a7y +A31e

−a6y +A32e
−(a4+a8)y +A33e

−(a4+a6)y +A34e
−(a2+a4)y

+A35e
−(a2+a8)y +A36e

(a2+a6)y +A37e
−2a2y +A38e

−(a1+a8)y

+A39e
−(a1+a6)y

+A40e
−(a1+a2)y
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Hence the solution of velocity, temperature and concentration fields are represented as
follows

q = A6e
−a4y+C5e

−a2y + C8e
−a1y + Ec

(
A10e

−a4y + C21e
−a3y + e−2a2y + C22e

−2a1y

+C23e
−2a2y + C24e

−2a4y + C25e
−(a1+a2)y + C26e

−(a1+a4)y + C27e
−(a2+a4)y

)
+ ϵ
(
A15e

−a8y +A16e
−a6y +A17e

−a2y

+ Ec
(
A30e

−a7y +A31e
−a6y +A32e

−(a4+a8)y +A33e
−(a4+a6)y

+A34e
−(a2+a4)y +A35e

−(a2+a8)y +A36e
(a2+a6)y +A37e

−2a2y

+A38e
−(a1+a8)y +A39e

−(a1+a6)y +A40e
−(a1+a2)y

))
ent

θ = A4e
−a2y + C3e

−a1y + Ec
(
A8e

−a3y + C15e
−2a1y + C16e

−2a2y + C17e
−2a4y

+C18e
−(a1+a2)y + C19e

−(a1+a4)y + C20e
−(a2+a4)y

)
+ ϵ
(
A8e

−a3y

+ C15e
−2a1y + C16e

−2a2y + C17e
−2a4y + C18e

−(a1+a2)y + C19e
−(a1+a4)y

+ C20e
−(a2+a4)y

+ Ec
(
A19e

−a6y +A20e
−(a4+a8)y +A21e

−(a4+a6)y +A22e
−(a2+a4)y

+A23e
−(a2+a8)y +A24e

−(a2+a6)y +A25e
−2a2y +A26e

−(a1+a8)y

+A27e
−(a1+a6)y +A28e

−(a1+a2)y))ent

φ = e−a1y+ϵ
(
e−a2y

)
ent

4. RESULTS AND DISCUSSION

The influence of hall current, ion slip and viscous dissipation on free convective flow of
an incompressible viscous fluid over an inclined plate embedded in a porous medium has
been examined. To point out the effects of various physical parameters on the flow field
like Hall current (βe), ion slip (βi), Eckert number (Ec), Magnetic parameter(M), Schmidt
number (Sc), Grashof number (Gr), Dufour number (Du), chemical reaction parameter
(Nu) and radiation parameter(N) were computed and presented in figures from (2) - (15).

In the present study, we have fixed a few parameter values such as ϵ = 0.01, t = 1.5, n
= 0.5 and i = 0.2.

Figures (2) and (3) show the effects of ion slip and Hall current on the velocity profile.
Ion slip is the relative mobility of ions and neutral fluids driven by electromagnetic fields.
A reduction in velocity suggests that ion slip is adding resistive forces (such as Joule
heating or magnetic drag) that slow the fluid down. It also reduces the gravity-induced
flow acceleration on an inclined plane, causing the fluid to move more slowly than expected.
While velocity rises in the presence of a Hall current on an inclined plane, it suggests that
the Hall effect lessens electromagnetic braking, allowing gravity to take over, increasing
fluid velocity.

Figures (4) and (5) show the effect of Eckert number and Magnetic Parameter on
velocity fields. A higher Eckert number creates more internal heat due to viscous dissipa-
tion, increasing fluid resistance through viscosity. A transverse magnetic field generates a
Lorentz force, which acts as a resistive force, opposing fluid motion and reducing velocity.

When a chemical reaction progresses, it can increase fluid density or viscosity, lowering
fluid velocity, as seen in figure (6). Figure (7) depicts the Dufour effect’s effects on fluid
velocity. The Dufour effect redistributes energy in the fluid, increasing thermal resistance
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and slowing along the wall (where gradients are steep), while invigorating the flow further
out and boosting velocity in the core area.

Figures (8) and (9) illustrate how ion-slip and Hall current affect temperature profiles.
Figure (8) illustrates how ion slip causes the ions to travel in the fluid differently than
the electrons, increasing internal friction and producing additional heat. This results in a
significant rise in the temperature. The charged particles are pushed in opposing directions
by the magnetic field as the Hall current increases. As a result of less friction in the flow
direction, the fluid experiences less internal heating. Consequently, the temperature of the
fluid has significantly dropped.

The fluid temperature decreases overall as seen in figure (10), since higher Ec produces
more heat that is drawn out faster via the wall (due to its variable and perhaps dropping
temperature). Figure (11) illustrates the impact of Schmidt number on the temperature
profile. Higher Schmidt number values block or deflect heat because they result in less
thermal energy transfer via concentration gradient.

As seen in figure (12), thermal energy moves from high concentration areas to low
concentration areas as a function of the Dufour number. Strong concentration gradients
close to the wall cause heat to be pulled away, lowering the temperature. Heat is essentially
transferred from the wall to the fluid mass as this energy diffuses outward, raising the
temperature in areas further away from the wall. A high radiation parameter results in
radiative energy loss, which reduces the fluid’s temperature, especially if the boundary
emits less heat than the fluid, as shown in figure (13).

Figures (14) and (15) depict the impact of Schmidt number and chemical reaction
parameter on the concentration profile. It has been discovered that when the Schmidt
number increases, the species finds it more difficult to disseminate or penetrate the fluid,
causing the concentration to drop faster along the wall and typically be lower in the
flow. In contrast, when the chemical reaction parameter increases, species consumption
accelerates, lowering the concentration profile.

Figure 2. Velocity profile
for various values of ion slip
parameter (βi)

Figure 3. Velocity profile
for various values of Hall
Current parameter (βe)
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Figure 4. Velocity profile
for various values of Eckert
number (Ec)

Figure 5. Velocity profile
for various values of mag-
netic parameter (M)

Figure 6. Velocity profile
for various values of chem-
ical reaction parameter
(Nu)

Figure 7. Velocity profile
for various values of Dufour
number (Du)

Figure 8. Temperature
profile for various values of
Hall Current parameter (βe)

Figure 9. Temperature
profile for various values of
Ion slip parameter (βi)
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Figure 10. Temperature
profile for various values of
Eckert number (Ec)

Figure 11. Temperature
profile for various values of
Schmidt number (Sc)

Figure 12. Temperature
profile for various values of
Grashof number (Gr)

Figure 13. Temperature
profile for various values of
Radiation parameter(N)

Figure 14. Concentration
profile for various values of
Schmidt number (Sc)

Figure 15. Concentration
profile for various values of
Chemical reaction (ν)
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5. CONCLUSION

The effects of viscous dissipation, Hall current, and ion-slip currents are considered on an
unsteady MHD flow through a porous medium in an infinite inclined plate. The reduced
governing equations are analytically solved using the regular perturbation approach. The
results are analysed through graphs for various values, and from those we conclude that:

• The Hall current increases fluid velocity by decreasing electromagnetic resistance
while also lowering temperature due to reduced internal friction.

• The ion-slip effect, on the other hand, lowers velocity while increasing temperature
due to extra resistive forces and heat production.

• Because of increased viscous and magnetic damping, the Eckert number and mag-
netic parameter reduce velocity.

• Chemical reaction and Schmidt number both contribute to a decrease in velocity
and concentration due to increased resistance and restricted mass diffusivity.

• The Dufour effect redistributes thermal energy, lowering velocity near the wall
while boosting velocity in the outside zone.

• Furthermore, increased Grashof and radiation parameters reduce fluid tempera-
ture through buoyancy-induced convection and radiative energy loss.

These findings provide insight into the dynamic behaviour of electrically conducting fluids
in inclined geometries and lay the groundwork for better thermal and flow management
in important industrial and engineering applications.
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