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Abstract

This paper investigates effects of induced magnetic field on the MHD laminar
boundary dusty fluid flow over a stretching flat plate surface. The dusty fluid flow
is influenced by an external uniform magnetic field perpendicular to the stretch-
ing plate. Moreover, the problem being studied is fully specified in terms of a
characterizing parameters namely Hartmann number (M), interactions with dust
particles (β), stock resistance (γ ), Reynolds number (Re) and magnetic Reynolds
number (Rm). The basic governing partial differential equations are transformed
into a system of ordinary differential equations by applying suitable similarity trans-
formations. These equations are solved numerically by using collocation method
through MATLAB function bvp4c. The effects of the characterizing parameters in
this work on skin friction, dusty particles profile and magnetic inductions profile
are tabulated, graphically depicted and discussed respectively. These results indi-
cates the possible technological applications of our study in liquid based systems
involving stretchable materials such as paint spray in motor vehicles. However,



although some of our numerical solutions agree with some of the available results
in the literature review, other results differs because of the effect of the introduced
induced magnetic field.

AMS subject classification:
Keywords: Induced Magnetic field, Differential equations, Dusty fluid flow, Skin
friction.

List of Symbols:
Re Reynolds number.
Bo Induced magnetic field.
ηo Magnetic divisibility.
h′ Magnetic induction.
g Dust particle velocity.
Up Dust phase velocity
uw Stretching velocity.
Cf Skin friction coefficient.
η Similarity variable.
ν Kinematic viscosity.
U∞ Free stream fluid velocity.
f Dimensionless stream function for fluid velocity
γ stock resistance

1. Introduction

The problem of boundary layer dusty fluid flow has been under investigation over many
years ago. Both unsteady and steady incompressible fluid flow has been studied by
different researches such as Sakiadies (1961), Girresha (2012) and Mudassar (2017)
amongst others. Recently, the study of steady dusty fluid flow under electrically con-
ducted fluid flow has become a subject to the field of applied mathematics and above all
with an introduction of magnetic field. This has enabled numerous researchers to study
the effect of physical characterizing parameters such as Magnetic parameter, fluid parti-
cles parameters and dust particles parameters amongst others on dust fluid flow velocity
profile, heat transfer, temperature and pressure profile. Nevertheless, these researchers
limited themselves on the influence of applied external magnetic field to fluid flow at
different angles without dwelling in any way with the effect of induced magnetic field on
the fluid flow nor on the skin friction Moreover, despite the efforts of those researcher,
no one attempted to carry out an investigation on the effects of physical characteriz-
ing parameters on induced magnetic profile such as magnetic Reynolds number (Rm).
Therefore, to bridge this gap, the current study comes out to investigate the effect of
induced magnetic field on MHD boundary layer dusty fluid flow over a stretching flat
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plate surface by introducing magnetic induction equations as a part of the equations
governing dusty fluid flow. Henceforth, through that, we shall determine the effects of
fluid flow parameters such as magnetic Reynolds number (Rm) and Reynolds number
(Re) on induced magnetic field.

As different researchers have investigated the problem of boundary layer fluid flow
and heat transfer over a stretching surface, this paper presents a few of their findings
in order to establish the gap between them and the current study. By evaluating their
investigations, this study aims at bringing more light to their investigations by introducing
magnetic induction equation on the governing equations of the boundary layer steady
incompressible dusty fluid flow, a key field of study which has drawn numerous interests
to current mathematicians.

Mainly, the study of an electrically conducted boundary layer fluid flow over a stretch-
ing surface has been a subject of special interest for the first couple of decade due to
its two phase nature namely, the phenomena occurring in a fluid both liquid or gas con-
taining a distribution of solid spherical particles. Initially, boundary layer fluid flow was
began by Prandtl (1904) and Sakiadies (1961) who studied boundary layer flow over
a stretching surface moving with a constant velocity. He formulated a boundary layer
equation for two-dimensional and axisymatic flow by using both exact and numerical
methods through which he obtain the results. Saftman (1962) extended Sakiadies study
by initiating a study of laminar dusty fluid flow which was improved by Crane (1970)
by investigating two dimensional steady flow of an incompressible viscous fluid caused
by a linearly stretching plate. More so, Vajraveru and Nayfeh (1992) discussed in depth
the analysis of hydromagnetic flow of a dusty fluid flow over a stretching surface in
the presence of suction velocity. On the same ground, Chakrabarti and Gupta (1992)
discussed the hydromagnetic flow and heat transfer of a non-Newtonian fluid over a
stretching surface. Thus many more authors studied the problem of MHD and viscous
dissipation effects on heat transfer analysis. For instance, Chen (2008), basing himself
on the above studies of boundary layer dusty fluid flow; he analyzed the mixed convec-
tion of a power law fluid over a stretching surface in the presence of thermal radiation
and magnetic field. However, these studies despite their efforts of investigating, none of
them investigated the relationship between dusty fluid flow and induced magnetic field,
a fact that co-exists in any electrically conducted boundary layer dusty fluid flow passed
a transverse magnetic field.

Due to the above noted loophole, more mathematicians continued with investigations
on boundary layer fluid flow and heat transfer on a viscous and incompressible fluid
induced by a stretching surface. G. J. Gireesha et al. (2011) carried a study on the
effect of hydrodynamic laminar boundary layer flow and heat transfer of a dusty fluid
over an unsteady stretching surface in the presence of non-uniform heat generation and
absorption. He studied the effect of various governing parameters such as magnetic
parameter, heat source parameter, number density, fluid particles interaction parameter
and unsteadiness parameter amongst others. Through his study, he noted there was
an effect of magnetic parameters (M) on velocity distributions for fluid and dusty phase
while other parameters remained fixed. He observed that, the momentum boundary layer
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thickness decreased as magnetic parameters increased and hence induces an increase in
the absolute value of the velocity gradient at the surface. This reality revealed that
the velocity profile decreased with an increase in the values of unsteadiness parameter
and temperature component for both fluid and dusty phase decreased with an increase
of fluid particles interactions parameters. Likewise, the study revealed that according
to heat transfer, thermal boundary layers thickness was decreasing with an increase of
Prandtl number.

In addition, B.J Gireesha et al. (2012) also studied boundary layer steady fluid
flow by carrying out a study on magnetohydrodynamics boundary layer flow and heat
transfer characteristics of a dusty fluid flow over a flat stretching sheet in viscous dissi-
pation. Numerically, by applying Runge Kutta Fehlberg forth-fifth order method (RKF
45 method), he noted that the increasing Chandrasekhar number (Q) clearly escalated
the magnitude of Lorentz hydromagnetic body force which retarded the flow whilst in
the non-dimensional particles velocity was constant. This confirmed that the transverse
magnetic field contributes to the thickening of thermal boundary layer. For instance,
an applied transverse magnetic field produces a body force namely Lorentz force which
oppose the motion by enhancing temperature. Thus, he concluded external magnetic
field should be mild for effective cooling of stretching surface. Moreover, Runu S. et al.
(2015) carried out a study on laminar boundary layer flow and heat transfer of a dusty
fluid flow over a vertical permeable stretching surface. Through this investigation, he
studied effect of physical parameter such as fluid particles interaction parameter, suction
parameter, Prandtl number and Eckert number on the flow and heat transfer characteris-
tics. This enabled him to discover that there was no significance change in the fluid phase
velocity (U ) unlike in the particles phase velocity (Up) which increased with the increase
of fluid particles interaction parameters (β). As well for the higher Prandtl number fluid
had a thinner thermal boundary layer which increased the gradient of temperature and the
surface heat transfer. Consequently he noted that fluid velocity (U ) decreased asymp-
totically thought with a significant increase in dust particle phase velocity (Up) due to
increase of suction parameter (fo). Recently, Mudassar J. et al. (2017) in view of the
above previous studies carried out a study on an exact solution of MHD boundary flow
of dusty fluid flow over stretching surface in the presence of applied magnetic field. By
specifying his problem in terms of characterizing parameters known as fluid particles
interaction parameters, (β) Magnetic field parameter (M) and mass concentration of dust
particles parameter, (γ ) he observed that both fluid and dust particles velocities decreased
with an increase of magnetic parameter which increased Lorentz force resulting to the
decrease of fluid velocity. As well, he noted the increase of physical parameters affected
skin friction by increasing it which in turn produced a resistance to fluid flow.

Significantly, due to wide applications of MHD boundary layer flow in mechanical
engineering, this study will play a great role in the field of mathematical application in the
modern world. For instance, it will help in the field of cooling of reactors, electrostatic
precipitations, power generations, MHD pumps, petroleum industries and designing of
heat exchanger amongst others due to the application of magnetic induction equation.
Moreover, due to emergence of great adventure in physics, this paper will also play an
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important role in the applications of geophysics, astrophysics, solar physics, meteorology
and in the motion of earths’ core (Mudassar 2017). Through the findings of this study,
also those who work in the field of physics; they will find it easy to understand the whole
concepts of steady dusty flow in relations to MHD boundary flow. Distinctively, this study
will help many researchers in the field of MHD boundary layer flow to understand more
the concepts of fluid flow embedded with dust particles as it is encountered in different
engineering problems concerned with nuclear reactors cooling, powder technology and
in paint spraying due to the application of induced magnetic field. Henceforth, this study
will also enhance our understanding of dusty particles applications in the boundary
layer especially as it is found in a cloud during nuclear explosions and in the technical
processes.

As noted early, within the course of time the study of two-dimensional boundary
layer dusty fluid flow where solid spherical particles are distributed in a fluid has be-
come of great interest in a wide range of technical problems such as fluid flow through
packed beds, sedimentation and centrifugal separations of particles. Mainly, this has
been enhanced by two phase nature of dusty fluid flow whose occurrence contains the
distribution of particles. Consequently, animated by the interest of two-dimensional
boundary layer dusty fluid flow; researchers also worked out the dusty model for vari-
ous flow configuration under the boundary layer fluid flow conditions by using different
physical characterizing parameters. However, in spite of introducing external magnetic
field in the MHD dusty fluid flow, previous researchers did not address effect of induced
magnetic field in relation to dusty fluid flow over the stretching surface and skin friction.
For instance, they limited themselves on the effects of physical characterizing parame-
ters on skin friction and on fluid flow velocities. Therefore, by considering the effect of
magnetic Reynolds number on induced magnetic profile as an additional parameter to
previous studies, this paper extend previous investigation on dusty fluid flow by taking
into account the effect of induced magnetic field on fluid flow, a reality that was previ-
ously overlooked. To achieve that, this study introduces magnetic induction equation on
the two-dimensional steady incompressible MHD boundary layer dusty fluid flow over
a stretching surface in order to study the effect of induced magnetic field on dusty fluid
flow and on skin friction.

2. Equations governing the flow

2.1. Description of the flow problem

By Considering a steady flow of two dimensional laminar boundary layer flow of an
electrically conducted viscous incompressible dusty fluid over a semi-infinite surface,
let the surface be stretching with a velocity Uw = Cx , where the positive constant C is
the stretching rate. Let also the Cartesian coordinate system be located in X - axis and
Y - axis along and normal to the surface respectively. Henceforth, let the origin of the
system be at the leading edge as shown below in figure 2.1.

Deriving the governing equations, the Stokesian drag force is considered for the
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Figure 2.1: Flow diagram

interaction between fluid and dust particles phase. More so, induced magnetic field is
considered unlike external electric field which is negligible as a result of polarization
of charges within the fluid flow. Additionally, for both fluid and dust particles, clouds
are considered to be static at the beginning and pressure gradient is neglected meaning
it is assumed to be constant. The dust particles are also assumed to be uniform in size
and spherical in shape as appears in figure 2.1 above. Finally, number density of the
dust particles is taken as constant throughout the flow whilst within the dust particles
equation, both viscous force and magnetic field effects are neglected. Moreover, since
the fluid being studied is electrically conducted and moving with the plate, then there
is an induced magnetic field. The induction of magnetic field occurs leading to the
formation of Alfve’n waves as figure 2.2 below indicates. Therefore, the motion of fluid
drags the induced magnetic field (Bo) along the x - axis towards the direction of fluid
flow. This dragging creates a force known as Lorentz force that counteracts the dragging
of magnetic field as shown by the sketches in figure 2.2. This happens respectively by
creating induced magnetic field.

2.2. General governing equations

The fluid flow equations, the following assumptions are considered in order to derive our
fluid flow equations. These assumptions are:

1. The flow is steady and incompressible.

2. Pressure gradient is negligible.

3. The number density is constant.

4. External electrical field (E) is negligible.

5. The dust particles are assumed to be spherical in shape and uniform in size.
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Figure 2.2: Formations of Alfve’n waves

On the other hand, the dust particles momentum equations, the following assumptions
were considered in order to derive the dust particles equations. These assumptions are:

1. The flow is steady and incompressible.

2. There is no viscous force.

3. The magnetic field effect is negligible.

4. The pressure gradient is constant and negligible.

Henceforth the general governing equations of the dusty fluid flow are:

( �∇ · �U ) = 0 (2.1)

( �U · �∇) �U = − 1

ρ
�∇P + µ

ρ
(∇2 �U ) + 1

ρ
( �J × �B) + ν

τ
( �Up − �U ) (2.2)

( �Up · �∇) = 0 (2.3)

( �Up · �∇) �Up = − 1

ρ
�∇P + µ

ρ
∇2 �Up + 1

ρ
( �J × �B) + ν

τ
( �U − �Up) (2.4)

∂ �B
∂t

= �∇ × ( �U × �B) + ηo
�∇2 �B (2.5)
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By considering the above stated assumptions together with the fluid flow description
given in section 2.1 we have:

�U = uî + vĵ + 0k̂, �B = bî + Boĵ + 0k̂, �Up = upî + vpĵ + 0k̂ (2.6)

Since we know that pressure gradient is negligible from our assumptions, then:

− 1

ρ
�∇P = 0 (2.7)

Henceforth, by using the components terms in (2.6) above, in the given general equations,
we obtain the specific equations below.

2.3. Specific Governing equations

Considering the above stated physical assumption of the dusty fluid flow, the specific
equations derived from the above general equations are given below.

∂u

∂x
+ ∂v

∂y
= 0 (2.8)

u
∂u

∂x
+ v

∂u

∂y
= µ

ρ

(
∂2u

∂y2

)
+ δ

ρ
(Bovb − uB2

o ) + ν

τ
(up − u) (2.9)

∂up

∂x
+ ∂vp

∂y
= 0 (2.10)

(
�up

∂up

∂x
+ �vp

∂up

∂y

)
= 1

τ
(�u − �up) (2.11)

∂

∂y
(vb − uBo) + ηo

∂2b

∂y2
= 0 (2.12)

Since b = b(y) and Bo is a constant.
Boundary conditions accompanying the above specific governing equations are:

y = 0; u = uw(x), v = 0, b = Bo;

y → ∞; u = 0, up = 0, vp = v; b = 0
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3. Method of Solutions

3.1. Similarity Transformations of the Specific Equations and
Boundary conditions

The similarity transformation for the above specific equations in section 2.3 to ordinary
differential equations are:

η =
√

c

ν
y; up = cxg′(η); vp = −√

cνg(η)

b = cxh′(η); u = cxf ′(η); v = −√
cxf (η)

Applying these transformation on the boundary conditions in section 2.3,

• When y = 0, we have:

η = 0; f ′ = 1; f (0) = 0

• when y → ∞;, then following boundaries conditions are transformed as shown
below:

η → ∞; g = f ; f ′(∞) = 0; h′(∞) = 0; g′(∞) = 0

The transformed specific governing equations into ordinary differential equations in
section 2.3 using the similarity transformations are given below.

cf ′(η) − cf ′(η) = 0 (3.1)

f ′′′ + ff ′′ − f ′2 − βν(g′ − f ′) − M

(
−

√
cν

Bo

f h′ + f ′
)

= 0 (3.2)

cg′(η) − cg′(η) = 0 (3.3)

gg′′ − g′2 + β(f ′ − g′) = 0 (3.4)

h′′′ − Rm

Re

f h′′ − Rm

Re

f ′h′ − Bo√
cν

Rm

Re

f ′′ = 0 (3.5)

Meanwhile, the physical parameters involved in the above transformed specific gov-
erning equations are also defined as indicated below:
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Fluid particles interaction parameter,

β = 1

cτ
, ,

Magnetic parameter,

M = δB2
o

cρ

Skin friction coefficient,

Cf = −τw

ρuw2

Magnetic Reynolds number,

Rm = VoLo

η

3.2. Numerical Methods of solution

The three specific ordinary differential equations (3.2), (3.4) and 3.5) obtained in section
3.1 are reduced from third order into first order to ease computations by a numerical
method.

Equation (3.2), is reduced by letting:

z1 = f ; z2 = f ′; z3 = f ′′,

which results to the following system of first order differential equations:

z′
1 = z2

z′
2 = z3

z′
3 = −z1z3 + z2

2 − βνz5 − z2 + Mz2 (3.6)

Further, equation (3.4) is reduced by letting,

z4 = g; z5 = g′;

yielding the following system of differential equations:

z′
4 = z5
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z′
5 = z2

5

z4
− β

z4
(z2 − z5) (3.7)

Moreover, equation (3.5) is also reduced to a first order ordinary differential equation by
letting:

z′
6 = h; z7 = h′, z8 = h′′,

z′
6 = z7

z′
7 = z8

z′
8 = Rm

Re

· z1z7 + Rm

Re

z2z7 + Bo√
cν

· Rm

Re

z3 (3.8)

Therefore equations (3.2), (3.4), and (3.5) now becomes a system of equations of the
form:

z′ = F (η, z)

where:

z =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

z1

z2

z3

z4

z5

z6

z7

z8

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

F =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

z2

z3

−z1z2 + z2
2 − βνz5 − z2 + Mz2

z4

z5

z5

z4
− β

z4
(z2 − z5)

z6

z7

z8
Rm

Re

· z1z7 + Rm

Re

z2z7 + Bo√
cν

· Rm

Re

z3

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(3.9)

4. Discussions of the Simulation Results

4.1. Effects of induced magnetic induction on skin friction

By employing a collocation method to solve the above first order systems of ordinary
differential equations through MATLAB function bvp4c, we obtained the relationship
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Table 1: Skin friction in relation to different dimensionless Parameters

No. M β γ Rm Re Cf

1 0.3 0.5 2 × 10−3 30 3500 −1.0228
2 0.6 0.5 2 × 10−3 30 3500 −1.1231
3 1.0 0.5 2 × 10−3 30 3500 −1.2338
4 0.6 0.1 2 × 10−3 30 3500 −1.1232
5 0.6 0.7 2 × 10−3 30 3500 −1.1230
6 0.6 0.5 1 × 10−3 30 3500 −1.1208
7 0.6 0.5 3 × 10−3 30 3500 −1.1248
8 0.6 0.5 2 × 10−3 10 3500 −1.1228
9 0.6 0.5 2 × 10−3 50 3500 −1.1234
10 0.6 0.5 2 × 10−3 30 1500 −1.1244
11 0.6 0.5 2 × 10−3 30 5500 −1.1231

between skin friction and different dimensionless parameters used in this study as shown
in Table 1.

From Table 1 above, the effects of Reynolds number (Re) and magnetic Reynolds
number (Rm) on skin fiction are presented for the first time unlike other parameters
found in the previous studies such as Hartmann number (M), fluid particles interaction
parameters (β) and stock resistance (γ ). In particular, presents effect of Reynolds num-
ber and Magnetic Reynolds number on skin friction as found in equation (3.5). The
effects of Reynolds number (Re) and fluid particles interaction parameters (β) on skin
friction shows a direct proportionality, meaning their increase leads to an increase of
skin frictions. For instance, an increase of Reynolds Number produces a resistance such
as Lorentz force to the fluid flow which increases skin friction between fluid flow and
the stretching surface. Likewise, from Table i, there is an inversely proportionality be-
tween Hartmann number (M), magnetic Reynolds number and skin friction coefficient.
It is clear that, the increase of Hartman number (M) and magnetic Reynolds number
decreases skin friction. This means, the increase of these two parameters reduces skin
friction coefficient which in turn reduce stickiness of dust particles to the stretching sur-
face due to the increase of viscous force. This observations confirms that, since all the
three equations are coupled, there is an effect of induced magnetic field on skin friction
and fluid flow.

4.2. Effect of physical characteristic parameters on fluid flow profile and
on induced magnetic profile

The results of varying the physical characteristic parameters are graphically depicted,
analyzed and discussed. The variation of parameters such as Hartmann number (M), fluid
particles interaction parameters (β) and stock resistance (γ ), Reynolds number (Re) and
Magnetic Reynolds number (Rm) produced results which partially agreed with previous
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Figure 4.1: (a): Dust particles velocity profile for various values of β

(b): Fluid velocity profile for various values of γ

Figure 4.2: Velocity profile for various values of M

investigations. Figure 4.3 (b), 4.3 (a) and 4.1 (a), shows that Reynolds number (Re),
Magnetic Reynolds number(Rm) and dust particles interaction parameters (β) have no
effects on velocity profile and thus are negligible unlike Runuss (2015) who observed
that the increase of fluid particles interaction parameters (β) contributed to an increase of
Particle phase velocity (Up). Parameters such as (Rm, Re, β) have no effect on velocity
profile due to the effects of induced magnetic field which creates a Lorentz force within
the fluid flow . However, figure 4.1 (b) and 4.2 indicates clearly that stock resistance
parameter (γ ) and Hartmann number (M) have a significant effects on velocity profile.
For instance, the increase of Hartmann number (M) leads to decrease of velocity profile
while the increase of fluid velocity parameter leads to increase of velocity profile since
it produces a viscous force which in turn increases fluid flow velocity.

Concerning dust particle profile, figure 4.4 (b), 4.5(b) and 4.6(a) shows that stock
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Figure 4.3: (a): Velocity profile for various values of Rm

(b): Velocity profile for various values of Re

Figure 4.4: (a): Dust particles profile for various values of β

(b): Dust particles profile for various values of γ

resistance (γ ), Magnetic Reynolds number (Rm) and Reynolds number (Re) have no
effects to dust particles profile. This shows that these parameters have no effect on both
dust particles and magnetic induction equations (3.4) and (3.5) respectively. Further
observation from figure 4.4 (a) shows a direct proportionality between fluid particles
interaction parameters (β) and dust particles profile. For instance, the increase of this
parameter (β) leads to increase of dust particles profile. However, figure 4.5 (a) depicts
that the increase of Hartmann (M) leads to decrease of dust particles profile due to the
fact that an increase of Hartmann number produces an opposing Lorentz forces on dust
particles profile as Mudassar (2017) had observed. Henceforth figures 4.6 (b) and 4.7
(b) indicates that the variations between magnetic induction profile and fluid particles
interaction parameter (β) and Hartmann number (M) do not have any effect on magnetic
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Figure 4.5: (a): Dust particles profile for various values of M

(b): Dust particles profile for various values of Rm

Figure 4.6: (a): Dust particles profile for various values of Re

(b): Magnetic induction profile for various values of β

induction profile.
Therefore, in momentum equation (4.2) and dust particles equations (4.4), these

parameters are negligible respectively. Nevertheless from figures 4.7 (a) and 4.8 (b) we
observe that by increasing stock resistance (γ ) and Reynolds number (Re) parameters,
the values of magnetic induction Profile decreases. However, figure 4.8 (a) depicts a
direct proportionality between magnetic Reynolds number (Rm) and magnetic induction
profile. For instance an increase of magnetic Reynolds number (Rm) leads to an increase
of magnetic induction profile due to the fact that the presence of induced magnetic field
(Bo) normal to the fluid flow in an electrically conducting fluid produces a Lorentz force
which acts against the fluid flow. This is a new numerical solution obtained in this study
as in equation (3.5).
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Figure 4.7: (a): Magnetic induction profile for various values of γ

(b): Magnetic induction profile for various values of M

Figure 4.8: (a): Magnetic induction profile for various values of Rm

(b): Magnetic induction profile for various values of Re

5. Conclusion

The effect of various fluid flow physical parameters on fluid and dusty particles velocities,
on induced magnetic field and on skin friction coefficient has been studied numerically.
These parameters included Hartmann number (M), fluid particles interaction parame-
ters (β), stock resistance (γ ), Reynolds number (Re) and magnetic Reynolds number
(Rm). The results of different values of these parameters in relations to skin friction
coefficient, velocity profile, dust particles profile and magnetic induction profile were
depicted through a table and graphs respectively. These results presented some agree-
ment with those obtained by Gireesha (2012) and Mudassar (2017) in their investigations
especially as per the common parameters that we used. For instance just like in the study,
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then above scholars observed that, dust particles velocity increased with the increase of
fluid particles interactions (β) which produced a resistance force to the fluid flow hence an
increase of skin friction. Henceforth, in the light of this study, the following conclusions
are drawn.

1. The increase of Hartmann number and magnetic Reynolds number leads to reduc-
tion of skin friction. This shows there is an effect of induced magnetic field on
skin friction and shear stress, a reality that leads to total reduction of stickiness of
dust particles on the stretching surface. Also this indicates an effect of magnetic
induction field on dusty particles fluid flow.

2. The increase of magnetic parameter (M) leads to decrease in both fluid and dust
particles velocities mainly because the increase of magnetic field induces more
opposing Lorentz forces which results to reduction of both fluid and dust particles
velocities.

3. The magnetic Reynolds number (Rm) and Reynolds number (Re) have no sig-
nificant effects on both velocity profile and dust particles profile unlike in the
dusty particles phase profile (Up) which increased with the increase of fluid par-
ticles interaction parameter (β). This effect contributes to decrease of momentum
boundary layer thickness as observed in equation (3.2) because as magnetic param-
eter (M) increase, it induces an increase in absolute value leading into reduction
of fluid flow velocity.

Therefore, through these conclusions, deduces that there is a substantial effect of induced
magnetic field on MHD boundary layer dusty fluid flow. Hence, it is our conclusion that
the application of magnetic induction is significantly important in engineering processes
such as in the cooling of reactors, petroleum industry and paint spray such as in Moto-
vehicles whereby a reduction of skin friction within the stretching surface is required in
order to make stretching surfaces shinny for the sake of overcoming stickiness of dust.

5.1. Recommendations for further research

Based on the finding of this study, the researcher observed that there were still some
areas of mutual concern. Henceforth, animated by this study, the researcher made the
following recommendations for future investigations.

1. Effects of an inclined magnetic induction on MHD dusty boundary Layer flow
over an inclined stretching sheet.

2. Analytical solutions of an MHD boundary layer flow of a dusty fluid over a parallel
flat permeable stretching surface.
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