International Journal of Heat and Technology
Vol. 39, No. 4, August, 2021, pp. 1123-1133
Journal homepage: http://iieta.org/journals/ijht

Micropolar Fluid Flow Along with an Inclined Riga Plate Through a Porous Medium
Md. Rafiqul Islam1*, Sonia Nasrin2
1

Department of Mathematics, Bangabandhu Sheikh Mujibur Rahman Science and Technology University, Gopalgonj 8100,
Bangladesh
2
Department of Mathematics, Jagannath University, Dhaka 1100, Bangladesh
Corresponding Author Email: mribsmrstu@yahoo.com
https://doi.org/10.18280/ijht.390410

ABSTRACT

Received: 11 June 2020
Accepted: 23 August 2021

This study presents the one-dimensional unsteady micropolar fluid flow set in a porous
medium along with an inclined infinite Riga plate. This Riga plate is created an electric
and magnetic field, where a transverse Lorentz force is generated that contributes a flow
along with the plate. The explicit finite difference method is used to find the solution of
the non-dimensional form of the governing equations and estimated results are analyzed in
terms of Microrotation parameter, Suction parameter, thermal Grashof number, mass
Grashof number, Permeability parameter, Hartmann number, Dufour number, Soret
number, Schmidt number. Also, the effects of the pertinent parameters on the local and
average shear stress, Nusselt number, and Sherwood number are reported numerically as
well as graphically.
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1. INTRODUCTION

engineering, agricultural water distribution and the chemical
industry. Hossain and Chowdhury [5] presented a united
micropolar fluid flow over an isothermal heated plate with
variable spin gradient viscosity. Mansour et al. [6] studied the
MHD micropolar fluid flow on a circular cylinder with heat
and mass transfer. The comparison of the micropolar fluid
behavior with Newtonian fluids shows a retrenchment in drag
while heat transfer is also reduced. Mohamed and Zaki [7]
designed the electric effect on a micropolar viscoelastic
rotating fluid with convective instability. Reddy et al. [8] have
introduced the natural convection in a rectangular porous
medium of micropolar fluid flow.
Riga plate is an electromagnetic actuator, which is made by
the combination of a span-wise aligned array of alternating
electrodes and permanent magnets. This plate is created an
electric and magnetic field, where a transverse Lorentz force
is generated that contributes a flow along with the plate.
Micropolar fluid flows along porous Riga plate focuses a
famous research area that has formidable applications in
industrial and engineering processes, dust or fumes in a gas, in
biomechanics, purifying the groundwater pollution and food
processing. Riga plate was first introduced by Gailitis and
Leilausis [9] and they were generated a wall paralleled Lorentz
force to control the fluid flow. Further, in contrast to the
Grinberg-term was introduced with a most important feature
that the boundary layer of momentum equation is fully
separate from the flow and exponentially decreases in the
direction of the normal to the plate. After that when the
Lorentz force was detected over a Riga plate, and then the
researchers regained interest in the Gailitis-Lielausis actuator.
Anjum et al. [10] reported the clench body couples velocity
and thermal slip effects are conjoined to express the flow of
viscous fluid instigating by a non-linear stretched Riga plate.
They have found the stagnation point of a viscous fluid due to
a non-linear stretched Riga plate where the heat transfer
characteristics are executed by solar thermal radiation.

Micropolar fluids are randomly oriented micro-structured
particles with their spin inertia and ceased in a viscous medium.
Well known that for the huge erosion of micropolar fluids.
conventional Newtonian fluids cannot clearly state the
properties of the fluids with ceased particles which are
presented the applications in the non-Newtonian fluids,
polarities of idiosyncratic particulars, polymer fluids, animal
blood and liquid crystals. Eringen [1] first proposed the
general theory which illustrates certain microscopic effects
arising from the microstructure and micro motions of flow is
micropolar fluids which exhibits the micro-rotational effects
and micro-rotational inertia and so that clench body couples
and couple stress. The Navier-Stokes theory is unable to
express the phenomena of circulation at micro and nanoscales.
On the other hand, MFD can express the physical phenomena
at micro and nano scales which are freely rotating. Gorla [2]
has been analyzed the mixed convection to a micropolar fluid
from a semi-infinite vertical plate with the rate of heat transfer
and showed the comparison of Newtonian and micropolar
fluids. The comparison gives the drag transfer and reduced
heat flux of micropolar fluid. Hudimoto and Tokuoka [3] have
devised the two-dimensional parallel shear flow of linear
micropolar fluids. They analyzed and compared micropolar
fluids with the colloidal suspensions. The obtained result is
satisfied with Einstein's formula for the lyophobic sol
otherwise viscosity-concentration relations are reduced for
lyophilic sol. Nadeem et al. [4] explored the micropolar fluid
flow over an oscillating plate adjacent in porous media set in
vertically so that the free convections are created for the
differences in temperature and concentration. They are
interested because the flow through a porous medium has
significant uses in electronic and welding manufacturing
processes, nuclear waste storage processes, groundwater flows,
polluted soil, food procedure, oil recovery, thermal
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Riga plate and ~y - axis is normal to it. It is assumed that at 𝑡̃ ≤
0 the velocity, microrotation, temperature and concentration
~ ~
~
of the fluid are respectively u~ = 0, 
= 0, T = T and

Thereafter many researchers suggested the new idea of the
effect on the Riga plate with micropolar fluids or nanofluids.
Pantokratoras and Magyari [11] are designed the electromagneto hydrodynamic free convection flow of a weakly
conducting fluid along with a Riga plate, but Pantokratoras
[12] improved that the Riga-plate is either moved with a
constant velocity or the Riga-plate is situated in a Blasius flow.
Ahmad [13] studied the effect of the Powell - Eyring and
Reiner-Phillipoff fluid flow on Riga plate. Yucel [14]
explained the associated free convection flow in a micropolar
fluid through a Riga plate. The theme is reported by
Wahidunnisa et al. [15] is that the study of a mixed convective
nanofluid flow along a heated Riga-plate with viscous
dissipation and heat source. Iqbal et al. have found the
stagnation point flow of the melting heat, thermal radiation
and viscous dissipation effects on Riga plate using erratic
thickness and considered the Cassion fluid stagnation point
flow along with a Riga plate [16, 17]. Ayub et al. [18] analyzed
the effect of EMHD nano-fluid flow along with a Riga plate.
Harutha and Devasena [19] prescribed the micropolar fluid
flow on a vertical surface through a porous medium towards a
stagnation point. Shamshuddin and Thumma [20] introduced
the chemically reacting micropolar fluid flow with heat and
mass transfer along a porous medium in an inclined plate is set
with the heat source. Abel and Veena [21] examined the heat
transfer and visco elastic fluid flow along with a stretching
sheet through a porous medium. Rajput and Gupt [22] have
given the idea about Dafour effect on unsteady free convection
MHD fluid flow through a porous media past an accelerated
plate with variable temperature and mass diffusion in the
presence of an inclined magnetic field. Angirasa and Peterson
[23] have been investigated, in the presence of a porous
medium the fluid with Darcy flow is saturated and temperature
profiles are significantly smaller in the porous medium.
Pattnaik et al. [24] have analyzed the heat and mass transfer of
free convection flow along the exponentially accelerated
inclined plate with an angle of inclination where magnetic
field and porous medium obstruct the turbulent flow of the
fluid. Daniel and Daniel [25] have found the fluid flow along
a porous structure with heat transfer through an inclined
channel in the presence of the pressure gradient. Hanvey et al.
[26] investigated the heat and mass transfer of an
incompressible fluid flow along two parallel plates with
porous medium and inclined magnetic field. Recently Nadeem
et al. [27] examined the steady heat transfer of a three
dimensional micropolar fluid over an exponentially stretching
surface on the Riga plate.
From the above-mentioned discussions of the authors, it has
come to a new opinion that this research has not been
discussed yet before. In this paper, the main target is to
investigate the behavior of a micropolar fluid along with an
inclined Riga plate with heat and mass transfer set in a porous
medium. The significant results have been discussed briefly
and shown graphically.

~ ~

C = C . At time 𝑡̃ > 0, Riga plate moves with a velocity
l

in a porous medium. The temperature of the plate and
~
~
~
concentration are raised from Tw to T and C w to
respectively. Physical model and the coordinate system
shown in the following Figure 1.

the
~
C

are

(a)

(b)
Figure 1. (a) Riga plate (b) Physical model and coordinate
system
The Lorentz force is defined as f = J  B   (E  B) .
According to the Grinberg term, this force is defined as
follows:


− y
− y 


f = J  B =  J 0 M 0 e l , 0, J 0 M 0 e l 
8
8


It is assumed that the plate is of infinite extent of length, and
then all the physical variables in the problem are a function of
y and t. Therefore, the problem is of one-dimensional.
According to the above-mentioned assumptions along with the
Boussinesq and boundary layer approximations, the governing
equations are given as follows:

v
=0
y

2. MATHEMATICAL FORMULATION

u
u
+v
= g  (T − T ) cos  + g   (C − C ) cos 
t
y

Consider an unsteady one-dimensional viscous
incompressible electrically conducting micropolar fluid flow
with mass transfer past along with a porous Riga plate inclined
at an angle  with vertical direction, which is embedded in a
saturated porous medium. The coordinate system has been
taken in such a way that ~x - axis is along the direction of the


− y

 *   2u  *   
+  +  2 +
+
J 0 M 0e l
  y
 y 8 
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(1)

(2)



   2   *  u
+v
=
−
 + 2 
2
t
y  j y
 j  y


with the corresponding boundary conditions:

(3)

t  0 : u = 0,  = 0,  = 0,  = 0 for all y  0

k  2T Dm kT  2C
T
T
+v
=
+
t
y  c p y 2 cs c p y 2

(4)

C
C
 2C
 2T
+v
= Dm 2 + DT 2
t
y
y
y

(5)

u

u = 1 ,  = − ,  = 1,  = 1 at y = 0
y
t  0 :
u = 0,  = 0,  → 0,  → 0 as y → 


where,
v0 =

V0 L

= Suction parameter;

l 3 g  ( Tw − T )
Gr =
= Thermal Grashof Number;
2 3

with corresponding boundary conditions:


l g   (Cw − C )
Gm =
= Mass Grashof Number;
 2 3
*
R=
= Micropolar parameter;


t  0 : u = 0,  = 0, T = T , C = C for all y  0


u

u = l ,  = − y , T = Tw , C = Cw at y = 0
t  0 :
u = 0,  = 0, T → 0, C → 0 as y → 


3

(6)

Here the constant  indicates the boundary parameter on
microrotation lies in [0 ,1] ;  = 0 lead to the no-spin condition,
i.e. the fluid particles are strong concentration and the micro
elements near the plate is unable to rotate;  = 0.5 leads to the
weak concentration and it represents vanishing of the antisymmetric part of the stress tensor. Another case,  = 1 leads
to the modeling of turbulent boundary layer flows. Our
consideration is 0    0.5 .
Eq. (1) gives a convenient solution v~ = constant = −V0 (say) ,
where the V0 represents the velocity normal to the plate,
which is positive for suction and negative for blowing.

l 3J 0 M 0
= Modified Hartmann Number;
8  2 2
 c p
Pr =
= Prandtl number;
k
D k  C − C 
Df = m T  w
 = Dufour number;
cs c p  Tw − T 
Hr =

Sc =


Dm

= Schmidt number;

S0 =

DT Tw − T
= Soret number;
 Cw − C

2.1 Similarity analysis

=

 *l 2
= Material parameter;
 j 2

To make the dimensionless form of the above equations, we
are introduced the following non-dimensional variables.

=


= Material parameter.
 j

y=


l

y, u =

=

l



u,  =

l2



, t =
2

 2
l2

t,

3. METHOD OF SOLUTION

T − T
C − C
, and  =
.
Tw − T
Cw − C

In order to solve the non-dimensional governing coupled
partial differential Eqns. (7)-(10) together with associated
boundary conditions (11), it has been used explicit finite
difference method. Considered the maximum length of the
boundary layer is y max (= 15) corresponding to y →  . This
means y varies from 0 to 15. The boundary layer region is
divided by some perpendicular lines parallel to y-axis. The
step size y = 0.375 along y-axis with time increment
t = 0.001 has been used for sufficient accuracy of the
solutions. The finite difference schemes for some variables
with respect to t and y as follows:

Using these into the Eqns. (2)-(6) with suction velocity, we
obtain the non-dimensional form of the Momentum,
Microrotation, Energy and Concentration equations as follows:

u
u
− v0
= Gr cos  + Gm cos 
t
y
 2u

u
+ (1 + R ) 2 + R
+ Hr e− y −
y
K
y

(7)

u Uik +1 − Uik u U ik − U ik−1  2u U i +1 − 2U i + U i −1
=
=
;
;
.
=
y
y
t
t
y 2
(y)2
k

 u



2
− v0
=  2 − 
+ 2 
t
y
y
 y


(11)

(8)


 1  2
 2
− v0
=
+ Df
2
t
y Pr y
y 2

(9)


 1  2
 2
S
− v0
=
+
0
t
y Sc y 2
y 2

(10)

k

k

Here, the subscript i refer to y and superscript k refer to time
t. Similarly, it has been used finite difference schemes for the
other variables.
3.1 Shear stresses, Nusselt number and Sherwood number
It has been investigated the effects of various parameters on
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local and average shear stress from the velocity profile. The
velocity gradient at the plate is defined as the shear stress; the
non-dimensional form of the local shear stress and average
shear stress in x -direction are given by the relations
1 L u
u
and  A =  
L = 
dx respectively. From the
y y = 0
L 0 y y = 0

At first, the time-sensitivity test for different values of
maximum time 𝜏 has been performed to find the admissible
time at the steady-state solutions. The results are carried out
for different maximum time t = 4, 8,12,14 and 15 with time
increment t = 0.001 on the velocity u which is shown in
Figure 2. It has been observed that the velocities are very
minimal changes for the time step t =14 and 15, therefore the
steady-state solutions are considered for the admissible time
t=15 with time increment t = 0.001 . The same situation has
been found for the other distributions.

temperature profile, the effects of various parameters on local
and average Nusselt number are calculated. The rate of heat
transfer at the plate is defined as the Nusselt number; the local
Nusselt number and the average Nusselt number are given by
1 L 

and Nu A = −  
NuL = − 
dx respectively.
L 0 y y = 0
y y = 0

4.1 Velocity distributions
Figure 3 depicts the influence of effective inclined angle 
on the velocity u , it has been found that the velocity decreases
with the increase of  . It is claimed that the velocity in xdirection is increased when  = 0 i.e. when the plate is
properly vertical. The velocity has been increasing effect with
the increase of  , which is shown in Figure 4. The influence
of the microrotation parameter R on the velocity has been
shown in Figure 5, Notice that near the plate u decreases with
the increase of R, thereafter a few distances ( y  4.0 approx.)
it has a very minor increasing effect. Also from Figure 6-7, it
is found that u decreases with the increase of v 0 and Pr .
Whereas, the velocity has an increasing with the increasing
values of G r and K, which has shown in Figure 8 and Figure
9 respectively. It is found from Figure 10 that the velocity has
very minor increasing effects with the increase of H r .

Similarly, it has been analyzed the effects of various
parameters on local and average Sherwood number from the
concentration field. The rate of mass transfer at the plate is
defined as the Sherwood number; the local Sherwood number
and the average Sherwood number is defined by

1 L 
and ShA = −  
ShL = − 
dx respectively.
L 0 y y = 0
y y = 0

4. RESULTS AND DISCUSSIONS
Extensive numerical solutions have been carried out for the
influence of the relevant non-dimensional parameters namely
thermal Grashof number (G r ) , mass Grashof number (Gm ) ,
Hartmann number ( H r ) , permeability parameter (K ) , Suction
parameter (v 0 ) , Microrotation parameter (R) , Prandtl number

( Pr ) , Dufour number ( D f ) , Soret number ( S 0 ) , Schmidt
number ( S c ) and material parameters 𝜎 and 𝜆 on the velocity,
microrotation, temperature and the concentration distribution.
The effects of those parameters on some important profiles are
shown in Figure 2-32 with the fixed values of Gr = 5.0;

Gm = 5.0;

H r = 1.0;

K = 1.0;

v 0 = 1.0;

R = 1.0;

 0 = 0.1;
 = 1.0;  = 1.0;  = 0.1; and time increment t = 0.001 . It
Pr = 0.71 ;

D f = 0.2;

S 0 = 1.0;

S c = 0.22;

is mentioned from our physical consideration of the model that
the plate is inclined with vertical means, if 𝛼 = 0 then the
porous Riga plate is properly vertical. We have shown only the
physical situation of various distributions for  =  / 6 and
 = /3.

Figure 3. Velocity distribution on u for different values of
inclined angle 

Figure 2. Time-sensitivity on u for different values of
maximum time 

Figure 4. Velocity distribution on u for different values of
boundary parameter 
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Figure 5. Velocity distribution on u for different values of
microrotation parameter R

Figure 9. Velocity distribution on u for different values of
Permeability parameter K

Figure 6. Velocity distribution on u for different values of
Suction parameter v 0

Figure 10. Velocity distribution on u for different values of
Hartmann number H r
4.2 Microrotation distributions

Figure 7. Velocity distribution on u for different values of
Prandtl number Pr

Figures 11-16 exhibit that the cross flow are shown in all
the microrotation distributions. Figure 11 displays the
microrotation  increases in 0  y  1.6 (approx.) with the
increase of inclined angle 𝛼 , thereafter it has a decreasing
effect. Figure 12 indicates that the effect of boundary
parameter on microrotation  on  . It is observed that
microrotation has started minimum negative value with
increasing values of  . Figure 13-14 indicate that  increases
near the plate with the increase of R thereafter it decreases in
a few regions. But Figures15-16 notice that the microrotation
has reversed effect of Figures 13-14.

Figure 8. Velocity distribution on u for different values of
Grashof number G r

Figure 11. Microrotation distribution on  for different
values of inclined angle 
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Figure 16. Microrotation distribution on  for different
values of Permeability parameter K

Figure 12. Microrotation distribution on  for different
values of boundary parameter on microrotation 

4.3 Temperature and concentration distributions
Figure 17 depicts the influence of effective inclined angle

 on the fluid temperature 𝜃 (or concentration 𝜑). It has been
observed from the figure that there are no variations of 𝜃 (or 𝜑)
with the increase of 𝛼 . From Figure 18-19, it has been
investigated that the temperature is decreased with the increase
of v 0 and Pr whereas the temperature is increased with the
increase of D f , which has been shown in Figure 20.
Concentrations are decreased with the increase of v 0 and S c ,
but it has an increasing effect with the increase of S 0 , these
are shown in Figures 21-23 respectively.
Figure 13. Microrotation distribution on  for different
values of microrotation parameter R

Figure 17. Temperature 𝜃 or Concentration 𝜑 distributions
for different values of 

Figure 14. Microrotation distribution on  for different
values of Suction parameter v 0

Figure 15. Microrotation distribution on  for different
values of mass Grashof number Gm

Figure 18. Temperature distribution 𝜃 for different values of
Suction parameter v 0
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Figure 19. Temperature distribution 𝜃 for different values of
Prandtl number Pr

Figure 23. Concentration distribution 𝜑 for different values
of Soret number S 0
4.4 Local and average shear stress

Figure 20. Temperature distribution 𝜃 for different values of
Dufour number D f

(a)

Figure 21. Concentration distribution𝜑 for different values
of Suction parameter v 0

(b)
Figure 24. (a) Local Shear stress  L distributions for
different values of inclined angle 𝛼 (b) Average Shear stress
 A for different values of inclined angle 

Figure 22. Concentration distribution 𝜑 for different values
of Schmidt number S c

(a)
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(b)

(b)

Figure 25. (a) Local Shear stress  A for different values of
microrotation parameter R (b) Average Shear stress  A for
different values of microrotation parameter R

Figure 27. (a) Local Shear stress  L for different values of
Grashof number G r (b) Average Shear stress  A for different
values of Grashof number G r
Figures (a) and (b) of Figure 24-27 are represented the local
shear stress  L and average shear stress  A respectively.
Figure 24 depicts the effect of inclined angle 𝛼 on the shear
stress  L . It is explained that the local (or average) velocity
gradient at the plate is decreased with the increase of  . From
Figure 25-26, it has been seen the shear stress  L (or  A ) is
also decreased with the increase of R and 𝑣0 . But from Figure
27,  L (or  A ) is increased with the increase of G r .
4.5 Average Nusselt number and Sherwood number

(a)

Figure 28. Average Nusselt number Nu A distributions for

(b)

different values of Suction parameter v 0

Figure 26. (a) Local Shear stress  L for different values of
Suction parameter v 0 (b) Average Shear stress  A for
different values of Suction parameter v 0

Figure 29. Average Nusselt number 𝑁𝑢𝐴 distributions for
different values of Prandtl number Pr

(a)
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Figure 28 and Figure 29 exhibit the effects of Suction
parameter v 0 and the Prandtl number Pr on the Nusselt
number Nu L respectively. It has been found from both figures
that the concentration gradient at the plate is increased with the
increase of 𝑣0 and 𝑃𝑟 . But Figure 30 indicates that Nu L is

through a porous medium has been studied. The angle of
inclination, the effect of patient parameters on velocity,
microrotation, temperature and concentration as well as on
Skin friction, Nusselt number and Sherwood number have
been analyzed. The content of the study is summarized as
follows:
(1) Velocity u is retarded with the increasing values of  ,
R, v 0 and Pr , while it dominates with the increase of  , H r ,

decreased with the increase of D f . On the other hand,
Sherwood Number ShL is increased with the increase of S c ,
but it has a decreasing effect with the increase of S 0 , which
are shown in Figure 31 and Figure 32.

K and Gm .
(2) Microrotation  has a cross flow with 0    0.1 . For
this value of  is increased in the 1st portion (near the plate)
with the increase of  , R, v 0 and then it is retarded, while it
has been shown a reverse effect with the increase of K and Gm .
(3) Temperature  is improved with the increase of D f ,
whereas it has a decreasing effect with the increase of v 0 and
Pr .
(4) Concentration 𝜑 is dominated with the increase of S 0
whereas it has retarded with the increase of v 0 and S c .
(5) Shear stress  L and  A illustrate the same behaviour of
u with respective parameters. On the other hand, Nusselt
number Nu A and Sherwood number ShA depict the reverse
effects of 𝜃 and 𝜑, which are explained the natural behaviour
of the Shear stress, Nusselt number and Sherwood number.

Figure 30. Average Nusselt number Nu A distributions for
different values of Dufour number D f
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NOMENCLATURE

T
Tw

Current density
Magnetic induction
Electrostatic field
Magnetization of the permanent magnets
Width of magnets and electrodes
Current density
Acceleration due to the gravity
Mass diffusion coefficient
Dimensional velocity components in x -axis, y -axis
and z -axis
Temperature of the fluid
Constant temperature near the plate

T

Temperature outside of the boundary layer

C
Cw

Concentration in the fluid
Constant concentration near the plate

J
B
E

M0
l

J0
g

Dm

u,v , w

C
u ,v, w
t
t

Ha
Gr

Gm
Pr
Sc
Df

1132

Concentration outside of the boundary layer
Dimensionless velocity component
in x-,y- and z-axis
Dimensionless time
Time increment
Hartmann number
Thermal Grashof number
Mass Grashof number
Prandtl number
Schmidt number
Dufour number

NuL
ShL
NuA

ShA
L
A



Local Nusselt number
Local Sherwood number
Average Nusselt number
Average Sherwood number
Local shear stress
Average shear stress

*



kT





Greek symbols


Inclined angle,
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Volumetric coefficient of thermal expansion
Volumetric coefficient of mass expansion
Density of the fluid
Conductivity of the fluid
Maximum time
Thermal diffusion ratio
Kinematic viscosity of the fluid
Coefficient of viscosity of the fluid
Dimensionless temperature
Dimensionless fluid concentration

