University of Wollongong

Research Online

Faculty of Engineering and Information Faculty of Engineering and Information
Sciences - Papers: Part B Sciences
2019

Explicit finite difference analysis of an unsteady
magnetohydrodynamics heat and mass transfer micropolar fluid
flow in the presence of radiation and chemical reaction through a
vertical porous plate

R Biswas
Khulna University

M Mondal
Khulna University

Kazi Shanchia
Khulna University

Rubel Ahmed
University of Wollongong, ra972@uowmail.edu.au

S Samad
Khulna University

Follow this and additional works at: https://ro.uow.edu.au/eispapers]
See next page for additional authors

b Part of the Engineering Commons, and the Science and Technology Studies Commons

Recommended Citation

Biswas, R; Mondal, M; Shanchia, Kazi; Ahmed, Rubel; Samad, S; and Ahmmed, S, "Explicit finite difference
analysis of an unsteady magnetohydrodynamics heat and mass transfer micropolar fluid flow in the
presence of radiation and chemical reaction through a vertical porous plate" (2019). Faculty of
Engineering and Information Sciences - Papers: Part B. 3274.

https://ro.uow.edu.au/eispapers1/3274

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au


https://ro.uow.edu.au/
https://ro.uow.edu.au/eispapers1
https://ro.uow.edu.au/eispapers1
https://ro.uow.edu.au/eis
https://ro.uow.edu.au/eis
https://ro.uow.edu.au/eispapers1?utm_source=ro.uow.edu.au%2Feispapers1%2F3274&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/217?utm_source=ro.uow.edu.au%2Feispapers1%2F3274&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/435?utm_source=ro.uow.edu.au%2Feispapers1%2F3274&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ro.uow.edu.au/eispapers1/3274?utm_source=ro.uow.edu.au%2Feispapers1%2F3274&utm_medium=PDF&utm_campaign=PDFCoverPages

Explicit finite difference analysis of an unsteady magnetohydrodynamics heat
and mass transfer micropolar fluid flow in the presence of radiation and chemical
reaction through a vertical porous plate

Abstract

The investigation of this paper is undertaken to study of the problem of chemical reaction on MHD
unsteady heat and mass transfer effects of micropolar fluid flow through a vertical plate. Different effects
such as thermal diffusion, Soret and Dufour effects in the presence of radiation and chemical reaction are
permitted in this observation. Firstly, the governing partial differential equations (PDEs) are transformed
into a system of dimensionless coupled partial differential equations by the procedure of mathematical
transformation. Then the obtained dimensionless equations are solved by explicit finite difference
method (EFDM). Further, the momentum, temperature and concentration distributions are permitted by
the variations of various parameters with the help of computer programming language FORTRAN. By
using initial boundary conditionsU=0,V=0,F=0,T =1,C =1 and for AT = 0.0005, AX =0.83 and AY =
0.50, the convergence criteria are exhibited Pr = 0.205 and S¢ = 0.045. In addition, the streamlines and
isotherms are evaluated for different interesting parameters. Finally, after stability convergence test (SCT)
the profiles of velocity, angular velocity, temperature and concentration are analysed and scrutinized
graphically by using graphs software tacplot-9.
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Explicit Finite Difference Analysis of an Unsteady
Magnetohydrodynamics Heat and Mass Transfer
Micropolar Fluid Flow in the Presence of
Radiation and Chemical Reaction Through a
Vertical Porous Plate

R. Biswas'*, M. Mondal', Kazi Shanchia’, R. Ahmed?, SK. Abdus Samad', and S. F. Ahmmed!

Mathematics Discipline, Science, Engineering and Technology School, Khulna University, Khulna-9208, Bangladesh
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The investigation of this paper is undertaken to study of the problem of chemical reaction on MHD unsteady
heat and mass transfer effects of micropolar fluid flow through a vertical plate. Different effects such as ther-
mal diffusion, Soret and Dufour effects in the presence of radiation and chemical reaction are permitted in
this observation. Firstly, the governing partial differential equations (PDEs) are transformed into a system of
dimensionless coupled partial differential equations by the procedure of mathematical transformation. Then the
obtained dimensionless equations are solved by explicit finite difference method (EFDM). Further, the momen-
tum, temperature and concentration distributions are permitted by the variations of various parameters with
the help of computer programming language FORTRAN. By using initial boundary conditions U=0, V=0,
I'=0, T=1, C=1 and for A7 = 0.0005, AX =0.83 and AY = 0.50, the convergence criteria are exhibited
P. > 0.205 and S, > 0.045. In addition, the streamlines and isotherms are evaluated for different interesting
parameters. Flnally, after stability convergence test (SCT) the profiles of velocity, angular velocity, temperature

and concentration are analysed and scrutinized graphically by using graphs software tacplot-9.
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1. INTRODUCTION

Now a days, micropolar fluids has been become a great
interesting research area of fluid mechanics because the
materials flow are highly used in the industrial and medical
science as well as elsewhere. Micropolar fluids are those
types of fluids which are contains micro-constituents as
like as nanofluid. Also, micropolar fluids can be undergo
with rotation and which can be affected by the magneto-
hydrodynamics (MHD) of the fluid flow. Furthermore, the
behaviour of micropolar fluids are likely as non-Newtonian
which consisting of dumb-bell molecules, polymer flu-
ids and fluid suspension. There are many applications of
micropolar fluids, such as analysing the behaviour of poly-
meric fluids, additive suspensions and liquid crystals. Also,
human and animal blood, turbulent shear flow, exotic lubri-
cants, the flow of colloidal suspensions are having due to
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micropolar fluids. In 1996, the theory of micropolar fluids
was first introduced by Eringen.! Haque et al. have intro-
duced the behaviours of micropolar fluid on steady MHD
free convection flow with constant heat and mass fluxes,
joule heating and viscous dissipation. From their study, it

is observed that the momentum, angular momentum, tem-

perature and concentration equations was solved by shout-
ing method with similarity technique. Also, self-similar
solution of incompressible micropolar boundary layer flow
was scrutinized by Ahmadi®> Ariman* have focused the
different applications of molecular fluid mechanics. Steady
free convection heat and mass transfer MHD flow of a
radiated micropolar fluid was reported by Nayak et al.’
Also, Balram and Sastry® have carried out the microp-
olar free convection flow. Analysis of free convection
micropolar boundary layer about a horizontal permeable
cylinder has been capitalized by Lien.” Tripathy et al.?
have discussed the numerical analysis MHD micropolar
fluid. Flow of Micropolar fluid over an off cantered rotat-
ing disk with modified Darcy’s law was submitted by
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Khan et al.” Thermophoretic particle deposition on MHD
flow of micropolar fluid is addressed by Doh et al.!® and
energy transfer through mixed convection within square
enclosure containing micropolar fluid was introduced by
Muhammad et al.!!

Study of the effects of heat and mass transfer on fluids
flowboth Newtonian and non-Newtonian has become an
important part in the last few years. This is so much impor-
tance in engineering applications and many industrial pro-
cesses which experiences not only temperature difference
but also concentration difference. However, it also used
in many industrial applications and engineering devices.
Peddieson'? has introduced the boundary layer theory for a
micropolar fluid. Mass transfer and heat generation effects
on MHD free convection flow past an inclined vertical
surface in a porous medium was constructed by Reddy
et al.!* Sparrow et al.'* have premeditated the effect of a
magnetic field on free convection heat transfer. Ganesan
et al.’® have adopted the natural convection effects on
impulsively started inclined plate. Also, Islam et al.'é have
analysed the Dufour and Soret effects on steady MHD
free convection and mass transfer fluid. Finite difference
analysis of unsteady natural convection MHD flow past
an inclined plate with variable surface was discussed by
Ganesan et al.'’

In many mass transfer processes and heat transfer con-
siderations are raised by chemical reaction and which are
often due to the nature of the process. In this processes,
such as drying, evaporation at the surface water body,
energy transfer in a wet cooling tower and the flow in a
desert cooler, heat and mass transfer occur simultaneously.
During such chemical reactions, there is always generat-
ing of heat. The most common fluid fluids like water and
air are contaminated with impurities like CO,, C4H, and
H,SO,. Chemical reaction parameter shows a retarding
effect on concentration distribution as the reaction pro-
ceeds from constructive to destructive state. Bhuvaneswari
et al.'® have explored the effects of radiation convective
flow over an inclined plate in a porous medium. Mohanty
et al.’® have introduced the numerical investigation on heat
and mass transfer effect of Micropolar fluid. Chemical
reaction and Soret effects on Micropolar fluid flow was
elaborated by Mishra et al.?® and MHD Flow with chem-
ical reaction was capitalized by Rawat et al.?! Effects of
radiation and chemical reaction on MHD was established
by Biswas et al.?2 Also, Rashidi et al.? have probed the
free convective heat and mass transfer for MHD fluid flow.

In the last few decades, the study of magnetohydrody-
namics (MHD) mass transfer flow takes placed in many
industrial applications such as polymer technology, aero-
dynamics heating, petroleum industry, electrostatic precip-
itation, power generators and petroleum industry. Effects
of Hall current and chemical reaction on MHD unsteady
heat and mass transfer of Casson nanofluid flow through a
vertical plate was performed by Biswas et al.* Unsteady
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magnetohydrodynamics (MHD) free convection flow of
nanofluid through an exponentially accelerated inclined
plate embedded in a porous medium with variable ther-

.mal conductivity in the presence of radiation was recently

published by Ahmmed et al.”> Mahanthesh et al.?® have
found the unsteady three-dimensional MHD flow of a nano
Eyring-Powell fluid in the effects of thermal radiation, vis-
cous dissipation and Joule heating. Also, chemical reac-
tion and radiated MHD heat and mass transfer flow with
temperature dependent viscosity past an isothermal oscil-
lating cylinder has been adopted by Ahmed et al.?”” They
have solved their governing equation by using explicit
finite difference method. Further, Afikuzzaman et al.®
have elaborated the unsteady MHD Casson fluid flow
through a parallel plate with Hall current. Furthermore,
MHD Casson fluid flow through a parallel plate was
focused by Afikuzzaman and Alam.” MHD free con-
vective heat transfer in a Walter’s liquid-B fluid past a
convectively heated stretching sheet with partial wall slip
was recently published by Seth et al.,** Farooq et al., 3%
Kumari et al.,* Jain et al.,>* Muhammad et al.** and Shit
et al.* have submitted the MHD flow of Eyring-Powell
liquid in convectively curved configuration.

Motivated by all these above studies, a purpose is car-
ried out to study the free convection Micropolar fluid
flow on MHD unsteady heat and mass transfer in the
presence of radiation and chemical reaction through a
vertical porous plate. The obtained dimensionless govern-
ing partial differential equations (PDES) is solved numer-
ically by explicit finite difference method (EFDM) where
FORTRAN programming language are used to find out
numerical values. The fluid velocity, temperature and con-
centration profiles are shown graphically for the different
values of different parameters. Also, the values of skin
friction, Nusselt number and Sherwood number for the
variation of different parameters are displayed in the form
of table. At the end a comparison table has been shown.

2. MATHEMATICAL ANALYSIS

In this research work, x-axis is chosen along the plate
where the fluid flow is accordingly and the y-axis is normal
to the plate. Initially, it is considered that the temperature
of the wall is assumed to be T,, and concentration at the
wall is C,, in the fluid. At time ¢ > 0, fluid flow moves with
a velocity u then the concentration and temperature of the
fluid are raised to C, (=C,) and T, (=T,,). Further, it is
assumed that a magnetic field B, = B, of uniform strength
is applied normal to the flow region. The physical config-
uration and coordinate system of the problem is presented
in the following Figure 1.

Under the assumptions, the dimensional continuity,
momentum, energy and concentration equations of microp-
olar fluid flow in the presence of chemical reaction, heat
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Fig. 1. Physical model and coordinate system.

generation and radiation subjected to the Boussinesq’s
approximation can be written in the following as

du v

Z+r% -0 1
ox t ay ()
u du du X xor
at +u6x +v6y - (v-l— )8y t p By
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— @
ar ar ar T d
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The associate initial and boundary conditions according to
the present model are,
at y=0
as y—» oo

(6)
Here, u are v are the velocity components in the x and
y-axis respectively, p is the fluid density, C, is the specific
heat at constant pressure, C,is concentratlon susceptibility,
k is the thermal conduct1v1ty, v is the kinematic viscosity,
8 is the gravitational acceleration, k; is the thermal dif-
fusion ratio, T is the temperature, C is the concentration
component of the fluid, Br is the thermal expansion coef-
ficient, B, is the concentration expansion coefficient, I' is
the microrotational component, g, is the radiated heat flux,

u=0,
u=0,

v=0, T'=0, T=T,,
v=0, T'=0, T>T,,

Cc=_C,
C—C,

k* is the Darcy permeability, 7, is the mean fluid temper-
ature, g, is the radiated heat flux, y is the vortex viscosity

- and j is the micro inertia per unit mass.

The following dimensionless variables are consider:

u v U? yU,
U= —; =—; I'= F— Y=2—;
U, U, v
U 2
v v

T=T,+7T(T,-T,); C=C,+C(C,—C,) (8)

By using this above dimensionless variables, the follow-
ing nonlinear coupled partial differential equations are
obtained:

Z—g+%¥=0 )
@+Uﬂ9+va—U——(1+Mp)Z;f+Mpg§

+G,T+G,C—KpU  (10)
§+U£’£+VZ_1;—SG§%—VP6;' (11)
LI I TACAL

+Dy— ?:Ycz +E, (‘;g) (12)

Also, the associate boundary condltlons are,
U=0, V=0, T'=0, T=1, C=1

at Y=0 }
U=0, V=0, T=0, T—>0, C—>0 asY—>o
_ (14)
where, U, T, T and C represents the dimensionless veloc-
ity, angular velocity, fluid temperature and fluid concen-
tration respectively. Also, 7 is the time constant, S.=
v/D,, is Schmidt number, G,=K,v/U? is chemical reac-
tion parameter, E = UZ/C (T, Tm) is Eckert number,
P,=pC,v/k is Prandit number, _vgBT(T -T.)/U3
is Grashof number, G, =vgB,(C,—C,)/U? is modified
Grashof number, Ra=4o"Tj,/kk’ is radiation parameter,
$=Q0v/(pC,U}) is heat source parameter, K,=v?/k*U}
is permeability of porous medium, D,=(D_ K;(C, —~
Co))/(C,Cu) (T, —T,) is Dufour Number, MP=yx/pv
is microrotational parameter, VP = y/pJU, is vortex vis-
cosity parameter, SG=vy/vpj is spin gradient viscos-
ity parameter and S, = (DK (T, —T,))/T,v(C,—C,) is
Soret number.
Non-dimensional quantities skin friction coefficient,
Nusselt number, and Sherwood number are carried out
respectively by the following equations as

1 _yaf(3U
G= 24/2 Go) (3Y)
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1 - ac
s=2sr(35) (15)

Stream function (X, Y) represents the following expres-
sions with the velocity components as:

V=—it (16)

3. CALCULATION TECHNIQUE

The finite difference method is a numerical and com-
puter based method. For simplicity, the explicit finite
difference method (EFDM) has been used to solve the
Egs. (9) to (13). To obtain a set of finite difference equa-
tions, the region within boundary layer of the flow are
divided into a grid of lines parallel to X and Y axis, where
X axis is taken along the plate and Y axis is normal to the
plate which are depicted in the Figure 2.

Here, it is considered that the plate of height X,
(=125) i.e., X varies from 0 to 125 and regard ¥,,, (=150)
ie., Y varies from O to 150. The number of grid spacing
are m=150 and n=7300 along in the X and Y directions
respectively. Also, It is assumed that AX, AY are constant
mesh sizes along X and Y directions respectively and taken
as AX=0.83 (0=<X<125) and AY=0.50 (0<X<150)
with the smaller time-step, A7=0.0005.

Now U’, IV, T’ and C’ denote the values of U, T, T and
C at the end of a time-step respectively. Using the explicit
finite difference approximation, the following appropriate
set of finite difference relations are obtained,

l]i,j_L]i—l,j + V —Vij

ARTICLE

i.j—1
=0 1
AX AY an
Us=U o (U= Ui U= Ui
s . U . ») i—1,j V.. i,j+1 i,j
AT +"J( AX )+ W\ AY
1
| i=m
\
i i+29
(i+1,L'—1) (1 39)] (iLl,jH)
i+l @ —0— O—
| Vo Ei—l) @) JGj+D)
1 e |
4 i-1 9 ‘" 'a q
B I G-1i-) (1) @Fuje)
i~2
Ay
=0 b—0 60— 4 ¢ - >y
J=0 j-2  j-1 J J¥l  j+2  Jj=n

Fig. 2. The finite difference space grid.
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—2U,;+U,j-
— MP i,j+1 ij l) T

(1+mp) = ) v
+GnCij+MP ”*A‘Y kUL (18)

.—L. L.—L .. TL...—TL.
i,j 1,j i,j i—-1,j a i,j+1 ij
AT +U‘"< AX )+V"’( AY )

Ly —20;+T U;
. Lj+1 T i,j _ i,j+1
“SG( @Yy ) vE ( AY

7;—11 I; ji+1 T; j
: 2 V= d
AT e AX + AY

1 4 \Tju—2T+T,. -
=—|1+=R, |- ST, ;
Pr( 3 ) @+

) (19)

Cij1—2C;+C;j. U . —U.\?
+D, ¢ (AY)2 J Ec<———"’+Al - ") (20)
¢/~ G Ci—Coy; C.. —C.
) s U.. 3 1-1,j Vi, i,j+1 ij
Ar "W Ax T Ay
1 Gy —2G;+GCj .
_=—— —GaC. .
5. (ary s
Ty =20+
+Sr ij+l (Ay)z (21)

In this case, the associate boundary conditions are:

Ulh=0, V=0,

1,

U, =0, I =0,

L

In—0, Ch—0

=0, Th=1, C=1

where L — oo

(22)
4. STABILITY AND CONVERGENCE
ANALYSIS
The stability conditions for the present problem are,
AT AT KAT
-V — 42— 23
(1+MP)(AY)2 AX+| V{AY+ <1 (23)
1 4 2AT AT AT SAT
- ——=<1(4
P,<1+ R)(AY)2+U V- St @
1 2A7 AT AT GaAr
— LU 4 |-V|— 25
sarg Vst Vpt—7 st @

With the initial boundary conditions U=0, V=0, I'=0,
T=1, C=1 at r=0 and for the values of A7=0.0005,
AX=0.83 and AY =0.50, the problem will be converged
at P,>0.205 and S, >0.045. These converge solutions are
shown graphically in Figures 3--7.
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Fig. 3. THlustration of (a) velocity profiles and (b) angular velocity profiles for different values of G,, G, K,, S, and §.

5. RESULTS AND DISCUSSION

An explicit finite difference technique has been used to
obtain the results of the present model and the approxi-
mate solutions are obtained for various parameters for the
purpose of discussing the results of the problem. The phys-
ical situation of the present problem, the velocity, angular
velocity, temperature, concentration, Skin friction, Nusselt
number, Sherwood number, streamlines and isotherms for
vertical plate within the boundary conditions are obtained
for different values of radiation parameter (R,), perme-
ability of porous medium (K,), Soret number (S,), Eckert
number (Ec), microrotational parameter (MP), chemical
reaction parameter (G,), spin gradient viscosity parame-
ter (SG), vortex viscosity parameter (VP), Schmidt num-
ber (S,), heat source parameter (S), Prandtl number (P,),

@ 7F s
65E s “\
6E II/ ‘\ - —  E=0.01,Pr=0.71, MP=0.1
55 E_ r \\ = e = E¢=0.03, Pr=0.71, MP=0.1
.5 3 ’l Y \- e v 020,08, Pra7.0, MP=0.1
5 E i \ \\\.\ —— Ec=0.03, Pr=7.0, MP=0.5
U D E
4 ;— i 3 \'&\\
ot ] A
3E VoY
25 ] AN
El \ \
2F 5 N\
g] N\ \_\
186 ? Y N
1 \ R
3 N \.‘\
4 N
05 3 ~ N
oY T SO SO S R R S S il e
0 2 _ 4 6
B D

Grashof number (G,), modified Grashof number (G,,) and
Dufour number (D,) which are shown in Figures 3 to 7.
In order to obtain the accuracy of the numerical results,
the following values of default parameter are chosen as:
P,=0.71, §,=0.60, R,=0.50, E,=0.01, D,=0.50, S=
L0, §,=1, G,=5,G,=10,K,=1, §,=1,5G=0.5, VP=
0.1, MP=0.1 and G,=0.60 with time 7=1. These values
are treated as common throughout the study in respective
figures and tables.

The non-dimensional Grashof number (G,), modified
Grashof number (G,), permeability of porous medium
(K,), Schmidt number (S;) and heat source parameter
(S) on velocity and angular velocity are displayed in
Figures 3(a) and (b) respectively. It is explored that 'the
velocity profiles are increasing respectively as Grashof

® 05t
04} i7 \f-§
°E ) AY
o2f N
i F [" X
0.1 :— 4 .’f"“\ \
I 7 ~— Ty,
of # |
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Fig. 4. Tllustration of (a) velocity profiles for different values of E,, P, and MP and (b) angular velocity profiles of SG, VB, MP and D,
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Fig. 5. Ilustration of (a) temperature profiles for different values of S, E,,

S, and D,. :

number, modified Grashof number and heat source param-
eter but decreasing due to increase of permeability of
porous medium and Schmidt number which are shown in
Figure 3(a). Also, angular velocity profiles are increas-
ing by the increase of Grashof number, Schmidt number,
modified Grashof number and heat source parameter but
just decreasing due to increase of permeability of porous
medium. The thermal Grashof number which signifies the
relative effect of the thermal buoyancy force in the bound-
ary layer. Due to this augmentation of thermal buoyancy
force which executing on the fluid particles for gravita-
tional force that increase of the thickness of momentum
boundary layer. This is the fact that velocity and angular
velocity are increasing due to increase of Grashof number.
Also a similar effect is visible in the vicinity of modified
Grashof number.

For various values of Eckert number (Ec), Prandtl num-
ber (P,) and microrotational parameter (MP) on velocity

Fig. 6.
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R,, S, and D, and (b) concentration profiles for different values of G,, S,

profiles are delimitated in Figure 4(a). It is accomplished
that velocity profiles are increasing for the increase of Eck-
ert number and microrotational parameter but decrease due
to the increase of Prandtl number. But from Figure 4(b),
we have observed that angular velocity decreases 20.2%
as spin gradient viscosity parameter changes to SG=0.5
to SG = 1.5 but microrotational parameter increases 27.2%
changes as MP=0.1 to MP=0.5 and increase 42.5%
for VP=0.1 to VP=0.5. Also, angular velocity decreases
35.7% for changes as Du=0.4 to Du=1.0 which are
shown in Figure 4(b).

The influence of heat source parameter ($), Eckert num-
ber (Ec), radiation parameter (R,), Soret number (S,) and
Dufour number (D,) on temperature profiles are displaced
in Figure 5(a). It is mentioned that the temperature of the
fluid increased by 34.49%, 25.50%, 24.25%, 30.3% and
16.95% for changes as S=1.0to §=2.0, E,=0.01 to E.=
0.03,R,=0.50to R,=1.0, S,=1.0to §,=2.0 and D, =04

®

Tustration of (a) streamlines for R, =0.50 and R, =1.50 and (b) isotherms for R,=0.50 and R, =1.50.
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Fig. 7. Iiustration of (a) streamlines for G,=0.50 and G,=1.50 and (b) isotherms for G,=0.50 and G,=1.50.

to D,=1.0 respectively. Because the thermal boundary
layer thickness are increased due to increasing of that
Dufour number D,. Generally, by increasing of Eckert
number E_, the heat energy is gathered in the fluid by the
drag force i.e., frictional force. In this reasons temperature
field increases due to increasing Eckert number E_. On the
other hand, Figure 5(a) carried out temperature profiles for
differences values of radiation parameter R,. Physically,
radiation parameter R, provides more heat into the fluid,
which leads to increases the thermal boundary layer thick-
ness by increasing the values of radiation parameter R,.
Also heat source parameter S enhanced the temperature
of the fluid field. The effects of chemical reaction param-
eter (G,), Schmidt number (S,) Soret number (S,) and

Dufour number (D,) on concentration profiles are dis-
placed in Figure 5(b). From Figure 5(b), we have capti-
talized that concentration profiles decreased by 34.49%,
25.50%, 24.25% and 16.95% for changes as G,=5.0 to
G,=1.0,5,=0.6105.,=0.95,5,=1.0t0 §5,=2.0 and D, =
1.0 to D, =2.0 respectively.

The outcome of radiation parameter R, on streamlines
and isotherms are scrutinized in Figures 6(a) and (b).
Here, we carried out that both momentum and thermal
boundary layer thickness are increasing for the increas-
ing of radiation parameter from R,=0.50 to R,=1.50.
The impact of chemical reaction parameter G, on stream-
lines and isotherms are showed in Figures 7(a) and (b).
We capitalized that momentum boundary layer thickness

Table I. Variation of different parameters on skin friction coefficient, Nusselt number and Sherwood number.

R, D, K, S, E, MpP G, SG C; N, S,
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 —0.06520 0.19083 0.25542
1.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 ~0.04122 0.16708 0.26484
2.00 0.40 0.50 1.00 0.01 0.10 0.50 0.50 —0.02832 0.13503 0.27626
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 —0.03770 0.14736 0.23070
0.50 1.00 0.50 1.00 0.01 0.10 0.50 0.50 -0.00759 0.08965 0.25923
0.50 2.00 0.50 1.00 0.01 0.10 . 0,50 0.50 —0.00012 0.05004 0.27982
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 —0.03906 0.14947 0.23176
0.50 0.40 1.00 1.00 0.01 0.10 0.50 0.50 —0.05305 0.13771 0.22629
0.50 0.40 2.50 1.00 0.01 0.10 0.50 0.50 —0.06631 0.12500 0.22037
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 —0.03328 0.14048 0.22733
0.50 0.40 0.50 2.00 0.01 0.10 0.50 0.50 —0.03031 0.12738 0.23808
0.50 0.40 0.50 2.50 0.01 0.10 0.50 0.50 —0.02303 0.09655 0.25206
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 -0.02036 0.14750 0.23071
0.50 - 0.40 0.50 1.00 0.03 0.10 050 - 0.50 —0.03372 0.14711 0.23090
0.50 0.40 0.50 1.00 1.08 0.10 0.50 0.50 —0.04663 0.14675 0.23110
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 0.03930 0.14985 0.23195
0.50 0.40 0.50 1.00 0.01 0.50 0.50 0.50 0.02998 0.15019 0.23176
0.50 0.40 0.50 1.00 0.01 1.00 0.50 0.50 0.00951 0.15022 0.23175
0.50 - 040 0.50 1.00 0.01 0.10 0.50 0.50 —0.00016 0.15909 0.39522
0.50 040 0.50 1.00 0.01 0.10 1.50 1.50 —0.01355 0.16611 0.34974
0.50 0.40 0.50 . 100 0.01 0.10 2.50 2.50 —0.02788 0.17352 0.30129
0.50 0.40 0.50 1.00 0.01 0.10 0.50 0.50 -0.02247 0.15481 0.23453
0.50 0.40 0.50 1.00 0.01 0.10 0.50 1.00 ~0.02556 0.15957 0.20978
0.50 0.40 0.50 1.00 0.01 0.10 0.50 1.50 -0.02577 0.16510 0.18097
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Table II. Comparison of the accuracy of the present results with the
previous results by Haque et al.?

Previous results by

Hague et al? Our present results
Increased Skin Skin
parameters U T € T fi. U T € T i
vP Inc Inc
MP Inc Dec Inc Dec
SG
S, Dec Inc Inc Inc Dec
Sc Dec Dec Inc Dec Dec Inc
K, Dec Inc Dec Dec Inc Dec
Du Inc Dec Dec Inc Inc Dec Dec Inc
E, Inc Inc Inc Inc
P, Dec Dec

increases due to the increase of chemical reaction parame-
ter from G,=0.50 to G, =1.50 but thermal boundary layer
thickness decreases by the increasing of chemical reaction
parameter from G,=0.50 to G,=1.50.

Table I represents the numerical values of different
parameters such as radiation parameter (R,), Dufour num-
ber (D,), permeability 6f porous medium (K,), Soret num-
ber (S,), Eckert number (Ec), microrotational parameter
(MP), chemical reaction parameter (G,) and spin gradi-
ent viscosity parameter (SG) on skin friction (C;), Nusselt
number (N,) and Sherwood number (S,) for Micropo-
lar fluid. It is showed that the skin friction coefficient
increases with the enhances of radiation parameter, Dufour
number and Soret number but decreases qualitatively with
an increase in Eckert number, microrotational parame-
ter, permeability of porous medium, chemical reaction
parameter and spin gradient viscosity parameter. Physi-
cally, skin friction which is increased the rate of change
of velocity in the fluid flow. On the other hand the Nusselt
number is an increasing functions of radiation parame-
ter, Dufour number, permeability of porous medium, Soret
number and Eckert number, whereas this tendency is quite
opposite for chemical reaction parameter, microrotational
parameter and spin gradient viscosity parameter. Gener-
ally, convective heat transfer is produced by the increase
of radiation parameter, Dufour number, permeability of
porous medium, Soret number and Eckert number which
increase the Nusselt number. Also it is noticed that the
Sherwood number increases with the increasing of radia-
tion parameter, Dufour number, Eckert number and Soret
number but decreases qualitatively with the increasing of
in microrotational parameter, chemical reaction parame-
ter, permeability of porous medium and spin gradient vis-
cosity parameter. Generally, convective mass transfer is
increased with the increase of Sherwood number but when
it is decreased then the opposite observations are happens.
Also, from Table II we have observed that, all the qualita-
tive behaviours are same with the results of Haque et al.2
without just only for few results. It has been seen that Soret
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number S; increases temperature profiles and decrease con-
centration profiles in our problems but opposite at the work
of Haque et al.

6. CONCLUSIONS

The following conclusions have been drawn by the above
present numerical investigation,

(1) The skin friction coefficient increases with radia-
tion parameter, Dufour number, permeability of porous
medium, Soret number and microrotational parameter but
decreases qualitatively with an increase in Eckert number,
chemical reaction parameter and spin gradient viscosity
parameter.

(2) It is observed that angular velocity profiles increases
for the increasing of Grashof number, modified Grashof
number and heat source parameter but decreasing due to
increase of permeability of porous medium and Schmidt
number.

(3) Velocity profiles are increasing respectively as
Grashof number, modified Grashof number and heat
source parameter.

(4) It is noticed that the Sherwood number increases with
the increasing of radiation parameter, Dufour number,
Eckert number and Soret number but decreases qualita-
tively with the increasing of in microrotational parame-
ter, chemical reaction parameter, permeability of porous
medium and spin gradient viscosity parameter.

(5) In view of that chemical reaction parameter, Schmidt
number, Soret number and Dufour number decreases the
concentration profiles.

NOMENCLATURE

x, y Cartesian coordinates (m)

u, v Velocity components (ms™!)
Dimensionless primary velocity (ms™!)
Dimensionless angular velocity (rads™!)
Dimensionless fluid temperature (K)
Dimensionless fluid concentration (—)
Spin gradient viscosity parameter (—)
Chemical reaction parameter (—)
Vortex viscosity parameter (—)

Skin friction (—)

Sherwood number (—)

Dufour Number (—)

Prandlt number (—)

Eckert number (—)

Grashof number (—)

Modified Grashof number (—)
Radiation parameter (—)

Heat source parameter (—)
Permeability of porous medium (—)
Microrotational parameter (—)

Soret number (—)

Nusselt number (—)

Schmidt number (—)
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