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Abstract

In the paper, an analysis is performed to study the unsteady behaviour of micropolar fluid under mixed
convection and mass transfer. In the process of study, similarity transformational approach has been
considered under variable viscosity and thermal conductivity. Governing equations for the problem concerned
are developed under prescribed constraints and latter on numerically solved by using Runge-Kutta method.
The residual graphs represent various important parameters of the problem, viz., velocity, temperature, micro-
rotation, concentration of the fluid and also considered the effects of Soret and Dufour within the boundary
layers and analyzed.
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I. INTRODUCTION

The micropolar fluids are non-Newtonian fluids firstly introduced by Eringen[1, 2 ], which cannot be
described normally by classical Navier-Stokes theory. Micropolar fluid is that fluid which contains micro-
structures, can undergo rotation, the presence of which can affect the hydrodynamics of the flow. Eringen [1, 2 ]
was the first to introduce the theory of micropolar fluid. The extension on this account towards the theory and
applications can be found in the literature of Ariman et al.[16], Lukaszewicz[8] and Eringen[1, 2]. Micropolar
fluids practically appear in the field of navigation, submarine, aeronautics, solidification of liquid crystals,
prediction of environment pollution in the ocean, atmosphere and in many other industrial fields. Different
problems of heat and mass transfer had been undertaken by the researchers considering the importance of
micropolar fluid. Peddison and Mc. Nitt[12] derived the boundary layer theory which was important in the light
of a number of technical processes. Oianrewaju[15], Hazarika and Phukan[10] and also many researchers
studied the behaviour of micropolar fluids in steady state on different environments. Hayat[18], El Aziz[14],],
Thakur et al.[16 ] , Baruah and Hazarika[11] studied Micropolar fluids in the unsteady state. The study of
unsteady flow over stretching surface has its own importance as it is not possible to maintain steady-state
conditions in the velocity and thermal fields due to impulsive change in the surface velocity or temperature (heat
flux).

The energy flux caused by composition gradient is called the Dufour or Diffusion thermo effect, on the
other hand mass fluxes which can be created by temperature gradient is the Soret effect. As for instance, Soret
effect has been utilized for isotopic separation and in the mixture between gases with very light molecular
weight (H,, He). For medium molecular weight (N, air), the Dufour effect was found to be significant in
magnitude and as such, it can’t be neglected. The results in this direction was proved by the works of Eckert
and Drake [6]. Succinctly, Soret and Dufour effects seemed to be very much apposite when temperature and
concentration gradients are high.

Taking into account of the importance of the aforesaid effects many researchers such as D.
Srinivasacharya et al.[5], MBK Moorty et al.[13], Aurangzaib et al.[] discussed micropolar type of problems in
various different environments. In all the above cases, viscosity and thermal conductivity consider as constant
quantities. The aim of the present paper is to study Soret and Dufour effects heat transfer on unsteady
boundary layer electrically conducting micropolar fluid in porous medium, considering viscosity and thermal
conductivity as variable, where there has been a very less work available in this direction .
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Il. FORMULATION OF THE PROBLEM
Unsteady micropolar fluid flow of an incompressible fluid is being considered in a porous medium
over a stretching sheet with Soret and Dufour effects. A transverse magnetic field B, is imposed along y axis.
Magnetic Reynold number is taken as very small so that induced magnetic field can be neglected. The surface
ax
stretched with linear velocity considering as U, = m (a=>0,>0andpt <1). The basic equations of

the boundary value problem of micropolar fluid are as follows:
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With boundary conditions:

u=u, ,v=0 ,N:—n%u , T=T, ,C=C,as y=0

u—->0,v—>0 ,T>T ,C—>was y—>ow

u,v are velocity in x and y directions, Bt and B are coefficients of thermal and concentration
expansion. Density of the micropolar fluid represented by ‘p’, vortex viscosity by «, spin gradient viscosity by
‘v’ o is the electrical conductivity, permeability of porous medium given by “k”, micro inertia per unit mass by
‘j’, g acceleration due to gravity, c, is the specific heat at constant pressure, c, concentration susceptibility, D
mass diffusivity, ‘A’ is thermal conductivity, A, mean fluid temperature. The surface temperature of the
stretching sheet T,, (X, t) and concentration field are considered as:

TW:TDO+L . C,=C, +—X (7

+
2 1 w 0 2 ssesecsccccsccsccccscne
(1-41) d-p1)
Where b and c are positive constants, but b > 0 corresponding for assisting, and b< 0 for opposing flows,

also, in case of force convection i.e., in absence of buoyancy force b=0. In the above equations considering a
linear relation for spin gradient and micro-inertial per unit mass as:

K. 1 . K
y=lpu+—1] =pll+=A|jwhereA=— e ®)
2 2 y7i

Which by Ahmadi [9], gives the correct behavior of the fluid when microstructure effects became negligible in
limiting case and the microrotation reduces to angular velocity. The equations (1)-(5) are changed into ordinary
differential equations by using similarity variable as:
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Where f(77) , 9(77),0(n) ,4(n) are dimensionless stream function, micro-rotation function, temperature

distribution , concentration function respectively. Assuming fluid viscosity and thermal conductivity as linear
function of temperature (Lai and Kulaki[7 ])
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In this relation b™, T, and ¢”, T, are constants , their values depend on reference state and the thermal property
of the fluid. Using the above relations in equations (1) to (5), the equations take the form as below:
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With boundary conditions:

f'n)=1,f(m) =0 ,9(n)=-nf"(n) ,0(n) =1, ¢() =1 as 77=0J
"f/(0)=0, g(0)=0, O(x)=0, @©)=0 as n—
Where A=p/a, unsteady parameter.

M =B, o | pa magnetic parameter, B = u(l-—,b’t) = _l:JX dimensional parameter.
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Two important physical quantities the skin friction C; and Nusselt number N, are defined by
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After simplification it becomes:
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I11. RESULTS AND DISCUSSIONS

Final boundary value equations (11) to (14) are solved by Runge- Kutta fourth order equation with
shooting technique by developing a computer oriented program. The computed results of the equations for

various values of parameters such as unsteady parameter A, thermal conductivity parameter 6r , viscosity
parameter &C , magnetic parameter M, Grasof numberGr , Dufour number Df

Soret number Sr are expressed as velocity , temperature, micro-rotation and concentration profile etc. and

presented graphically in fig:1 to 18.
The effects of various parameters on velocity profile are presented in fig:1-4. Velocity increases with
the increasing value of Grashof number and micropolar parameter. On the other hand velocity decreases for

various values of viscosity parameter 6’c and magnetic parameter M. Lorentz force exists due to the presence of

applied magnetic field, this force acts opposite to the motion of the fluid for which, physically velocity
decreases.
The temperature profile for various values of important parameters presented by fig: 5-8.

Temperature increases for magnetic parameter, Grashof and Eckert number but decreases with the increasing
value of unsteady parameter and Prandtls number. Magnetic parameter increases the viscous and Lorentz force
both of them resists the fluid flow. Fluid has to work against these forces as a result temperature increases on
increasing value of M. Because of the increasing value of Prandtl number, thermal conductivity decreases for
which temperature also decreases.

The micro-rotation effect and concentration of the fluid for various parameters are shown in fig:9-12.
Micro-rotation decreases as the increasing value of micropolar parameter and Grashof number and increases as

for the increasing value of unsteady and magnetic parameter. Due to increasing value of parameter D, ,SC ,

G, and S, , micro-rotation effect increases but for E_it is decreases . All the numerical results are

calculated by taking initial values of the parameter as M=1, S; =0.2, E.=0.5 ,06. =2, ,0, =3, B=-1, A=0.25, P,=.72,
Sc=1, Df=0.15, G,=0.1, G,=0.1, N=0.5 ,K,=0.5 etc.
The values of Skin friction and Nusselt number are given in Table: 1 to 3 for combined values of different

parameters. The missing values of the functions '/ (0), € (0), ¢'(0), g’(0) also given in the same

tables. The Table:l (one) reflects that increasing value of thermal conductivity and Prandtls number give
increase of both the coefficient of Skin friction and the Nusselt number. In Table:ll (two) it has been observed
that increasing value of magnetic parameter give decrease of both of them. For increasing value of viscosity
parameter, skin friction increases but Nusselts number decreases. ~Comparing values of Skin friction and
Nusselt number are presented in Table:IV (four), where it is observed that due to consideration of variable
viscosity and thermal conductivity, the results are appeared to be with some differences.

ISSN: 2231-5373 http://www.ijmttjournal.org Page 234




International Journal of Mathematics Trends and Technology (IJMTT) — Volume 58 Number 4 - June 2018

1
0.9 1 ool ]
08f 1 0sl 6c=1.35 |
o | 07 1
2 0.6 1 _osf |
Q F 4
2% T o5 1
Q oa4f 1 oS
o 04 1
0.3F 1 >
0.3r 1
0.2 1
0.2r 4
0.11 1
0.1 1
ok L L L L L I
0 05 1 15 2 25 3 35 4 45 5 0 . . -
0 1 2 3 4 5
Fig: 1 Fig:2
1 T T T T T T T T T
1 T T T T T T T T T
0.9F 4
Gr=.25,0.5,.75,1 0.8
0.8 b
0.7 4
0.7 T
0.6 4
0.6 7 2 | i
> § 0.5
3 05 1 E
% 0.4 4
~ o0af N
’ 0.3F B
0.3 T
0.2 B
0.2 b 01k ]
0.1 b
or L L L L L
0 ) ) ) ) ) ; 0 05 1 15 2 25 3 35 4 45 5
0 0.5 1 15 2 25 3 35 4 4.5 5
Fig:3 Fig:4
1 1
0.9 —
f
osl [A=oz.00.08 ] ] o 08 M=1.2,3
S
o7y 1 % 0.6 ]
o 0.6F ] ©
E )
g o5l — Q 0.4 k!
g £
2 o04ar B o
3
o0l | 0.2
0.2 ) 0 . . .
0.1t E 0 1 2 3 4 5
o] 0.5 1 15 2 2.5 3 3.5 4 4.5 5 T]
Fig:5 Fig:6

ISSN: 2231-5373 http://www.ijmttjournal.org Page 235




International Journal of Mathematics Trends and Technology (IJMTT) — Volume 58 Number 4 - June 2018

1
o9t B 08—
I ) -
o0 = Pr=.25,5,0.75,1
0.7F E 06—
0.6 fe.
o
?;5 g— 041
0.4 q)
-
03l g 0.2F
o 0*
‘ 0 1 2 3 4 5
n 1
fig:7 fig:8
1
091 q
A=1,1522538 0.7 b
ol | o
S 2 06f i
5]
5 o3 Zd 051 1
e 0.4 ]
o ]
E o ] 03} ]
0.2 q
0.1f
0.1 4
0 ‘ ‘ ‘
0O 1 2 3 4 5 0 1 2 3 4 5
- n
fig: 9 fig:10
05
06 i
0t
g 057 M=10,15 20 1
:
.37 c
: 03 S0 |
£ g
g o g ol |
.
i)
01l £ 02 i
0 L L L L L L L L L i
0 05 1 15 2 25 3 35 4 45 5 01
N
0 | | | | | | | | |
0 05 1 15 2 25 3 35 4 45 5
l
fig :11 fig:12

ISSN: 2231-5373 http://www.ijmttjournal.org Page 236




concentration

International Journal of Mathematics Trends and Technology (IJMTT) — Volume 58 Number 4 - June 2018

0.8 A
osf ]
041 B 05} 4
0.2f ] é
ot
0.2 1 T o
041 A
06F i
| | | | | | -0.5F )
0 0.5 1 15 2 25 3 35 4 45 5 s o5 > = s 5 L 35 . e .
. ) . 2 . )
Fig: 13 Fig:14
1
05 !
: o [emozohos
0 o
'g 0 0.6
H _5 0.4t
8 g
2 5p £ o2
3 s .l
S o]
ar 0.2
0.4
150 | { | | | | | |
0 05 1 15 2 25 3 35 4 45 5 0'6(; S s 5 " L
1 n
fig:15 fig:16
Tablel
or | Pr | f'(0) 0’(0) $’(0) g2’(0) cf Nu
2105 -1.07821 | -0.72476 | 0.068673 | -2.85615 | -2.69553 | 1.449528
2 1| -1.06283 -1.0167 | 0.068884 | -4.09018 | -2.65709 | 2.033405
3105 -1.07567 | -0.79117 | 0.068763 | -3.15986 | -2.68918 | 1.186751
3 1| -1.06061 | -1.10092 0.06895 | -4.56296 | -2.65152 | 1.651384
4105 |-1.07463 | -0.81874 0.0688 | -3.28601 | -2.68658 | 1.091648
4 1 -1.0597 | -1.13533 | 0.068978 | -4.75576 | -2.64926 | 1.513778
Table2
oc| M f'(0) 0’(0) ¢’ (0) g’(0) cf Nu
2| 0.25 | -0.96254 | -0.95563 | 0.066737 | -3.81427 | -2.40634 | 1.433448
2 0.5 | -0.99853 | -0.95246 | 0.067492 | -3.80672 | -2.49632 | 1.428692
2| 0.75 | -1.03349 | -0.94941 | 0.068204 | -3.79939 | -2.58371 | 1.424108
2 11| -1.06749 | -0.94646 | 0.068876 | -3.79226 | -2.66872 | 1.419682
3| 0.25 | -1.01019 | -0.95245 | 0.067375 | -3.80549 | -2.02039 | 1.428669
3 0.5 | -1.04675 | -0.94926 | 0.068118 | -3.79785 | -2.09351 | 1.423885
3| 0.75 | -1.08224 | -0.94618 | 0.068819 | -3.79044 | -2.16448 | 1.419276
3 11 -1.11674 | -0.94322 0.06948 | -3.78324 | -2.23347 | 1.414827
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41 0.25 | -1.02841 | -0.95114 | 0.067646 | -3.80202 | -1.88542 | 1.42671
4| 05| -1.06514 | -0.94795 | 0.068384 | -3.79435 | -1.95275 | 1.42192
4| 0.75 | -1.10078 | -0.94487 | 0.069079 | -3.78692 | -2.01809 | 1.417306
Table3
or| M | (o) 0’(0) ¢’(0) g’(0) cf Nu
2 | 0.25 | -0.96455 | -0.8786 | 0.066658 | -3.42402 | -2.41138 | 1.757191
2| 05 -1.00069 | -0.87569 | 0.067414 | -3.4178 | -2.50172 | 1.751386
2 |0.75 | -1.03578 | -0.87289 | 0.068127 | -3.41173 | -2.58946 | 1.745787
2 1] -1.06992 | -0.87019 0.0688 | -3.40582 | -2.6748 | 1.740377
3] 0.25 | -0.96254 | -0.95563 | 0.066737 | -3.81427 | -2.40634 | 1.433448
3| 0.5]-0.99853 | -0.95246 | 0.067492 | -3.80672 | -2.49632 | 1.428692
3] 0.75 | -1.03349 | -0.94941 | 0.068204 | -3.79939 | -2.58371 | 1.424108
3 1] -1.06749 | -0.94646 | 0.068876 | -3.79226 | -2.66872 | 1.419682
41 0.25|-0.96172 | -0.98736 | 0.06677 | -3.9749 | -2.40429 | 1.316486
4| 0.5 -0.99765 | -0.98409 | 0.067525 | -3.96681 | -2.49412 | 1.312116
4 10.75 | -1.03255 | -0.98093 | 0.068236 | -3.95897 | -2.58137 | 1.307905
4 1| -1.0665 | -0.97788 | 0.068908 | -3.95135 | -2.66625 | 1.303841
Tabled
Gr | A C, N,
Present result | Reference[3] | Present result | Reference[3]
020 |-281015 -1.4221 1.39649 1.1276
1.5 | -2.60341 -2.4815 1.43040 1.1284
06 |0 |-257224 -1.3087 1.41435 1.132
1.5 | -2.4247 -2.2899 1.44146 1.1327
1 |0 |-2.34314 -1.1916 1.430406 1.4992
1.5 | -2.24997 -2.1190 1.451736 1.4997

IV. CONCLUSIONS

Unsteady micropolar fluid flow on streatching surface with heat and mass transfer in presence of
magnetic field with Soret and Dufour effects has been considered taking viscosity and thermal conductivity as
time dependent variable. In the light of above numerical results, an analysis of the graph is being conducted
and conluded as follows :
1.The momentum boundary layer field increases as the increasing values of A ,G, but decreaes as as the

increasing values of 6. , M .
2.Thermal boundary layer thickness increases due to increasing value of magnetic parameter and G, , E_ but
reverse effect has been seen for unsteady paramter and p .

3.Thickness of concentration boundary layer increases due to the increase of physical parameter S; G, , Ds and
decreses for E..

4.Micro-rotation effect increases due to increase of unsteady and magnetic parameters while it decreses for G,
and A.

5. Increasing value of thermal conductivity both Skin friction coefficient and Nusselts number decreases while
increases for P,

6. Increasing value of thermal conductivity and decreas value of magnetic parameter together increas the value
of Skin friction but decreas the Nusselts number.

7. Changing both the parameter thermal conductivity (increasing) and magnetic parameter (decreasing)
distintctively effect the Skin friction.
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