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Abstract : The purpose of the present paper is to analyze
the combined influence of non-linear thermal radiation and
radiation absorption on mixed convective heat and mass
transfer flow of a micropolar fluid between two vertical
parallel plates with varying temperature in the presence of
heat sources. Such type of study may be applicable in nuclear
reactors, heat exchangers and various electronic devices.
Keywords : Thermal radiation, Heat and Mass transfer,
micropolar fluid, vertical channel, Soret and

Dufour effect
- 1.INTRODUCTION
The analysis of mixed convection

boundary layer flow along a vertical plate
embedded in a fluid saturated porous media has
received considerable theoretical and practical
interest. The phenomenon of mixed convection
occurs in many technical and industrial problems
such as electronic devices cooled by fans, nuclear
reactors cooled during an emergency shutdown, a
heat exchanger placed in a low-velocity
environment, solar collectors and so on. A detailed
review of convective heat transfer in Darcy and
non-Darcy porous medium can be found in the
book by Nield and Bejan [24].

Combined heat and mass transfer
problems with chemical reaction are of importance
in many processes and have, therefore, received a
considerable amount of attention in recent years.
In processes such as drying evaporation at the
surface of a water body, energy transfer in a wet
cooling tower and the flow in a desert cooler, heat
and the mass transfer occur simultaneously. Many
practical ~ diffusive operations involve the
molecular diffusion of a species in the presence of
chemical reaction within or at the boundary. The
study of heat and mass transfer with chemical
reaction is of great practical importance to
engineers and scientists because of its almost
universal occurrence in many branches of science
and engincering. Several authors have discussed
[Mulhucumaraswamy and Ganesan [21, 22, 23],
Deka et al. [9], Chamkah [7], Raptis and Peridikis
(26), Seddeck et al. (28], Ibrahim et al. [16] the
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effect of chemical reaction on fluid flow past semi
infinite plate.

The study of heat generation or absorption
effects in moving fluids is important in view of
several physical problems such as fluids
undergoing exothermic or endothermic chemical
reactions. The volumetric heat generation has been
assumed to be constant or a function of space
variable. For example, a hypothetical core —
disruptive accident in a liquid metal fast breeder
reactor (LMFBR) could result in the setting of
fragmented fuel debris on horizontal surfaces
below the core. The porous debris could be
saturated sodium coolant and heat generation will
result from the radioactive decay of the fuel
particulate. Several authors [Vajravelu and
Hadjinicolaou [33], Hossain et al. [14], Alam et al,
(2], Chamkha [7], Hady et al. [13]] have studying
heat and mass transfer flow past semi infinite plate
under varied conditions.

The study of non-Newtonian fluid flows
has gained much attention from researchers
because of its applications in biology, physiology,
technology and industry. In addition, the effects of
heat and mass transfer in non-Newtonian fluid also
have great importance in engineering applications
such as thermal design of industrial equipment
dealing with molten plastics, polymeric liquids,
foodstuffs, or slurries. The micropolar fluid model
introduced by Eringen [10] exhibits some
microscopic effects arising from the local structure
and micro motion of the fluid elements. The
mathematical theory of equations of micropolar
fluids and applications of these fluids in the theory
of lubrication and porous media is presented by
Lukaszewicz. Eringen [11] developed a subclass of
these micro fluids, called micropolar fluids, where
the micro-rotational effects and micro-rotational
inertia exist but they do not support stretch. They
can support couple stresses and body couples only.
Physically some polymeric fluids, fluids
containing small amounts of polymeric additives,
blood, paints, lubricating oils, liquid crystals,
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colloidal fluids and suspension fluid may be thermal diffusi\{ity. The thermo physical prop:srtt;list 5‘;&06009
represented by  the  mathematical —model, of porous matrix are alsq asspmec% toizsoi(; " by < @
underlying micropolar fluids. An excellent review and Bpussmesq approximation lsthe baoyancy N
of micropolar fluids and their applications were confining the density variation to e oron flow )
provided by Ariman et al. [4]. Hoyt and Fabula term. In th; absence of any exfrani?ch & aseumed
[15] have shown experimentally that the fluids is unidirecponal along the x-axis W
containing minute polymeric additives indicate to be infinite. /———1
considerable reduction of the skin friction (about 2
25-30%); a concept, which is well explained by :
the theory of micropolar fluids. As an application, S ; w
these fluids with microstructure are also capable of = ; :
representing the body fluids. B T=cmx
The problems of micropolar fluid flow c=C; B oSty
between two vertical plates (channel) are of great L Ho —

technical interest. Several researchers [Sastry and
Rao [27], Agarwal and Dhanapal [1], Bhargava
and Rani [5], Chamkha et al. [6] Srinivasacharya
et al. [30], Gorla et al. [12], Lukaszewicz [18],
Tulasi et al. [32], Kumar et al. [17] ] have
analyzed micropolar fluids flow in channels under
different conditions. Venkatalakshmi et al [34]
have studied the influence thermal radiation on
convective heat and mass transfer flow micropolar
fluid in vertical channels with between two vertical
parallel plates with varying temperature in the
presence of heat sources. Such type of study may
be applicable in nuclear reactors, heat exchangers

2
and various electronic devices. Several authors (u+ k)j l: +kdd—N—%+ p.g(BT + B*C)
ly 'y

. Fig. 1.: Configuration of the Problem' |

Thus, the governing equations of this type of flow
can be written as:

Momentum:

have been [Mahanthesh et al [19], Mustafa et 1
al[20], Anuradha et al[3], Sher Muhammad et m ou’H? &
al[29]. Suguna et al[31]] discussed the influence of —(Cu-(——2u=0
non-linear thermal radiation on three dimensional k e
steady flow of a nanofluid past a non-linear Angular Momentum:
stretching sheet in the presence of Soret and d:N du
Dufour effects. 7 —k—-2kN =0 (2
dy* dy
2. FORMULATION OF THE D eqiarion:
P d*T k. du k du
ROBLEM | bt U+ ) + = (= 42N +
-We consider a fully developed laminar dy 2 dy 2 dy
C?ﬂVeCthC hegt and mass transfer flow of a dN
viscous, elec_:trlcally conducting fluid through a +7(d—)2 ~OT+QC- ®
porous medium confined in a vertica] channel “
bo;nded by flat walls. We choose a Cartesian co- 9(qz) DK, d*’C
ordinate system O (x, y, z) with x- axis in the B + 2=
ye’rt_lcal direction and y-axis normal to the walls. » Cst @
u’ is the vel(}clty component along the x-axis the Diffusion equation:
component of micro rotation, T-the temperature d*C D:K; d*
a_nd C —the concentration, Temperature islzlarying D, = k,C+ rKr d Z’ —0 @
linearly along the x-axis with cx and mcx being the dy Lo dy |
temperature of the left (y=-L) and the right hand T}le appropriate physical boundary conditions are
pla?e (y=+L) respectively while the walls are given by |
ziiﬁtf;) ed at constant concentration, The porous u=0, N=N,, T=cx, C=Cl,on y=-L
IS assumed to pe isotropi
h i _ opic and u=0,N=N_, T= = =
omogencous with constant porosity and effective ’ i e 0"(5))’ 7
2
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where m s the wall temperature ratio parameter
and ¢ 18 the varyving temperature

The non-dimensional temperature

N
2in) - 7 can be simplified as

" -

T=T_(14(0,~10)

where 8, == is the temperature ratio and
equation (1) under  Rosseland  approximation
reduces to

d'T kodu, k du dN ,

kA ——4(u+— %D ikl
PR L ( EU A

160°T) d'T DA,dC

'Q:.T‘QIC
3B, dv CC dy’

=0

(6)
Introducing the dimensionless functions f, g,0 and
¢.defined b\'

Vv L
- :___ T—— c==
n=u -/, 5% )
4 3 2 (
vl 2 g.U, = pﬂg,L ,S=#Uo
LS H kcl

The set of differential equations (1)-(4) can be
written in the following form:

(l+A)—d;-f,-+Ad—g+(0+N¢)—
dn~ dn

u: ar ®
-(D"+Mf)/=__'uo_2__
kjpgcﬂ(CL) dx
d'g d
__éi__f_ g=0 )
dn® dn
(|+4Rd)1—0-+(|+ )( f) +— (f+2g)2
2
+AA(—§'-)’-(10+QI¢+Du——¢-+ (10)
dy dy’
i Rd(O, -1’ (300" +0°0")+3Rd(0, - 1)’
(200" +6°0°)+3Rd(O, - 1)(0"* +00") =0
d. 2
L -,wscso-d—g:o (1)
dn’ dn’

Where 4=k/p is the dimensionless micropolar

parameter, A = Z;w is the dimensionless micro

]

rotation parameter, AP =

,pg,/l((!) dx
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1= ‘;‘— Is the Darcy

pressure gradient parameter, D
I

| :
parameter, S¢ =-—— 15 the Schmidt number,

m

- pac is the buoyancy ratio,

ol
Rd = do’l, is the radiation
ok
D KT -T,) .
parameter, S0 = ——"%(—_'—C—)zl is the Soret
D K, (C -C,
parameter, Du = _CTCTEYI_—_Z—)- is the Dufour

parameter ,where g =(u,0,0) is the velocity, T, C
are the temperature and Concentration, p is the
pressure ,p is the density of the fluid ,Cp is the
specific heat at constant pressure, p is the
coefficient of viscosity, k is the permeability of
the porous medium, & is the porosity of the
medium,p is the coefficient of thermal expansion,

ke is the coefficient of thermal conductivity , B is

the volumetric coefficient of expansion with mass
fraction concentration, kc is the chemical reaction
coefficient and Dm is the chemical molecular
diffusivity, q, is the radiative heat flux, k; is the

cross diffusivity and &, is the chemical reaction

coefficient. Here, the thermo physical properties of
the solid and fluid have been assumed to be
constant except for the density variation in the
body force term (Boussinesq approximation) and
the solid particles and the fluids are considered to
be in the thermal equilibrium).

The condition: AP =0— % =0 corresponds to a

free convection flow, while non-zero values of the
pressure gradient corresponds to a mixed
convection flow.

The corresponding boundary conditions are

f=0,g=—N0=g,,,0=%S,C=l onn=-1

U, (12)
f=0,g=§gN0 =g,,,0=m—'£—S,C=00n n=+l

0
The differential equations (8)-(11) with the
boundary conditions as those given in (12) have
been solved numerically using the finite clement
technique for the different parameters, namely the
pressure  gradient  parameter AP, micropolar
parameter A, Surfuce condition parameter go,
Magnetic parameter M, Darcy parameter D"'
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Schmidt number Sc, heat source parametera,
Radiation parameter Nr, Radiation absorption
parameter Q1 and the variable X.

3 SHEAR STRESS, NUSSELT
NUMBER AND SHERWOOD
NUMBER

The shear stress on the boundaries y = *1 in the

df

non-dimensional formis T ., = (—y) Jetl
The rate of micro rotation on the boundaries

y=1%1 inthe non-dimensional form is

dg
m,. ., = (_) =
y=tl dy y=tl
The rate of heat transfer (Nusselt Number) is given
dé
by Nu,_.; = (_d;) y=tl
The rate of mass transfer (Sherwood Number) is
: d¢
given by Sh_.,=(=),-
y=t1 dy) y=tl

4 COMPARISON
In the absence of temperature ratio (Al = 1.0) the
results are good agreement with Venkatalakshmi
et. al.[34].
Table-1
Shear Stress, Couple Stress, Nusselt Number
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5, RESULTS AND DISCUSSION

The velocity, micro rotation, temperature
and concentration have been evaluated by
employing the finite element method and the
results as shown graphically in Fig. 2a — %a. The
values of material constants S, L and A are taken
to be fixed at 1.0 each while m is kept to be fixed

«1 SOr2 D)

ISSN NO: 0894 &

at 2.0 and the effect of other important parameters,

namely ~ pressure gradient parameter ~ Ap,
micropolar parameter 4, buoyancy Ttatio N,
temperature ratio(A1=6w), Schmidt number Sc,
surface condition g0, heat source parameter a,
chemical reaction parameter Y, radiation absorption
parameter Qi ,thermal radiation parameter Rd,
Soret parameter So, Dufour parameter Du and

axial distance X.

The velocity ®, microrotation  (g),
temperature  (9) and concentration (C) with
Grashof number (G)- Figs.2a-2d represent the
variation of g0 and C with magnetic
parameter(M). Higher the Lorentz force smaller
the velocity and actual concentration, larger the
temperature. The microrotation reduces in the left
half and enhances in the right half of the channel
with increase in M(fig.2b).

The effect of micropolar parameter (») and
A on the flow variables can be observed from
figs.3a-3d. From the profiles we find that the
velocity and temperature grows with increase in A
(figs.3a&c). An increase in A reduces the
microrotation (g) and actual concentration in the
left half and enhance in the right half of the
channel (figs.3b&d).

Figs.4a-4d demonstrate the variation of the
flow variables with temperature ratio (Al). For
higher values of Al,we notice an enhancement in
the velocity, temperature and depreciation in the
actual concentration in (-1,1). The microrotation
reduces in the left half and enhances in the right
half of the channel (fig.4b).

Figs.5a-5d demonstrate fg0 and C with
thermal radiation parameter(Rd).We find that an
increase in Rd reduces f in (-1,-0.5) and
microrotation in (-1.0,0) while in the remain in g
region they enhance. The temperature enhances in
the region (-1,-0.5),in the region (-0.5,-0.25) it
reduces with increase in Rd<3.5,enhances with
higher values of Rd>5 while in the region(-
0.25,1.0),it enhances with Rd(fig.5¢c).Higher the
thermal radiation larger the actual concentration in
the flow region(-1,1)(fig.5d).

The effect of thermo-diffusion and
diffusion-thermo on f,g,0 and C can be seen from
figs.6a-6d. From the profiles we find that
increasing  St(or decreasing Du) leads to a
reduction in the velocity and temperature in the
entire flow region. An increase in Sr (or decrease
in Du) enhances the microrotation in(-1,0),actual
concentration in (-1.0,0.5) while g reduces in
(0,1),C reducers in (0.5,1.0)
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The effect of chemical reaction parameter
) on £,8,0 and C is exhibited in figs.7a-7d. The
velocity, temperature enhances, Thf: microrotation
(g) reducers in both the degenerating/ generating
chemical reaction cases. The actual concentration
reduces in the degenerating chemical reaction case
and enhances in the generating case in the left half
while in the right half of the channel, the actual
concentration reduces in both degenerating/
generating cases.

The effect of radiation absorption
parameter (Ql) on the flow variables can be
observed from figs.8a-8d.From the profiles we
find that Higher the radiation absorption larger the
velocity and temperature in the flow region
(-1.0, 1.0) The microrotation reduces in the left
half (-1.0, 0), actual concentration reduces in
(-1.0, -0.25) while in region (-0.25, 1.0) they
enhance with increase in Q1.

Figs.9a-9d represent the variation of
velocity, micro rotation, temperature  and
concentration distributions with pressure gradient
Ap, while other parameters x, R, g, Sc, Sr, Dy, A,
N, o, are assumed to be fixed as 1, 1, 3, 1.3, 2.0,
0.03,1.01, 1, 2, respectively. From the profiles we
find that an increase in the pressure gradient (Ap),
reduces the velocity and increases the temperature.
An increase in Ap, enhances the microrotation,
reduces the actual concentration in the left half
while in the right half of the channel, a reversed
effect is noticed in g and C.

The skin friction(t),couple stress (Cw),
Nusseltr number(Nu) and Sherwood number (Sh)
on the walls 7 =*1 are exhibited in tables 2&3
for different parametric variations. The skin
friction enhances with increase in G at both the
walls. The couple stress (Cw), Nusselt number
(Nu) and Sherwood number(Sh) enhance at the left
wall n=-1 and reduces at the right wall n=+1.An
increase in magnetic parameter(M) enhances 1 at

n=%1.Cw, Nu and Sh enhancer at n=-1 an d
reduce at =+1 with increase in M.

Lesser the molecular diffusivity larger the
skin friction and smaller Cw at m=-1 while at
N=+1, smaller t and larger Cw. Nu and Sh enhance
at n=tl. Increasing Soret parameter Sr(or
decreasing Du) leads to an enhancement in © and
Sh, depreciation in Nu at 1=+1.Cw enhances at
M=-1 and reduces at n=+1 with increasing Sr(or
decreasing Du).

An increase in chemical reaction
Parameter (y) reducers the skin friction at the left
wall and enhances at the right wall in the

Volume 11, Issue 11, 2020
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degenerating chemical reaction case while in the
generating case,,t enhances at both the wa}ls. Cw
enhances at n=-1 and reduces at n=+_1 in both
degenerating/generating chemical reaction cases.
Nu enhances at n=-1 and reduces at n=+1 with
increasing |y|. Sh enhances at n=-1 and reduces at
n=+1 for y>0 and for y<0, it reduces at both the
walls. .
An increase in radiation absorption
parameter (Q1) reduces t at =-1 and enhances at
n=+1, Cw, Nu and Sh enhance at the left wall and
depreciate at the right wall with increase in Q! -
With respect to thermal radiation
parameter (Rd) we find that higher the radiative
heat flux, larger 1, smaller Cw at n=-1 and at
n=+1,smaller t,larger Cw. The rate of heat and
mass transfer depreciate with Rd at both the walls.
An increase in temperature ratio(A1<1.15)
decays v and for higher A1>1.20, it enhances at the
left wall and reduces at the right wall. Cw, Nu and
Sh enhances at m=-1 and reduces at n=+1 with
increase in Al.Thus the non-linear thermal
radiation (A1) leads to an enhancement in Nu and
Sh at the left wall and reduction at the right wall.
An increase4 in micropolar parameter
(8<2) reduces t and for higher A>3, it enhances at
n=-1.At n=+1,t enhances with increase in A. The
couple stress enhances at m=-1 and reduces at
=+1 with increase in A. The rate of heat and mass
transfer experience an enhancement at n=t1 with
increasing A.
With respect to pressure gradient (Ap), we
find that t enhances, Cw reduces at n=-1 while at
n=+1, T reduces, Cw enhances with Ap. The rate of

heat and mass transfer reduce at both the walls
with increase in Ap.

6. CONCLUSIONS
The non-linear equations governing the flow, heat
and mass transfer flow of a micropolar fluid in a
vertical channel in the presence of non-linear
thermal radiation have been solved by Runge-
Kutta —Shooting technique .The conclusions of this
analysis are
i) An increase in magnetic field (M) reduces the
axial velocity, actual concentration and
enhances the temperature. The skin friction
(v), couple stress (Cw), Nusselt number (Nu)
and Sherwood number (Sh) grow with
increase in M.
ii) Higher the thermal radiation (Rd) smaller the
velocity, larger the temperature and actual
concentration in the region (-1,0) and they
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enhance in (0,1),t enhances, Cw, Nu and Sh
reduce o0n the walls with Rd

iii) Increasing Sr (or decreasing Du) leads to aq
reduction in f, enhancement in 0 and actual
concentration in (-1,0) and in(0,1) f, actual
concentration reduce, temperature enhances. T,
Cw, Sh enhance, Nu reduces on the walls with
increase in Sr(or decrease in Du)

iv) An increase in radiation absorption (Ql)

enhances the axial velocity, temperature and

reducers the microrotation, actual
concentration. t reduces, Cw, Nu and Sh
enhance on the walls with increase in Ql.

An increase in micropolar parameters (A)

enhances the axial velocity, temperature sand

reduces the microrotation, actual
concentration. t reduces, Cw, nu and Sh

enhance on the walls with increase in A, 1

enhances, Cw, Nu,

Vi) An increase in pressure drop (Ap) enhances
microrotation, temperature and reduces the
axial velocity, actual concentration. enhances,
Cw, Nu and Sh reduce with in crease in Ap.

vii) An increase in temperature ratio (Al)
enhances the axial velocity, temperature and
reduces microrotation, actual concentration.t

reduces, Cw, Nu and Sh enhance on the walls
with A1,

v)

-10 ] .-(‘)5 - 0‘5 * 10

Fig.2aVariation of axial velocity(f) with M

Al=1.01, $r=0.6.Du=0.1,y=0.5,Rd=0.5, A=1, Ap=1,Q1=0.5
o

304
28
26
244
22
20
1.8+
164
144
124

M=05,10,1.5,20

r T r — 7
10 -0.5 0.0 05 1.0
Fig.2b Variation of micro-rotation(ey) with M

Al=1.01, $1=0,6.Du=0.1,y=0.5.Rd=0.5, A=]. 4Ap=1.Q1=0.5

Volume 11, Issue 11,2020

PWEE TSNS B B PTTTTIIE B DUVZL1 770 e —

AM=05,10.15,20

=T 05 05
Fig.2c Variation of temperature(8) with M
Al=1.01. 5r=0.6,Du=0.1,y=0.5.Rd=0.5. A=1, Ap=1,Q1=0 5
[of
10

03

AL=05.10,15,20

Fig.2d Variation of Concentration ( C ) withM
Al=1.01, $r=0.6.Du=0.1y=0.5,Rd=0.5, A=]. Ap=1.Q1=0.5
!

[ A=1234

-10 =05 01"

Fig.3aVariation of axial velocity(f) with A

M=0.5A1=1.01, $1=0.6,Du=0.1.y=0.5 Rd=0,5, Ap=1,Q1=0.5
2]

10

P =Y 1 4 & n It 1 1 1 n n n
J10 05 0 05
Fig.3b Variation of micro-rotation(e) with A

M=0.5,A1=1.01, $1=0.6,Du=0.1,y=0.5,Rd=0.5, Ap=1,Q1=0.5

L
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Fig.3d Variation of Concentration ( C ) with A
M=0.5.A1=1.01. Sr=0.6,Du=0.1,y=0.5 Rd=0.5. Ap=1,Q1=0.5

1L

Ty 03
Fig.4aVariation of axial velocity(f) with Al
M=0.5. Sr=0.6,Du=0.1,y=0.5,Rd=0.5, A=1, Ap=1,Q1=0.5

@

]
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| \ Al=1.05,1251520

n

-1.0 05 0.0 05 1.0

Fig.4b Variation of micro-rotation(w) with Al
M=0.5, $1=0.6,Du=0.1,y=0.5,Rd=0.5, A=1, Ap=1,Q1=0.5
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Fig.dc Variation of temperature(8) with Al
M=0.5, Sr=0.6,Du=0.1.y=0.5.Rd=0.5, A=1. Ap=1,Q1=0.5
c
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08 -
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Al =105, 125,15,20

- P
-10 -05

Fig.4d Variation of Concentration ( C ) with Al
M=0.5, S1=0.6,Du=0.1.y=0.5 Rd=0.5, A=1, Ap=1,Q1=0.5

-1
N—"

Fig.5aVariation of axial velocity(f) with Rd
M=0.5,A1=1.01. Sr=0.6,Du=0.1.y=0.5, A=1, Ap=1,Q1=0.5
@

3.0

Rd=05,15,35,5.0

Fig.5b Variation of micro-rotation(w) with Rd
M=0.5,A1=1.01. S1=0.6,Du=0.1,y=0.5, A=1, Ap=1,Q1=0.5
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Fig.7b Variation of micro-rotation(c) with y
M=0.5.A1=1.01, $1=0.6,Du=0.1,Rd=0.5, A=l, Ap=1,Q1=0.5
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Table — 2 : Stress (t),Couple stress(g'(0),Nussel;

N and Sherwood number at y =+1
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Fig.9¢ Variation of temperature() with A —’15"-‘18’622’ __5&8_53_ﬂ6286 e

i Stpetaly o il o5 | 2.0438 | 5.03782 | 5.15189 | -1.24779

M=0.5./ |.01.sl-o.e.mcl—o.|.~/=o.5.Rd-o.5.A-l,Ql—o.s 3 [ 222449 | 4.95792 | 484561 | -1.15294
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Fig.9d Variation of Concentration ( C ) with Ap T01 | -1.69465 | 5.19067 | 5.77417 -1.42083

M=0.5.A1=1.01. S1=0.6,Du=0.1,y=0.5,Rd=0.5. A=1, Q1=0.5 ITW 51079 | 5.58328 | -1.37501
B 120 [2.05849 | 5.02961 | 5.30134 | -1.29942

125 | -2.23956 | 4.94932 502986 | -1.22718

—_ . !
Table — 1 : Stress (t),Couple stress(g (0),Nusselt 69465 | 5.19067 | 5.77417 | 142083
and Sherwood number at y=1 R 5 [ -145269 | 533308 | 3.32176 | -0.642255
Parameter 1(-1) g'(1) Nu(-1) | Sh(-1) 35 | -1.35239 | 540157 | 1.68754 | 0.129193
05 | 00164307 | 611789 | -7.91095 | 3.12666 5.0 | -1.40498 | 5.39041 | 0.86327 | 0.12145
M 10 | 00336705 | -6.1569 | -7.9657 | 3.12901
15| 00539137 6.18 | -7.97867 | 3.11765
20 | 00459873 | -6.18463 | -7.94054 | 3.08956 7. REFERENCES
0.6/0.1 | 0.00864653 | -6.14178 | -8.06213 | 161286
sr/ [1.0/006 | 0025853 | -6.16308 | -8.02571 | 228921 ,
bu [T5/008 | 00539137 | __6.18 | -1.97867 | 3.11765 [1] Agarwal R.S. and Dhanpal C.: Numerical
2.0/0.03 | 0.0867199 | -6.20086 | -7.94846 | 3.93302 solutions of free convection micropolar fluid
83 _0‘06;2‘;;3 *2-‘1"1522‘: ;;%;g 331-21’;3 flow between two parallel porous vertical
v o5 00583253 | 6.18318 | -7.97914 | 3.04819 plates, Int. J. Engg. Sci. 26, 1247-1255,
15 | 0149314 | -6.24673 | -8.09529 | 29924 (1988).
‘1’-3 04’6;;(5)23 '6—2)‘1532‘;' ';-;g‘;;g 331'%3; [2] Alam M.S., Rahman M.M. and Sattar MA.:
Ql 5100696996 | 6.19036 | -8.18722 | 3.18562 MHD free convection heat and Mass transfer
2.0 0.16274 | -6.25491 | -8.39773 | 3.23881 flow past an inclined surface with heat
L0 | 0115472 | -6.06234 | -7.76413 | 3.0785 generation, Thamasat, Int. 3. Sci. Tech 11(4)
20 | 00151068 | 623493 | -12.5313 | 461418 1-8 (2006
& 30 [ 0.138381 | -6.36975 | -17.8931 | 6.34484 pp-1-8 (2006). . )
20 | 0303034 | 6.53633 | -30.3234 | 10.382 [3] Anuradpa,S and Prlya,M': Rotating ﬂow. of
ap T 0015472 | 606234 | -7.76413 | 30789 magnetite —water nanofluid over a stretching
7| 0244815 | -5.97858 | -1.4681 | 296656 s .
urface inspired by non-linear thermal
3T 0267179 |_-5.9661 | -7.37222 | 291989 s d'a' % yt o Internatiofd]
4 | 0289397 | -5.95376 | -1:27704 | 287344 radiation and mass transter, I ernationa
T0L | 0.115472 | 6.06234 | -7.76413 | 3.0785 Journal of Mathematical research, V.9,N0.2,
1.15 02922 | -5.93225 432367 1.94222 89-97 (2018)
Rd [— pp:
120 03751 | 5.86749 | -2.3575 | 128717 ! )
125 | 0366915 | 587054 | -14986 | 0.992277 [4] Ariman T., Turk M.A. and Sylvester N.D.:
[ 05| 0115472 | 606234 | -7.76413 3.0785 Review article-Applications of micro
Al L5 | 00170114 [ -6.12935 | 825642 32244 continuum fluid mechanics, Int. J. Engg. Sci.
[ 35| 0074279 | 619198 | 856009 | 3.30844 12. 273293, (1974
[ 50 016929 | 625675 | 897993 | 343062 ,273-293, (1974).

[5] Bhargava R. and Rani M.: Numerical solution
of heat transfer in micropolar fluid flow in a
channel with porous walls, Int. J. Engng. Sci.
23, 409413, (1985).

10

Volume 11, Issue 11,2020 Page No:131




r o EEEEeee

o Vv

2 .
4 Engineering Journal

[6] Chamkha A.l., Grosan T. and Pop L: Fully
developed free convection of a micropolar
fluid in a vertical channel, Int. Comm. Heat

and Mass Transfer, 29 1119-1127, (2002
(7] Chamkha A.J.: MHD ; meticd

sll;llgormly. stretched  vertical permeable
race in  the presence of heat
generation/absorption  and 4 chemical

reaction, Int. Comm, Heat Mass t
Pp. 413-422 (2003), > ronslen 3,

] I(ihamkha A.J.: Unsteady MHD Convective
Veﬁitc:lnd eI\r/Ialss btlransfer Past a semi-infinite
(2004) g. Scl. 24, pp.217-230

[9] Deka R., Das U.N. and Soundalgekar V.M.
Ef’fects' of mass transfer of flow past an
impulsively started infinite vertical plate with
constant heat flux and chemical reaction,
Forschung Ingenieurwesen, 60, pp. 284-287
(1994).

[10] Eringen A.C.: Simple micro fluids, Int. J.
Eng. Sci. 2, 2052-217, (1964).

[11] Eringen A.C.: Theory of micropolar fluids, J.
Math. Mech. 16, 1-18, (1966).

[12] Gorla R.S.R., Ghorashi B. and Wangskarn P.:
Mixed convection in vertical internal flow of
a micropolar fluid, Int. J. Engg. Sci. 27,
1553-1561, (1989).

[13] Hady F.M., Mohamed R.A. and Mahdy A.:
MHD free convective flow along a vertical
wavy surface with heat generation or
absorption effect. Int. Comm. Heat Mass
Transfer, 33 (2006).

[14] Hossain M.A., Molla M.M. and Yaa L.S.:
Natural convective flow along a vertical
wavy surface temperature in the presence of
heat generation/ absorption, Int. J. Thermal
Science. 43, pp. 157-163 (2004).

[15] Hoyt J.W. and Fabula A.G.: The effect of
additives on fluid friction, U.S. Naval
Ordnance Test Station Report, (1964).

[16] Ibrahim F.S., Elaiw A.M., Bakr A.A.: Effect
of the chemical reaction and radiation
absorption on the unsteady MHD free
convection flow past a semi-infinite vertical
permeable moving plate with heat source and
suction, communications in Non-linear
Science and Numerical Simulation, 13,
pp. 1056-1066 (2008).

[17] Kumar L., Bhargava R., Bhargava P. and
Takhar H.S.: Finite element solution of
mixed micropolar fluid flow between two

Volume 11, Issue 11,2020

11

ISSN NO: 0898-3577

vertical plates with varying temperature.
Arch. Mech., V. 57(4), pp. 251-264, (2005).

[18] Lukaszewicz G.: Micro polar fluids-Theory
and Applications, Birkhauser Boston, (1999).

[19] Mahantesh,B, Gireesha,B.J, Rama Subba
Reddy, Gorla : Nano particles effect on 3D
flow,heat and mass transfer of nanofluid with
non-linear radiation. thermal —diffusion and
diffusion-thermo effects., J.Nano, V.5, No.5,
pp.669-678 (2016) '

[20] MustafaM,Mustaq,A,Hayat,T and Alsaedi,
A: Rotating flow of magnetite —water
nanofluid over a stretching surface inspired
by non-linear thermal radiation.,Plos
O)ne.Doi:10.1371,Februvary 19, (2016).

[21] Muthucumaraswamy R. and Ganesan P.:
Effect of the chemical reaction and injection
on flow characteristics in an unsteady upward
motion of an isothermal plate, J. App. Mech.
Tech. Phys., 42 pp. 665-671, (2001).

[22] Muthucumaraswamy R. and Ganesan P.:
First-order chemical reaction on flow past on
impulsively started vertical plate with
uniform heat and mass flux, Acta. Mech.,
147, pp. 45-47 (2001).

[23] Muthucumaraswamy R. and Ganesan P.: On
impulsive motion on a vertical plate with heat flux
and diffision on chemically reaction
ingenieurwesen, 66, pp. 17-23, (2000).

[24] Nield D.A. and Bejan A.: Convection in
Porous Media, third Ed. Springer-Verlag,
NewYork (2006).

[25] Nigam K.M., Manohar K. and Joggi S.:
Micropolar fluid film lubrication between
two parallel plates with reference to human
joints, Int. J. Mech. Sci. 24, 661-671, (1982).

[26] Raptis A. and Peridikis C.: Viscous flow over
a non-linearly stretching sheat in the presence
of a chemical reaction and magnetic field,
Int. J. of Non-Linear Mechanics 41, pp. 527-
529, (2006).

[27] Sastry V.UK. and Rao V.R.M.: Numerical
solution of micropolar fluid flow in a channel
with porous walls, Int. J. Eng. Sci., 20, 631-
642, (1982).

[28] Seddeek M.A., Darwish A.A. and Abdelmeguid
M.S.: Effects of chemical reaction and variable
viscosity on hydro magnetic mixed convection
heat and mass transfer for hiemenz flow through
porous media with radiation, Communications in
Non-linear Science and Numerical Simulation,
12, pp. 195-213, (2007).

[29] Sher Muhammad, Gohar Ali, Zahir Shah,
Saeed Islam and Syed Asif Hussain: The

Page No:132

A =, e Py




Complianee Eapincering Journal

rotating  flow of magneto hydrmlylmn\ic
Carbon Nano tubes over @ stretehing sheet
with the impact of non-lincar thermal
radiation and heat gcncrulion/ absorption.,
Appl.Sci,V.8.p.482,doi: 10.3390(2018)

(30] Srinivasacharya  D.y Murthy J.V.R. xmd‘
Venugopalam D.: Unsteady stokes flow of
micropolar fluid between two parallcl porous
plates, Int. J. Engg. Sci., 39, 1557-1563,
(2001).

[31] Suguna,HL.G and Bhuvana Vijaya, R Eifect
of thermophoresis o unsteady  MHD
convective heat and mass (ransfer flow of a
viscous rotating fluid past & stretching
surface with non-lincar thermal radiation,
thermo-diffusion in presence of heat sources.,
Intcrational  Journal of  Mathematics
Archives,V. l‘0,No.4,pp.58-70(20 19)

[32] Tulasi Lakshmi Devi B. and Prasada Rao
D.R.V.: Finite element analysis of convective
heat transfer flow of a micropolar fluid
through a porous medium in a vertical
channel, Ph.D. Thesis, S.K. University,
Anantapur, India

[33] Vajravelu K. and Hadjinicolaou A.: Heat
{ransfer in a viscous fluid over a stretching
sheet with viscous dissipation and internal
heat generation, Int. Comm. Heat Mass
transfer 20, pp. 417-430, (1993).

[34] Venklatalakshmi C, and Lakshmi Reddy :
Influence of Thermal Radiation, Thermo-
Diffusion, Radiation Absorption on Mixed
Convective Heat and Mass Transfer Flow of
a Micropolar Fluid In a Vertical Channel
with Variable Temperature in the Presence of
Hat  Sources, International  Journal —of
Mathematical Archieve (IIMA), Vol. No. 9,
Issue No. 10, pp. 72-84, October, (2018).

Y. b ll
Teenin 11 2000

12

ISSN NO; y98-3577

Page No:133




