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Abstract: We examine the instantaneous effects of chemical reaction and radiation absorption on unsteady
MHD free convective heat and mass transfer flow for a micro polar fluid bounded by a semi infinite vertical
plate in the presence of heat generation and thermal radiation. The plate is assumed to move with a constant
velocity in the direction of fluid flow. A uniform magnetic field acts perpendicular to the porous surface in
which absorbs micro polar fluid with a suction velocity varying with time. The dimensionless governing
equations of the flow, heat and mass transfer are solved analytically using regular perturbation method. The
effects of various pertinent parameters on flow, heat and mass transfer properties are discussed analytically and
explained graphically. Also the velocity profiles of micro polar fluid is compared with the corresponding flow
problem for a Newtonian fluid and found that the polar fluid velocity is decreasing.

Keywords: Chemical reaction, heat transfer, micro polar fluid, MHD, thermal radiation

I.  Introduction

The theory of micropolar fluids was first introduced and formulated by Eringen [1]. This theory
displays the effects of local rotary inertia and couple stress. The theory is expected to a mathematical model for
the non-Newtonian fluid behavior observed in certain fluid such as exotic lubricants, colloidal fluids, liquid
crystals etc., which is more realistic and important from a technological point of view. The theory of thermo
micropolar fluids was developed by Eringen [2] by extending his theory of micropolar fluid. Sharma and Gupta
[3] studied the effects of medium permeability on thermal convection in micropolar fluids. Prathap Kumar et al.
[4] have studied the problem of fully developed free convective flow of micropolar and viscous fluids in a
vertical channel. Muthu et.al. [5] studied peristaltic motion of micropolar fluid in circular cylindrical tubes.
Srinivasacharya et.al. [6] analyzed the unsteady stokes flow of micropolar fluid between two parallel porous
plates. Muthuraj and Srinivas [7] investigated, fully developed MHD flow of a micropolar and viscous fluids in
a vertical porous space using HAM. Kim [8] investigated the effects of heat and mass transfer in the MHD
micropolar fluid flow past a vertical moving plate.

The role of thermal radiation on the flow and heat transfer process is major importance in the design of
many advanced energy conversion systems operating at higher temperatures. Thermal radiation within the
system is the result of emission by hot walls and the working fluid. Effects of chemical reaction and thermal
radiation on heat and mass transfer flow of MHD micropolar fluid in rotation frame of reference is investigated
by Das [9]. A complete analytic solution to heat transfer of a micropolar fluid through a porous medium was
analyzed by Rashidi et al. [10].MHD flow of a micropolar fluid towards a vertical permeable plate with
prescribed surface heat flux is investigated by Nor Azizah et al. [11]. Ezzat et al. [12] steadied the combined
heat and mass transfer for unsteady MHD flow of perfect conducting micropolar fluid with thermal relaxation.
Peristaltic motion of a magneto hydrodynamic micro polar fluid in tube is analyzed by Yongqi Wang et al. [13].
Patil , Kulkarni [14] studied the effects of chemical reaction on free convective flow of a polar fluid through a
porous medium in the presence of internal heat generation. Kesavaiah et.al, [15] investigated, effects of the
chemical reaction and radiation absorption on an unsteady MHD convective heat and mass transfer flow past a
semi-infinite vertical permeable moving plate. Effects of chemical reaction on unsteady MHD heat and mass
transfer flow past a semi infinite vertical porous moving plate in the presence of viscous dispation is analyzed
by Bhagya Lakshmi[16]. Many researchers [17-20] have studied the problem of non-Newtonian fluid flows
analytically and numerically over various flow geometries.

In this paper we examine the instantaneous effects of chemical reaction and radiation absorption on
unsteady MHD free convective heat and mass transfer flow for a micropolar fluid bounded by a semi infinite
vertical plate in the presence of heat generation and thermal radiation. The plate is assumed to move with a
constant velocity in the direction of fluid flow. A uniform magnetic field acts perpendicular to the porous
surface in which absorbs micropolar fluid with a suction velocity varying with time. The dimensionless

International Conference on Recent Innovations in Civil & Mechanical Engineering 7 | Page
[i- CAM2K16] DOI: 10.9790/1684-16053030714


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TYC-4P59XFG-2&_user=2968410&_coverDate=10%2F31%2F2008&_alid=1032575810&_rdoc=1&_fmt=high&_orig=search&_cdi=5615&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=bd9fd529c3d11b07e531f9ed7115e601
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TYC-4P59XFG-2&_user=2968410&_coverDate=10%2F31%2F2008&_alid=1032575810&_rdoc=1&_fmt=high&_orig=search&_cdi=5615&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=bd9fd529c3d11b07e531f9ed7115e601
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V32-43C51NY-2&_user=2968410&_coverDate=09%2F30%2F2001&_alid=1032039028&_rdoc=4&_fmt=high&_orig=search&_cdi=5718&_sort=r&_docanchor=&view=c&_ct=5&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=e1f5fce67bb288884d2c84401a0b43cb
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V32-43C51NY-2&_user=2968410&_coverDate=09%2F30%2F2001&_alid=1032039028&_rdoc=4&_fmt=high&_orig=search&_cdi=5718&_sort=r&_docanchor=&view=c&_ct=5&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=e1f5fce67bb288884d2c84401a0b43cb
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V32-43C51NY-2&_user=2968410&_coverDate=09%2F30%2F2001&_alid=1032039028&_rdoc=4&_fmt=high&_orig=search&_cdi=5718&_sort=r&_docanchor=&view=c&_ct=5&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=e1f5fce67bb288884d2c84401a0b43cb
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V32-43C51NY-2&_user=2968410&_coverDate=09%2F30%2F2001&_alid=1032039028&_rdoc=4&_fmt=high&_orig=search&_cdi=5718&_sort=r&_docanchor=&view=c&_ct=5&_acct=C000059350&_version=1&_urlVersion=0&_userid=2968410&md5=e1f5fce67bb288884d2c84401a0b43cb

Thermal radiation and heat transfer effects on MHD micropolar fluid flow past a vertical plate with ..

governing equations of the flow, heat and mass transfer are solved analytically using regular perturbation
method. The effects of various pertinent parameters on flow, heat and mass transfer properties are discussed
analytically and explained graphically. Also the velocity profiles of micropolar fluid is compared with the
corresponding flow problem for a Newtonian fluid and found that the polar fluid velocity is decreasing.

1. Formulation

An unsteady two-dimensional hydromagnetic laminar free convection with mass transfer flow of an
incompressible, electrically conducting micropolar fluid past a semi-infinite vertical permeable moving plate
embedded in a saturated porous medium in the presence of thermal radiation and chemical reaction is
considered. The x -axis measured along the porous plate, in the upward direction and a magnetic field of
uniform strength By is applied in the y"-direction which is normal to the flow direction. Since, the motion is two
dimensional and length of the plate is very large so all the physical variables are independent of x” and they are
functions of normal distance y'and t'only. It is assumed that there is no applied voltage which implies the
absence of an electrical field. The transversely applied magnetic field and magnetic Reynolds number are
assumed to be very small so that the induced magnetic field is negligible. It is assumed that the hole size of the
porous plate is significantly larger than a characteristic microscopic length scale of the porous medium. The

suction velocity is assumed to be " = -V, (1+ sAe’! ) where A is a real positive constants and ¢ and A are

small values less than unity, and V, is scale of suction velocity which is non-zero positive constant. The negative
sign indicates that the suction is towards the plate. The fluid properties are assumed to be constant except that
the influence of density variation with temperature and concentration has been considered in the body-force
term. The concentration of diffusing species is very small in comparison to other chemical species, the
concentration of species far from the wall C,, is infinitesimally small and hence the Soret and Dufour effects
are neglected. The chemical reactions are taking place in the flow and all thermo physical properties are
assumed to be constant.

Under these conditions, the governing equations can be written in a Cartesian frame of reference as:
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The appropriate boundary conditions for the velocity, angular velocity, temperature and concentration
fields are

u =Up,T =TW+8(|-W—TOO)E t, (6)
« ou . . . s
o =—n—,C =C, +¢&(C,—-C_)e’" aty—0 (7
oy
U U, =U,1+&e""),T >T,,C">C,,0' >0 aty—>x ®)

in which t”is the time, ¢ is a scalar constant,Uy is a scale of free stream velocity.
Outside the boundary layer, equation (2) gives
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The radiative heat flux term by using the Rosseland approximations given by
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Where T =4T7°-3T"* a1)
We introduce the dimensionless variable as follows:
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Furthermore, the spin-gradient viscosity y which, gives same relationship between the coefficients of viscosity
and micro inertia is defined as

Py
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In view of equations (9) — (13), the governing equations (2) — (5) reduce to the following dimensionless form:
du, o U
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Where n=2/Q2+p)=pj*/y (18)
The boundary conditions (6) and (8) are then given by the following dimensionless form:
u :UP’0:1+5e5t,a):—n%J ,C=1+ge” at y—0 (19)
u=U — (1+¢e”),0 >0,0—>0,c—0 at y—o (20)
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I11. Solution of The Problem
In order to reduce the above system of partial differential equations in dimensionless form, we may represent the
linear and angular velocities, temperature and concentration as:

u=u,(y)+ee’u (y)+o(s?) (21)
w=a,(y)+ee”w(y)+0(s?) (22)
0 =0,(y)+ee”6,(y)+0o(s?) (23)
c=C,(y)+se”c,(y)+0(&%) (24)

By substituting the above equations (21) — (24) into equations (14) — (17), equating the harmonic and non-
harmonic terms and neglecting the higher-order terms of O(&?), we obtain the following equations.
Zeroth- order:

L+ B, +u, —Nu, =—N —-Grg, —Gcc, — 25w, (25)
@, +nw, =0 (26)
(3+4R)8, +3Pr (6, +HE,) =—3PrQc, @7)
¢, +Scc, —Scc, =0 (28)
First-order:

(1+ Ay, +u, —(N+)u, =-u, —Grg, —Gec, 2w, — AU, (29)
@ +ne; —one =N, (30)
(8+4R)8, +3Prg —3P.(5—H)6, =—3APrg, —3PrQc, (31)
¢, +Scc, —Scc, =—ASce, (32)

Where N = (M + 1/K) the primes denote differentiation with respect to y.
The corresponding boundary conditions can be written as

U, =Up,u, =0,0, =-NU,, @ =—nu,,8,=16 =1,¢c,=1c =1 aty—0 (33)
Yo :Lulzl,a)o:0,65)120,6?0:0,91:0’(:0:0,01:0 at y—oo (34)
The solutions of equations (25)—(32) with satisfying boundary conditions (33) and (34) are given by
Up(y) =1+ae ™ +a,e™ +a,e™ +age™” (35)
c(y,t)=c,(y)+ee’c,(y) 5
ai)=ee” @7)
o (y)=cqe ™ - % e (38)
o,(y)=[1-2z)e™ +z,e™ 39)
G(y)=cee™ +z,e™ 4z, 4z, ™™ (40)
C(Y) =e ™ @1
G =2, )™ +z,e™ )
The Skin friction, Couple stress coefficient ,Nusselt number and Sherwood number are given by
2 y ' '
C, =<1 — 21+ (1—n)BJu (0) ¢ =M _ a8y
Moo #1jY, 2
Nu, Re;l =—(1+ ﬁ) % ly=o0 th REQl = _(@) l'y=0
370y oy
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Where Re, =-2-
v
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IV. Results And Discussions
For different values of the magnetic field parameter M, the translational velocity and microrotation

profiles are plotted in Fig. 1 and 2. It is obvious that the effect of increasing values of the parameter M results in
a decreasing velocity distribution across the boundary layer. The effect of magnetic field is more prominent at
the point of peak value i.e. the peak value drastically decreases with increases in the value of magnetic field,
because the presence of magnetic field in an electrically conducting fluid introduce a force called the Lorentz
force, which acts against the flow if the magnetic field is applied in the normal direction, as in the present
problem. This type of resisting force slows down the fluid velocity as shown in this figure. The results also show
that the magnitude of the microrotation on the porous plate increases as M increases.

Figure 3 and 4 illustrates the variation of velocity and microrotation distribution across the boundary

layer for several values of plate moving velocity U . in the direction of the fluid flow, respectively. Although we

have different initial plate moving velocities, the velocity decrease to the constant values for given material
parameters. The results also show that the magnitude of microrotation on porous plate increases as Up

increases.

For various values onl, the profiles of translational velocity and the microrotation across the
boundary layer are shown in Fig.5 and 6. It is clear from the graph that the translational velocity increases with
an increase of QI , wWhich is due to the fact that when heat is absorbed the buoyancy force which accelerated the

flow rate. The results also show that the magnitude of microrotation on porous plate decreases as QI increases.

The effects of heat generation H on the translational velocity and microrotation profiles across the
boundary layer are presented in Fig .7 and 8. It is shown that the translational velocity across the boundary layer
increases with an increasing of H. The results also show that the magnitude of microrotation decreases with an
increasing of H.

Fig.9 and 10 represents the temperature profiles for various values of thermal radiation parameter R
and prandtl number Pr in the boundary layer. This figure indicate that the effect of thermal radiation is to
enhance heat transfer because of the fact that thermal boundary layer thickness increases with increase in the
thermal radiation. Thus it is point out that the radiation should be minimized to have the cooling process at a
faster rate. But the temperature decreases with increasing the values of Prandtl number Pr in the boundary layer.
From this plot it is evident that temperature in the boundary layer falls very quickly for large value of the
Prandtl number, because of the fact that thickness of the boundary layer decreases with increase in the value of
the Prandtl number.

Typical variations of the temperature profiles along the spanwise coordinate y are shown in Fig.11 for
varies values of Q, .The results show that as an increasing Q, the temperature profiles decreases .The
temperature profiles with respect to span wise coordinate y for various values of {'is shown in Fig.12.The results
show that as an increasing of the chemical reaction parameter £, the thermal boundary layer increases.

Figure 13 and 14 presents typical profiles of the velocity and angular velocity for various values of
Schmidt number Sc. It is noted from figure that an increase in the value of Sc, leads to a decrease in the velocity
of fluid. Further it is observed that the velocity of the polar fluid is found to decrease in comparison with
Newtonian fluid (0=0 and $=0). This is due to the fact that as the Schmidt number increases the concentration
decreases which leads to decrease in concentration buoyancy effect, hence a decrease in fluid velocity. The
opposite behavior is found in the case of angular velocity. The negative values of the angular velocity indicate
that the micro rotation of sub structures in the polar fluid is clock-wise.
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