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Abstract

This work presents the mathematical modelling of heat and mass transfer flow in an electrically
conducting micropolar power law fluid past a horizontal porous plate in the x - direction in
presence of a transverse magnetic field, Hall Effect, chemical reaction thermal radiation
and thermal diffusion. The non — linear partial differential equations governing the flow are
transformed into ordinary differential equations using the usual similarity method and the
resulting similarity equations are solved numerically using Runge — Kutta shooting
method. The results are presented as velocity, temperature and concentration profiles for
pseudoplastic and dilatant fluids and for different values of parameters governing the problem.
The effects of magnetic field, thermal radiation and thermal diffusion on the skin friction, heat
transfer and mass transfer rates are presented numerically in tabular form.

Keywords: power law fluid, pseudoplastic fluid, heat transfer, mass transfer, thermal radiation,
thermal diffusion

1. Introduction

In recent time, a lot of researchers have concentrated their contributions in the study of theory
of micropolar fluid on fluids which the apparent viscosity do not depend on shear rate. This
may be due to the fact that factors which determine the non-Newtonian behaviours of these
fluids (fluids which apparent viscosity depend on shear rate) are highly complex and their study
requires a high level of calculations. The study of these fluids (fluids which apparent viscosity
depend on shear rate) is important due to its extremely broad and diverse area of application
which will be of great advantages to chemical and process engineers, by virtue of their roles in
handling and processing complex materials (such as foams, slurries, emulsions, polymer melts
and solutions, e.t.c.). Also, a thorough understanding the flow problems concerning non —
Newtonian of this type is highly important in manufacturing and processing industries because
the nature of the flow influences, not only the drag at a surface or immersed object, but also, the
rate of heat and mass transfer when the temperature or concentration gradient exist.

Since 1966 when Eringen proposed the theory of the micropolar fluids, which show
microrotation effects as well as microinertia. Scientist and engineers have shown keen interest
in the theoretical studies of the concept of micropolar fluids which deal with a class of fluids
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that exhibit certain microscopic effects arising from the local structure and micromotions of the
fluid elements. These fluids contain dilute suspensions of rigid macromolecules with individual
motions that support stress and body moments and are influence by spin inerta.

[Aboeldahab and Elbarbary 2001] presented the numerical investigation of a steady
magnectohdydrodynamic free convection flow past infinte plate in the presence of Hall current
effect. [Ahmadi 1976] examined the fluid flow characteristics of the boundary-layer flow of a
micropolar fluid over a semi-infinite plate, using a Runge-Kutta shooting method with
Newtonian iteration. [Aissa and Mohammedein 2005] studied the effects of the magnetic
parameter; suction parameter, Eckert number and microrotation parameter on the wall jet flow
of a laminar micropolar fluid past a linearly stretching, continuous sheet. Their result showed
that the velocity decreases with increasing magnetic parameter, and increases with increasing
microrotation parameter.

[Attia 2006] developed a new mathematical model for steady laminar flow with heat
generation of an incompressible non-Newtonian micropolar fluid impinging on a porous flat
plate He examined effect of the uniform suction or blowing and the characteristics of the non-
Newtonian fluid on both the flow and heat transfer. [Bhargava and Rani 1985] discussed the
heat transfer in a micropolar fluid near a stagnation point. [Bird 1959] examined unsteady
pseudoplastic flow near a moving wall. The power law index ranges from n = 1/3 to n = 5/6. He
estimated for each n the similarity value r 1 for which the fluid velocity has fallen off to 1% of
the velocity of the moving wall. [Elbarbary and Elgazery 2004] studied the effects of variable
viscosity and variable thermal conductivity on the heat transfer from moving surfaces in a
micropolar fluid through a porous medium with radiation. When the fluid viscosity is assumed
to vary as an inverse linear function of temperature and the thermal conductivity is assumed to
vary as a linear function of temperature.

The theory of micropolar fluids initiated by [Eringen 1966, 1972] exhibits some
microscopic effects arising from the local structure and micro motion of the fluid elements.
Further, they can sustain couple stresses and include classical Newtonian fluid as a special case.
The model of micropolar fluid represents fluids consisting of rigid randomly oriented (or
spherical) particles suspended in a viscous medium where the deformation of the particles is
ignored. The fluids containing certain additives, some polymeric fluids and animal blood are
examples of micropolar fluids. [Gorla et al. 1995] analyzed the heat transfer characteristics of a
micropolar fluid over a flat plate. [Hassanien and Gorla 1992] studied the mixed convection in
stagnation flow of micropolar fluid over a vertical surface with variable surface temperature and
uniform surface heat flux.

[Ibrahim et. al. 2004] discussed the effects of a temperature-dependent heat source on the
hydromagnetic free-convective flow (set up due to temperature as well as species concentration)
of an electrically conducting micropolar fluid past a steady vertical porous plate through a
highly porous medium, when the free stream oscillates in magnitude. [Ishak et. al. 2006]
presented a theoretical study of a steady boundary layer flow and heat transfer of a micropolar
fluid on an isothermal continuously moving plane surface, where It is assumed that the
microinertia density is variable and not constant, in the presence viscous dissipation effect.
[Ishak et. al 2008] examind the steady stagnation flow towards a permeable vertical surface
immersed in a micropolar fluid and showed that dual solutions exist in the opposing flow
regime and these also continued into that of the assisting flow regime, where the buoyancy
force acts in the same direction as the inertia force.

[Kandasamy et al. 2005] studied the combined effects of chemical reaction, heat and mass
transfer along a wedge with heat source and concentration in the presence of suction or
injection. Their result shows that the flow field is influenced appreciably by chemical reaction,
heat source and suction or injection at the wall of the wedge. [Kandasamy et al. 2005] presented
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an approximate numerical solution for nonlinear MHD flow with heat and mass transfer
characteristics of an incompressible, viscous, electrically conducting and Boussinesq fluid on a
vertical stretching surface with chemical reaction and thermal stratification effects. [Khedr et.
al. 2009] presented the numerical solution of a steady, laminar, MHD flow of a micropolar
fluid past a stretched semi-infinite, vertical and permeable surface in the presence of
temperature dependent heat generation or absorption, magnetic field and thermal radiation
effects. [Mahmoud 2007] investigated the influence of radiation and temperature-dependent
viscosity on the problem of unsteady MHD flow and heat transfer of an electrically conducting
fluid past an infinite vertical porous plate taking into account the effect of viscous dissipation.
Their results showed that increasing the Eckert number and decreasing in the viscosity of air
leads to a rise in the velocity, while increasing in the magnetic and the radiation parameters
resulted in a decrease in the velocity.

[Olajuwon 2010,2009,2008,2008,2007] studied the convection heat and mass transfer in a
non — Newtonian power law fluid with heat generation, thermal diffusion, thermo diffusion and
thermal radiation past vertical plate. The analysis of results obtained showed that these
parameters have significant influences on the flow, heat and mass transfer. [Rahman and
Sultana 2008] investigated a two-dimensional steady convective flow of a micropolar fluid past
a vertical porous flat plate in the presence of radiation with variable heat flux . The effects of
the pertinent parameters on the local skin friction coefficient, plate couple stress and the heat
transfer are calculated. And the results showed that large Darcy parameter leads to decrease the
velocity while it increases the angular velocity as well as temperature of the micropolar fluids.
The rate of heat transfer in weakly concentrated micropolar fluids is higher than strongly
concentrated micropolar fluids. [Stanislaw 2004] considered single-phase and multiphase
disequilibrium processes in presence of nonlinear heat and mass transfer as well as chemical or
electrochemical reactions.

The objective of the present study is to examine the combined effects of a transverse
magnetic field, Hall Effect, chemical reaction thermal radiation and thermal diffusion on the
heat and mass transfer flow in an electrically conducting micropolar non — Newtonian power
law fluid past a horizontal porous plate in the x — direction. To the best of our knowledge,
investigation on the combined effects of a transverse magnetic field, Hall Effect, chemical
reaction, thermal radiation and thermal diffusion on the heat and mass transfer flow in an
electrically conducting micropolar non — Newtonian power law fluid past a horizontal porous
plate has not been done. Infact, most works concentrated on fluid which has their apparent
viscosity do not depend on the shear rate. But when heat and mass transfer occur
simultaneously in a moving fluid, the relationship between the fluxes and the driving potential
are important. The energy flux is generated not only by temperature gradients but by the
composition gradient as well. The energy flux caused by a composition flux is provided the
thermal radiation effect. The mass fluxes can also be created the composition gradient and this
is the Soret or the thermal diffusion effect.

2. Mathematical Formulation

Consider a steady, laminar, coupled heat and mass transfer by hydromagnetic flow of a
magneto-micropolar and electrically conducting power law fluid flowing past a horizontal
porous plate in the x - direction in presence of a transverse magnetic field, Hall effect, chemical
reaction thermal radiation and thermal diffusion.

A non — Newtonian power law fluid obeying the Ostwald — de Waele rheological model,
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The two parameter rheological equation (1) is also known as the power law model. When n=1,
the equation represents a Newtonian fluid with a dynamic coefficient of viscosity m. Therefore,
deviation of n from a unity indicates the degree of deviation from Newtonian behaviour. For n <
1, the fluid is pseudoplastic and for n > 1, the fluid is dilatant. n, is power law exponent and m
is the consistency coefficient.

ou

n
Suppose Z—; is everywhere negative, then, equation (1) becomes 7,, = —m (— @)

(see Bird [6]) and the apparent viscosity is given by 7,, = —m (— Z—;)

The flow is subjected to a strong transverse magnetic field B, with a constant intensity
along the y-axis; ( for an electrically conducting fluid, Hall and ion-slip currents affect the flow
in the presence of a strong magnetic field. The effect of Hall current gives rise to force in the z-
direction, which induces a cross flow in that direction and hence the flow becomes three-
dimensional). Let u, v and w be the velocity component along the X, y and z directions,
respectively. The surface is maintained at a constant temperature Tw which is higher than the
constant temperature Too of the surrounding and concentration Cw is greater than the constant
concentration Coo. The fluid properties are assumed to be constant. Also, it is assumed that
there is a first and higher order chemical reaction between the diffusing species and the fluid.
The electron—atom collision frequency is assumed to be relatively high, so that the Hall effect
cannot be neglected. Assuming that there is no variation of flow, heat and mass transfer
quantities in the z — direction, which is valid if the plate would be of infinite width in this
direction.

The generalized ohm’s law consisting Hall current is given in the form:

J, is the electric current vector, o is the electrical conductivity, E is the intensity vector of the
electric field , V7 is the velocity vector, B is the magnetic induction vector, vﬁ is the Hall

e

— g _ — —
J=——(E+ ([ xB
1+(5V:)2< e

parameter ,n, is the number density of the electrons, e% is the Hall factor. The equation of

conservation of electric charge V-] = 0 gives ], = cons tant. This constant is zero at the
plate which electrically non—conducting, hence, J,, = 0 everywhere in the flow. Thus, under the
above assumptions the equations that the describe the physical situation with the usual
Boussinesq approximations are given by;

du av

w13, =0 2
uZ—z+v.g—;=—v%(—g—Z)n+I;ZZ p(jfig)(u+ﬁew)—%m(—g—;)n_l 3)
uGr v = v (5 4 s B w) (-5 @
- - =0 (5)

ua—T+va—T=kazT il (u+w)+aaqr (6)

ox ' "oy  pcoy? ' p(1+p2)



Journal of the Serbian Society for Computational Mechanics / VVol. 6 / No. 2, 2012 65

ac ac a%¢c %t
u£+V@_DMa_yZ+R(C_C°°)+DTa_y2 (7)

Where u,v , are the velocity components in the x— and y— directions respectively, v = %, m is

the flow index, p is the density, Dris the coefficient of thermal diffusivity, T, T,,, and T,, are the
temperature of the fluid inside the boundary layer, the plate, and the fluid temperature in the
free stream, respectively, while C , C,and C,, are the corresponding concentrations, k is the
thermal conductivity, ¢ is the specific heat capacity, g2 is the Hall effect and k* is the
permeability.

Where, the radiative heat flux term is simplified by making use of the Rosseland
approximation as

_ —40" aT*

ar = 35 g (8)

And the last term on the right-hand side of the concentration equation (7) signifies the thermal
diffusion effect. The appropriate boundary conditions are;

u=Uv=V,w=0N=0T=T,C=C,aty=0 (10)
u->0w->0N->0T->T,C—->Crasy—>oo,t>0 (1)

where U (at the time t = 0 the plate is impulsively set into motion with the velocity U ) is the
plate characteristics velocity.

3. Method of Solution

Introduce the stream function formulation,

_w o
u=2 =2 (12)
The continuity equation (2) is automatically satisfied.

Define a similarity variable,

n=—"r (13)

Such that, ¥ = Uf(n),w = Azuzx‘ﬁg(n),N = Qh(n)
0(n) = —= and p(n) =

Tw—Too
And the dimensionless parameters introduced in equations (9), (10) and (11) are as defined
below;

C—Coo
Cw—Coo

(14)

2n 2

__ KQx2n-1 p _ vpcU S = x2n—1 _ DTAZ(TW—TOO)
c pUzA ) 7"Tl_ 2n—2 C_D a2’ Tn_ 2
kAx2n—1 M XZ1=1(Cyy—Coo)
, 2n 2n .
_ ofgx2n-1 . G1Q _ Qxzn-1 _ 1607
M = 2 G = 'Ma - 'Rd -
pU-“A KU AU 3kS
354 1 1, o
A3U AV lynTlyx2n=1
E, = ez Pa = P (15)

C(Tyy~Too)x 201
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Using (9) — (11) in equations (4) — (6), the momentum, energy and concentration equations
become

" " ’ M ,  MA?U?%B,

UnUZn 2A2n 1( f )n lf _|_ (f )2 + N h' — (1+Bg)f — (1+B§l)3 g—
—P.f'(=f")" =0 (16)

" MU?B, MA?U3 Pq INT—
anZnA3n 1( —g )n 1 + —A2U2f + (1+Bﬁ)f (1_,_53) _ Wg(_g )n 1 — 0 (17)
Gh" —2Msh—f" =0 (18)

n EcM !

o (1= RO + s (f2 + g7 = 0 (19)
@ + ST ,Sc,0" +Rpp =0 (20)

Subject to the boundary conditions
f=fuf =1L,h0)=0,g(0)=060=1¢=1atn=0
f'=0, h(0) =0 g(0) =068=0,p=0as n—o oo (21)

Where, N, is the coupling constant, Pr,is the Prandtl number, Sc,, is the Schmidt number, S, is
the Soret number, M is the magnetic field parameter, G is the micro rotation parameter,M, is
the material parameter,R is thermal radiation parameter,P, is the permeability parameter, E. is
the Eckert number and S, is the Hall effect.

4. Numerical Solution

The resulting coupled non linear ordinary differential equations (16) to (20) together with the
boundary conditions (21) are solved simultaneously using the method of the Runge Kutta
shooting method;

Letx; =nx,=f,x3=f"xs=f", x5 =9, % =9, %, =h,xg =h',xg = 0,x,0 =6',

x11 = ¢ and x,, = ¢'. Then we obtain the following system;

1
! X3
X1 X,
X3 (2n—-1)Mx3+MA%2U?Bo(2n—1)xs5+(2n—1)(1+B2)Pax3(—xs) ™ 1~ (1+2)x3—(2n—1)(1+BZ)Ncxsg
Xj (2n—1)(1+B2)unAZn—2(2n=1(—x,)n-1
X4 Xe
X: (2n-1)MA2U3" 3 x5+ (2n—1)(1482)Paxs(—x6) 1 —(1+B3)x3x5—MU™ 2B, (2n—1)x3
’ (2n-1)(1+p2)vna3nysn-1(—x,)n-1
v = X, 22)
¥ 2MgX7+X,
8 G
X X1o
Xio —PrnEM(x3+x2)
Xi1 v(1+B4)(1-Rq)
X1z X12
SrnScnPrnEcM(x§+x§)

V(1+B2)(1-Rg) Rn11

with the initial conditions;
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X1(0) 0
X2(0) fw
X3(0) 1
X4 (0) a,
X:(0) 0
X6(0) a;
X,000 || 0 (23)
Xs(0) as
X,(0) 1
X10(0) %4

b{xn(m .
12(0) s
Equation (22) together with the initial condition (23) is solved using Runge — Kutta shooting

method. The values of a4, a,, a3, @, and a5 are obtained such that the boundary conditions (21)
are satisfied. f;, is the suction.

In a shooting method, the missing (unspecified) initial condition at the initial point of the
interval is assumed, and the differential equation is then integrated numerically as an initial
valued problem to the terminal point. The accuracy of the assumed missing initial condition is
then checked by comparing the calculated value of the dependent variable at the terminal point
with its given value there. If a difference exists, another value of the missing initial condition
must be assumed and the process is repeated. This process is continued until the agreement
between the calculated and the given condition at the terminal point is within the specified
degree of accuracy.

In fact, the essence of this method is to reduce the boundary value problem to an initial
value problem and then solved using the fourth order Runge — Kutta shooting technique to find
f"(0) =a;,9'(0) =a,,h'(0) =a; 8'(0) = a, and ¢'(0) = as. It is observed from (21)
that the velocity, temperature and concentration decrease with increase in the value of
n.Theoretically, the entry length for the fluid flow is given as n € [0, o], but it can be assumed
that the flow length has a theoretical maximum. Using this approximation, the entry length of
the fluid flow is taken as € [0,1]. The result is present in Table 1 and Figures 1 — 16
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Fig. 2. Velocity profile for power law exponents 0.5<n<1
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Fig. 3. Velocity profile for different values of magnetic field parameter, M when n=0.3
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Fig. 4. Velocity profile for different values of the magnetic parameter, M when the power law
exponent, n: n=0.7
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Fig. 5. Temperature profile for various values of the magnetic parameter, M when n=0.3
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Fig. 6. Temperature profile for various values of the magnetic parameter, M when n=0.7
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Fig. 7. Effect of the permeability parameter Pa, on the velocity profile when n=0.3
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Fig. 8. Effect of the permeability parameter on the velocity profile when n=0.7
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Fig. 9. Effect of thermal radiation on the temperature profile when n=0.3
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Fig. 10. Effect of thermal radiation on the temperature profile when n=0.7
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Fig. 11. Effect of the chemical reaction parameter Rd, on the concentration profile for value of
n=0.3
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Fig. 12. Effect of the chemical reaction parameter Rd, on the concentration profile for value of
n=0.7



76 B.I Olajuwon: Heat and mass transfer in a hydromagnetic flow of a micropolar power law fluid

1.2 +
m)
L . so-e-Sen=0.5
\ = =Scn=5.0
~ Sen = 10,0
0.8 +
0.6 +
0.4 +
0.2
0 t t 1 t + t t + t
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 nl

[4}]

1

N R Sen = 0.5
* ‘ Sen=35.0
08 L “. - = = Scn = 10,0
.

0.6+
0.4+
0.2 +

o 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 n |

Fig. 14. Concentration profile for various values of the Schmidt number, Sc with value of n=0.7
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Fig. 15. Concentration profile for various values of the Soret number, Srn with value of n=0.3
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Fig. 16. Concentration profile for various values of the Soret number, Srn with value of n=0.7

5. Skin friction, rate of heat and mass transfer

We will now calculate the physical quantities of engineering primary interests, which are the
local wall shear stress, local surface heat flux and the local mass flux respectively from
the following definitions

The local wall shear stress is defined as
au|™ 1 ou
Ty = (—m |a a + KN)y_O (24)
And the skin-friction coefficient, Cr is given by,
2 w n n
Cp =22 Or ~CR, = (—f"(0)) (25)

pU?
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2n
U2—Myn-1
Where R, = 2——=

— = Is the Reynolds number

The heat flux, q,, at the gall is given by,

av==k(5) _, (26)

And the Nusselt number is given by
1
_ x2‘n—1qw

Ny =——*=-0'(0) (27)

where, AT =T, — T,

The mass flux M, at the wall are given by,

M,, = —D,, (:;j—:‘i)y=0 = —Dy AACY' (0) (28)

And the Sherwood number is given by

1
__ x2n-1M,,

S, =
h = " Apyac

= —¢'(0) (29)

Where,AC = C,, — C,. The skin friction coefficient, Nusselt number and the Sherwood
number are obtained numerically and the result is presented in tabular form in Tables 2 — 10.

6. Discusion of result

The present study has investigated the combined effects of a transverse magnetic field,
Hall effect, chemical reaction, thermal radiation and thermal diffusion on the heat and mass
transfer flow in an electrically conducting micropolar non — Newtonian power law fluid past
a horizontal porous plate. It is interesting to note that for a pseudoplastic fluid with n = 0.5,
the fluid flow has constant velocity. Thus, we discuss the heat and mass transfer for
pseudoplastic power law fluid with power law exponents 0 < n <05 and 0 < n < 1. The
numerical computations were carried out with values of N, = 0.3, M = 0.75, Pr;, = 0.75, 8, =
05P,=02,6 =15M, =05R,; =02,E,=05,5r =05R, = 05,5, = 0.5.The
numerical result is presented in Table 1 and Figures 1 - 16.

Figures 1 and 2, show the effect of the power law exponents on the velocity field of the
fluid flow for the cases 0 < n < 0.5 and 0.5 < n < 1. It is observed that the behavior
of the velocity profile is same for both cases. The fluid flow velocity decreases as the
power law exponent is increasing. Physically, this is caused by the shear thinning property of
the fluid. It indicates the effective viscosity distribution of the flow field which reduces
distinctly with high shearing rate.

Figure 3 shows the effect of the magnetic field on the flow velocity when n = 0.3. The
velocity of the fluid increases with increase in the magnetic field parameter. Thus for
pseudoplastic fluid with power law exponents 0 < n < 0.5, the force which tends to oppose the
flow reduces and the acceleration of the fluid flow increases. Figure shows the effect of the
magnetic field on the flow velocity when n = 0.7. It is observed that the velocity of the fluid
flow decreases with increase in the magnetic field parameter for pseudoplastic fluid with power
law exponents 0.5 < n < 1. An applied magnetic field tends to restrict the shearing to a
thinner boundary layer near the plate. The reason is that the magnetic field provides a
resistance to the flow and hence, reduces the flow velocity.
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In Figures 5 and 6, the temperature of the fluid increases with increase in the magnetic field
for both pseudoplastic fluid n = 0.3 and n = 0.7. Thus, the rate at which temperature of the fluid
goes to zero reduces as the magnetic field parameter increases. Hence, the rate of convective
heat transfer decreases with increase in the magnetic field in the magnetic field parameter.

Figures 7 and 8 show that as the permeability parameter increases the velocity of the fluid
flow decreases for both n = 0.3 and n = 0.7. This is because increase in the permeability
parameter causes the boundary layer near the plate to become thinner.

Figures 9 and 10, depicts the effect of the thermal radiation on the temperature of the fluid
flow. It is observed that for both n = 0.3 and n = 0.7, the temperature of the fluid flow increases
with increase in the thermal radiation parameter.

Figures 11 and 12 show that the concentration of the fluid increases with increase in the
chemical reaction for both n = 0.3 and n = 0.7. The concentration of the fluid also increases
with increase in the Schmidt and Soret numbers [Figures 13 - 16].

The important physical quantities, the local shear stress, local rate of heat transfer and local
mass transfer rate are respectively measured in terms of the local skin friction,C; and the local
Nusselt number, Nu and Sherwood number, S, and the numerical results are as shown in
Tables 2 — 10 for value of N, = 0.3,M = 0.75,Pr,, = 0.75,8, = 0.5 P, =0.2,G =1.5,M, =
0.5,R; = 0.2.E. = 0.5,5r;, = 0.5,R,, = 0.5,Sc, = 0.5.

n C,Re Nu Sh

0.2 2.056085018 0.7291 0.8949
0.3 2.155856231 0.7371 0.89275
0.4 2.398940131 0.7541 0.8884
0.6 1.545320020 0.6763 0.9087
0.7 1.960633330 0.7067 0.9008
0.8 2.170539633 0.7166 0.8981

Table 2. Effect of the power law exponents

Table 2 shows the effect of the power law exponents on the skin friction, Nusselt number and
Sherwood number. It is observed that the skin friction increases with increase in the power law
exponents. This is the consequence of the decrease in the shear rate of the pseudoplastic fluid as
the power law exponent increases. The Nusselt number increases with increases in the power
law exponents, whereas, the Sherwood number decreases with increases in the power law
exponents. Hence, the fluid flow and rate of mass transfer decrease with increases in the power
law exponents, while the rate of heat transfer increases with increases in the power law
exponents.



80 B.I Olajuwon: Heat and mass transfer in a hydromagnetic flow of a micropolar power law fluid

n M C;- Re Nu Sh

0.3 0.5 2.165375991 0.8249 0.8702

0.3 0.75 2.155856231 0.7371 0.89275

0.3 1.5 2.125339297 0.4724 0.9609

0.3 2.5 2.078922612 0.1146 1.0530

0.7 0.5 1.890624606 0.8021 0.8762

0.7 0.75 1.960633330 0.7067 0.9008

0.7 1.5 2.159165586 0.4728 0.9712

0.7 2.5 2401002076 0.0942 1.0583

Table 3. Effect of Magnetic field

Table 3 shows the effect of the magnetic field on the skin friction, Nusselt number and
Sherwood number for bothn = 0.3 and n = 0.7. It is observed that for pseudoplastic fluid
with the power law exponent n = 0.3, the skin friction reduces with increase in the magnetic
field parameter while the skin friction increases with increase in the magnetic field parameter.
This implies that fluid with power exponent 0 < n < 0.5 flows better in the presence of an
applied magnetic field. For both n = 0.3 and n = 0.7, the Nusselt number decreases with
increase in the magnetic field parameter. But, the Sherwood number increases with increase in
the magnetic field parameter. Hence, in the presence of applied magnetic field, the
pseudoplastic fluid with power exponent 0 < n < 0.5, seem to be a better fluid for high fluid
flow, heat transfer and mass transfer.

n B. C,Re Nu Sh

0.3 0.1 2.139853882 | 0.6757 0.9086
0.3 0.5 2.155856231 0.7371 0.89275
0.3 0.7 2.159675889 | 0.7790 0.8820
0.7 0.1 1.914510466 | 0.6379 0.9185
0.7 0.5 1.960633330 0.7067 0.9008
0.7 0.7 1.971633553 | 0.7534 0.8887

Table 4. Effect of Hall Effect parameter

From Table 4, it is observed that the skin friction and the Nusselt number increase with increase
in the Hall effect parameter for both n = 0.3 and n = 0.7. While the Sherwood number decreases
with increase in the Hall effect parameter for both n = 0.3 and n = 0.7. Therefore, with increase
in the hall effect parameter, the fluid flow and the rate of mass transfer reduces but, the rate of
heat transfer increases with increase in the Hall effect parameter for bothn =0.3 and n =0.7.

n P, C,Re Nu Sh

0.3 0.2 2.155856231 0.7371 0.89275
0.3 1.0 2.206288632 1.4220 0.8721
03 2.5 2.289287146 1.5985 0.8586
0.7 0.2 1.960633330 0.7067 0.9008
0.7 1.0 2.046201993 0.9282 0.8863
0.7 2.5 2.147610389 1.1257 0.8705

Table 5. Effect of permeability
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It is clearly seen from Table 5 that the skin friction and the Nusselt number increase with
increase in the permeability parameter, but, the Sherwood number decreases with increase in
the permeability parameter. Thus, the fluid flow and the rate of mass transfer decreases with
increase in the permeability parameter, while the rate of heat transfer increases with increase in
the permeability parameter.

n R, C_,. Re Nu Sh

0.3 0.2 2.155856231 0.7371 0.89275
0.3 0.5 2.155856231 0.5794 0.9334

0.3 0.7 2.155856231 0.2990 1.0055

0.7 0.2 1.960633330 0.7067 0.9008

0.7 0.5 1.960633330 0.5306 0.9461

0.7 0.7 1.960633330 02177 1.0267

Table 6. Effect of thermal radiation

Table 6 depicts the effect of the thermal radiation on the skin friction, Nusselt number and the
Sherwood number for both n = 0.3 and n = 0.7. The skin friction and the Nusselt humber
decrease as the thermal radiation parameter increases. The decrease in the Nusselt number
suggests that some heat have been released out through radiation, therefore reducing the rate of
the convective heat transfer in the system. The Sherwood number increases with in the thermal
radiation parameter. Therefore, increase in thermal radiation parameter enhanced increase in the
fluid flow rate and rate of mass transfer, but, causes decrease in the rate of convective heat
transfer.

n E, C,Re Nu Sh

0.3 0.15 2.155856231 09211 0.8455
0.3 0.5 2.155856231 0.7371 0.89275
0.3 1.5 2.155856231 02114 1.0281
0.7 0.15 1.960633330 0.9120 0.8478
0.7 0.5 1.960633330 0.7067 0.9008
0.7 1.5 1.960633330 0.1200 1.0519

Table 7. Effect of the Eckert number

Table 7 shows the effect of the Eckert number on the skin friction, Nusselt number and the
Sherwood number for both n = 0.3 and n = 0.7. It is observed that the skin friction is invariant
with increase in the Eckert number, but, the Nusselt number decrease with increase in the
Eckert number while the Sherwood number increases with increase in the Eckert number.
Hence, with increase in the Eckert number the rate of heat transfer decreases and rate of mass
transfer increases.
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n Sr, C,Re Nu Sh

0.3 0.5 2.155856231 0.7371 0.89275

0.3 1.5 2.155856231 0.7371 1.0281

0.3 2.5 2.155856231 0.7371 1.1633

0.3 5.0 2.155856231 0.7371 1.5014

0.7 0.5 1.960633330 0.7067 0.9008

0.7 1.5 1.960633330 0.7067 1.0519

0.7 2.5 1.960633330 0.7067 1.2031

0.7 5.0 1.960633330 0.7067 1.5810

Table 8. Effect of thermal diffusion

The effect thermal diffusion on the skin friction, Nusselt number and the Sherwood number for
both n=0.3 and n = 0.7 is shown in Table 8. It is clear from the table that the skin friction and
Nusselt number are invariant with increase in the thermal diffusion parameter but the
Sherwood number increases with increase in the thermal diffusion parameter. Hence, increase
in the thermal diffusion leads to increase in the rate of mass transfer.

n E. C,Re Nu Sh

0.3 0.5 2.155856231 0.7371 0.89275
0.3 1.5 2.155856231 0.7371 0.5037

0.3 2.5 2.155856231 0.7371 0.0366

0.7 0.5 1.960633330 0.7067 0.9008

0.7 1.5 1.960633330 0.7067 0.5124

0.7 2.5 1.960633330 0.7067 0.0463

Table 9. Effect of Chemical reaction

Table 9 show the effect of the chemical reaction on the skin friction, Nusselt number and the
Sherwood number for both n = 0.3 and n = 0.7. It is obvious from the table that the skin friction
and Nusselt number are invariant with increase in the chemical reaction parameter. The
Sherwood number decreases with increase in the chemical reaction parameter. The
decrease in the Sherwood number is as a result of the fact that for most chemical reactions,
the rate of chemical reaction decrease as the percent completion increases until the point
where the system reaches dynamic equilibrium. Thus, increase in chemical reaction causes
decrease in the mass transfer.

n E, C,Re Nu Sh

0.3 0.5 2.155856231 0.7371 0.89275
0.3 5.0 2.155856231 0.7371 1.5014
03 10.0 2.155856231 0.7371 21777
0.7 0.5 1.960633330 0.7067 0.9008
0.7 5.0 1.960633330 0.7067 1.5810
0.7 10.0 1.960633330 0.7067 2.3367

Table 10. Effect of Schmidt number
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Table 10 show the effect of the Schmidt number on the skin friction, Nusselt number and the
Sherwood number for both n = 0.3 and n = 0.7. As the Schmidt number increases, the
Sherwood number increases. Therefore, the rate of mass transfer increases with increase
in the Schmidt number. The table also show that the skin friction and Nusselt number are
invariant with increase in the Schmidt number.

7. Conclusion

The paper has investigated numerically the combined effects of a transverse magnetic field,
Hall effect, chemical reaction, thermal radiation and thermal diffusion on the heat and mass
transfer flow in an electrically conducting micropolar non — Newtonian power law fluid past a
horizontal porous plate. And the following conclusions are drawn;

1. The fluid flow and rate of mass transfer decrease with increases in the power law
exponents, while the rate of heat transfer increases with increases in the power law
exponents.

2. In the presence of applied magnetic field, the pseudoplastic fluid with power exponent
0 < n < 0.5, seem to be a better fluid for high fluid flow, heat transfer and mass
transfer.

3. With increase in the hall effect parameter, the fluid flow and the rate of mass transfer
reduces but, the rate of heat transfer increases with increase in the Hall effect
parameter for bothn=0.3and n =0.7.

4. The fluid flow and the rate of mass transfer decreases with increase in the
permeability parameter, while the rate of heat transfer increases with increase in the
permeability parameter.

5. Increase in thermal radiation parameter enhanced increase in the fluid flow rate
and rate of mass transfer, but, causes decrease in the rate of convective heat transfer.

6. With increase in the Eckert number the rate of heat transfer decreases and rate of mass
transfer increases.

7. Increase in the thermal diffusion leads to increase in the rate of mass transfer.
8. Increase in chemical reaction causes decrease in the mass transfer

9. The rate of mass transfer increases with increase in the Schmidt number.
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M3Box

IIpoTok TOMJIOTE M MaTepHje Y eJIeKTPUYHO NMPOBOJHOM MHKPOIOJAPHOM
¢paynny ca XosioBUM e(eKTOM Yy NPHCYCTBY XeMHjCKe peakunuje H
TepMaJiHe Audys3uje

B.I Olajuwon’
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Pe3nme

OBaj paj MpeAcTaBjba MATEMAaTHYKO MOJCIHPake MIPOTOKA TOIUIOTE M MaTepHje y eICKTPUIHO
MIPOBOIHOM MHUKPOIOIApHOM (QIIyHIy KOjH CTPYjHH MPEKO XOPHU3OHTAIHE MOpO3He Iuode y X
MpaBly y MPUCYCTBY IONPEYHOT MAarHETHOT M0Jba, XOJOBOT e(eKTa, XEeMHjCKE PpEaKIvje
TepMajJHe paaujaidje W TepManHe nudysuje. Henuneapune mapuujanHe mudepeHIrjaaHe
jeaHaunHe Koje oxpelyjy crpyjame cy TpanchopMmucane y oonyHe audepeHnrjanHe jeiHaunHe
kopuctehu yoOWYajeHH METOA CIAHMYHOCTH M PEIIaBalbe jeAHAYMHA CIIMYHOCTH j€ PEIICHO
HyMepuukd Kopuiihiersem Runge — Kutta shooting meromom. Pesynratu cy npeacraBibeHH Kao
npodunu Op3uHa, TeMIepaTypa ¥ KOHIICHTpAIlMje 3a MCeyA0ITaCTHYHE U JUIaTaHTHe Guynie
U 32 pa3jM4YUTe BPEIHOCTH MapamMmerapa koju oapelyjy mpobnem. Edextu marHetHor mosba,
TepMalHa paaujalrja U TepMaiHa mudys3uja Ha KOXKH, IPOTOK TOIUIOTE M MPOTOKA Mace Cy
MPEICTAB/bEHH HyMEPHUKH Y TaOelapHOM OOJIHKY.

Kibyune peunm: Ilceynommactuuan ¢uiyna, TPOTOK TOILIOTE, INPOTOK Mace, TepMallHa
paaujayja TepManHa Iudysuja
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