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HIGHLIGHTS

® Thermophoresis particle deposition in the presence of chemical reaction has a substantial effect on unsteady flow.
¢ Thermophoresis is expected to alter the concentration boundary layer significantly.

¢ Similarity transformation is used for unsteady flow field.

® Destructive reaction plays a dominant role on concentration field.
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Accepted 13 March 2013 of the wedge is embedded in a uniform non-Darcian porous medium in order to allow for possible fluid

wall suction or injection. The results are compared with those known from the literature and excellent
agreement between the results is obtained. The governing partial differential equations of the problem,
subjected to their boundary conditions, are solved numerically by applying an efficient solution scheme
for local nonsimilarity boundary layer analysis. Numerical calculations are carried out for different values
of dimensionless parameter in the problem and an analysis of the results obtained show that the flow
field is influenced appreciably by the applied magnetic field and thermophoresis particle deposition.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Thermophoresis, described as a physical phenomenon in which aerosol particles, subjected to a temperature gradient, move from high-
to low-temperature zones of the gas, has attracted considerable attention for collection of submicrometer and nanometer particles. Viscous
heating plays an important role in the dynamics of fluids with strongly temperature-dependent viscosities because of the coupling between
the energy and momentum equations. Impurity ions may move from the cold side of a semiconductor wafer toward the hot side, since
the higher temperature makes the transition structure required for atomic jumps more achievable. The diffusive flux may occur in either
direction (either up or down the temperature gradient), dependent on the materials involved. Thermophoretic force has been used in
commercial precipitators for applications similar to electrostatic precipitators. It is exploited in the manufacturing of optical fiber in vapor
deposition processes. It can be important as a transport mechanism in fouling. Thermophoresis has also been shown to have potential in
facilitating drug discovery by allowing the detection of aptamer binding by comparison of the bound versus unbound motion of the target
molecule. This approach has been termed microscale thermophoresis. Thermophoresis is one of the methods used to separate different
polymer particles in field flow fractionation. In particular, the contaminant particle deposition onto the surface of products in the electronic
industry plays a critical role in the resulting product quality.

Thermophoresis with temperature dependent viscosity is an important mechanism of micro-particle transport due to a temperature gra-
dient in the surrounding medium and has found numerous applications, especially in the field of aerosol technology. When the temperature
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| Nomenclature
C species concentration in the boundary layer (kg m—2)
T specific heat due to constant pressure (Jkg~! K1)
Cw species concentrations of wall
Coo species concentrations of the ambient fluid
D molecular diffusivity
f dimensionless stream function
Nt thermophoresis parameter
Pry ambient Prandtl number
Pry variable Prandtl number
Rex local Reynolds number
Sc Schmidt number
T temperature of the fluid
Tw temperature at the wall surface
Tr reference temperature of the fluid (K)
T temperature of the ambient fluid (K)
xy axis in direction along and normal to the wedge (m)
u free stream velocity (ms—1)
uy the x- and y-component of the velocity field(m s71)
Vr thermophoretic velocity

Greek letters

B wedge angle parameter
chemical reaction parameter
time dependent length scale
thermophoretic coefficient defined
fluid density (kg m3)
stream function (m?s—1)
similarity variable
kinematic viscosity (m?2 s~1)
fluid viscosity (Pas)

00 ambient fluid viscosity (Pas)
thermophoretic parameter
dimensionless temperature
dimensionless concentration

Au unsteadiness parameter
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gradient exists in the fluid surrounding a small particle, a net force is exerted on the particle duetoan imbalance of the forces associated with
molecular collisions from the hotter and colder regions. In most cases the force is in the direction of the cold region. In certain porous media
applications SUcita oseinvolving heatremovatHfromntelea LIRETS disposal of radioactive waste materia Qrage o
food stuffs, and exothermic and/or endothermic chemical reactions and dissociating fluids in pa
mophoresis particle deposition effects are important. In the application of pigments, or chemical coating of metals, or removal of particles
from a gas stream by filtration, there can be distinct advantages in exploiting deposition mechanisms to improve efficiency. Thermophoretic
deposition of radioactive particles is considered to be one of the important factors causing accidents in nuclear reactors. Thermophoresis
with chemical reaction effect plays an important role on the rapid growth of China’s economy has led to severe air pollution characterized
by acid rain, severe pollution in cities, and regional air pollution. High concentrations are found for various pollutants such as sulfur dioxides
(SO, ), nitrogen oxides (NOx), and fine particulates. Great efforts have thus been undertaken for the control of air pollution in the country.
The effects of thermophoresis particle deposition with temperature dependent viscosity on forced and free convection flows are also
important in the context of space technology and processes involving high temperatures. In light of these various applications, Tsai and
Lin (Tsai and Lin, 1999) proposed an approach through numerical integration for evaluating the particle deposition rates. Selim et al.
(Selim et al,, 2003a) investigated the effect of surface mass transfer on mixed convection flow past a heated vertical flat permeable plate
with thermophoresis. Seddeek (Seddeek, 2006) studied the influence of viscous dissipation and thermophoresis on Darcy-Forchheimer
mixed convection in a fluid saturated porous media. Postelnicu (Postelnicu, 2007) studied the effects of thermophoresis particle deposition
in free convection boundary layer from a horizontal flat plate embedded in a porous medium. Alam et al. (Alam et al., 2008a,b, 2009)
analyzed the effects of thermophoresis on steady two-dimensional hydromagnetic heat, and mass transfer flow over an inclined flat plate
with various flow conditions. Goldsmith and May (Goldsmith and May, 1966) first studied the thermophoretic transport involved in a
simple one-dimensional flow for the measurement of the thermophoretic velocity. Thermophoresis in laminar flow over a horizontal
flat plate has been studied theoretically by Goren (Goren, 1977). Thermophoresis in natural convection with variable properties for a
laminar flow over a porous vertical plate has been studied by Kandasamy et al. (Kandasamy et al., 2008). Selim et al. (Selim et al., 2003b)
studied the effect of surface mass flux on mixed convective flow past a heated vertical flat permeable plate with thermophoresis. The
first analysis of thermophoretic deposition in geometry of engineering interest appears to be that of Hales et al. (Hales et al., 1972).
They have solved the laminar boundary layer equations for simultaneous aerosol and steam transport to an isothermal vertical surface
situated adjacent to a large body of an otherwise quiescent air-steam-aerosol mixture, Chamkha et al. (Chamkha et al., 2006) studied the
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Fig. 1. Flow analysis along the wall of the wedge.

effect of thermophoresis of aerosol particles in the laminar boundary layer on a flat plate. Chamkha and Pop (Chamkha and Pop, 2004)
studied the effect of thermophoresis particle deposition in free convection boundary layer from a vertical flat plate embedded in a porous
medium. Duwairi and Damseh (Duwairi and Damseh, 2008 ) analyzed the effect of thermophoresis particle deposition on mixed convection
from vertical surfaces embedded in saturated porous medium with variable wall temperature and concentration. Recently, Rahman and
Postelnicu (Rahman and Postelnicu, 2010) performed the effects of thermophoresis on the forced convective laminar flow of a viscous
incompressible fluid over a rotating disk.

Effects of heat and mass transfer on mixed convection flow in the presence of suctionfinjection have been studied by many authors in
different situations. But so far no attempt has been made to analyze the effects of thermophoresis particle deposition with chemical reaction
on unsteady MHD mixed convective heat and mass transfer past a porous wedge in the presence of temperature-dependent viscosity and
hence we have considered the problem of this kind. One of the main focuses behind this study is also to investigate how the magnetic
strength and thermophoresis particle deposition varies within the boundary layer when the viscosity is dependent on temperature. By
introducing a new class of similarity transformations proposed by Sattar (Sattar, 2011), the governing non-linear partial differential equation
is reduced to locally similar ordinary differential equations, which are solved numerically by applying shooting method and the results are
discussed from the physical point of view. It is hoped that the results obtained will not only provide useful information for applications,
but also serve as a complement to the previous studies.

2. Formulation of the problem

Let us consider an unsteady, laminar, hydromagnetic coupled heat and mass transfer by mixed convection flow in front of a stagnation
point on a wedge plate embedded in porous medium. The fluid is assumed to be Newtonian, electrically conducting and its property
variations due to temperature are limited to density and viscosity. The density variation and the effects of the buoyancy are taken into
account in the momentum equation (Boussinesq'’s approximation) and the concentration of species far from the wall, C, is infinitesimally
small. Let the x-axis be taken along the direction of the wedge and y-axis normal to it. A uniform transverse magnetic field of strength By is
applied parallel to the y-axis. The chemical reaction is taking place in the flow and the effect of thermophoresis is being taken into account

— tohelpintheunderstanding of the mass deposition variation on the surface. Fluid suction or injection is imposed at the wedge surface,
see Fig. 1. Tt is assumed e induced magnetic field, the'exte eltectric field-and-the-electric fie : he izati 3
are negligible. Under these conditions, the governing boundary layer equations of momentum, energy and diffusion for mixed convection
flow neglecting Joule’s viscous dissipation under Boussinesq'’s approximation including variable viscosity are

ou v
= 1
a0 (1
du odu ouw U 13 du du v o Bg? . 0
o p= U - S u-U) - U T—Ty, #(C — Coo)} SiN = 2
T Ty ar+pay(”“ay> Friaas )-—(u )+ {88 )+88%( Jisin 2)
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ar ar  ar 32T du oBy? ,
- _ — | =k.— fubad 3
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5 Ty =P T Ty )
The boundary conditions are,
u=0,v=-15,T=Ty,C=Cy» aty=0 (5)
u=Ux,1),T=Tx,C=Cx aty— oo (6)

where u, v are the velocity components in the x and y directions respectively, t is the time, D is the effective diffusion coefficient; u is the
dynamic viscosity, p is the fluid ambient density, ¢y is the specific heat at constant pressure and k. is the porous medium effective thermal
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* conductivity, v is the kinematic viscosity of the fluid, K is the permeability of the porous medium, k; (is the rate of chemical reaction in
Eq. (4)) can be adjusted to meet these circumstances if one takes (i) kq > 0 for destructive reaction, (ii) k; = 0 for no reaction and (iii) k1 <0
for generative reaction), V(= — k(v/T)(8T/dy)) is the thermophoretic velocity, where k is the thermophoretic coefficient (see Talbot et al.,
1980) and F is the empirical constant in the second order resistance and setting F=0 in Eq. (2) is reduced to the Darcy law. The fourth term
on the right-hand side of Eq. (2) stands for the first-order (Darcy) resistance. The first step was to predict the pressure and velocity within
the porous medium.
The fluid properties are assumed to be constant, except for the fluid viscosity /2 which is assumed to vary as be an inverse linear function
of temperature, in the form (Pantokratoras, 2006).
1 1 1
%= T [1+ (T —Tx)] and i d(T —Two) (7)
whered= V¢t and Ty =Too — 1/yt
Both d and T.. are constant and their values depend on the reference state and the thermal property of the fluid, i.e. y+. In general, d>0
for liquids and d < O for gases. Consider the uniform flow of velocity U and temperature T, through a highly porous medium bounded by
a wall of the wedge parallel to the flow. Also, 6; is a constant which is defined by

T — T 1
0, = = 8
N Ty To  7e(Tw — Too) 8)

It is worth mentioning here that for i.e. yr— 0 i.e. u — (o (constant) then 6 — oc. It is also important to note that fr is negative for
liquids and positive for gases. The flow model is based on the following assumption that the flow is steady, incompressible, laminar and
the fluid viscosity which is assumed to be an inverse linear function of temperature.

Following the lines of Kafoussias and Nanousis (Kafoussias and Nanousis, 1997), the following change of variables are introduced

o JQ4m) jxm1o 2 ypxtl/2 _T-Tx (-G
n=y 3 W,T/f— m—afﬂﬂ/zf(n)’e_Tw—Tmand(p_Cw—Cm 9

Under this consideration, the potential flow velocity of the wedge can be written as

2m

=T m (seeinSattar[17]) (10)

vx™
Ux, t) = Sl B

where m is an arbitrary constant and related to the wedge angle and g is the Hartree pressure gradient parameter that corresponds to
B1=02/x for a total angle Q of the wedge whereas § is the time-dependent length scale which is taken to be (detailed in Sattar (Sattar,
1994) as: 5=24(t).

The continuity Eq. (1) is satisfied by the stream function y(x, y) and it is defined as
W (1)

u:—a;andv:;ﬁ

The Egs. (2)-(4) become
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In order to make the Egs. (12)-(14) locally similar, let A, =(5"/v x™—1)(08/9t), where Ay, is taken to be a constant and it can be treated
as a dimensionless measure of the unsteadiness.where the Grashof number Gry, Local buoyancy parameter y1, Sustentation parameter N,
Reynolds number Rey, Ambient Prandtl number Pra, Forchheimer number F,, Chemical reaction parameter y, Schmidt number Sc, magnetic
parameter M2, thermophoresis particle deposition parameter 7, Eckert number, Ec and porous medium parameter \, are defined as

(T — Too)83™H3 Grx B*(Cw — Coo) Re. — xm1 v
= 5 o = E) X

= N=Z_ " = == Prp=—
Gry M Rex?’ B(Tw —To) Fmr A %

Y2 x3m
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(where a is the effective thermal diffusivity of the porous medium @, = (—é‘g—p) y= % Sc=
2 OBy s™l  K(Tw—Tw) . _ c? 5.2m/1-m g
M- = v X1 T T, JEc= (T = Too)(k ) andA = o (15)
The boundary conditions can be written as
. f x dU af (A+mx , _
""O'an‘o’z(”ﬁa)* w0 20U 0=1,9=1
o (16)
17—>oo:a—n=1,0:0,¢:0
where g is the velocity of suction if vy < 0 and injection if v > 0.
The Egs. (12)-(14) and boundary conditions (16) can be written as
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Nanousis, 1997), is the dimensionless distance along the wedge(£ > 0).
The system of Egs. (17)-(19) can also be written as

f"'+(9;r0’) {ﬁ"—1me2§2(f'—1)+ y1(9+N¢)sin£—-—2 EAf - 1)
/2 ! " !/I
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with boundary conditions

0 =0, 1305 04 LG O g gie 021,406, 0)=1

23 (24)
[(§,00)=1,6(§, 00) =0, §(&, 00) = 0. '

It may be observed that Eqs. (21)-(23) with boundary conditions (24) remain partial differential equations after transformation, with
9/3& terms on the right-hand side. In this system of equations, it is obvious that the nonsimilarity aspects of the problem are embodied in
the terms containing partial derivatives with respect to n. This problem does not admit similarity solutions. Thus, with £-derivative terms
retained in the system of equations, it is necessary to employ a numerical scheme suitable for partial differential equations for the solution.
Formulation of the system of equations for the local nonsimilarity model with reference to the present problem will now be discussed.

At the first level of truncation, the terms accompanied by & 3/0¢ are small. This is particularly true when £ « 1. Thus the terms with
£ 8/9€ on the right-hand sides of Egs. (21)-(23) are deleted to get the following system of equations:

w06 2 2 2 . £2 2 oaip
g B g 2w 1)+ o0+ Ng)sin g — 228 ) -
2m 2 2 1
—_ - - _). — I_ ' — ”:
2 )2 - Y =N - T (g ) 01 =0
7 / ZPrA r "2 2PrA — 12
0" + Praf9 —mf() +PrEf +H—mM2Ec§2“+’")/(1 mf2 4 pradyn@ =0 (26)
&+ S — 7OV — <G —ScT8 §— £y o+ Schun ) =0 27
14+m T+m® ¥ ull§ = @7
with boundary conditions
, 1+ ,
70=0, 2E™f(0) = -5, 6(0) = 1,6(0) = 1f(o0) = 1, (00) = 0, §oc) =0 (28)

From the definition of Prandt] number, we see that it is a function of viscosity, and as the viscosity varies across the boundary layer,
the Prandt] number also varies. The assumption of constant Prandtl number inside the boundary-layer may produce unrealistic results
(Pantokratoras, 2005, 2007; Rahman et al., 2009; Anjali Devi and Kandasamy, 2001). Therefore, the Prandtl number related to the variable
viscosity is defined as

g [0/ -0 cp
Prv="=3"= ke =g —o| (29)

At the surface (7= 0) of the wedge, it can be defined as Pr, = [6:/6; — 6] Pra.

From Eq. (29), it can be seen that for 6 — oo, the variable Prandtl number Pr, is equal to the ambient Prandtl number Pry4. For n — oo,
i.e. outside the boundary layer, (7)) becomes zero; therefore, Pr, equals Pr4 regardless of the values of 6;.

The Eq. (26) can be expressed as

4 _i __2_ __6_ 7 0 72
6+(1 Gr)Prl,ﬂS" 14_m(1 9r> Pr,,f6+<1-9—r)Pr,,EJ

3
3 / a\ ./ a2\ ( 0)
= (1 2 Vpr, MPEERTAT2 1 — [ PrA,no =0
T+m\~ o) o) !
Further, ‘we suppose that Ay = c/x™-1 where c is a constant so that c=(§"™ Jv)(88/9c) and integrating, it is obtained that
8 = [c(m+ 1w t]/™1 (31)

When c¢=2 and c=1 in Eq. (31) and we get § = 2+/v t which shows that the parameter 8 can be compared with the well established scaling
parameter for the unsteady boundary layer problems (see Schlichting (Schlichting, 1968)).

The major physical quantities of interest are the local skin friction coefficient; the local Nusselt number and the local Sherwood number
are defined, respectively, by:

" u J
f = ———f (91)/2; Ny = ————9 (01)/2 andSh =— ¢ (01)/2 (32)
(Rex) {Rex) (Rex)

The momentum Eq. (25) can also be attempt these circumstances if one takes y1 > 1.0 corresponds to pure free convection, y1=1.0
corresponds to mixed convection and y1 « 1.0 corresponds to pure forced convection. y is the chemical reaction parameter in Eq. (27) can
be adjusted to meet these circumstances if one takes (i) y > 0 for destructive reaction, (ii) y =0 for no reaction and (iii) y <0 for generative
reaction. Throughout this calculation we have considered y1=1.0 unless otherwise specified. This form of the system is the most suitable
for the application of the numerical scheme described below.

3. Numerical solution

The unsteady MHD boundary layer over the wedge, subjected to the velocity of suction or injection, is described by the system of
ordinary differential Egs. (25), (27) and (30) and its boundary conditions (28). A modified and improved numerical solution scheme, for
local nonsimilarity boundary layer analysis, is used. The scheme is similar to that of Minkowycz and Sparrow (1988) but it deals with the
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Fig. 2. Comparison of the velocity profiles with Minkowycz et al. (Minkowycz et al.,, 1988).

differential equations in lieu of integral equations. In each level of truncation, the governing coupled and nonlinear system of differential
equations is solved by applying the common finite difference method, with central differencing, a tridiagonal matrix manipulation, and an
iterative procedure. The whole numerical scheme can be programmed and applied easily and has distinct advantages compared to that in
Minkowycz and Sparrow (Minkowycz et al., 1988) with respect to stability, accuracy, and convergence speed. The details of this scheme
are described in Kafoussias and Karabis (Kafoussias and Karabis, 1996) and Kafoussias and Williams (Kafoussias and Williams, 1993).

To examine the behavior of the unsteady MHD boundary layer over the wedge, numerical calculations were carried out for different
values of the dimensionless parameters, entering the problem under consideration for Pr, =1.42, which corresponds to air. The numerical
results are shown in Figs. 2-10 for the velocity, the temperature and the concentration of the fluid along the wall of wedge.

4. Results and discussion

For the purpose of discussing the effects of various parameters on the flow behavior near the wedge surface, numerical calculations have
been carried out for different values of 7, M, A, Ay, Pry, Sc, N, ¥, 6r and y1. When viscosity does not depend on the temperature, then the
values of the Prandt] number Pry = 0.71,2.97 and 7.0 correspond to air, Methyl chloride and water. As viscosity depends on the temperature,
then these values at the surface of the wedge (r=0) and for 8, =2.0) (=0) correspond to Pry = 1.42, 5.94 and 14. The values of Schmidt
number Sc are taken for hydrogen (Sc=0.22), helium (Sc=0.30), water-vapour (Sc= 0.62) and carbon-dioxide (Sc=0.94). It is also worth
mentioning that according to the definition of the thermophoresis parameter, 7 > 1.0. The velocity, temperature and concentration profiles
obtained in the dimensionless form are presented in the following figures for Pr, = 1.42, B1= %(.Q =60%), Sc = 0.62, Nt =2.0and 6, =
2.0, A = 0.1, Ec = 0.001, Grashof number for heat transfer is chosen to be Gry =9, since these values (Gry) corresponds to a cooling problem

Numerical computations have been carried out for various values of unsteady parameter (A, ),variable viscosity 8, magnetic parameter
2 ermophoresis-part iti i eacti amete n order to validate our method, we have

compared the results of ), f () and f'(n) for various values of 77 (1able 1) with those of White {White, 2006)and found them-inexcellent———

agreement.
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Fig. 3. Unsteadiness effect on velocity profiles y; = 1.0, m=0.0909, y=Rey =M2=1.0, N=3, F,, A=0.1, E.=0.001,5=3.0, 0,=2.0,£=0.01and £2=30°
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Fig. 10. Chemical reaction effects on concentration profiles 34 =1.0, m=0.0909, M?2=10,N=3,4,=0.1,5=3.0,7=05,£=0.01and 2=30°.

In the absence of diffusion equation with steady flow, in order to ascertain the accuracy of our numerical results, the present study is
compared with the available exact solution in the literature. The velocity profiles for & are compared with the available exact solution of
Minkowycz and Sparrow (Minkowycz et al., 1988), is shown in Fig. 2. It is observed that the agreements with the theoretical solution of
velocity and temperature profiles are excellent.

The effects of unsteadiness parameter A, on the dimensionless velocity, temperature and concentration profiles within the boundary-
layer have been displayed in Figs. 3-5, respectively. From these figures, it is observed that the velocity profile decreases whereas the
temperature and concentration profiles increase with the increase of unsteadiness parameter X,. The variation of the Prandtl number
within the boundary layer for different values of the unsteadiness parameter Ay play a very important role on flow field and it is clearly
observed that an increase in A, decreases Pr, within the boundary layer. The reason for this behavior is that the inertia of the porous
medium provides an additional resistance to the fluid flow mechanism, which causes the fluid to move at a retarded rate with reduced
velocity. )

Fig. 6 presents typical profiles for velocity for various values of magnetic parameter, M2. Due to the uniform chemical reaction effects,
it is clearly shown that the velocity of the fluid decreases whereas the temperature and concentration of the fluid are not significant
with increase of the strength of magnetic field. The effect of a transverse magnetic field to an electrically conducting fluid gives rise to a
resistive-type force called the Lorentz force. This force has the tendency to slow down the motion of the fluid and to reduce its temperature
and concentration profiles. This result qualitatively agrees with the expectations, since magnetic field exerts retarding force on the mixed
convection flow. Application of a magnetic field moving with the free stream has the tendency to induce a motive force which decreases
the motion of the fluid and decreases its boundary layer.

Effect of thermophoresis parameter t on concentration field is shown in Fig. 7.1t is observed that the concentration of the fluid decreases
with increase of thermophoretic parameter whereas the velocity and temperature of the fluid are not significant with increase of ther-
mophoretic parameter, Imparticutar; the effectof increasing the thermopheretic parameter tis Himited o-increasing slig sl
of the concentration profiles but decreasing the concentration. This is true only for small values of Schmidt number for which the Browmnian
diffusion effect is large compared to the convection effect. However, for large values of Schmidt number, the diffusion effect is minimal
compared to the convection effect and, therefore, the thermophoretic parameter t is expected to alter the concentration boundary layer
significantly. This is consistent with the work of Alam et al. (Alam et al., 2008a) on thermophoresis of aerosol particles in flat plate boundary
layer.

The effect of viscosity on velocity and temperature profiles is shown in Figs. 8 and 9 respectively. It is seen that the velocity of the fluid
increases with increase of viscosity while the thermal boundary layer thickness decreases as the viscosity increases. So, the increase of
viscosity accelerates the fluid motion and reduces the temperature of the fluid along the wall. This figure also confirmed us that when 6
becomes very large, variations in the temperature profiles become less pronounced, since Eq. (30) implies that  — (e as 0r > co. Also, it
is observed that the concentration of the fluid is almost not affected with increase of the viscosity.

ng ogh he wa Qpe

Table 1

Comparison of the current results with previous published work for i1 =, =0.
7 White (White, 2006) Present works

fin) f(m) f'(n) fn) f(n) F(m

0.0 0.000000 0.000000 0.469599 0.000000 0.000000 0.469686
05 0.05864 0.23423 0.46503 0.058656 0.234267 0.465078
1.0 0.23299 0.46063 0.43438 0.232986 0.460628 0.434377
20 0.88680 0.81669 0.25567 0.886797 0.816687 0.255668
3.0 1.79557 0.96905 0.06771 1.795569 0.969046 0.067714
4.0 2.78388 0.99777 0.00687 2.783882 0.997773 0.006871

5.0 3.78323 0.99994 0.00026 3.783234 0.999941 0.000262
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Table 2

' Analysis for skin friction and rate of heat and mass transfer.
f(0) ¢(0) ¢'(0) Parameter
0.014318 -1.360378 -1.311411 7=1.0 Thermophoretic parameter
0.014184 -1.360380 -1.904623 =20
0.014067 —~1.360397 —2.566697 7=3.0
1.212797 -1.110261 —1.202246 y=0.1 Chemical reaction parameter
1.212808 -1.110282 —1.204361 y=15
1.212831 -1.110299 —1.205765 y=25
3.156622 —-3.674341 —3.656051 M?=0.1 Magnetic parameter
5.455927 —3.795493 —3.682265 M?=50
7.165197 —3.836221 —3.714474 M?2 =100
2219134 —1.993495 —-1.988773 Ay=5.0 Unsteadiness parameter
2.635342 -~2.336595 —2.282436 Ay=0.10
2.915912 ~2.471771 —2.689322 Ay=030
1.384681 -1.657842 -1.847123 y1=0.1 Forced convection parameter
1.456287 -1.692092 —1.868236 y1=1.0 Mixed convection parameter
1.718912 —1.736581 —1.875624 y1=5.0 Free convection parameter

Fig. 10 represents the dimensionless concentration profiles ¢(7) for different values of the chemical reaction parameter. For uniform
suction and temperature-dependent fluid viscosity, an increase in chemical reaction, leads to fall in concentration of the fluid along the
wall of the surface and these are shown in Fig. 10. So, in the case of suction, the chemical reaction decelerates the concentration of the fluid
along the wall of the surface whereas the velocity and the temperature of the fluid are not significant with increase of chemical reaction
parameter. It is observed that the effects of destructive reaction on the concentration profiles are much more pronounced than that of the
generative reaction. In particular, the concentration of the fluid gradually changes from higher value to the lower value only when the
strength of rate of chemical reaction k; is higher than the kinematic viscosity v of the fluid.

From Table 2, it is observed that the skin friction increases and the rate of heat and mass transfer decrease with increase of magnetic,
chemical reaction and unsteadiness parameters respectively, whereas the skin friction and the rate of mass transfer decrease and the rate
of heat transfer increases with increase of thermophoretic parameters. It is interesting to note that the rate of change of skin friction and
mass transfer of forced convection flow are more significant to compare with free and mixed convection flows whereas the rate of change
of heat transfer of free convection flow is faster than the other two buoyancy forces.

5. Conclusions

In the present paper, the effect of variable viscosity on unsteady MHD mixed convection boundary layer flow over a porous wedge
with thermophoresis particle deposition in the presence of chemical reaction has been studied numerically. There are many parameters
involved in the final form of the mathematical model. The problem can be extended on many directions, but the first one seems to be to
consider the effects of chemical reaction with thermophoresis particle deposition. In the presence of uniform viscosity, it is interesting to
note that the velocity of the fluid decreases with increase of unsteadiness and magnetic parameter. In unsteady mixed convective flow
regime, the concentration boundary layer thickness decreases with increase of the thermophoretic and chemical reaction parameters.
Particularly, the destructive reaction plays a dominant role on concentration field to compare with generative reaction. In the presence of
uniform magnetic effect, it is clear that the velocity for free convection is more dominant to compare with the forced and mixed convection
flow whereas the temperature and the concentration of the fluid for forced convection is monotonically dominant to compare with the

——other bueyaney-forces-Itis interesting to note that the thermopharetic with chemical reaction effects in the presence of magnetic field
have a substantial effect on the flow field and, thus, on the heat and mass transfer rate-fromthe sheet to-the fluid- Thermophoresisisan———
important mechanism of micro-particle transport due to a temperature gradient in the surrounding medium and has found numerous
applications, especially in the field of aerosol technology.

It is interesting to note that the chemical reaction with magnetic effects in the presence of thermophoresis particle deposition on dust
particle play a very important role on Global warming. Acid gas reactions during the passage from the source regions to the western
North Pacific modify the chemical characteristics of Asian mineral dust particles as they pass through heavily industrial regions. The high
adsorption of HNOz on mineral dust particles would change their surface properties from hydrophobic to hygroscopic and form an efficient
mechanism to remove nitrogen compounds to the ocean surface layer. In addition, dust particles make important contributions to regional
and/or global climate and environment changes because particle can scatter and/or absorb solar radiation, act as chemical reaction sites in
the atmosphere. Since oxidation has a strong effect on particle lifetime in the atmosphere, these results will help climate scientists refine
the computer models used to predict climate change. The results of the problem are also of great interest in geophysics in the study of
interaction of the geomagnetic field with the fluid in the geothermal region.
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