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Abstract

In this paper, we analyze unsteady two dimensional hydromagnetic forced convec-
tion boundary layer flow of a viscous incompressible fluid along flat plates with
thermophoresis. The potential flow velocity has been taken as a function of the dis-
tance x and time £ The governing partial differential equations are transformed to
ordinary differential equation by applying local similarity transformation. The re-
sulting similarity equations are then solved numerically for unsteady case, applying
Nachtsheim-Swigert shooting iteration technique with six order Runge-Kutta me-
thod. The variations in fluid velocity, fluid temperature and species concentration are
displayed graphically and discussed for different material parameters entering into
the analysis. The effects of the pertinent parameters on the skin-friction coefficient,
wall heat transfer coefficient and wall deposition flux rate are also displayed in tabu-
lated form and discussed them from the physical point of view. An analysis of the
obtained results shows that the flow field is influenced appreciably by the magnetic
field parameter and the thermophoresis particle deposition.

Keywords

Forced Convection, Hydromagnetic Field, Similarity Solution, Unsteady,
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1. Introduction

In recent years, the problems of forced convective boundary layer flow over flat plates
with thermophoresis under the influence of a magnetic field have been attracted the at-

tention of a number of researchers because of their possible applications in many

DOI: 10.4236/jamp.2016.49182 September 27, 2016



http://www.scirp.org/journal/jamp
http://dx.doi.org/10.4236/jamp.2016.49182
http://www.scirp.org
http://dx.doi.org/10.4236/jamp.2016.49182
http://creativecommons.org/licenses/by/4.0/

M. J. Uddin, M. Y. Ali

branches of science and technology, such as its applications in transportation cooling of
re-entry vehicles and rocket boosters, cross-hatching on ablative surfaces and film va-
porization in combustion chambers. Forced convective boundary layer flows have a
great interest from both theoretical and practical point of views because of its vast and
significant applications in cosmic fluid dynamics, solar physics, geophysics, electronics,
paper production, wire and fiver coating, composite processing and storage system of
agricultural product etc.

A radiometric force by temperature gradient that enhances small micron sized par-
ticles moving toward a cold surface and away from the hot surface is termed as ther-
mophoresis. The velocity caused by thermophoresis is called thermophoretic velocity.
Thermophoresis plays a significant role of transporting particles from hot fluid region
to the cold fluid region. This phenomenon has many engineering applications in re-
moving small particles from gas streams, in determining exhaust gas particle trajecto-
ries from combustion devices, and in studying the particulate material deposition on
turbine blades. Thermophoresis principle is utilized to manufacture graded index sili-
con dioxide and germanium dioxide in the fabrication of optical fiber used in the field
of communications. Thermophoresis is also a key mechanism of study in semi-con-
ductor technology especially in production of controlled high-quality wafer as well as in
production of magnetohydrodynamic (MHD) energy. Thermophoretic deposition of
radioactive particles is one of the major factors causing accidents in nuclear reactors.
The magnitudes of the thermophoretic force and velocity are proportional to the tem-
perature gradient and depend on many factors like thermal conductivity of aerosol par-
ticles and carrier gas. Duwairi and Damesh [1] investigated the effects of thermophore-
sis particle deposition on mixed convection from vertical surfaces embedded in satu-
rated porous medium. Adrian Postelnicu [2] studied the thermophersis partical deposi-
tion in natural convection over inclined surfaces in porous media. Due to practical im-
portance of thermophoresis phenomenon, Goren [3] analyzed thermophoresis in la-
minar flow over a horizontal flat plate. He found the deposition of particles on cold
plate and particle free layer thickness in hot plate case. The deposition efficiency of
small particles due to thermophoresis in a laminar tube flow was calculated by Walker
et al. [4]. Rahman et al [5] analyzed the local similarity solutions for unsteady two di-
mensional forced convective heat and mass transfer flow along a wedge with thermo-
phoresis. Aldoss et al. [6] studied combined free and forced convection flow past a ver-
tical plate embedded in a porous medium in the presence of a magnetic field. Ali et al
[7] studied a case of similarity solution for unsteady laminar boundary layer flow in
curvilinear surface. Seth and Ansari [8] investigated unsteady hydromagnetic natural
convection flow of a viscous, incompressible, electrically conducting and heat absorb-
ing fluid past an impulsively moving vertical plate with ramped temperature embedded
in a fluid saturated porous medium taking into account the effect of thermal diffusion.
Nandkeolyar and Das [9] studied unsteady MHD free convection flow of a heat ab-
sorbing dusty fluid past a flat plate with ramped wall temperature. Kim [10] considered

hydromagnetic natural convection flow past a vertical moving plate embedded in a
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porous medium. Ishak ef al [11] studied the steady laminar MHD boundary layer flow
along a wedge immersed in an incompressible micropolar fluid in the presence of a va-
riable magnetic field. Elbashbeshy et al [12] studied the effect of magnetic field on
boundary layer flow over an unsteady stretching surface in a micropolar fluid. Alam
and Chapal [13] introduced a new similarity approach for an unsteady two dimensional
forced convective flow of a micropolar fluid along a wedge. Jia et al [14] studied the
interaction between radiation and thermophoresis in forced convection laminar boun-
dary layer flow. Chiou [15] analyzed the effect of thermophoresis on submicron particle
deposition from a forced laminar boundary layer flow on to an isothermal moving plate
through similarity solutions. Selim et al [16] studied the effect of thermophoresis and
surface mass transfer on mixed convection flow past a heated vertical flat permeable
plate. Seth and Sarker [17] considered the hydro magnetic natural convection flow with
induced magnetic field and n™ order chemical reaction of a heat absorbing fluid past an
impulsively moving vertical plate with ramped temperature. Parvin et al [18] studied
the effect of Prandtl number on forced convective flow and thermal field characteristics
inside an open cavity with porous wavy isothermal wall using water-CuO nanofluid.
Chamkha [19] studied unsteady hydromagnetic two dimensional convective laminar
boundary layer flow with heat and mass transfer of a viscous, incompressible, electri-
cally conducting and temperature dependent heat absorbing fluid along a semi-infinite
vertical permeable moving plate in the presence of a uniform transverse magnetic field.
Jhankal and Kumar [20] have analyzed the MHD boundary layer flow past a stretching
plate with heat transfer. Bhattacharyya [21] discussed the mass transfer on a continuous
flat plate moving in a parallel or reversely to a free stream in the presence of a chemical
reaction. Kuiry and Bahadur [22] studied MHD flow of viscous fluid between two pa-
rallel porous plates with heat transfer in an inclined magnetic field. Khan et al [23]
have analyzed the effects of magnetic field on radiative flow of a nanofluid past a stret-
ching sheet. The effects of thermophoresis and internal heat generation/absorption on
MHD heat and mass transfer flow over an inclined radiate permeable surface were ex-
amined by Noor et al [24]. Haddad et al [25] experimentally investigated natural con-
vection in nanofluid by considering the role of thermophoresis and Brownian motion
in heat transfer enhancement.

The objective of the present paper is to obtain a local similarity solution of an un-
steady two dimensional hydromagnetic forced convective boundary layer flow of a
viscous incompressible fluid over flat plates with thermophoresis and be attempted to
investigate the effects of several involved parameters on the velocity, temperature, con-
centration and other flow parameters like the skin-friction coefficient, local Nusselt
number (wall heat transfer coefficient) and local Stanton number (wall deposition flux)

across the boundary layer.

2. Mathematical Analysis and Governing Equations of the
Problem

In this work, we considered the unsteady, laminar, hydromagnetic combined heat and
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mass transfer by forced convection flow along a flat plate. With x-axis measured along
the plate, a uniform magnetic field B, is applied in the y direction which is normal to
the flow direction. A heat source is placed within the flow to allow for possible heat
generation effects. The fluid is assumed to be Newtonian, electrically conducting and
heat generating. The governing continuity, momentum, energy and diffusion equations

can be written as:

ou ov
—+

2 -0 1
Py (1)
2 2
a_u+ua_u+va_uzva_g+a_U+U6—U—O-—Bou (2)
ot OX oy oy ot OX Yo
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ﬂ+u£+vﬂ=—gg+&(T—Tw) (3)
ot ox oy pc, oy pc,
2
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where U,V are the velocity components in the x and y directions respectively, vis the
kinematic viscosity, g is the acceleration due to gravity, p is the density of the fluid,
S is the volumetric coefficient of thermal expansion. T, T, and T are the temper-
ature of the fluid inside the thermal boundary layer, the plate temperature and the fluid
temperature in the free stream, respectively, while C, C, and C_ are the correspond-
ing concentrations, o is the electrical conductivity, B, isthe uniform magnetic field,
U is the free stream velocity , 1, is the thermal conductivity of fluid, c, is the spe-
cific heat at constant pressure, Q, is the heat generation coefficient, D is the molecular
diffusivity of the species concentration and V; is the thermophoretic velocity. The

thermophoretic velocity V; can be written as:

V; _ kYT __Kvol (5)

Tref Tref ay

where kis the thermophoretic coefficient and 7.ris the reference temperature.

The appropriate boundary conditions for the above model are as follows:

u:U:%,v:O,T:TW,C:O aty=0 ©6)
and u=0,T=T,C=C_, asy—>» (7)
The continuity Equation (1) is satisfied by introducing the stream function (X, y)
such that u :6—!//, s (8)
oy OX

The momentum, energy and diffusion Equations (2)-(4) can be transformed to the
corresponding ordinary differential equations by introducing the following similarity

transformations:

1 2 T-T, c '
X=¢ t=1, n=y\/2:‘/t, W=X\/¥f(ﬂ): H(U):((TT))’ ¢(n)=§, u=%f )
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The momentum, energy and diffusion Equations (2)-(4) after some simplifications,

reduce to the following forms:

f"’+(77+2f)f"—2f’2+(2—M)f':0 (10)
0" +Pr(2f +1)0'+PrQo =0 (11)
¢"+Sc(n+2f)¢'—Sc(¢9”+¢’9’)Ta:0 (12)
C
where, Pr(Prandtl number) = % (13)
9
. . GBOZ 27
M (Modified Local Magnetic field Parameter) = ——— (14)
o
. . _ Q27
Q (Modified local heat generation Parameter) = —2— (15)
Jelch
Sc (Schmidt number) = % (16)
k(T,—T
Ta (Thermophoretic Parameter) = —y (17)
ref
The corresponding boundary conditions are:
f=0 f'=1 6=1 ¢=0 asn=0 (18)
and f'=0, =0, ¢=1 asn—>o (19)

where the prime (') denotes differentiation with respect to 77.

The Prandtl number (Pr) or Prandtl group is a dimensionless number and is defined
as the ratio of momentum diffusivity to thermal diffusivity. The Prandtl number con-
tains no such length scale in its definition and is dependent only on the fluid and the
fluid state. As such, the Prandtl number is often found in property tables alongside
other properties such as viscosity and thermal conductivity. For most gases over a wide
range of temperature and pressure, Pr is approximately constant. Therefore, it can be
used to determine the thermal conductivity of gases at high temperatures, where it is
difficult to measure experimentally due to the formation of convection currents. Small
values of the Prandtl number, Pr< 1, means the thermal diffusivity dominates. Whe-
reas with large values, Pr'>1, the momentum diffusivity dominates the behavior. In
heat transfer problems, the Prandtl number controls the relative thickness of the mo-
mentum and thermal boundary layers. When Pr is small, it means that the heat diffuses
quickly compared to the velocity (momentum). This means that for liquid metals the
thickness of the thermal boundary layer is much bigger than the velocity boundary
layer. The mass transfer analog of the Prandtl number is the Schmidt number.

Schmidt number (S¢) is a dimensionless number with important applications to
transport phenomena and is defined as the ratio of momentum diffusivity (viscosity)
and mass diffusivity and is used to characterize fluid flows in which there are simultaneous
momentum and mass diffusion convection processes. It physically relates the relative
thickness of the hydrodynamic layer and mass-transfer boundary layer.

Thermophoretic parameter is a phenomenon observed in mixtures of mobile par-
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ticles where the different particle types exhibit different responses to the force of a
temperature gradient. Thermophoretic force has been used in commercial precipitators
for applications similar to electrostatic precipitators. It is exploited in the manu-fac-
turing of optical fiber in vacuum deposition processes. It can be important as a trans-
port mechanism in fouling.

Magnetic field Parameter is a dimensionless number used in magneto fluid dynamics,
equal to the product of the square of the magnetic permeability, the square of the mag-
netic field strength, the electrical conductivity and a characteristic length, divided by
the product of the mass density and the fluid velocity. Magnetic fields can be produced
by moving electric charges and the intrinsic magnetic moments of elementary particles
associated with a fundamental quantum property. Magnetic field lines would start or
end on magnetic monopoles, so if they exist, they would give exceptions to the rule that
magnetic field lines neither start nor end.

A heat generation site is a structure where heat is generated for distribution to other
structures and its parameter is known as heat generation parameter. The power con-
sumption and the heat generation in metal cutting processes are dependent on a com-
bination of the physical and chemical properties of the work piece material and cutting

tool material, cutting conditions and the cutting tool geometry.

Important Physical Parameters

The skin-friction coefficient, local Nusselt number (wall heat transfer coefficient), and
local Stanton number (wall deposition flux):

The parameters of engineering interest for the present problem are the skin-friction
coefficient, local Nusselt number and the local Stanton number which indicate physi-
cally wall shear stress, rate of heat transfer and wall deposition flux respectively. These
can be obtained from the following expressions:

A dimensionless skin-friction coefficient expressing the proportionality between the
frictional force per unit area, or the shearing stress exerted by the wind at the earth's
surface, and the square of the surface wind speed. Skin friction coefficient is a compo-
nent of parasitic drag that occurs differently depending on the type of flow over the
lifting body (laminar or turbulent). Just like any other form of drag, the coefficient of
skin friction drag is calculated with various equations and measurements depending on
the flow and then added to coefficients of other forms of drag to calculate total drag.

The skin-friction coefficient is given by

L au
Cf, (Re, )2 =—%=1"(0), 7,=u— (20)
N R

In heat transfer at a boundary (surface) within a fluid, the local Nusselt number is the
ratio of convective to conductive heat transfer across (normal division by its area then
takes care of the local factor and the normalization). The local Nusselt number analog
has on occasion been used to actually.

The local Nusselt number may be written as
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2xq , oT
2w —_9(0), q,=-4 (—J (21)
(Tw_Tw)/q’g ( ) ’ oy y=0

The local Stanton number is a dimensionless number that measures the ratio of heat

1
2Nu, (Re,) 2 =

transferred into a fluid to the thermal capacity of fluid. This number arises in the con-
sideration of the geometric similarity of the momentum boundary layer and the ther-
mal boundary layer, where it can be used to express a relationship between the shear

force at the wall (due to viscous drag) and the total heat transfer at the wall (due to

thermal diffusivity).
The Stanton number can be written as
1 J oC
St.Sc(Re, )z =———=¢'(0), J,=- (—J (22)
(Re.): =~ =4 (0) 38

where, 7,

J, be the rate of transfer of species concentration.

is the wall shear stress on the surface, ¢, be the rate of heat transfer and

3. Numerical Solution

The set of ordinary differential Equations (10) to (12) with boundary conditions (18)
and (19) are nonlinear and coupled. A standard initial value solver i.e., the shooting
method is used to solve these equations numerically. For this purpose we applied the
Nacthsheim-Swigert iteration technique (Nachtsheim and Swigert, 1965) [26]. In the
process of iteration the velocity, temperature and concentration profile, the skin-fric-
tion coefficient, f”(0), local Nusselt number (wall heat transfer coefficient), 6'(0)
and local Stanton number (wall deposition flux), ¢'(0) are evaluated. The numerical
results obtained for several selected values of the established parameters are displayed
in graphs and tables below. These graphs and tables show that velocity, temperature,
concentration, wall heat transfer coefficient, wall deposition flux and the skin-friction
coefficient are affected significantly with the variations of the considered controlling

parameters.

4. Results and Discussion

In order to investigate the physical representation of the problem, the numerical values
of velocity field ( f'), temperature field (&) and concentration (¢ ) have been com-
puted for resultant for various physical parameters like local heat generation parameter,
Schmidt parameter, local magnetic field parameter and thermophoretic parameter. The
parameters are chosen arbitrarily where Pr=0.71 corresponds physically to air at 20°C,
Pr = 1.10 corresponds to electrolyte solution such as salt water and Pr = 7.0 corres-
ponds to water, and Sc = 0.30 for helium and Sc = 0.60 water vapor at approximate
25°C and 1 atmosphere. In order to get clear insight into the physics of the problem, a

representative set of numerical results are shown graphically in Figures 1-15.

4.1. Velocity Profiles

The dimensionless velocity profiles for the influence of various physical parameters are
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Figure 1. Effect of dimensionless velocity profiles across the boundary
layer for different values of M and for Pr=0.71, Q = 2.50, Sc = 0.60,

Ta=0.50.
1
— — - Pr=071
- — _Pr=1.10
0.8 - —_ _Pr=400
L i ._Pr=700
R
0.6—_\\
[
f | \\\
04
LR
i '\\ \
02 W\ \ N
B \\ ~
- AN ~
L \'\% -~ ~
) e i
0 0.5 1 1.5 2 25 3

Figure 2. Effect of dimensionless velocity profiles across the boundary
layer for different values of Prand for M = 1.50, Q = 2.50, Sc = 0.60,
Ta=0.50.

presented in Figures 1-15.
Figure 1 presents typical profiles for the velocity for various values of the local mag-
netic field parameter, M. The presence of a magnetic field normal to the flow in an

electrically conducting fluid introduces a Lorentz force which acts against the flow. This
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Figure 3. Effect of dimensionless velocity profiles across the boundary
layer for different values of Q and for M = 1.50, Pr= 0.71, Sc = 0.60,

Ta=0.50.
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Figure 4. Effect of dimensionless velocity profiles across the boundary
layer for different values of Scand for M = 1.50, Pr=0.71, Q = 2.50,

Ta=0.50.

resistive force tends to slow down the flow and hence the fluid velocity decreases with

the increase of the local magnetic field parameter as observed in Figure 1. Higher the

Lorentz force lesser is the velocity. This is true for steady and unsteady cases. This re-

sult qualitatively agrees with the expectations, since the magnetic field exerts a retarding
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Figure 5. Effect of dimensionless velocity profiles across the boundary
layer for different values of 7a and for M = 1.50, Pr=0.71, Q = 2.50,

Sc=0.60.
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Figure 6. Effect of dimensionless temperature profiles across the
boundary layer for different values of M and for Pr= 0.71, Q = 2.50,

Sc=0.60,

Ta=0.50.

force on the forced convection flow.

Due to forced convection flow, the Prandtl number Pr affects the velocity distribu-

tion. Figure 2 represents the dimensionless velocity profiles for several values of the
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Figure 7. Effect of dimensionless temperature profiles across the
boundary layer for different values of Prand for M = 1.50, Q = 2.50,
Sc=0.60, Ta=0.50.
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Figure 8. Effect of dimensionless temperature profiles across the
boundary layer for different values of Q and for M = 1.50, Pr= 0.71,
Sc=0.60, Ta=0.50.

Prandtl number Pr, the velocity along the plate decreases with increase in Pr. It is evi-
dent from the decrease in the velocity profiles along x-direction and y-direction respec-

tively as Princreases that, the fluid’s velocity components decrease at every point above
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Figure 9. Effect of dimensionless temperature profiles across the
boundary layer for different values of Sc and for A7 = 1.50, Pr=0.71,
Q=2.50, 7a=0.50.
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Figure 10. Effect of dimensionless temperature profiles across the
boundary layer for different values of 7a and for M= 1.50, Pr=0.71,
Q= 2.50, Sc = 0.60.

the surface.
Figure 3 displays the effects of the heat generation parameter Q on the velocity com-
ponent. This is represented in the increases the fluid velocity as the heat generation pa-

rameter Q increases, as seen from Figure 3. This is expected since heat generation (Q >
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Figure 11. Effect of dimensionless concentration profiles across the
boundary layer for different values of M and for Pr= 0.71, Q = 2.50,
S$c=0.60, 7a=0.50.
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Figure 12. Effect of dimensionless concentration profiles across the
boundary layer for different values of Prand for M= 1.5, Q= 2.50, Sc=
0.60, 7a = 0.50.

0) causes the thermal boundary layer to become thicker and the fluid become warmer.
The influences of the Schmidt number, Sc on the velocity profiles are plotted in Fig-
ure 4. The Schmidt number embodies the ratio of the momentum to the mass diffusivity.
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Figure 13. Effect of dimensionless concentration profiles across the
boundary layer for different values of Qand for A= 1.5, Pr=0.71, Sc =

0.60, 7a = 0.50.

Figure 14. Effect of dimensionless concentration profiles across the
boundary layer for different values of Scand for M= 1.5, Pr=0.71, Q=

2.50, 7a=0.50.

The Schmidt number therefore quantifies the relative effectiveness of momentum and

mass transport by diffusion in the hydrodynamic (velocity). As the Schmidt number
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Figure 15. Effect of dimensionless concentration profiles across the
boundary layer for different values of 7a and for M= 1.5, Pr=0.71, Q=
2.50, Sc=0.60.

increases the velocity increases.
Figure 5 exhibits the behavior of dimensionless velocity profiles for some the values
of the thermophoretic parameter 7a. From this figure it is clear that the fluid velocity

increases rapidly with the increase of the thermophoretic parameter 7a.

4.2. Temperature Profiles

The dimensionless temperature profiles are presented in Figures 6-10.

For different values of the magnetic field parameter M on the temperature profiles
are plotted in Figure 6. It is observed that the temperature profile slightly decrease with
the increase of magnetic field parameter. Therefore, an applied magnetic field can be
used to control the flow, rotation of micro-constituents and heat transfer characteris-
tics.

Figure 7 illustrates the temperature profiles for different values of the Prandtl num-
ber Pr.

Prandtl number defines the relative effectiveness of the momentum transport by dif-
fusion in the hydrodynamic boundary layer to the energy transported by thermal diffu-
sion in the thermal boundary layer. According to the definition of Prandtl number high
Prfluids possess lower thermal conductivities which reduce the conduction heat trans-
fer and increases temperature variations at the wall. The Prandtl number defines the ra-
tio of momentum diffusivity to thermal diffusivity. This figure reveals that an increase
in Prandtl number Pr results in a decrease in the temperature distribution, because,

thermal boundary layer thickness decreases with an increase in Prandtl number, Pr.
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From Figure 8, we observe that when the value of the heat generation parameter, Q
increases, the temperature distribution also increases significantly which implies that
owing to the presence of a heat source, the thermal state of the fluid increases causing
the thermal boundary layer to increase.

The influence of the Schmidt number on the temperature is presented in Figure 9.
From this fig. we see that the temperature monotonically decreases with an increase of
Schmidt number, Sc.

The dimensionless temperature profiles along x-direction for different values of 7a
are presented in the Figure 10 and also showing the effects of the thermophoretic pa-
rameter, 7a. It is observed that the temperature profiles decrease with the increase of

the thermophoretic parameter, 7a.

4.3. Concentration Profiles

In order to gain physical insight of the problem, the numerical results for the dimen-
sionless concentration profiles have been presented graphically in Figures 11-15.

The effect of the local magnetic field parameter (M) on concentration fields have
shown in Figure 11. In Figure 11, the effect of an applied magnetic field is found to
decrease the concentration profiles, and hence increase the concentration boundary
layer with the increasing of magnetic field parameter ().

From Figure 12, we can ascertain that the isotherms are almost linear and distri-
buted inside the cavity for Pr= 0.71, which is due to the combined effect of conduction
and forced convection. From this Figure 12, we observe that the temperature profiles
increase swiftly with the increase of the Prandtl number (2r).

In Figure 13, we have plotted the variation of the dimensionless concentration dis-
tribution for different values of Q and also showing the effects of the local heat genera-
tion parameter Q. It is seen from Figure 13 that when the heat is generated, the
buoyancy force increase, which induces the flow rate to increase giving, rises to the in-
crease in the concentration profiles. On the other hand, we see that the concentration
profiles increase rapidly while the concentration boundary layer decreases as the heat
generation parameter Q increases.

Figure 14 displays the variation of dimensionless concentration profiles for several
value of Schmidt number, Sc. The Schmidt number embodies the ratio of the momen-
tum to the mass diffusivity. The Schmidt number therefore quantifies the relative effec-
tiveness of momentum and mass transport by diffusion in the concentration (species)
boundary layers. As the Schmidt number increases the concentration also increases.
This causes the concentration buoyancy effects to increase yielding a reduction in the
fluid velocity.

The effect of the thermophoretic parameter (7a) on concentration field is presented
in the Figure 15. From Figure 15, it is noticed that the effect of increasing the ther-
mophoretic parameter (7a) increasing slightly the wall slope of the concentration pro-
files.

The skin-friction coefficient, f" (0) , local Nusselt number (wall heat transfer coeffi-
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cient), 6'(0) and local Stanton number (wall deposition flux), ¢'(0) are important
physical parameters .These tables are given below.

The numerical results are illustrated in Tables 1-5 for the effect of various parame-
ters on the Skin-friction coefficient, local Nusselt number, and local Stanton number.
From Table 1, it is clear that the Skin-friction coefficient and the local Nusselt number
increases while the local Nusselt number decreases with the increases of the local Mag-
netic field parameter (M4). From Table 2 and Table 5, it is clear that the Skin-friction

Table 1. Skin-friction coefficient, f "(0) , local Nusselt number (wall heat transfer coefficient),

0'(0) and local Stanton number (wall deposition flux), ¢'(0) for different values of M.

M -f"(0) 0'(0) 4'(0)
0.25 1.0235046 0.84207159 0.9578218
1.50 1.4691122 1.51357670 0.9232827
3.50 2.0202887 3.22451048 0.8829878
5.50 2.4603553 7.07822666 0.8280733

Table 2. Skin-friction coefficient, f "(O) , local Nusselt number (wall heat transfer coefficient),

0'(0) and local Stanton number (wall deposition flux), ¢'(0) for different values of Pr.

Pr -£"(0) 0'(0) ¢'(0)

0.71 1.4675186 1.51179868 0.9237007
1.10 1.4674663 1.02651915 0.9307509
4.00 1.4672230 0.18606617 0.9364918
7.00 1.4665497 0.13633085 0.9408721

Table 3. Skin-friction coefficient, f”(0), local Nusselt number (wall heat transfercoefficient),

9’(0) and local Stanton number (wall deposition flux), ¢’(0) for different values of Q.

Q -f7(0) 0'(0) #(0)
0.50 1.4685408 0.78715171 0.9274211
2.50 1.4615275 1.50462781 0.9253480
4.00 1.4590538 1.74655398 0.9126801
6.00 1.4498124 2.96491001 0.9077078

Table 4. Skin-friction coefficient, f”(0), local Nusselt number (wall heat transfer coefficient),

0'(0) and local Stanton number (wall deposition flux), ¢'(0) for different values of Sc.

Se ~£7(0) 6'(0) ¢'(0)
0.30 1.4287004 1.50871980 0.6104537
0.60 1.4460197 1.41001477 0.9241163
5.00 1.4610567 1.38990800 2.6736081
8.00 14890560 1.19356201 2.8391696
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Table 5. Skin-friction coefficient, f”(0), local Nusselt number (wall heat transfer coefficient),

0'(0) and local Stanton number (wall deposition flux), ¢'(0) for different values of 7a.

Ta 7f"(0) 6’(0) ¢'(0)
0.50 1.9630242 1.50642932 0.9249399
2.50 1.6714498 1.49926073 1.0377505
4.50 1.3148420 1.07243777 1.1858530
6.50 1.2630476 0.50280036 1.5711148

coefficient and the local Nusselt number decrease while the local Nusselt number in-
creases with the increase of the Prandtl number (Pr) and the Thermophoretic parame-
ter (7a) respectively. For the the increases of local heat generation parameter (Q), the
Skin-friction coefficient and the local Stanton number decrease while the local Nusselt
number inccreases in Table 3. In Table 4 revels that the Skin-friction coefficient and
the local Stanton number increase while the local Nusselt number decrease with the in-
crease of Schmidt number (Sc¢).

In the presence of a magnetic field, the fluid velocity is found to be decreased, asso-
ciated with a reduction in the velocity gradient at the wall, and thus the local skin-fric-
tion coefficient decreases. Also, the applied magnetic field tends to decrease the wall
temperature gradient and concentration gradient, which yield a decrease the local Nus-
selt number and the local Stanton number. The local skin friction coefficient as well as
rate of heat transfer in the micropolar fluid is lower compared to that of the Newtonian
fluid. The above table is highly significant influences of on skin friction, the rate of heat

transfer and wall deposition flux have been found which can be physically realizable.

5. Conclusions

In this paper, we have discussed the effects of thermophoresis on an unsteady two di-
mensional forced convective heat and mass transfer boundary layer flow over flat plates.
The results are analyzed for various physical parameters such as local magnetic field
parameter, Prandtl number, Schmidt number, local heat generation parameter, mag-
netic parameter, thermophoretic parameter, heat and mass transfer characteristics. The
numerical results have been presented in the form of graphs and tables. The particular
conclusions drawn from this study can be listed as follows:

e Thermophoretic particle deposition velocity decreases with the increasing values of
the thermophoretic coefficient and concentration ratio where as it increases with the
increasing values of the thermophoresis parameter.

e The plate couple stress increases with the increase values of the magnetic field pa-
rameter.

e Magnetic field significantly controls the flow, rotation of micro-constituents and
heat transfer characteristics of a micropolar fluid.

e Magnetic field retards the motion of the fluid.

e Thermophoresis is an important mechanism of micro-particles transport due to a
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temperature gradient in the surrounding medium and has found numerous applica-
tions, especially in the field of aerosol technology and industrial air pollution.

The Prandtl number as well as the Schmidt number varies significantly within the
boundary layer when the thermal conductivity is temperature dependent.

In forced convection regime, the surface mass flux increases with the increase of the
thermophoretic parameter.

The local skin friction coefficient, Nusselt number and Sherwood number are higher
for the fluids of constant electric conductivity than those of the variable electric
conductivity.

The velocity profiles increase whereas temperature profiles decrease with an in-
crease of the forced convection current.

Concentration within the boundary-layer decreases with the increasing values of the
thermophoretic parameter whereas it increases as increases the thermophoretic

coefficient as well as the concentration ratio.
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