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H I G H L I G H T S  

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. 

A R T I C L E  I N F O  A B S T R A C T  

Article history: An analysis is presented to  investigate the effect of thermophoresis particle deposition and temperature 
Received 20 April 2012 dependentviscosity on unsteady MHD mixed convective heat and mass transfer of a viscous, incompress- 
Received in revised form 1 March 2013 ible and electrically conducting fluid past a porous wedge in the presence of chemical reaction. The wall 
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. 

O 2013 Elsevier B.V. All rights resewed. 

1. Int roduct ion  

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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Table 2 
Analysis for skin friction and rate of heat and mass transfer. 

~'''(0) e'(0) C'(0) Parameter 

0.014318 -1.360378 -1.311411 r=1.0 Thermophoretic parameter 
0.014184 -1.360380 -1.904623 t = 2.0 
0.014067 -1.360397 -2.566697 r=3.0 
1.212797 -1.110261 -1.202246 y = 0.1 Chemical reaction parameter 
1.212808 1.110282 -1.204361 y=1.5 
1.212831 -1.110299 -1.205765 y = 2.5 
3.156622 -3.674341 -3.656051 M2 = 0.1 Magnetic parameter 
5.455927 -3.795493 -3.682265 M2 - 5.0 
7.165197 -3.836221 -3.714474 M2 = 10.0 
2.219134 -1.993495 -1.988773 A, = 5.0 Unsteadiness parameter 
2.635342 -2.336595 -2.282436 A, ~ 0 . 1 0  
2.915912 -2.471 771 -2.689322 A, = 030 
1.384681 -1.657842 -1.847123 yl = 0.1 Forced convection parameter 
1.456287 -1.692092 -1.868236 yl = 1.0 Mixed convection parameter 
1.718912 -1.736581 -1.875624 yl = 5.0 Free convection parameter 

Fig. 10 represents the dimensionless concentration profiles @(v) 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 kl is higher than the kinematic viscosity u 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 dear 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 
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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 HN03 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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