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1. Introduction 

 

Local rotary inertia and couple stress are the effects 

encountered in polymeric fluids, exotic lubricants and liquid 

crystals and the hypothesis of a Newtonian fluid is unsuita-

ble to describe the behaviour of these typical fluids. Later, 

they are termed micropolarity (Eringen, 1966), in the no-

menclature of the rheology as a class of fluid micro-con-

tinua, Lukaszewicz[1]. 

The micropolar fluids are those which contain mi-

cro-constituents that can undergo rotation, the presence of 

which can affect the hydrodynamics of the flow. It has many 

practical applications, reported in the review articles and 

book [1].For example, plasma, liquid metal, ferro-fluid, col-

loidal fluids, polymeric fluids and blood as used largely be-

come more and more important industrially. These fluids 

belong to the class of micropolar fluids and their applica-

tions are found in biomedical, engineering, in the dialysis of 

blood, in the transpiration cooling as well as in MHD power 

generators and cooling of nuclear reactor. 

These kinds of the fluids have been modelled 

firstly by Eringen [2], adding a supplementary equation rep-

resenting the local angular momentum which operates also 

in the classical momentum equation. 

Micropolar fluids have been used by many authors 

in the boundary layer flow and heat transfer for different ge-

ometries under several physical and thermal conditions, for 

example [3-7]. 

The study of magnetic field effects on the flow, 

heat and mass transfer are relatively few when non-Newto-

nian fluid as the so-called micropolar fluid acts. Ishak et al. 

[8] analyse a micropolar fluid with MHD flow near a stag-

nation point. Thermal radiation and chemical reaction ef-

fects for the same type of fluid has been considered by Das 

[9].The first cited effect is also treated numerically by 

Mahmoud [10], considering a stretching surface with varia-

ble thermal conductivity. A numerical model is developed 

to examine the combined effects of Soret and Dufour on 

mixed convection magnetohydrodynamic heat and mass 

transfer in micropolar fluid-saturated Darcian porous me-

dium in the presence of thermal radiation, non-uniform heat 

source/sink and Ohmic dissipation is presented by Pal and 

Chatterjee [11]. Seddeek et al. [12] derived an analytical so-

lution for a magneto-micropolar fluid past a moving plate. 

Radiation, suction and blowing are the mechanisms incor-

porated. The steady laminar magnetohydrodynamic (MHD) 

boundary-layer flow past a wedge with constant surface heat 

flux immersed in an incompressible micropolar fluid in the 

presence of a variable magnetic field is investigated by 

Ishak et al. [13]. Mahmoud and Waheed [14] examined an 

interaction between a MHD micropolar fluid and a moving 

surface with radiation. In the area of high temperature dif-

ferences, Abd-El Aziz [15] studied the above effects on a 

moving semi-infinite plate with mixed convection flow of a 

micropolar fluid. The problem of the flow and heat transfer 

on a cylinder with a suction-case is discussed by Elbarbary 

and Elgazery [ 16]. Unsteady MHD natural convection is 

studied by Chamkha et al. [17] for a heated porous plate with 

combined effects. 

Another interesting effect is the thermophoresis 

which cannot neglected under a strong thermal gradient. It 

is the mechanism known as a displacement of small particles 

under the presence of a thermal gradient causing a velocity 

called the thermophoresis velocity. This phenomenon has an 

important application in the industry and the environment. 

In this context, Alam et al. [18] presented the combined ef-

fect of joule heating and viscous dissipation and on a vis-

cous incompressible fluid and over an inclined radiate iso-

thermal permeable surface. For a vertical plate, Tsai and 

Huang [19] investigate the combined effects of thermo-

phoresis and electrophoresis through a porous medium in 

the case of mixed convection flow. With the help of the Lie 

group analysis, Muhaimin et al. [20] studied the MHD free 

convective heat and mass transfer with thermophoresis and 

chemical reaction in the presence of heat source/sink. The 

influence of thermophoresis on MHD micropolar fluid flow 

is examined by Das [9]. 

A mass and heat transfer problem of a vertical per-

meable and the moving plate adjacent to micropolar fluid 

subject to a magnetic field with the thermophoresis effect is 

studied in the present paper. Motivated by the applications 

cited by Das [9] and considering the interesting case of mov-

ing the system, the present problem appears relatively new. 

The review of the published literature shows that the current 

problem has not yet received the attention of any researcher. 

All the mechanisms involved, namely the natural heat and 

mass transfer, the presence of a magnetic field and the ve-

locity of the permeable plate necessitate a strong coupling 

and suggested an interesting behaviour to elucidate.   

The resulting similarity solutions of the governing 

equations are obtained. Many results are presented and rep-

resentative set is displayed graphically to illustrate the influ-

ence of the various dimensionless parameters. As such, it is 

in the main objective to determine the influence of the sim-

ultaneous aimed effects of heat and mass transfer from the 

moving permeable plate to the external medium, particu-

larly for representative fluid microcontinua as the micropo-

lar fluid. 
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2. Mathematical analysis 

 

Consider a steady laminar convective flow of an 

electrically conducting incompressible micropolar fluid 

along a semi-infinite vertical plate. A transverse magnetic 

field B0 is applied normally to the plate in the presence of 

thermophoresis. As considered by Das [9], the magnetic 

field varies in strength as a function of x. In this formulation, 

the magnetic dissipation is not ignored. The plate is perme-

able and received/loss fluid with a transverse velocity vw and 

moves along x-direction with a constant velocity U. The 

wall is maintained at constant temperature and concentra-

tion, Tw and Cw, and these values are assumed to be greater 

than the ambient temperature and concentration, T∞ and C∞, 

respectively. The x-direction which is taken along the plate 

is also the direction of the flow and y-axis is normal to it. 

The schematic diagram of the present physical problem is 

depicted in Fig. 1. 

 

 

Fig. 1 Physical model and coordinate system 

 

Then, under these assumptions with Boussinesq’s 

approximation and regarding the model developed in the 

work of Das [9], the governing conservation equations of 

mass, momentum and angular momentum, energy and spe-

cies concentration can be written as 
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here T is the temperature; C is the species concentration in 

the boundary layer and N the component of microrotation 

vector normal to x-y plane. Others parameters and quantities 

are specified in the nomenclature. We follow the work of 

many recent authors as the work of Long Hsiao [21], by as-

suming that the spin gradient viscosity is: 
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VT represents the thermophoresis velocity: 
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where k1 is thermophoretic coefficient and Tr is some refer-

ence temperature. 
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In the above equation n = 1/2 which represents a 

weak concentration of particle flows and indicates the van-

ishing of anti-symmetric part of the stress tensor, Ahmadi 

[22]. 

Following Yacob et al. [23], dimensionless quanti-

ties are introduced to obtain the similarity solutions: 
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where  is the independent similarity variable; f () is the 

dimensionless velocity function; h () is the dimensionless 

microrotation;  () is the dimensionless temperature and 

 () is the dimensionless concentration. Further,  is the 

stream function which is defined in the usual way as: 
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Then, the velocity components become: 
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Using the non-dimensional quantities, the equa-

tions (1-5) with the boundary conditions (6) can be further 

reduced to a set of ordinary differential equations for which 

numerical solutions will be more easily obtained: 
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where, we have taken j x / U  as the microinertia den-

sity. 
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   represents suction/injection ve-

locity at the plate.  

The various parameters involved are defined by: 
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where Grx, Gmx, K, M, Ec, Pr,  denote the local thermal 

Grashof number, local mass Grashof number, the material 

parameter, the magnetic parameter, the Eckert number, the 

Prandtl number and the thermophoretic parameter respec-

tively, while Sc is the Schmidt number. Hax and Rex linked 

to M are the known Hartman and Reynolds numbers, respec-

tively. 

The surface shear stress tw, the wall couple stress 

mw, the surface heat flux qw and the surface mass flux q'w are 

given by: 
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For practical applications, the corresponding phys-

ical quantities of interest are the skin friction coefficient Cf, 

the dimensionless wall couple stress Mw, the local Nusselt 

number Nux and the local Sherwood number Shx, which are 

defined as: 
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Using the dimensionless variables, we obtain: 
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3. Results and discussion  

 

The set of the coupled ordinary differential Eq. (7)-

(10) is highly nonlinear and cannot be solved analytically. 

Together with the boundary conditions (11), they form a two 

point boundary value problem, which can be solved using 

the finite difference method that implements the 3-stage Lo-

batto collocation formula. A continuous solution is provided 

by the collocation polynomial that is accurate up the fourth-

order. Mesh selection and error control are linked with the 

residual of the continuous solution. Subintervals are gener-

ated to proceed of integration.  

The flow regions are controlled by thermophysical 

parameters, namely Grx, Gmx, K,, M, Ec, Prandtl Sc. Nu-

merical computations are carried out for different values of 

the parameters shown in all figures. To check the accuracy 

of the code used, preliminary calculations are executed on 

the basis of the values implemented by Alam et al. [20], and 

by taking into account the specific differences in the trans-

formed variables. From the Fig. 2 dressed with Pr = 0.7; 

Sc = 1000 and M = 0; Ec = Grx, Gmx = 0; K = 0; τ = 1, the 

velocity predicted for comparison are in the good agree-

ment. 

 

 

Fig. 2 Velocity profiles f'() for comparison with results of 

Alam et al. [18] 

 

Next, numerical computations have been carried 

out for the velocity, microrotation, temperature and concen-

tration profiles. To compare the behaviour of the strongly 

and weak micropolar fluid, the main results in all figures are 

displayed graphically for K = 0.1 and K = 6.  

A reference case is adopted with these parameters, 

Pr = 0.71; Sc = 0.3 and Ec = 0.1; while the local thermal 

0 2 4 6 8 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



f'(


)

 

 

Alam et all [18]

Present work



385 

 

Grashof number is 2.0 and the local concentration Grashof 

number is chosen to be 0.5. The values of strength of the 

magnetic field are chosen 0.5 and 1.0 whereas M = 0.0 cor-

responding to the flow without the magnetic field. Similarly, 

the thermophoretic parameter τ takes 1.0 and 2.0 whereas 

τ = 0 represents the absence of the thermophoresis particle 

deposition. To illustrate the suction/injection flow through 

the permeable plate, the values fw = +1 corresponds to the 

suction-case and fw = -1 is chosen for the injection-case. The 

impermeable-case is represented naturally by fw = 0. 

 

3.1. Effect of the magnetic parameter M and the material pa-

rameter K 

 

Typical curves are obtained for the velocity of the 

fluid, Fig. 3. From this figure, it can observe that increasing 

the magnetic parameter M decreases the velocity f’ inside 

the hydrodynamic boundary layer. This is due to the Lorentz 

force which acts and decelerates the motion of the fluid. The 

useful comparison between a weak and strongly micropolar 

fluids shows that this magnetic effect is more important for 

a true micropolar fluid. The magnetic field develops the Lo-

rentz force which perturbs not only the main flow but also 

the microrotation of the particles.  

 

 

Fig. 3 Velocity profiles f'() with M (Grx = 2.0, Gmx = 0.5, 

Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3,  = 1.0) 

 

Fig. 4 depicts the angular velocity profile. As it can 

see, the effect of M on the micropolar fluid is more pro-

nounced neat the moving plate, where the increase of the 

magnetic field corresponds to a substantial increase of the 

angular velocity. At a representative zone η > 2, less effect 

is observed. Although the same effect encounters in the 

same zone for a weakly micropolar fluid, the tendency is 

such that the angular velocity falls more dramatically with 

M. This is explained by the difference in concentration of 

the particles and in the two cases. 

It noted from Fig. 5 that applying a magnetic field 

to the flow leads to an increase of the temperature profile 

with the increase of M. This is attributed to the reduced ve-

locity, as commented above. Then, the heat exchanged with 

the moving plate is reduced, causing in turn an in

creased temperature in the thermal boundary layer. Compar-

atively, the corresponding profiles a weakly micropolar 

fluid exhibit a greater temperature and a thicker boundary 

layer. As a whole, this indicates that extensive heat can be 

obtained by a micropolar fluid rather than a classical fluid. 

 

 

Fig. 4 Microrotation profiles h() with M (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 

 

Fig. 6 displays the concentration profiles under the 

effect of M here again the use of a micropolar fluid is an 

interesting way to enhance the mass transfer. For the present 

conditions experienced and a classical fluid, it is worth men-

tioning that the temperature profiles are insensible to change 

of M. Like the temperature inside the thermal boundary 

layer, it can also see from this figure that the concentration 

of the fluid in the similar mass boundary layer increases as 

M increases. The ticker boundary layer is synonymous of 

slow mass exchange, caused by the retarded velocity or the 

presence of the Lorentz force. 

 

 

Fig. 5 Temperature profiles  () with M (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 
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Fig. 6 Concentration profiles  () with M (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 
 

3.2. Effect of the thermophoresis parameter  and the  

material parameter K 
 

The thermophoresis phenomenon or the migration 

of the particles caused by the presence of a thermal gradient 

constitutes an additional mechanism to the diffusion of the 

species. The velocity is reduced uniformly when the param-

eter  increase, Fig. 7. For a strong micropolarity of the 

fluid, this effect augments the velocity of the fluid and the 

momentum boundary layer is naturally augmented also. As 

comprehensive and physical sense, it is evident that the mi-

cropolar fluid can be considered more viscous than a classi-

cal fluid. The vortex viscosity plays an important role rela-

tive to the flow. In the vicinity of the moving plate, the effect 

of  on the microrotation of the particles, as shown in Fig. 8, 

is not negligible. It is observed that the maximal departure 

is located on the plate and the angular velocity is greater as 

 increase. On the other hand, the microrotation is concen-

trated at the wall and fall abruptly in relation to the weak 

micropolarity. Probably, the vortex viscosity as the viscos-

ity operates essentially at the wall-fluid interface. 

 

 

Fig. 7 Velocity profiles f'() with τ (Grx = 2.0, Gmx = 0.5, 

Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, M = 1.0)

 

Fig. 8 Microrotation profiles h() with τ (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

M = 1.0) 
 

 

Fig. 9 Temperature profiles  () with τ (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

M = 1.0) 
 

 

Fig. 10 Concentration profiles  () with τ (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3, 

M = 1.0) 
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From Fig. 9, the temperature profiles are not af-

fected by the thermophoresis effect. This can be explained 

by the fact that the present phenomenon is a mass driven 

mechanism. Inversely, in Fig. 10, the increasing of the 

thermphoretic parameter  causes an increase of the concen-

tration of the fluid. Superposed to the basic mechanism, the 

mass boundary layer is magnified by the presence of the 

thermophoresis. It can state that improved mass transfer is 

obtained by the use of a micropolar fluid.  

 

3.3. Effect of the suction/injection parameter fw and the ma-

terial parameter K 

 

The effects of suction/injection in conjunction with 

a micropolar fluid are depicted in Figs. 11-14. The passage 

of suction to injection leads to enhance the hydrodynamic 

boundary layer, as reported in Fig. 11. It is evident that the 

velocity of the fluid decreases when suction occurs and vice-

versa. Conversely, the thickness of the hydrodynamic 

boundary layer is less in the suction case than in the injec-

tion case. The results show that the micropolar fluid presents 

more resistance to flow, as expected. However, this effect 

can be reversed in the injection case with a strong micropo-

lar fluid. Fig. 12 displays the opposite tendency for the mi-

crorotation, particularly in the first region near the moving 

permeable plate. It should be noted that the angular velocity 

starts from a minimum value to reach a peak value and then 

starts decreasing. Such behavior is not appearing for a mi-

cropolar fluid in the suction case. It is interesting to note that 

a negative value of the angular velocity is observed for a 

weak micropolar fluid in the injection case. These results 

demonstrate that the microrotation is intensive in the middle 

of the boundary layer, depending to K and fw. The influence 

of the suction/injection parameter fw on the temperature pro-

file is shown in Fig. 13. In the suction case the temperature 

decreases while opposite effect is seen in the injection case. 

Hence, slight improvement of the heat transfer with the mi-

cropolar fluid is encountered in these conditions. A similar 

trend is remarked from the concentration profile, as plotted 

in Fig. 14. 

 

 

Fig. 11 Velocity profiles f'() with fw (Grx = 2.0, Gmx = 0.5, 

Pr = 0.71, M = 1.0, Ec = 0.1, Sc = 0.3,  = 1.0)

 

Fig. 12 Microrotation profiles h()with fw (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, M = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 
 

 

Fig. 13 Temperature profiles  () with fw (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, M = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 
 

 
Fig. 14 Concentration profiles  () with fw (Grx = 2.0, 

Gmx = 0.5, Pr = 0.71, M = 1.0, Ec = 0.1, Sc = 0.3, 

 = 1.0) 
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3.4. Variations of the skin friction coefficient, the wall 

couple stress, the local Nusselt and Sherwood  

numbers 

 

Now, we are concerned to the variations of the skin 

friction coefficient, the local Nusselt and Sherwood num-

bers for different values of local magnetic parameter M, the 

material parameter K, thermophoretic parameter , the Suc-

tion/injection parameter fw and Pr that are illustrated in the 

Tables 1and 2. It can be seen from Table 1 that the magnetic 

field affects strongly the local skin friction coefficient and 

weakly the other quantities. On the other hand, the mass 

transfer is sensitive to the effect of the thermophoresis and 

much less for the heat transfer.  

From Table 2, only the suction case has a strong 

effect on the local wall couple stress as well as the local 

skin-friction coefficient, whereas the local Nusselt number 

is slightly affected and the local Sherwood number remains 

insensitive to the three cases studied. In all the cases, it can 

be noticed that the skin-friction is concerned mainly with 

the variations of the micropolarity. The wall couple stress is 

significantly varied with the weak values of the material pa-

rameter.  

 

Table 1 

Values of 

1

2
1

2
f x

C Re , w x
M Re , 

1

2
x x

Nu Re


, 

1

2
x x

Sh Re


 and for selected values of  

τ, M and K with Grx = 2.0, Gmx = 0.5, Pr = 0.71, fw = 1.0, Ec = 0.1, Sc = 0.3 

1

2
x x

Sh Re


 

1

2
x x

Nu Re


 w x
M Re  

1

2
1

2
f x

C Re  K  M 

0.1241 0.6197 0.1149 -0.0697 0.1 

1.0 0.0 0.1730 0.6710 0.3757 -0.1387 3.0 

0.1875 0.6829 0.3900 -0.3020 6 

0.1499 0.5589 -0.0969 -0.5297 0.1 

1.0 1.0 0.1659 0.5754 -0.0190 -1.0470 3.0 

0.1781 0.5829 -0.0164 -1.4532 6 

0.1513 0.5059 -0.2634 -1.0157 0.1 

1.0 2.0 0.1649 0.5169 -0.3290 -1.6777 3.0 

0.1766 0.5214 -0.3488 -2.2232 6 

0.3012 0.5652 -0.0840 -0.4881 0.1 

0.0 

1.0 

0.3186 0.5787 -0.0042 -0.9822 3.0 

0.3303 0.5847 -0.0016 -1.3752 6 

0.1499 0.5589 -0.0969 -0.529 0.1 

1.0 0.1659 0.5754 -0.0190 -1.0470 3.0 

0.1781 0.5829 -0.0164 -1.4532 6 

0.0043 0.5495 -0.1108 -0.5759 0.1 

2.0 0.0172 0.5704 -0.0350 -1.1235 3.0 

0.0296 0.5803 -0.0328 -1.5468 6 

 

Table 2 

Values of 

1

2
1

2
f x

C Re , w x
M Re , 

1

2
x x

Nu Re


, 

1

2
x x

Sh Re


 and for selected values of  

τ, fw and K with Grx = 2.0, Gmx = 0.5, Pr = 0.71, M = 1.0, Ec = 0.1, Sc = 0.3 

1

2
x x

Sh Re


 

1

2
x x

Nu Re


 w x
M Re  

1

2
1

2
f x

C Re  K fw  

0.1519 0.1368 0.0464 -0.1261 0.1 

-1.0 0.0 0.1527 0.1376 0.1815 -0.0710 3.0 

0.1545 0.1383 0.2016 -0.2960 6 

0.1517 0.3184 0.0483 -0.1363 0.1 

0.0 1.0 0.1594 0.3252 0.1312 -0.5242 3.0 

0.1660 0.3293 0.1304 -0.8652 6 

0.1499 0.5589 -0.0969 -0.5297 0.1 

+1.0 2.0 0.1659 0.5754 -0.0190 -1.0470 3.0 

0.1781 0.5829 -0.0164 -1.4532 6 

 

4. Conclusion 

 

The effects of magnetic field and thermophoresis 

effect on steady laminar boundary layer flow of an incom-

pressible electrically conducting micropolar fluid over a 

permeable vertical moving plate are studied. The similarity 

transformations are involved and the governing system of 

non linear partial differential equations is converted into a 

set of non linear ordinary differential equations. Numerical 

results are presented and we can conclude the following 
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from our investigation: 

- The magnetic parameter has a strong effect on the 

characteristics of the micropolar fluid flow. It plays other 

dissipation effect which can affect substantially the multiple 

exchanges of the mass and energy transfers. 

- Working with high micropolar leads to modifying 

the temperature, angular velocity and species mass profiles, 

which in turn affect the rates of heat and mass, but the effect 

is more perceptible for the flow velocity, and greater influ-

ence is observed for the skin friction coefficient. 

- It is found that the rate of mass transfer decreases 

strongly with increasing the thermophoretic parameter. 

- It is clear that the suction/injection of the perme-

able plate can be modified the flow, angular velocity and 

dimensionless temperature and mass. For a point of view of 

control, the skin friction, wall couple stress, heat and mass 

transfer rate can be regulated principally by a permeable 

plate in the suction case. 
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R. Alouaoui, M. N. Bouaziz 

 

INFLUENCE OF THERMOPHORESIS ON MHD  

MICROPOLAR FLUID OVER MOVED PERMEABLE 

PLATE 

 

S u m m a r y 

 

This work investigates mainly the magnetic field 

and the thermophoresis effects on the heat and mass transfer 

in steady laminar boundary layer flow of an incompressible 

viscous micropolar fluid over a moving vertical and perme-

able plate subjected to a magnetic field without neglecting 

the resulting dissipation. The governing differential equa-

tions are transformed into the ordinary differential equations 

which are solved numerically. Results are displayed graph-

ically to illustrate the influence of Magnetic parameter, 

Thermophoretic parameter, and suction/injection parameter 

on velocity, microrotation, temperature and species concen-

tration profiles. The rate of mass transfer is affected strongly 

by Thermophoretic parameterwhile the local skin-friction 

coefficient and the local wall couple stress are sensitive to 

the variations of the magnetic field and to the suction case. 

The micropolarity controls the shear stress but plays a lim-

ited role for the others quantities. Heat and mass transfer rate 

can be regulated principally by the use of a permeable plate 

with suction. 

 

Keywords: thermophoresis, magnetohydrodynamic, mi-

cropolar fluid, moving plate, suction. 
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