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ABSTRACT 

The effect of a small uniform applied horizontal magnetic 

field on separation of a binary mixture for the case of the fully 

developed natural convection of a fluid between two heated 

vertical walls in presence of heat generation has been studied 

analytically. Neglecting the induced electric field the 

equations governing the motion, temperature and 

concentration are solved by series expansion in terms of 

dimensionless parameter measuring buoyancy force. The 

solution obtained for concentration distribution is plotted 

against the width of the channel. It is found that the 

dimensionless number measuring the buoyancy force, the 

Hartmann number measuring the magnetic force, the thermal 

diffusion number and the heat generation parameter affects 

the species separation of rarer and lighter component 

significantly. 
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1. INTRODUCTION 
The study of heat generation or absorption in moving fluids is 

important in problems dealing with chemical reactions and 

those concerned with dissociating fluids. Vajravelu and 

Hadjinicolaou[1] studied heat transfer characteristics in the 

laminar boundary layer of a viscous fluid over a stretching 

sheet with viscous dissipation or fractional heating and 

internal heat generation. In that study they considered that the 

volumetric rate of heat generation, 𝑞′′′ [𝑤.𝑚3]should be 

𝑞′′′ = 𝑄0(𝑇 − 𝑇0) for 𝑇 > 𝑇0 and equal to zero for 𝑇 < 𝑇0, 

where𝑄0 is the heat generation/absorption constant. The 

above relation is valid as an approximation of the state of 

some exothermic process and having 𝑇0 as the ambient 

temperature. When the inlet temperature is not less than 𝑇0 

they used 𝑞′′′ = 𝑄0(𝑇 − 𝑇0). The effect of conjugate 

conduction-natural convection heat transfer along a vertical 

plate with non-uniform heat generation was studied by 
Mendez and Trevino [2]. 

          The general motivation, background, governing 

equations and boundary conditions to this problem area have 

been elaborated in [3] and avoiding the repetition in the 

interest of brevity without compromising the intelligibility of 

the present work. The current result may be regarded as a step 

in the direction of bringing the results of [4] closer towards 

eventual application to the study of basic fluid dynamics 
processes in the separation of binary mixture  

        In many cases the fluid mixture is found to be electrically 

conducting and so to study the effect of a magnetic field on 

separation, it is considered that a binary mixture of 

incompressible viscous thermally and electrically conducting 

fluids sheared between two parallel vertical plates in presence 

of a constant uniform horizontal magnetic field and heat 

generation. Using the expressions for the velocity distribution 

and temperature distribution as derived by Osterle and Young 

[5], it is investigated that the effect of magnetic field on the 

concentration distribution of the rarer component of a binary 
fluid mixture in presence of heat generation. 

2. FORMULATION OF THE PROBLEM 
Considering here the steady flow of a binary mixture of 

thermally and electrically conducting viscous incompressible 

fluids of very small electrical conductivity is sheared between 

two infinitely wide vertical plates at y = -d and y = d 

separated by a distance 2d.It is considered that the flow is 

symmetric about x-axis which is along the channel and the y-

axis is in the horizontal direction. The plates are maintained at 

uniform temperature T1 which exceeds the ambient 

temperature T0 (T0< T1). A horizontal magnetic field of 

uniform strength B0 is applied perpendicular to the plates. The 

flow of the fluid due to buoyancy force is in the direction 

parallel to the plates and is of magnitude u.The induced 

magnetic field is of the order of the product of magnetic 

Reynolds number and imposed magnetic field. As the flow 

discussed here is the case fully developed natural convection 

of a fluid with very small electrical conductivity, therefore, it 

is the case of low magnetic Reynolds number and hence the 

induced magnetic field due to the weak applied magnetic field 
may be neglected. 

           In fully developed flow the pressure distribution must 
be hydrostatic, hence 

∂p

∂x
= −ρ0g                  (1) 

Where𝜌0 is the fluid density at ambient temperature and g is 

the acceleration due to gravity. In this case, the density ρ 

varies slightly from point to point because of the variation in 
temperature T and can be expressed as                                

ρ = ρ0[1 − β T − T0 ],                 (2) 
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which is well known Boussinesq approximation, where 

β = −
1

ρ
(
∂ρ

∂T
)ρ     (3) 

is the expansivity of the fluid. 

       For the above assumption the governing equations for 

motion, temperature and species conservation  for the steady 

flow of a binary mixture of incompressible thermally and 

electrically conducting viscous fluids sheared between two 

electrically non-conducting vertical parallel plates in presence 

of a uniform horizontal magnetic field and heat generation 

becomes 

ν
∂2u

∂y2 + βg T − T0 −
σuB0

2

ρ
= 0,                                 (4) 

κ
∂2T

∂y2
+ ρν(

∂u

∂y
)2 + σB0

2u2 + Q0 T − T0 = 0                (5) 

and
∂

∂y
 
∂C1

∂y
+ sTc1

∂T

∂y
 = 0,    (6) 

where𝜈 =
𝜇

𝜌
 is the coefficient of kinematic viscosity. 

    The equation of continuity suggests that   

          u=u(y).    (7) 

By using (7) and the following assumptions  

U =
νu

gβd2(T1−T0)
, θ =

T−T0

T1−T0
,  c1 = c0c,Q =

Q0d2

κ
   and 

Y =
y

d
(8) 

in equations (4), (5) and (6) which can be placed in 
dimensionless form , yielding  

d2U

dY2 + θ − M2U = 0   (9) 

d2θ

dY2 + +N(
dU

dY
)2 + M2NU2 + Qθ = 0 (10) 

d

dc
 

dc

dY
+ Td c

dθ

dY
 = 0.  (11) 

The boundary conditions on velocity, temperature and 
concentration in terms of dimensionless quantities become 

U=0, θ=1, c=1at Y=1              (12) 

and
dU

dY
= 0,

dθ

dY
= 0, 

dc

dY
= 0                      at Y=0.             (13) 

whereM2 =
σB0

2d2

ρν
 is the Hartmann number measuring the 

magnetic force, N =
ρg2β2d4(T1−T0)

νκ
is dimensionless number 

measuring the buoyancy force and td = ST(T1 − T0) is the 

thermal diffusion number. 

3. SOLUTION OF THE PROBLEM 
The solutions of the equations (9) and (10) under the 

boundary conditions (12) and (13) have been obtained by 

Osterle and Young[5] by perturbing the velocity and 

temperature as  

U = U0 + ϕNandθ = θ0 + εN                              (14) 

where 

U0 =
1

M2+Q
[

cos  QY

cos  Q
−

coshMY

cosM
],               (15) 

θ0 =
cos  QY

cos  Q
               (16) 

and 

                        ε    =
M2

2Q M2+Q 2cos 2 Q
 

cos  QY

cos  Q
− 1 −

M2

6Q M2+Q 2cos 2 Q
 

cos  QY

cos  Q
cos2 Q − cos2 QY +

M2

 M2+Q 2 4M2+Q cosh 2M
 

cos  QY

cos  Q
cosh2M − cosh2MY −

2M Q

 M2+Q 2 M2+4Q coshMcos  Q
 

cos  QY

cos  Q
sin QsinhM −

sin QYsinhMY −
2M2cos QY

 M2+Q 2 M2+4Q coshMcos  Q
 coshM −

coshMY +
1

2 M2+Q 2cos 2 Q
 

cos  QY

cos  Q
− 1 +

1

6 M2+Q 2cos 2 Q
 

cos  QY

cos  Q
cos2 Q − cos2 QY −

4Qcos  QY

 M2+Q 2 M2+4Q coshMcos  Q
 coshM − coshMY .                (17) 

          Using above expressions for U and θ,  the equation (11) 

is solved under the boundary conditions (12) and (13) and 
obtained  

 𝑐 = 𝑒𝑡𝑑(1−𝜃)   (18) 

4. CONCLUSION 
In absence of magnetic field i.e. for M=0, the concentration 

for the rarer component of the binary mixture can’t be 

obtained directly from equation (18) because M appears as a 

factor in the denominator for the expression of θ. So by 

putting M=0 in equation (9), (10),(11) and solving under 
boundary conditions (12) and (13), obtained 

c = e
td (1−

cos  Q Y

cos  Q
−Nε0)

 ,               (19) 

 

 

where 

𝜀0 =
1

2𝑄2cos 2 Q
 

cos  QY

cos  Q
− 1 +

1

6𝑄2cos 2 Q
(cos2 Q

cos  QY

cos  Q
−

cos2 Q𝑌)  .   (20) 
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Putting td=0 in (18) and (19) of concentration distribution for 

the rarer and the lighter component of binary fluid mixtureand 

get c(Y)=1 for all values of Y. From this it can be concluded 

that the separation of species ceases to take place if the effect 
of temperature gradient is neglected 

Fig. 1, Fig. 2and Fig. 3 reveal that the rate of species 

separation decreases with the increase of the values of Q, N 

and td. This suggests that the rate of separation of species can 

be enhanced by decreasing the heat generation parameter and 

the temperature difference between the plates and the 

surrounding. Fig. 4 reveals that the rate of species separation 
enhances by the increase of magnetic field. 

 From the above discussion it can be concluded that the 

process of separation of the species of the binary mixture can 

be enhanced by decreasing the heat generation parameter, the 

thermal diffusion number, the dimensionless number 

measuring buoyancy force and by increasing the intensity of 

the applied magnetic field. Our conclusion are found to be in 

goodagreement with the results obtained by the researchers 
[6]-[26]. 

 

 

 

 

 

 

 

 

Fig.1. Graph of concentration function against the 

normalized distance for different values of Q taking   

td=0.01, M=0.5 and N=0.3 

 

 

 

 

 

 

Fig.2. Graph of concentration distribution against the 

normalized distance for different values N taking td=0.01, 

M=0.5 and Q=0.25 

 

 

 

 

 

 

 

 

 

Fig.3. Graph of concentration distribution against the 

normalized distance for different values tdtaking  

M=0.5, N=0.3 and Q=0.25 

 

 

 

 

 

 

 

  

 

Fig.4. Graph of concentration distribution against the 

normalized distance for different values td taking M=0.5, 

N=0.3 and Q=0.25 
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