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Abstract − The effect of a small uniform axial 

magnetic field on separation of a binary mixture of 
incompressible viscous thermally and electrically 
conducting fluids sheared between two parallel discs 
of which one is stationary and the other is rotating 
with a constant angular velocity, is examined. It is 
assumed that one of the components, which is rarer 
and lighter, is present in the mixture in a very small 
quantity. Neglecting the induced electric field the 
equations governing the motion, temperature distri-
bution and concentration distribution are solved in 
cylindrical polar coordinate by expanding the flow 
parameters as well as the temperature and the con-
centration in powers of Reynolds number. The solu-
tion obtained for concentration distribution is plot-
ted against the width of the channel for various val-
ues of non-dimensional parameters. It is found that 
the pressure gradient and the temperature gradient 
favour the separation of the components of binary 
fluid mixture but the axial magnetic field retards the 
same. Near the rotating disc the rarer and lighter 
component of the binary mixture increases with the 
increase in the value of the Reynolds number but 
reverse effect is found in the central part as well as 
near the stationary discs.  
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I. INTRODUCTION 
Separation processes of components of a fluid mixture 
wherein one of the components is present in extremely 
small proportion are of much interest due to their appli-
cations in science and technology. Separation of iso-
topes from their naturally occurring mixture is one of 
such examples. It is well known that only one part of 
heavy water which is an isotope of water is found in 
25000 parts of water in normal occurrence (Arnikar, 
1963; Rastogy et al.,1992) but it is required for use as a 
(i) moderator in nuclear reactions for slowing down the 
neutrons, (ii) tracer compound for studying the mecha-
nism of many chemical reactions and (iii) heat transport 
medium i.e., a coolant in atomic power plant. Because 
of their small relative mass difference isotopes of heav-
ier molecules offer the greatest practical challenge in 
attempts to isolate the rarer component. Electromagnetic 

method of separation (Srivastava, 1999a) works only at 
relatively higher values of concentrations. 

In a binary fluid mixture the diffusion of individual 
species takes place by three-mechanisms namely ordi-
nary diffusion, pressure diffusion (or baro-diffusion) 
and thermal diffusion. The diffusion flux i of lighter and 
rarer component is given by Landau and Lifshitz (1960) 
as: 
 i = -ρ D [grad c1 + kp grad p + kT grad T], (1) 
where ρ is the density of the binary fluid mixture, D is 
the diffusion coefficient, c1 is the ratio of mass of the 
lighter component to the total mass of the fluid, kpD is 
the pressure diffusion coefficient, p is pressure, kTD is 
the thermal diffusion coefficient and T is temperature. 
The ordinary diffusion contribution to the mass flux is 
seen to depend in a complicated way on the concentra-
tion gradients of the components present in the mixture. 
The baro-diffusion indicates that there may be a net 
movement of the components in a mixture if there is a 
pressure gradient imposed on the system. An example 
of baro –diffusion is the process of diffusion in the bi-
nary mixture of different kinds of gases present in the 
atmosphere. By reasons of variation of forces of gravity 
with height thereby causing a density gradient, different 
constituents in the atmosphere tend to separate out. The 
pressure gradient created by the gravity as well as the 
rotation of the earth separates various components of 
air. The tendency for a mixture to separate under a pres-
sure gradient is very small but use is made of this effect 
in centrifuge separations in which tremendous pressure 
gradient is established. Thermal diffusion describes the 
tendency for species to diffuse under the influence of a 
temperature gradient. In many practical problems deal-
ing with flows in porous media one encounters with a 
multiple component electrically conducting fluids e.g. 
molten fluid in the earth’s crust, crude oil in the petro-
leum.  It is customary to consider one of the compo-
nents as solvent and the other component as solute. It is 
shown in reference Groot and Mazur (1962) that if sepa-
ration due to thermal diffusion occurs then it may even 
render an unstable system to stable one. This effect is 
also quite small, but devices can be arranged to produce 
very steep temperature gradients so that separations of 
mixtures are effected. 

Sarma (1973) perhaps was the first to study the 
problem of baro-diffusion in a binary mixture of incom-


