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~SENOPSIS

During the recent years the study of interaction
between magnetic field and moving electrically conducting
fluids acquired considerable attention in view of its
importance in the flelds of science and technolegy. The
study of the motion of an electrically conducting fluid
in the presence of a magnetic field has given rise to a
subject, viz,, Magneto-hydrodynamics, lagneto-hydrodyna-
mice finds fmportant applications in Astronomy and Geo-
physics, stellar and sclar fields, dynamo theory, conver-
sion of energy, IHD generators, ion propulsion ete,

The flow of fluids through porous media has become
sufficiently wide to find application in many branches of
engineering and applied science, in such diverse flelds as
sround water and hydrology, petroleum engineering, soll mecha-
nies ete, The general theory of the flow of fluilds through
porous materials can be considered as the branch of sclenti-
fic treatment of the problems of irrigaticn, scil ercaion,
and tile drainage. Most natwrally and artificially porous
materials have a random vold structure. The structure of
such materials can be desoribed, in fact, in statistical
terms, Even so, it is possible to treat the flow of flulds
through such materials on 2 macroscopic basis,



The purpose of this thesis is to study some theco-
retical aspects of some flow problems in hydromagnetics
and fluid mechanics of permeable medium, which can be
solved mathematically, by the method of matched asympto-
tic expansions, The thesis comprises 35ix Chapters.

In the first Chapter of the thesis, a critical
swvey of the literature has been carried ocut, It consists
of three sections; the first two sections includethe basie
concepts, governing equations, definitions and the mathema~
tical and physical aspects of the flow of an electrically
conducting fluid in the presence of a magnetic fileld,
throwh porous media and the theory of heat and mass trans-
fer. The third section of this Chapter ecntain the method
of seolutions, 1.e,, the basic concepts of the theory of
singular perturbation and its subsequent development per-
taining to the problens,

The second Chapter deals with the slow, steady flow
of an incompresaible, viscous, electrically conducting fluild
past a sphere in the presence of a uniforms magnetic field.
The solution is, sought, by using the method of matched
asyuptotic expansions, The applied magnetic fileld is weak
and 48 aligned slong the free stream direction, The basie
assusptions are that the magnetic pressure number p(= ﬁ:}



is of 0(1) and Rm << R.. The solution requires the
matehing of two asymptotic expansions at the surface

of the body but not at infinity while the other satisfy
the condition at infinity but not at the surface of the
body. mmrlmeot%mn'onmmromu
studied upto order O(Rﬂl!.). The contribution from the
Maswell stress is absent because it produces symmetric
changes in the drag force.

The third Chapter deals with the slow, steady
flow of an incompressible, viscous, electrically conduce
ting fluid past 2 cireular cylinder in the presence of
a uniform msgnetic field. The appiied megnetic fleld
ie weak and is aligned along the free stream direction,
The basic assumptions made here are that the magnetiec
pressure number m(m.aca[%)'!’) is of 0(1) and Ry < < M,
Rm << M, The solution is sought by the method of
mtehed asymptotic expansions, The influence of magnetic
field and viscosity on the drag force is studied uptc the

order o(—i&-—-;) and o(‘%). It is found that there 1is

no contribution of the higher order terus on the drag

except for the first term, the reason being that changes

produced in the stresses due to these terus are symetric.
The fouwrth Chapter deals with the mixed convection

problem past the porous sphere at small Reywolds and Grashof



numbers, The problem is formulated by using the usual
Nevier-3tokes equations describing the flow outside the
sphere while inside the sphere the flow is governed by
darcy law. The undisturbed fluid is moving at speed

U, With regard tc the sphere and the direction of the
uniform stream is taken along the positive f.axis, i.e.
opposite to the direction of gravity. The basic assuwap-
tiocns of the present analysis is restricted to a medium
of unit Prandtl number together with Re < 0(1) and

0 < 0(1) such that G = o(Re) as Re » o where ¢ = &=

The solution ig determined by the method of matched
asymptotic expansions involving three simultaneous expan-
sions: interior, imner and outer. The effect of the per-
meability on the drag is studied upto an O(Re log Re) in
forced convecticn and upto an G(eR: log Re) in free con-
vection, Permeabllity affects both the Nusselt number
and the drag force tlrough the forced convection as well
as the natural convection, The drag force decreases as
the permeability, X increases. In the case of free con-
vection, the permeablility, X tends tc oppose the forced
convection effect while if t < ¢ ( ¢ negative), the
rele of the permeabllity, K is now reversed. The drag
force decreases with the permeability, X in the range
0OSK<3witho =0, % 107%, + 107, &+ 10™ and ,001



< Re € 0.7T. The influence of the permeability K is to
decrease the Nusselt number: Nu, both through the forced
and free conveotion effects and the extent of decrease
becomes smaller as K inoreases. If ¢ < ¢, the role
of K through the free convection is that it tends to
oppose the forced convection effects.

The £ifth Chapter is concerned with the problem
of slow, steady flow of an incompressible, viscous, elec-
trically conducting fluid, carrying & wmifora current
past a porous noo~conducting sphere of arbitrary conduc-
tivity. The applied magnetic fleld is weak and an aligned
cuwrrent of uniform density Jo and conductivity c; is passed.
The basic assumptions are that the magnetic pressure nunber
Rn(= &%&{) is of 0(1) and Fe < < 1, The effect of per-
meability, ¥ on the drag upto O(Re) is equivalent to the
reduction of the free stream velocity and the current
density by the factors (2+X) amd /27K vespectively. It
1!_0 seen that the permeabllity as well as the current
both tend to increase the length of eddies,

The 3ixth Chapter consists of two main sections:
the first section concerns with the problea of the effect
of perwmeability on the mass transfer from a porous sphere
of radius ¢ immersed in a uniform stream of incompressible
viscous fluld with concentration of the reacting specles



C, and velooity U 0 in Stokes flow with second order
surface reactions. The construction of the asymptotic
expansions is the same as that for the flow field., The
basic assumptions of the present analysis are Re < < 1
and the Prandtl number, Pr, to be of order unity, The
average Sherwood number, Sh is calculated in power of
Peclet numbers, Pe uptc the order O(¢®), where ¢ = % Pe,
Ve notice that au{- [=(2+a) + [(2+0)® -k ﬁ)}u a nega-
tive dimensionless parameter which depends on mass diffu-
sivity, resction rate constant and free stream concen-
tration of the reacting epecies. The convective mass
diffusion will tend to inecrease the Sherwoeod number.

The permeability effect appears in the terms of O(e®loge)
which tends to reduce the Sherwcod number, The last
section of the Chapter concludes with the discussion of
the effect of permeability on the mass transfer from a
porous circular oylinder which is placed in an other-
wise parallel uniform stream of viscous, incompressible
fiuld with concentration of the reacting specles C, and
veloodty U_; with second order surface reaction., The
flow imside the cylinder is governed by the Darey law
whereas ocutside the cylinder, it is governed by the usual
Navier-Stoles equations, The results show that the per-
meability does not affect the Sherwcood number, Sh upto an

o(—-l-——) because the convective effects are transcen-
(logRe)®



dentally small near the body in the two dimensional
cane .,





