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SYNOPSIS

The importance of the effects of the phenomena of slip,
suction, rotation and magnetic field on the flow and heat trans-

fer problems in hydrodynamics is well-known,

In the rarefied medium, the velocity of the gas in the
immediate vicinity of the body does not correspond to the velo-
city of the body and hence the slip effects have to be taken into
account, It is open to question as to whether Navier-3tokes
equations are valid at low densities; however there are enormous
ambiguities connected with the application of Burnett, Thifteen
Moment and other equations., Hence in the present work, our
concern is mainly with situations where the deviations from the
continuum behaviour are very small so that Navier-Stokes equations
may be used. Again, the effects of suction are important in
controlling the boundary layer and thus avoiding separation which
further results in the reduction of pressure drag acting on the’
body. It also causes delay in transition from the laminar to
turbulent flow, For the case of an infinite liquid rotating as a
rigid body about an axis, the amount of energy possessed by it is
infinite and it is of interest to know how small disturbances
propagate in such a liquid. Further, the interaction of flow
field with the magnetic field for a conducting viscous fluid
makes a no less significant study, It is well known that when a
conductor moves in a magnetic field, electric currents are induced

in it. These currents experience a mechanical force (called the



Lorentz force) due to the presence of the magnetic field which
tends to modify the initial motion of the conductor. Moreover

the induced currents generate their own magnetic field which is
added to the primitive magnetic field., Thus there is an inter—
locking between the motion of the conductor and the electromagnetic

Tield,

The investigation of these effects in the present thesis
comprises of eight chapters. Chapter I consists of the general
introduction to the importance and application of these effects
in detail, A short survey of the problems discussed and their
relevant literature follows. The basic'equations for the flow
and heat transfer phenomena and for the electromagnetic quantities
as employed in different situations in the following chapters have

been listed for ready referernce,

Chapter II deals with the hydromagnetic flow between two
non-conducting flat plates executing steady state linear oscilla-
tions in their own planes under a uniform transverse magnetic field.
A significant point is that the two plates oscillate with any phase
difference, same frequency and different amplitudes, Two cases
have been considered (i) when the magnetic field is fixed relative
to the fluid and (ii) when the magnetic field is fixed relative
to the plate. In both the ¢ases it is found that as the Reynolds
number tends to zero, the shearing stress on the two plates tend
to be equal and when it tends to infinity the shearing stress on
the lower plate behaves as if the other plate were absent, How-

. t .
ever in the later case, if the upper plate were st@8tionary, the
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shear stress on it in case (i) tends to zero but in case (ii) it
is not so. The effect of the magnetic field on the skin friction
coefficients for various values of the phase difference at the end
of a time period in the two cases has also been investigated. In
case (ii) it first increases, attains a maximum and then starts
decreasing in all situations at both the plates with an increase
in the magnetic parameter; where as in case (i) except for the
case when the plates oscillate in opposite directions, the skin
friction coefficicnts steadily increase with an increase in the
magnetic parameter, For this exceptional case (out of the few
cases considered for illustration), it increases at the lower
plate but decrcases at the upper one with an increase in the
magnetic parameter, Viscous and magneti¢ boundary layers are also
seen to develop at both the plates in the two cases as the Rey-~

nolds number increases,

Chapter III consists of the steady slow (inertialess) laminar
flow and heat transfer of a viscous fluid through a converging
channel and a tapered channel with small suction or injection (so
small that the conditions of slow motion are not violated) at the
walls, varying as any power (except for the case when it is inver-
sely proportional } of the radial distance from the virtual line
of intersection. A constant volume flux is maintained at the
converging end, As the inertia terms have been neglected the
equations of motion become linear and hence the method of super—
position becomes applicable. Introduc=ing a stream function so as
to satisfy the equation of continuity and eliminating the pressure

term from the equations of momentum we get a biharmonic equation



which is solved by assuming a suitable form for the stream func-
tion. Next, the heat energy equation is solved for the inertialess
flow with only small uniform suction or injection., For discussion
purposes, two cases have been exhaustively studied (a) when there
is uniform suction at one wall and equal injection at the other
ana (b) when there is equal uniform suction at both the walls.
Since in practice, all channels do have a section of finite width,
it is interesting to compare the results for a tapered channel to
those of a converging channel, We observe that in case (a) all
the results for both the geometries are the same while in case (b)
they differ. The radial pressure drop in case (a) is always inc-
reased by suction except for the central plane where it does not
contribute, In case (b} for tapered channel suction increases,
does not affect or decreases it depending on the radial distance;
but for the converging channel suction always decreasesit. However
the radial pressure drop for the tapered channel is always greater
than that for the converging channel in case (b). Again the shear
stress in case (a) is always decreased by suction but in case (b)
for tapered channel the effect of suction on the shear stress
varies depending on the radial distance while for the converging
channel suction increases it at one wall but decreases it on the
other. Along the central plane, however, suction does not contri-
bute for either of the two geometries, Similar analyses for the
normal stress difference, skin friction coefficients at the walls,
temperature distribution and rate of heat transfer at the walls
make a very interesting study.

In chapter IV a similar problem as discussed in chapter III

has been considered for a conical tube (duct) and a tapered tube
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with suction at the wall varying as any power of the radial dis-
tance from the virtual vertex. The method of solution is similar
to that discussed in the previous chapter, For discussion purposes,
the case of uniform suction has been widely discussed and results
for the conical duct and the tapered tube have been compared., It
is found that the radial pressure drop for the former is always
decreased by suction where as for?Tétter, suction increascs,

does not affect or decreases it depending on the radial distance.
Again the shear stress for the conical duct is always decreased

by suction'for all values of the radial distance but when we go
from the axis towards the wall in any fixed section of it, the
effect of suction is to damp its rate of increase. For the taper-
ed tube, again, the effects of suction depend on the radial dis~
tance, However, the shear stress for the tapered tube is always
greater than that for the conical duct, Suction also helps to
increase the temperature distribution and the rate of heat transfer
at the wall for both the geometries; the increase being more for
the tapered tube. Transverse pressure drop, normal stress differe-
nces and skin friction coefficients are a few more other results

which have also been discussed,

The Tlow problem for the rotatory oscillations of a sphere
experiencing normal suction or injection in an infinite mass of
rotating incompressible viscous fluid formsthe subject of study
in chapter V. Assuming that small suction or injection is present
and that the amplitude of oscillations of the sphere is small, the

convective terms in the momentum equations have been neglected,

Further assuming the rotation parameter (the reciprocal of Rossby



6

number) to be small, the velocity and pressure are perturbed in
terms of it and the solution upto the first order of approxima—
tion has been computed., The effect of suction or injection is

to produce a drag on the sphere which is unaffected by rotation,
It is also interesting to note that suction or injection alone
generates only the azimuthal component of vorticity, as rotation
alone does but in the presence of suction or injection, all the
components of vorticity are generated, Further the couple acting
on the spheré'has been evaluated and the variations of its factors
of inertia force and frictional force with varying viscosity and
rotation parameters have been discussed, It is found that with an
increase in the viscosity parameter for a fixed rotation parameter,
both the factors decrease where as for a fixed viscosity parameter

and increasing rotation parameter, both increase,

Chapter VI studies the small steady rotation of a spheroid
having a small}ellipticity in an infinite mass of incompressible
viscous conducting fluid, allowing slip at its surface under a
uniform transverse magnetic field acting along the axis of rota-
tion. Neglecting the inertia terms for slow flow, the physical
quantities are perturbed in terms of the magnetic Reynolds number
assuming the magnetic pressure number to be of order unity, The
pressure, velocity field and the magnetic field are evaluated
upto first order of approximation., Finding the expression for the
couple acting on the spheroid, the effects of varying the magnétic
Reynolds number, the slip, the yiscosity parameter and the ellipti-
city on it have been studied, It is seen that the effect of slip

is to decrease the couple where as the magnetic field tends to



increase it, In the presence of slip, the effect of the magnetic
field is seen to diminish, A small deformation of the type consi-

dered also decreases it,

In chapter VII, a similar problem has been investigated as
in the previous chapter except that the spheroid is now eﬁiuting
rotatory oscillations instead of steady rotation. The technique
of solution is the same, Variations in the factors of inertia
force and the frictional force comprising the couple acting on
the spheroid have been studied varying the various parameters

involved,

In the last chapter, the shear flow of a finitely electri.-
cally conductirg elastico-viscous fluid (Walters liquid B") past
a porous flat plate in the presence of a constant pressure grad-
ient and a uniform transverse magnetic field has been investigated,
This study has been divided into two stages; first the viscous
case solution is obtained and then the elastico~viscous solution
is found, assuming that it is a perturbation of the viscous case
solution, It is interesting to note that in the bresence of a
pressure gradient, the velocity and the magnetic field do interact
at far distance. The electric current density vector at far dis-
tance is found to vary as the constant pressure gradient and the
electric field is found to be constant throughout the flow field,
Elasticity of the fluid does not contribute to both of these quan-
tities at.far distance, The shear stress at the plate too remains

unaffected by elasticity,
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