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SYNOPSIS

Eventhough the subject of Magnetohydrodynamics
has been studied by astrophysicists for many years,
its ﬂ%ortance in engincering and technology has been
realized only in the last decade and a halt. The
earliest published works in this field are due to
Hartmann and Lazarus [1937]. Recently much interest
has been paid by research workers to study the
response of laminer boundary layer to fluctuations
in the free—stream velocity. The effects of oscillatory

suctiocn have also been investigated,

The major portion of the literature in Magneto-
hydrodynamics is based cn the assumption of constunt
fluid properties, It is well known that the viscosity,
electrical and thermal conductivities of many of the
fluids depend markedly upon the temperature, The wide
gan existing between the theoretical and experimental
results cannot be bridged uniess due consideration 1is

given to the variations of these fluid properties,

Because of the numerous csituations cxisting
in aerodynamiCs wherein a magnetic or electric ficld
might be used to control the drag and heat transfcocr
on high speed vehicles, it is essential to have an

accurate knowledge of the flow and heat transfer in



the magnetohydrodynamic boundary-layer, The study of
flow and heat transfer in Cchannels of various Cross—
sections has also recieved particular atteantion owing
to its importance in Miclear techmology and magneto—
hydrody namic power generation, The knowledge of
velocity and t emperature profile development is also

essential frem the practical design viewpeint,

The purpose of this thesis 1s to study varicus
flew and heat transfer problems in hydromagneticCs.
The work contained in it is mainly qivided into four
chapters, The first chapter contiains a gencroel
introduction of the problems studied, the basic equa-
tions, and a survey of the relevant literature, In
the second chapter we have studied the oscillatory
flow of a conducting fluid over an infinite, borous
flat plate in the presence of a transverse magnetic
field, The free—stream and the suction velocities
are taken to be coscillating only in magnitude but
rot in direction with the same frequency over a mcin,
but with a phase differermce. It is assumed that the
plate is nom—ceonducting and the conductivity of the
fluid is so small as to neglect the induced magnetlic
field. The resulting mcmentum and energy ecquations
(linear partial differential eguations) have been
solved by perturbation technique, Two cases have

been considered; (i) thermally insulated plate



(ii) the plate meaintcined at a constant temperaturec,

It is cbhserved that the effect of the magnetic field

is to prevent the rcverse flow which occurs near the
plate at higher frequencies and amplitudes of the

free stream velocity fluctuaticns, In contrast tc the
case of constant suction velocity, the wall temperature
and heat flux are observed to be independent of the

frequentye.

In chapter 1II1 we have considered the steady flow
ond heat transfer inside the boundary layer of a con-
ductinz fluid over a porous {(suction velocity varying

%
according te the law vU «yV%} semi—infinite flat plate
in the presence of 2 transverse magnetic ficld, The
chapter is divided into two sections. In the first
csection we have conrcsidered the cacs¢ when tge magnetic
field is varying according to the law H xy;‘;- « This
admits of similarity solutions and the resultant momen-
tum and encrgy equations rcduce to a system of ordinary
differential equations. In the second cection the
magnetic ficld is taken to be ccrnstant. In this case
the partizl differential equations governing the flow
are analyzed by series expansion technique. The
giscosity, electrical and thermal conductivities of
the fluid are taken to be linearly dependent upon

temperature. The form of the electrical conductivity



1s chesen in such a way that faer from the plate its
value becomes zero, because in some of the practical
problems of aerodynamics the fluid near a surfoace 1is
iorized and, therefore, electrically conducting whereas
farther off the surface it remains unafrected. The
cocnsideration of the effects of variable fluid proper-
ties makes the problem highly non—linear., This nmon-
linear boundary value problem is solved numerically
for the stream function ¥ and temperature 6 by the
fourth order Rungc-Kutta process as out lined by
Gill., Certain initial values for some of the depen—
dent variables have to be assumed so as to start the
integration and these are corrected to a desircd
degree of accuracy by a self iterative correcticn
procedure, |

It is observed that with the increase in the
dercndence of viscosity on tempercture, the skin-
friction decreases and the Misselt number increcases,
The increasing dependence of the thermal conductivity
on temperature increases the MNis=elt number whereas
ro appreciable change is observed in the skin-
friction. An increase¢ in the suction velocity 1s
followed by an increase in both the skin-friction
and MNasselt number, Increasing dependence of
electrical conductivity on temperature decreases

both the skin-friction and Misselt number,



Chapter 1V is devoted tc the study of hydro-—
magnetic channel flows, Here we have ccnsidered the
flow of a corducting fluid between two parallel plates
in the presence of a transverse magnetic field. The
chapter is divided into threc sections. 1In the first
section the problem of fully devcloped flow under
the assumption of weak dependence of fluid properties
upon temperature is investigated by pe:turbation
technique, In contrast to the case of constant fiuid
properties it is observed that the electric field effects
the velocity prcfile. In the seccend section, the
finite difference method [originally developed by
Hartree (1949) to solve the boundary layer equation]
which has been adopted by Ram Manohar [1965,66] to
study the devclopment of velocity profiles in chaiinel
flows has been imprcved inview of €omputaticnral time
and accuracy to stud& the velocity and temperature
prcfile development in the entrance rcgion under the
assumption c¢f constant fluid propertiecs, In the
third section the same\problem has been solved by
tuking the effects ofvariations in the fluid properties
into account. It is observed that with the increasing
dependence of viscosity and electrical concuctivity

on temperature is followed by an increase in the



development length whereas with the increacing deperdence
of thermal conductivity on tecmperature is followed by

o decrecse in the develcpment length,
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