SYROP3Ta

The subject of lagnetohydrodynamics, which is the
study of flow of electrically conducting fluids, has
currently received considerable attention. Apart frbm
thir matheiiatical Interest born out of a curloslty to
inv~stlgate the new subject representing a fusion of two
classical disciplines namely, hfdrodynamics and electro-
magnetisn, it has evoked mush interest among scientists
and enpineers because of its dlverse application %o prac-
tiecnl problems. In the first instance, it is customary to
investipate with simplified models so that the theoretical
results thus obtalned would point out the advantages and
disadvantages and yield a rough estimate of Ehe varilous
quantities entering the problem. To thls end we have dis-
cu:sed a few boundary value problems in Magnetohydrodyna-
mics in the presence of ¢ross magpetic fields, Iree-
convection flows under the Influence of gravitational
forees have been investigated nost extensively because
they are encountered frequently in nature as well as 1n
engincering applications. We have alsn analysed soume
problems dealing with the free~convection flow of viscous
fluids on simple and typical geometries: vertical and
horizontal plates. In many of the problems we have made

allowance Tor suction throush the bodles with a view to
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oLserve i.s inflience on I'low craracteristiecs and to
conpare Lo qualitative behaviowr with that of Lhe mag-

netic field.

The thesls consists of seven chapters. Three of
theii deal with the flow of electrically conducting fluids
between rotating dises and in channels, while thres other
¢ons idnr the free-convection flow of wviscous flulds about

vertical and horizontal plates.

Chapter I is introductory. The development of
lagnetohydrodynamics 1s traced ¢iting its applicaticns in
Engiveering and Technology. The basic enguatlons exhibi-
tirn, Lhe characteristie interaction between the flow and
naznetie fields are ziven along with the approximatlons
made 1n Magnetohydrodynamics., The boundary ®ondltions to
be satisfled at the s0lid-fluid Interface arec listed.
¥inally a brief survey of the literature, mainly connec-

ted with the problems of the thesis, is made.

Chapter II1 is devoted to the study of tire flow of
an electrically conducting fluid between two uniteadily
rotatin' discs and in the presence of an axial magnetic
field., ™The analysis 1s restricted to small magnetic
Reynolds number where the effects of the induced field
arc irnored. Analytical solutions sre obtalned for small
heyrnolds number. It is fond that the magnetic fleld

suppresses diviations of the flow velocities from the
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quasi-steady states. Also, it 1s cbserved that in the
- magnetic case, the results of torque computatinn rel=ted
To juasl-steady states can be anplied to unsteady states

garlier tH&é in the non-magnetic case.
et

Cha;ter ITI considers the unsteady Couette flow in
Hagnetohydrodynahics. It is divided inty twe parts. In
the rirst part, the formation ogﬁCouette flow undesr a3
trausverse magnetic field 1s studied when one of the boun-
ding plates 1s impulsively started cr uniformly accele-
rated, nnd a uniform suctlon or injection is imposed on
the plates, ‘ixaet soluticns are cobtained using the method
of Laplace transform under the condition that the magnetic
Prandtl number R =t . It 18 forund that suction
retards the flow and decreases the induced €1ield. The
magnetic field decelerates the flow near the oving plate
but sccelerates near the stationary one. The 'skin friction
on the plate In motion increases with both suction and the
maznetic field. In the second part, the above problem §3
reconsidered under the condition that the suction velocity
osclllates in time over a constant mean. The response of
the skin frictlon and the current density at the plates to
variation in the frequency and the rfleld is studied,
lMumerical results reveal that the amplitudes of the skin
friction and *he current density decrease while their phase
lage increase as the frenquency increases. With the in-

crease 1n applied field, the amplitude of the skin frietion
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on the roving plate decrenses and that at the fixed plate
$ncrences, whereas the amplitude of the current densities
at both the plates decrease. Their phase lags are decrea-

sed by the applied fileld.

In Chapter IV, the steady flow of a conducting
firid in an anoular duet with porous walls 1s investigated.
'wo cases are considered when theﬁiﬁ%lrnal applled fileld
is (1) eireular, and (11) radial. In each case the walls
perpendicular to the fileld are subject to suction and in-
jection whose magnitude at a polnt varies inversely as its
distance from the coaxis. ZExact solutions In the form of
Fourier series are obtained. Depending on the magnetic
and suction paramsters M and R y it is fond that
the flow rate

- (1) decreases as W increases in the case of solild

walls,

(11) decrease as R, increases for a given small M
and, for large M it inecreases for small R and then
decreases a8 R increases, andg

(i14) decreases for a glven snall K. and increases

for & large R , 88 ™ 1ncreases.

The study of free-convection flow over a non-
1gothermal, horizontal plate which executes small sinusol-
dal nseillations in 1its plane forms the subject matter of

Chapter V. TFor smnall frequencles solutions are found using



Integral ethods, and for large frequencies the solutions
are developed in inverse powers of the frequency parameter
td about the Stoke's tern. These two solutions are
joined in terms of a critiecal frequency which is a func-
tion of the Prandtl number only. The response of the
fluctuating components of the skin frietion and the coe-
fiicient of heat transfer to imposed oscillations is ana-
lysec. At very hilgh frequencles, the flow is of 'shear-
wave' type. In this case, the unsteady skin frletion co-
efficient leads the plate oscillation by 45° while the heat

transfer result shows a phase lag of 45°.

Chapter VI deals with the unsteady free-convection
flow alons an infinite vertical plate subject to a perio-
diec suction when the plate temperature oscillates in time
ove; a constapt mean. A Yourier expansion method 1s used
and the basic equatlons are resclved into an Infinite set
of coupled equations for the velocity and temperature func-
tions, These functions are expanded in powers of ') ’
the amplitude of the fluctuating component of the suction
velocity. It is noticed that even though the basic equa-
tions are linear, the mean flow and temperature are found
to be affected by all the higher harmonic terms. The mean
skin friction increases with frequency to its asymptotic
value of Fg“‘ , where P, 18 the Prandtl number,
wihille the coefficlent of heat transfer upto o (8*)

remains unaffected by the fregquency. JSolutlons are also
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obtained for the gen:ral case when the suction velociﬁy
variss slowly with respect to time and is continuously
differentiable, but otherwise arbitrary. The method
involves expanding the veloclity and temperature func-
tions about thelr quasi-steady states in terms of a set
of non~dimensional parameters which are functions of time

only.

The effect of mass transfer on the free-convection
flow from a horlzontal plate 1s studied in Chapter VII.
By means of similarity transformations the governing boun-
darv lay-r enuations are reduced to a pair of ordinary
¢ifferential equations. These non-linear equations are
solved by an approximate method devised by Fettis. An
analysis of the numerical results shows that the influ-
ence of suction is more on heat transfer than on skin
frictinn for fluids of Prandtl number Ryd 0.73 and vice
versa when Py 0.73. The asymptotic form of the heat
transfer for large suctlon s also given. It 1s found
that for fluids of higher Prandtl numbers, the asymptotic
heat transfer value is reached for smaller suction velo-

¢cities.



