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The importance of the efrects of rotation, suction, siip
and magnectic fielz or the fluid flew anc heat trunsfer problems
is well_known.
Rotation slc. e a significant role in several importsnt
shenomenon in cosmicai fluid dynamics. Similcrly, a grest deal
of meteorsclogy <e - crces upon the dynamics of 2 revolving fluid.
The large scule :rm>nmderate‘motions of the atmosphere are greatly
af tected by the verticity of earth's rotation. In the case of an
infinite fluid rotezting as a rigid body about an axig, the amount
of energy »nosses=sed by the liquid is infinite and it is of great
interest to see ~ow small disturbances propégaie in such a liquid.
The effects of suction are imrportant in controlling the
boundory l;yer »nd thus aveiding separatioﬁ which further results
in the reducticn of skin friction on the hecdy. ‘It alsc causes delay
irn transition from the luminar te the turbulent flow,
The develouaent of rockets whether for bellistic missiles
or designed to ;rebe.into the outer snuce, hes given & new impetas
to the study of ruarefied gas dyvnamics, It has been seen that for
largé Enudsen number, the gas is.conéLdered to be in rarefied state

and kKinetic theor; approach is more appronriate. But fer small
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Imudsen number, the flow of gas is in the so-called 'siip’ region

and the use of centiruum theory with modified boundary condilions,
Yy 3



allowing for & slip at the surface gives good anoroximete results.
Recently, it hrs been recognised that the electromagnetic
interaction on the fluid flow leads to a much mere varied phenomenon.
Thus it has been the usual practice to extend the problems of
hydrodynamics te hydromagnetics, a new but fast develoning science
as well as technsloey, This latver discipline hus made itself feltl
becaiise of its ovn merits and has more than proved its worth in the
probleas of missile &nd apuzce dynamics, prepulsions and communication
The purnose of this thesis is to investigate some problems
in hydromagnetics w«nd hydrodynamics regeiding flow patterns, viscous
resistgnce at thc walls and heat propagaticn in the region under
ccnsideration. In 211, it comprises eight chapters, Chapter 1
is introduction to the thesis, followed by remaining seven chapters
which are the result of theoretical investigations in the 'slip'
as well as no-slip regions. An exact solution of & rotating flow
is obtained in chapter II. The results of clectromagnetic interactio
on the fluid flew are reported in the remaining chaoters III te VIII,
Suction effects are studied in chapters 11T to VII.
In chapter I vhich is of introductory nature, a critical
survey of the relevont literature is presented. The fundamental
equaticns governin; the fluid Flow snd neat transfer phenomencn
are also included.
In chapter 11, a study is made of unsteadyflow engendered in a
viscous, in“comprescible, rotating fluid by an infinite flat plate
set suddenly in uction in its own plane The exzct solution of the

groblem is obtaired by the methed of Laple#ce Trunsforms. It is shown



that the rotstion induces lateral ﬁotion and it also generates vortiq
It ie further found that it tends to cppose the penetration of
longitudinal flow. The effect of rotution on drag is obtained and
several limiting caseé are deduced from the solution.

Chanter III deals with the effects of Coriolis forces on

Rayleigh proplem in hydromagnetics. As in chapter II, it is seen

Gz

that the rotation induces lateral motion., For small rotation, it
ie found that the longitudinsl components of velbcity, induced
magnetic ficld and she;f stress remain the same as in the non-
rotating case. Tre lateral stress, however, ic seen to develop
linearly with time which gives an erreneous impression about the
ron—existence of steady solution. But this is misleading arnd
can be explained from the fact that the expression obtained for
lateral shear stress is mérely the leading term of the limiting
solution obtained by considering the angular velocity negligibly
small in the solution for general rotation. Another effect of rotet:
is the generatior of vorticity as ip the non-magnetic cCase.

Tﬁe effects of uniform suction on Rayleigh preblem in hydro-
.2gnetics are stuuied in chepter 1V, The problem is solved by
the method of Lanlace Transforms. For a finitely conducting
plate, solutionsvuzlid for small as well as large time are obtzined
for wagnetic Pr.ndtl number unity or clese to unity. It is found
thet the shearing stress on the plate decreases from infinity and
tends asymptoticolly to a finite value for lasrge time., Thic
limiting value coiies out to be greater trhan the corresponding
limiting value o i: ired Tor z werfectly conducting plate in the

absence of sucticn. Further, an exact solution is obtained for a



non—-conducting »late in case of magretic prandtl number unity
and close to urity. Results for the shear stregs are also
analyzed.

In chaonter V, & study is made of the hydromagnetic fluctuating
flow pust a flat nlate with variabie sucticn. It is asmumed that
the suciicn velocity normel to the plate as well as the free stream
velocity fluctua:e about a mean constant in magnitude (but not in
direction) and ta.t the Alfven velocity is less than the mean
suction velocity. All the quantities of aerodynamical interest
such as velocity distribution, skin-fricticen, temperature field and
heat flux upto two bhermonic fluctustions are evaluated, It turns
cut that the amnlitude of first hurmonic fluctuutions in the
skin-friction incresses with the increase in the frequency of
fluctuations, wnilc thaet of second huarwmonic fluctuations tends
to a finite limit., further, for small frequencies und large values

of
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ucticn parameter, the nhase of the first hurmonic fluctusuions
may be negative but it ultimately tends to /4 at very iiigh
frecuencies., alcoe, the ﬁhwse of the seconc h-rronic fluctuatiors
drops to zero v.or frequercy is lerge. It is also seen that for

the case of no nert transfor, there is no efcect on the wall
temperature at high frequercics, i.e., it remains the sciee as in

the non—magnetic cose or in the zbsence of variable suction, But

in case of heat trznsfer, the amplitude of the first harmonic
flyctuations in ne.t flux tends to 2 firite limit and the bhuse drong
to zero. The amplitude of second harmonic fluctuations rises with

frequency and for very high frequencies, the phése lead tends to

a/t.



In chapntervi, using the continuum theory aporoach, the
efrects or 'slin' «i1e considered on the nydromsgnetic ftluctuating
flow past a porous flat nlate with oscillatory suction. As in the
earlier investigaticn in chapter V, distributions for velocity,
skin-friction and temperature fields are calculated. The case of flow
past a flat plzte in the no-slip region is deduced as a particular
case and the results in the two regions compared. It turns out that
in both 'slip' as well #s no-slip regions, the periodic suction
velocity induces mcre than one harmonic fluctuatiorsin the flow
and temperature fields. Also for both the regions, the amplitude
of first harmonic fluctuation in skin-friction increases with the
increase in the vilue of either of the magnetic or suction para-
meters, though it cannot exceed a finite limit in the 'slip' flow
regime, Further, it is seen that the amplitude of second harmonic
fluctuations in skin-friction decreases with increase in the
magnetic parameter in the 'slin' flow region while it increases in
the no-slip region. For very large values of frequency in the
'slip! flow region the phase of first harmonic fluctuations in
skin-friction drops to zero -—a result contrary to the one for the
no-slip region,” Further for both regions, second harmonic fluctuatio
in the skin-fricticn always have a phase lag whatever be the
fregquency. It alse turns out that because of the fluctuating
suction even feor large values of the rarefaction parameter, the
fluctuations in the temperature field persist which result is
guite contrary to the one for the case of uniform suction.

Chapter Vii concens with a more genesri problem of hydro-

magnetic flow psst a porous flat plate when a time dependent suction



is applied at the wall, Two cases of this time dependence are
ccnsidered': (i) the suction may vary periodically, {(1i} the

suction as well as the free stream velocity may vary slowly but

are otherwise arbitrary functions of time. It turnps out that the
suction, in general, induces an unsteedy flow parallel to the wall.
FUrthér, the periodic suction changes the snage of the mean preofile.
The efrect magnetic field is that the mezn vulue of the shezr stress
on .the nlate is wltered - a result contrary to the one obtained for
the non-magnetic case. But when the free stream velocity also hus a
periodic component which c¢scillates with the suction frequency the
mean flow is Turther distorted. For slowly var,ing but otherwise
arbitrafy suction end free stream veloéity, a solutioﬁ 1S obtained
in terms of the derivatives of the suction and free stream velocities.

The thesis ends with chapter VIII wnich deals with hydro-

foie

magretic, fluctuating, axis-symmetric flow near the stagnation peint

¢

region. It is assumed that the main-streum cutside the boundary

layer region fluctuates in magnitude {but not in direction} about

a steady mean. Using Runge-Xutta method, a numerically exact solution
for the mean flow 2s well as for the fluctuating part of the flow at
smell frequenciczs is obtuired. For large freguencies, an agproximate

sghition is deve
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oned for the oscillatory part. The 'critical frequenc

]

at which the two sclutions overlap is also calculazted for different
values of the magnetic parameter. It is seen that the presence of
magnetic field ufrects the transition from one type to the other

tyne of flow., Furtier, the mean value of the skin-friction decCreasss
as the magnetic parameter increases. It is also found that an
increase in the meznetic parameter results in a decrease in the value

of the 'mean disanlacement thickness',



IV

CONTENTS

An Introductory Discussion of
Hjﬂron gnetics
1, Inteoduction, 1

2. Hydromagnetic approximations and
Equations of Motion, 6

2otetion and Coriolis Forces, 1l

(X
.

Heat Transfer in Hydromagnretics, 13

S
;
5

\J1
»

External and Internal Problems in
'vdromagnetics, 18

6. Fresent Investigations, 21

An Exect Solution in Rotating Flow
1, Introducticn, 27
2. ,Squetion of hotion, 28

3« Trensformed Equations and their
Sclution, 31

f, lornclusions, 34

Sf.ects of Coriclis Forces on Rayleig oh!
Prohlem in Hydromzonetics.

1. Introduction, 36
2., Eguestions of hotion, 37

%, Special Cesemn = v, 42

3
o
(=}

he {Viscous Boundzry Laye:
thve Flew oputiside, 45

S
M
»1

5¢ Small and Large valucs of t ond
esidual Fields, 48

6. Shecring stress at the plate, 54

- Y - 2 s 7 T N
7. Yorticity, 56

te of Suction on Rayleigh Problen
neznetics .

1. Introduction, 57
7

2, cgquations of Kotion, 60

.

S

in

27 —~

Page

\A
U



Chanter

- VII

3. wpecial case of v =1, i.€.,
Macnetic Prandtl Mumber equals

sralug,

Unity, 64

4. Laznetic Prondtl Number close to
owe, 69

‘5, Non-conducting plate, 78

Hydromegnetic Flow Past an Infinite
Flaot Plate with variable suction

1. Introduction, &3

2. Yelocity Field, 85

Fa

3. Temperature Field, 98

Hydromagnetic Fluctuating Flow past
ar Infinite Flat Plete in the slip
lezion

| St

. Introduction, 111}
« Equations of iotion, 114
Sclution of the Problem, 117

lydromagrnetic Flow past a porous
flat plate in the no—slip region,121

5. .legults for the flow in the
'slip' regime, 125

SR R\
)

»

6. Encrgy Ecquation, 128
7. Temnerzture Field in the no-slip
rezion, 138

8, Temmerature Field in the 'slip'
regime, 141

Hydromagnetic Flow of a Viscous Fluid
ast on Infinite Plate with time—denen—

dent suction

1. Introduction, 163
2, Ecuation »f Motion, 164

3. Feriodic variation of suction with
a constent free strecm velocity, 165
{4, Feriodic variation of suction with =
periodic free strezm, 170
3. FPerticular czse of suction in
phege with the free gtreim, 175.

83 — 1190
111 — 162
163 — 183

6. The case of slowly charging velocites,176



Chepter

VIII

dydromaegretic Fluctuating Flow 184 — 210
ne.ir & Stagnation Point

1.
2.
3@

‘e

Intrcduction, 184
Equations of l.otion, 186

Exact Mimerical Solution of
the Eguation for the kiean Flcw, 191

Low Frequency, 194
Tigh Freguerncy, 195

Skir-Friction, 196

endix 211

Qeferences _ 212



