SYNOPSIS

The inadequacy of classlcal Newtonian theocry to
explain the behaviour of many,common materials such as plasties,
paints, colloldal suspensions, high polymér solutions etc‘; was
reallzed long back, Duringrthe last two and a half decadss
sgveral attempls were mads to modify this theory so that it
could be applied to these materials. In 1946, Frohlich and
Sack trled to explsin the behaviour of dilute solutions eof
collolddds and suspensions by assuming that they consist of a
large number of elastlc spheres distributgd uniformly in a
viscous llquid., These authors deduced theoretically that such
a system, at low rates of shear, 1s described by the congtitutive

equationt KRN o
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where p‘kria the deviatoric stress tensor, €4 the rate-of-

strain tensor, A; the stress relaxation time, N, the rate-of-
strain retardation time and Me the coefficlent of viscosity of
the dispersed system, 15.1958, Oldroyd proposed an universally
valid ganeralizatlcn.cr_bquatiqn (1) so that 1t could be applied

to three dim%hsionii problems, as ‘o —
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where fo , o, and v, are material ;oqstants each having
dimensions of time, ,f,;* any covariant tensor, > ["’}i(”k,i,'ue,k)]
the vortlelty tensor, Vi the velocity vector and a suffix
following a comma denotes covariant differentiation. Cldroyd
(1958) predicted that the liguids governed by the constitutive
equation (2) exhibit gualitatively most of the essential
features observed in non-Newitonlian fluids. In this thesls we
have dlscussed few boundary velue problems using the constitu-
tive eguation (2), which reveal various aspects of the liquid.

It comprises of seven chapters.

Chapter I 1s of Introductory nature and consists of a
brief survey of the subject., Starting from the lnadequacy of
classical Newtonian theory, varlous ways of generallzing 1%
which lead to constitutive equation of elustico-viscous liquids,
are glven, A brief account of the experimental work done in

elastlico-viscous liquids 1s also presentad.

In Chapter I, the axi-symmetric flow near a stagna~
tion point, when the main streaﬁ outslde the'boﬁndary layar
oscillates in magnitude {(but not in direction) about a steady
non-zero mean, 1is éiscussed. The analysis 1s based on
Lighthlill's ﬁhsory'df expressing the flow functions asg the sum
of a steady and & smell superimposed oselllating part and
separate solmtians_arn'abtainad for low and bigh freguency
oséillatiﬁﬁél Ii’ﬁés'béen found that both the amplitude and
‘phase-lesd of skin-frictlion oscillations decrease with increase
in alagﬁicity'ofﬁ;he liquid. In the bigh frequency range, the
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phase-lead of W/4 for the Newtonlan case tends to -A/2 (& phase~
lag) for the elastic case,

The flow induced due to a disk oscillating in tts own
plane about a steady non-zero mean 1s discussed in Chapter III,
The problem 18 treated by ILighthili's method and higher-order
approximations are obtalned for the veloclity components in the
high frequency range., It 1s found that both the transverse and
the radial velocity oscillations anticlpate a phase-~leg over
the dlsk-oscl llations, near éha disk, The osclllating part of
the tangentlal shearing stress at the disk has a phase-lead
whereas the osclllating part of the radlal shearing stress has
& phase-lag over the digk oscillatlons, The effect of elasti-
city in the liquid is to incresse the phase-lead in the former
cage and the phage-lag in the latter case. )

Chapter IV 1a devoted to the study of the flow induced
betwesn a steadlly rotating and a torsionally osclllating disk,
The solution 1s obtained by perturbation method for small |
values of Reynolds number ln infinite series form, It 1ls found
that the skin-friction-oscillations on the osclliating disk,
has a phase—lﬁid over the dlsk-oscillations. This phase~lesd
decraaﬁes uith'the depresse of the distance between the disks
and changaa_inta pg§eg~;ag when the dlstance batween the disks
is less thﬁéiéer?ﬁgg*ﬁ;itioal_valué. The flow induced due to
a8 disk osaillﬂti#éiabaut 8 steady non-zerc mean in presence of

snother statlonary parallel disk, 1s also discussed,

»
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Chapter V deals with the flow of an elastieo-viécous
liquid past a8 sphere. The equations governing the velocity-
field within the boundary layer near a body of revolution in a
un! form stream are developed, These equations are sclved by
Kérmén-Pohlhausen method using a fifth degree veloclty profile.
As an example, the I'low past a sphere i1s discussed in detail.
The effect of elastleity in the liquid is found to shift the
point of separation towardas the forward stagnation point and

to increase the growth of the boundsry layer.

In Chepter VI, the flow induced due to an oscillating
sphera when the amplitude of oscillations 1s small ag compared
to the radlus of sphere, 1a studied, The elasticity in the
liquid resulta to the formation of a reverse flow in ths
ragion close to the surface of the gphere and shifting of
antire flow pattern towards the maln flow. The effect of
elagticity 19 also found to increase the magnitude of the steady

secondary Ainflow and the resistance on the surface of sphera.

In Chapter VII, we study the natural convection flow
of an glastlco-viscous liquid past a seml-infinite vertical
flat plate maintained at varlable wall temperature, 4 search
for shmilerity solution reveals that such a solution is possible
only when the exceszs of wgll temperature over the amblant tempeg-
raturs vafiaa“as thqfiirst power of the dlstance from the lowest
edge of the plate. The sffact of #lasticlty 1s to increase %the
£lutd velocity at any point near the plate and decreass it at
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any point away from the plate. The témperature at any point
in the lignid decreaseg nith elasticity. The skin~friction
and the rate of heat transfer from the plate surface are also

fouond to decrease with increase in elasticity of the liguid.

The mumerical computation involved in this thesis
is p.rformed On an Electronic Digital Computer LEM 1620
installed at the Indian lnstitute of Technology, Kheragpur.
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