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SYNOPSIS

*Due‘té theAparamount_importaﬁée of ariificial materials such as
plastics, polymers and synthetic fibres for textile in industries and
technology, it is beCQming very essential for an engineer to be familiar
with speecial types.of’problems encountered in routine work. The mechanical
response Lo stress of these materials is quite often different from that of
their constituents, the natural products, A description of mechanical
response-can help us to make an advance’assessment of their potential

new uses.

"The two simple types of mechanical behavior are linear elqsticity,
governed by Hooke's law; and fluidity, governed by Newiton's law of viscosity.
The class of fluids which exhibits both elastic and viécoug properties
is knowras elastico~viscous fluids, Solutions of high poelymers, pitch

and cement etec. are all elastico-viscous fluids.

The investigations of this thesis which is divided into eight
chapters comprise of a study of gome flow problems for Walters liquid B’
which is an idealised elastico-viscous model with a very sherl memory and
is basedvon experiments, In chapter I, a systematic survey of elastico-
viscous fluids including Walters liquid B has heen conducted. After this,
a brief survey of the prdblems investigated andithe relevant 1i£eraturé
has been outlined. The basie equations governing the flow and-the hgat
transfer in abform,employed in the following chapters have been recorded

towards the end of the chapter.

Chapter II deals with the free coovection flow of Walters liqui”.ﬁ'
pést\a porous flat plate and a porows circular eylinder. ' Iferé a nev
technique has been developed to obtain exact solutions based en the .fact

that all non-Newtonian flows are pertnrbations of the corresponding .



viscous case flows. This technique seems applicable only when the basiec
viscous solution exists in a clesed form ;nd the elastico-viscous
equagions of motion which are of a highér degre; admit a regular perturbation B
golution, the elastic number being the perturbation parameter. For the
vfree convection elastico-viscous flow past a porous flat plate, it is found
that the presence of elasticity decreases ihe boundary layer thickness and
does not afifect the skin friction. Alse, at any point in the flow region
the normal stress difference which is non~zero only in the presence of
elastic elements increases with an increase in the elastic number. Again
for the free convection elastico-viscous flow pastla porous circular
-cylinder, the boundary layer thickness and the skin friction are affected
by elastieity exactly in the same way as for the plate problem, The two
normal stress differences also increase with an increase in the elastic
nuﬁber. Apart from a complete study of the elastic effects in the problems
‘considered here, the‘value of‘the second chapter lies in elucidating

a technigue of obtaining exact soluticns for such non-Newtonian flows

which result in the equations of motion having higher degrees than the

corresponding viscous case.

Chapter III is concerned with the generalised Couetie type flow of
Walters liéuid B between two parallel poroﬁs flat plates and a perous annulus,
The generalised Couette type flow méuns the flow due to the motion of one
of the boundaries and due to the presence of a constant pressure graﬁient
applied in the direction of flow. HMHere too, the technique indicated in
chaptef II has been used to obtain exact solutions, For the generalised
Couette type flow between two parallel perous flat plates it is found
that a point of separation may exist at the lower plate which is kept
fixed and it occurs for a smaller adverse pressure gradient for

biowing than fer suction in both the viscous and the elastico-viscous cases;
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hovever, for the same amount of blowing or suction the elastico-viscous

values are less. Further in the absence of a pressure gradient, the skin
f?iction at the stationary plate is found to increase wihﬁ an increase in
blowing but it decfeases with an increase in s:ction in the viscous as well

as the elastico-viscous case; the values in the latter case are alwdys less.

The effect of the presence of an adverse pressure gradient is to cause an

over all increase in the skin frictien. TFor the parallel problem of an

annulus almost same type of results have been obtained. A point of separatien
may exist at the fixed cylinder for suction as well as injectic. nnd fo?

guction the adverse pressure gradient reguireq to proveke separation is greater ,
than that for blowing in both the cases, viscous as well as the elastico-vigcousr
for —2 ¢ ®» <o (a range of hlewing, * being the suction parameter), the
adverse pressure gradient required in the elastico~viscous case is greater,

for R=~2 it is the same and for all othgr values of = it is smaller.,
Again the skin frietion ai the outer cylinder which ig kept fixed is found

to increase with an increase in suction but it decreases with an increase

in blowing. In thé absence of pressure gradient fer all pesitive = s

the elastico-viscous values of skin friction are smaller but for negative =
upto R= -; y they are greater and beyond this value they are once again
émaller. The effect of ithe presence of an adverse pressure gradieni is ' to

cause an over all imcrease in ithe skin frietion.

In chaptgr IV a study has been made of the flow of Walters liquid B’
near an oscillating flat plate and between two oscillating flat plates
- which are electrically non-conducting under a uniform transverse magnetic
field. An interesting-feature of this problem is that the fwo plates
osciliate with any phase difference, same frequency and different amplitudes
in the two cases (i) when the magnetic lines ef force Are fixed relative to

the fluid and (ii) when the magnetic lines of force are fixed relétive to one
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of the plates. Expressions for ihe velocity proflile, bhevinducéd'magnetic
field and the shear stregses on tiie plates in all the situations have .
been calculated exactly as well as approximately in the two limiting cases
of small and large values of the Heynolds number which is based upon the
amplitude of oscillations. 1In case of two oscillating plates the gkin
frictions on the two plates tend to he equal in the limiting case when the
Reynelds number tends to zero. The’sheﬁring stress-on the lower plate

in the limiting case when the ﬁeyuolds number tends to infinity'béhaves
as if the other ﬁlate were absent, ,These results hold whether the magnetic
lines of force are fixed relative Lo the fluid or to one of the plates.
The effects of elasticity on the skin friction for small values of the

Reynolds number at the end of a time period have also been studied through

‘tables and graphs to depict further the difference hetween the two cases.

In chapter V, the torsional oscillutiéus of an infinite dise in Walters
liquid B have been considered. The method of investigqtinn is the samci
as employed hy Rosenblat while sélving the corresponding viscoué case
problem and it is that of perturbing the solution in ascending powers of
a parameter hased on the amplitude of escillations. The first order golution
consists of a transverse vélocity and the second order solution gives a
radigl-axial flow composed of a steady part and a fluctuating part. The
steady part of the radial flow does not vanish outside the houndary layer
and hence the equations of motion are solved by a Pohlhausen type approximate
method for the steady part of the flow. The effect of the elastic elements
is to i;crease the boundury layer to start with and afterwards to decrease
it and also to increase the shearing siress at the disc. The steady radial
and the steady axial velocity fall sirort ef those in the viscous case in the
beginning but afterwards their values lie ahove.

Chapters VI to VIII consist of unsteady flows under Stokes approximat ion,

‘
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Here the equations of motion are linearised so that the conQective,part
0
of the inertia force disappears and the convected derivative of the strain
rate tenser is replaced by the simple time derivative. The elasticity
effects contribute onl; through the simple time der;vativefof the strain rate
tensor. 1In ehapter VI, the linearised equations of motion for the'
compressible case have been solved in a general way when the thermal processes
are aeglected, _The corresponding incompressible case solution has been
de@uced as a limiting case, Making use of this incompressible case solution
the motion due to the rotatory oscillations of a spherical shell contafning
" Walters liquid B and also the motions due to rotatory and linear oscillations
of a solid sphere in an infinite mass of the same fluid ﬁave‘been discussed,
For the rotatory osciliations of a spheTical shell containing the elastico;
viscous fluid &and ﬂlso for the rotatory oscillations of a solid sphere in
an infinite mass of the same fluid the elastic elemerts affeét the couple
acting on them in the same way, This couple which combrises of two factors,
the inértia force and the frictional force is affected by the presence of
elastiéity in an interesting fashion; the former decreases while the latter
increases. In case of linear oscillations of a solid sphere, the drag acting
on its surface is also affected in the same way i.e. the factor of inertia
force of the drag decreases but that of the frictional force increases due

to the presence of elasticity.

In chapter VII, tﬁe decay of any initial motiom in a Ahericél vessel
both in the compressille as well.as the incompressible case and also in
a circular cylinder ig the incompressible case has been in%estigated; It
is found that the presence of elasticity décreases the modulus 0} decay of

any initial motion in a vessel of a spherical or a cylindrical shape.

Chapter VIII consists of the propagation of sound waves in a
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compressible elastico-viscous medium comprisins of Walters liguid B, Here
the p;opagation of plane waveg when the thrmai processes are neglected

and alsc when they are taken into account have been considered. Waves
diverging from a sphericul surface where a prescribed rotational and alse o
translationél velocity'is maintained have also heen invegtigated, It is
found that elasticity gives rise Lo secondary effects. When terrs upto
first order of the elastic number alone are retained, the elasticity d&es

s

not affect the amplitude bob it quickens the wave propagation, in general.
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