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SYNOPSIS

The thesis deals with problems of flow in a class of
incompressible non~Newtonlan isotropic fluids (R.oinor-ﬂivlin
fluid) for which the most general relation between stress
tensor {3 y and strain-rate tensor &3 can be reduced

(with the help of Cayley-Hamilton theorem) to the form

G2 B8 et b d,

where Fb ’ [-Lv ) P“ are material constants and, in general,
may be functions of invarients of strain-rate tensor. In this
work !—Kq and lA.; are taken to be constants and are called
coefficients of viscosity and cress-viscosity respectively.

The thesis is divided into two parts. The first part
deals with the superposability of flows, which may be defined
in the following mamner{1):

. Let (Ql ’ \31 5 _Q_lj and (Qz, ’ h_ ’ —Q-z.) be two

solutions of the equations

?%.\t{_. + .YV = 9rad m-}~ vi,

and -
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with preseribed initial and boundary conditions, where V. s

is the velocity veetor, () 1s the extraneocus-potential :
= :

and L is the stress tensor. The two solutions are said - 3

to be superposable if there exists a pressure [ s Such that

~

(v\ V. h-ﬁ- b+, L+ .O_z)

satisfies the above equations with necessary modifications in
initiel and boundary cenditions. This definitien has been used
to find the conditions of superposability and self-superposa~
bility of non-Newtonian fluids., These conditions are different
from those of Nevtonian fluids(l) (i, =0) for three~
dimensional motions, but for two-dimensionsl motions the condi-
tions are identical, except that the pressure T[ is modified
by terms containing A"’ « &t has been found that (1) .lll
irrotational motions are self-superposable and any two motions
of this type are superposable on each otherj} (4i) all Beltrami
motions are superpesable.and self-superposablej (iii) any

* two motions are superposable on each other if the veortex lines
of the first coineilde with the stream lines of the other and
the vortex lines of the second coincide with the stream lines
of the first} (iv) the diffusiow. of vortieity in Beltrami
flow does not depend on eross~viscosity and is governed by

the diffusion equation

-aw — .....'vu. C,u‘f\ Gﬂ"m,

e
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where 0 is the vortieity veetor and W is the kinematic™
coefficient of viscosity. BSome examples of superposable flows
are also given. - -

The second part treats the effeect of ;L,._ s the coeffi~

clent of cross-viscosity, on the flow paramtc-rs, viz. the
distribution of veloeity, the boundary layer thickness and the
wall stresses. An attempt has been made to explain some ex~
perimental results of Popper and Reiner{2) and ward and
hra"‘” on the basis of eross-viscosity. Four special prob=-

ﬁ lems have been considered.

4 (i) The equations of motion for the flow due to steady
rotation of an infinite plate have been reduced to ordinary
differential equations which can be integrated exactly after
the manner of Coehran‘4), For the sake of simplicity these
equations have been ntogﬁtﬂ by Karman-Pohlhausen method.
It 4s found that the eross~viseous effect depends on a non-
dimensienal parameter K — A,_S'L / fuy , where SL is
the sngular veloelty of rotation of the plate. In a viscous

*  Newtonian liquid there is an axial flow toward the rotating
lamina and the liquid moves radially outwards in the boundary

e

R T

layer region; but in the case of non-Newtdnian fluids for
""'-*hrgt nluo.s of K there is a possibility of the flow pat-

tern being completely reversed, i.e., the flow will be redia~

lly inwerds and axially awey from the plate. The thiclkness
of the boundary layer increases with K The frictional

torque on a disc of radius ¢ decreases with K .,

-
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From energy considerations an inequality has been deduced -
which restricts the possible types of flows in this fluid,.
(i1) The equations of motion for the flow between two .
infinite parallel plates, one of which is rotating and the
other is at rest, have been approximately solved. It is rmfad
that under certain conditions, depending on the d.istanco dm
between two plates and the veloeity of rotation (L , the
plate at rest experiences a suction} dbut if f is decreased
and 1 1is inereased suffieiently the non-retating plate
experiences pressure which increases with (0L and /lc « For
a particular liguid and speed of rotation the normal thrust on
the non-rotating plate varies as &%'-1 but becomes appreciably
constant when' J° exceeds a certain value. These results
hold good for small values of cl;ﬁ « Ward and Lora(3) took
the solition of commereial joly‘.lubntylono in mineral eil and
sheared it between a statlionary inner cylinder and a rotating
outer cylinder., They found that the vertical thrust on the
base of the inner eylinder decreased with the increase of spa=-
cing betwsen the bases of the eylinders. This faect is explained
by the above theoretical investigation. Popper and Roin.r‘ 2)
sheared air botwuh two dises, one rotating and the other at

v 3 E o
rests They found that, upto a certain value of the distance d

between the plates and the speed of rotation the manometer at

the eentre of the non-rotating dise indicated a suetionj but
*®

when & was decreased and CL was inereased sufficiently it

recorded a pressure of about half an atmosphere (centripetal

-
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pump effeet). Rsinor(s) conjectured that the centripetal -
pump effect in his experiment was due to air being s Maxwellian
liquid (elasto=-viscous). Taylor(s) explained these effects qn-
the basis of compressibility of air and also due to non=-para~
llelism of plates. The theoretical work reported here slso
explains this effedt on the basis of aross~viscohity.

(1ii) The equations of motion, when an infinite plate
performs rotatory oscillations in non-Newtonian fluids, have
been integrated approximately. It is observed thet in New-
tqnian fluids the axial flow at infinity is of oseillatory type
and the effect of cross-viscesity is to inerease the amplitude
of thg oscillation of the axial velocity at infinity.

(iv) The equations of motion for the steady flow of a
non-Newtonlan liquid near a stagnation point have been reduced
to ordinary differential equations which have been integrated
by Ks¥men-Pohlhausen method. The effect of cross-viscosity
depends on a non~-dimensionsl paramter K=— /(,, a / favs
where G- is eonstant depending on the veloeity of the poten=
tial motion and has the dimensions [ T | . The boundary
layer thickness decreases with K upto Ko 0.\ and them
'1ncreases rapldly. The shearing stress at the wall decreases
with the incresse of K  while the normal stress at the wall
is independent of viscosity as well as cross-viscosity. Inei-
dentally it may be noted that the shearing stress at the wall
also docroaéks in a similar two-dimensional problem in magneto-~

hydrodynamios(7). It 1s probable that some effects which arise
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due to hydromagnetic interaction may also be present in non=
Newtonian fluids. The possible types of flows have been
restricted by an inequality derived from energy considerations:
It appears that the cross-stresses which come into being in

a non-Newtonian fluid modify the flow considerably.
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