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The flow properties of s fluid regsrded as s conti~
auus are deternined by the well known squations of momentun,
sontinuity, snd the energy squation. To mchisve any prog-
ross in the study of the flow properties we mast specifly
the relationship Betweenn the stress tensor and the othey
properties of the flow, which are determinable with the
help of the equetions of motion. Iy assuming & linesr re-
Iationship between the stress snd the rate of straln ten-
sors, the Newtonisn flulds beve been extensively studlied
both theoretisslly snd sxperimentslly. However, the sssumed
stress-sirain velocity relationship limits the sppifeability
of the resalts of this theory.

In resent yesars 3t has besn reslised that the funds-
nental stress-strein veloeity relstions of classical hydyo-
dynemies are not applicable to s vast muwber of highly |
viseous liquids 1ike mercury, ¢olloidel suspensions, high
polymar solutions stae., which heve got grest teshunologiesl
importance. The thres major phwionena which desaribe the
normel stress effects in the flulds are Welssenberg effect,
Poynting effect and Merrington effest. In fast, it is well
Xnown thet the above thres phenomens are the mest remarka-
bl: esontributions to the flaid dynanies which hove attrsested
the uttmtiu of many suthors to study the ml :trou
afleats, Among then Reiner-Riviiac have proposed » li.—_pla



and puarely hy&rodrnan:ldal theory by sssuaing a2 non-linesr
stress~atrain weloelity relationship which now eontains two
viscoaity soefficients. The introduction of the eaross~
viscosilty tern in the constitutive squation iz responsible
for attributing to the flnid the Welsserberg effect, the
elimbing of the fluld slong the inner fized cylindsr when
the fluld is sheared between two cosxial cylinders by ro-
tating the outer eylinder, the Poynting effect where if the
liquid is sheared betwesn two parsllel iInfinite plates the
ahesring Hrees glone are insufficient so that stressas
normal to the plates mast be applied to obtain the required
steady state of the flow, ahid the Merrington effe¢t, the
awelling of the atream of fluld at the axit of the sirculsr
pipe through which It heas been tJ_.euing-.

The equations governing the flow of non-Newtonian
liquids ere highly non~linear and the simplification of
the equations is certsinly desirsble in order to get st~
least an approximste solution of these complisated preb~
lems. | |

e work conteined in this thesis deals vith the
sspacts of stability of rewlving men-Rewtonisn indompre-
ssible liquids, the discussions being restricted t4 the
case of the flows betwssn concentrie rotating eylinders.
The teohnique of norwsl wodes has been used throughout
the present work to determine the sharsetsristic modes



leading to the stability or instability of the hydrodyna~
mi¢ or hydrosagnetic system considered. The amell gap
approximetion (the gep between the oylinders 1s small) which
givea us two types of simplifications has slso been applied
to the problems considered. The mein i1des of the present
investigations 1is to find whethar the non-Newtonlan uqﬁiu
ars more stablliging or destediliszing in thelr naturs,com
pared to the classical visgous liguids or in other words to
sxsnine whether oross-viscosity ascts es s stablliazing or
destabllizing agent.

The investigstions in the resent thesis comprise of
five chapters. In chapter I, » detalled diseussion of the
aspects of stadbllity with its historiesl background, the
basic squations of non-Ngwtonien liquids snd the survey eof
litersture on the stability of non~Newtonian liquids have
been glven. Attampts ars alse mede to disouas olearly the
problems investigated in the thesis. | |

Chapter II desls with the stability of non-Newtomisa
fiow between rotating coneenirie aylinders in the presenss
of & transverse pressure gradient. The Uquid 18 floving
hetwoen the aylindsrs sod at the ssme time the fintd 1a
being pumped round the anmlus so &8 te maintain » trems~
veras pressure gradient. The pumping may be in the dires-
_tion of reteticn or opposits %o 1t. The vesulting eigen-
value problem hes been solved by a genersl Gslerkin's
ringiple, It i3 found that the eritical Taylor number



which decldes the onset of instability decresses as the

YR
eross~visgous parsmeter S = —35 9 vhere o, 1ia the

Kinemetic eross~viscosity, TR, the redius of the inner
eylinder snd J 1s the gap between the cylinders) increa-
ses for s fixed K (parameter desaribing the pressure
gradfent), which shows that the region of atadility is de~
‘aressed 35 the oross~viascosity in the rmu 1s inaraased.

Chapter II1 13 concsrmed with the discussion of the
rotational instability _ui" » non-Newtonisn flow between eo«
sxisl cylinders vhen an axisl pressure gradient 1s present.
Taking a first smﬂntlm to the solutlon of the Taylor
number T s the values of T DBave been obtalned for aLp-
ferant uinu of the eroas~viscous parssster S m the
Reynolds wamber R (Reynolds with respset to the mesn
axisl flow)., It is found thaﬁ the Taylar naker T 2 de-
aresses as S inerensez for s fixed R , whieh agein
shows thet ercss~viseosity sets an s Gestabilizing sgent.
Graphs are alsoc drawn to exhibit the regions of stability
for diflerent valves of S .

A detalled investigstion om the wamnwtu reta~
tlaﬁal instabllity of » non-Newtonisn l.i.qu:ld,vl:hh is taken
to bs an eleatrieal conductor, has been made in ahepter IV,
The mmtu field L3 sssamsd to be 1o the axisl dirntm‘
It 1s found that effect of the m:nctu field depands on
the m-aimaienal sunder
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where 3 is the density of the fluid, 1 the magnetic
pormeablility, H the strength of the msgnetic fleld, o
ths cosfficient of slectrical conduotivity and J. iz the
g8) between the oylinders, and the effect of cross<visgo~
sity depends on S . The resmilting eigen value problems
i3 solved by the Colerkin's method ir both the csses when
the walls of the oylinders sre parfectly condusting and non=~
conducsting., It is found (in both aaszes) that the effect
of the magnetic field is to inhidbit the onset of instabi~
lity s in the case of clasalael viscous uwid:,‘th ox=
tent of inhibition depending on Q , wheress the effeqt
of cross=visgosity 1 to destabllise the flow even when »
magnetic field is present. RNeutral atsbility curves are
drown to exhibit the two regions of stability, snd veloeity
profiles sre also given for Aifferent valuew of Q asnd S.

In chapter V., a study has desn made on the stabl«
11ty of an electrieslly condusting non-Newtonlsn Mquid with
variables density between consentric rotating aylinders when
8 sirculsr magnetio field is pressnt. A nn._i_.rou current of
intensity j  flowing through the fluid:ln the sxiel ai-
regtion and sn axlal curvent of total intensity J  within
the inner eylinder cen glve rise to s alrculsr msgnetic | |
- field. Besently, At was shown iz the ecase classicel visesus -



liquids thet the (luid cannét remain steble in the whole
region whan » elronlsy megnetlc fleld is prassnt. It wvas
found thet the flow will be destabiliszed by the magnetic
field produced by the system of gurrents if
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where TR_ 1is the mean radius of the eylinders. An sttemjt
is mede in thia chepter to dlsouss the «ffeat of s elroulsr
magnetic rield on a non-Naewtonisn flow. The vslues of the
eritiesl ﬁrarlor'ua-bar T, which deeldes thn cnset of ins~
tadlility im 'Mnf_! snd it is seen that the elrculsr magne~
tic fleld will play the dual role of stability is in the
ease of slassliesl viseous liquids, and that these roles sre
more promnounced as the exoss-viseous wmu@tur S mmﬁ _
ses. (3.4, A8 S 13 inorsased the fluid will Do more stabi«
1lized or destablliszed sscoxding to the gass considered).
Parther, the results are aleo shown in graphs to exkibit
the reglons of stability for dlffereat velues of the para~
weters oeeuring in the probles. ' _
The numerical computation aontainmed im this thesis has

Deen earried out on the Klsctronle Digitsl Computer,Nasticnal
Blliot B03, installed st the Hindustan Alrcraft Ltd.,Mengelore.





