1. INTRODUCTION

Newtonisn fluids, which  ara defined as  thoss
flulds for which the rafta o0f deforsation undae  lasinsre
conditians 15 directly proporiional to the sHesss. This
is the simplasst stress—rate ¢ steain relationship  and
fortunataly many Tluaids do bshawa ino this  fashion  undsae
the wsusl conditions of ionterest. However, 3 significacd

fiumbear of Ffluids do not behasve In fhis siapls fashion  and



thay are  hteresd s Noo-dewtonian fluids  aad
comnersial laportanos as well theortical

trEEEas warses ratse of sheare
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The graphs of shaar s
calisd 4$he “flow curves" are

for Mon-bNewtonian fluids

e LRnEar.

Real fluids may be olasssified on the basis
The classification pressnted

their rhenlogical bshawvior,
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Lo Furely wisoous, o0 fime-icdepsndent fluidss Tha
rate depsrals only  uapon the stress

daformation
andd ism single-valusd function of the laber.

23 Mawtonisn: The wvisoosity is independsnt of shear
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2 Tima-depandent fluids: The deformstion rate and
wviscosity depand upon both thae stesss  and tha

durationn ofF the abrss

i

Y Vimcoelastico fluids: The deformation rate and

naity depsad upon both fhe stress  and the

ariant of defoermation.,

4 Complek rheologicsel bodies: Fluids  exhibiting

the charasctarstics of fiilnlan-! than HYR it

Fluids of the first 1 (Y Lwpse whoss properiies
ars indeparndsnt of time may be described by a eehaeological

sguation of the foara.

o= F{TY (1,.2.1%

This 2gquation impliss that the rate of shear at any point

in fths floild is & siapls function af the shaar
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trass  at

$he point, such fluids are barosd as lon-Mewtonian viscous



Thess fluids are subdivided into  theoss

tvpes depanding on the neture of the function in

Thass

hvpeas sre

1. Flastic fluids o Binghaw plastics

2. Paaudo plastic flaids

.

Z. Dilatany filuids.

€i) Plastic Fluids:

Thizs oodsl shows 3 HOBAr

ralabionship of

o shear rafte which is linear but which unlike
Mawbonian fluid, inksrsects the shesr-stvess  axis

finite positive valus,

aguation
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whare £ is called the “cosfficiesnt of

coefficisant of "plastic viscosiby" and vy iz

digterict

aguation
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shrass, whioch nust ssoseded in absoluts valus for flow o
takan plaoce. Eguation (&7 ie  walid only  for shesace

shtrassss  grater than the wvisld steass. Whila $rar

v

shearstresses la2ss than the wisld stresss, thers 13 ao
ra2lative movament of filuid frosm sguastion (B Infanrt
behaviouwr of this tvpe can also seplained by assuming that
whan the fluid &t rest, <contsins a  thrss-diesnsionsl
structura which can resist stresses, as high as the  vield
SEE288 Ty, Many r=al fTluids such as drilling  swds,
auspanzians of challk, 011 paints, sevege sludges, olossly
Approximats to this tvpe of bshawviors.

o

{ii) Psewdo Plastic Fluids:

._'Lx

This groupn of Hoa-Newbtonien  fluids  shows
ralationship of shsar stress o shase rats wshich  Is
conoeave downward.  The curve passe through  tha origin
whan  displilaved with  linear oo-ordinste and Hlopea
danrasses wilth incesasing sheaae  rate  when  displawed  on
logarthimic co-ordinates. Mary of flulds which  show
pasudoplastic bahavior inclode polymeric solubions oce

malis, sush as rubbers, os]lulose aostste and napalmy



sion such a3 paints mayonnaise, papers  pulp, and
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slurcies, and dilute suzpsasions  of in@ed

e
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rgenh
salids.  This model shows $he characheristic whaps of a

pasudoplastic ovar the entire range of  shoaae, Lol budding

the spprosimate Mewionian behaviar % both  low  and high

shear. These fluids are characterizesd  as powar law of

fluids as propossd by Ostasald (211 snd Reinse {241,

€iii? Dilatant Fluids:

Dilatant fluids 1ttt rhaological behawvior

ially opposite 4o that of pseudo plastic fluids  in

D
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that the viscosibty inorsases with fthe incressing of sheasre

HEOBREE. The fara dilatant has come fo ossge for all

fluids which suhibits the peopsrity of incesasing  apparant

visoositty with tnorsasing rabe of HhEatr. Dilatant

matarials over first  rsocognised  and named by Baswynolds

£257,  Many of fluids which  are  esportsd a2z sxhibifting

s paiats

dilatancy are pigment-vehicls: suspeasions, suweh a

and printing inks. When the solids content 1s high.



2, Tiwme-dependent fluids:

he deforastion rate and viscosity depsnd gpon
hoth the stersss and the duration of the stress. Theasa
fluids mayvy be sub-divided o two classss () Thivotropio
fluids (b} ribwop2tic fluids. Thiwotropic fluids ars fhoss
fluids Tor which Ythe shesr stress decrsasss wilbth ties at 2
constant deformation rate.  Thees ars  sany  2xamples of
this Tluids are paindts, gelafine solulions, honsy  shawing
oream, Stoc. Thiwobtropio bahavior can bhe sepiainad in the
HaME WY A% paausin plastic  behavior, rheopeoctic  fluids
arse bthose floilds for which the shear strass ocrsasas with
tima ot a giwvaen deformation rave. FRheopectic fluids sre
Mmach lass  Coamon than thixotropic fluidss DY SLm
suspEnsions  in water, beantonidte sols, and wanad lum
pentoride  sols are  few srampiss of Lromss fluids.

Theopetic beshavior can b2 suplsinad in  ths sams  way

@

5
dilatant bahavioe, if the fims (ecessary $900 appraach
gopsilibeivm at & constandt deformation rate 18 now assuned
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afficiantly largs o be obssevable,
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Visoo elastic fluids have drawn  great  attention
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awing o ids importancs in franspoartation or peoosssing of

ubhstanocas which do ot it into olassical MNMewboniano

)

- sheraln raiatiansihip.

i

hvponthesis of linzar  steras
Vigoo-alastic fluids hawe menory in the ssnse they  hava
tanding to g 0o e original statse. A in tha cass  of
ardinary visoous fluids the sirain rave doss nobt bacons
zarn insbtantansously 1f bthe stress is resoved. Thay
2rihibits 4 conderibution of propertiss of  both viscous
fluids snd =lastic solids., One of the intsrasting fzaturs

s wlastic Fluid is the "Weissenbesrg effect"  the

af 2 vis

climbing of slastic fluids up o shatt rolating in  the

- .

frutd,

For visoo elasstic fluids, paet of the deformsbtion
is  gradually rscoversd when line2  strass 18 removed.
Therafore the tias derivabtive of both shesr stress  aod
shear rate may bs inclodsd (o $he governiong sguations that
describa  the  flow of  suach Fluaid. Fasbas, Jelliss,

aaturs,
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Emulsion, FPalymaric flulds swcihibit  viscosla



Apart four some of the body fluids lika blood, paracrsas
sacration abs are visco2lasbico in nature. The type of
visonelastico fluid depsnds solsy in the strsss,  rate of

atrain constitutive relation,

Varinus models of viscoslastic fluids havse  bean
propos2d and some of theam ars discusssad by Fradrickson (81

and Metznae 01731,

Ericksan  [33, Eringan (5,463, OQldroyd’s 172
ganeralization of the Maswall saguationsg  for wviscoelassbic
Tluid dervived on the sssumption that Newbons wisoooity ans

Hook 's law in elassticity will detarmins the flow patiaern.

W.E.Langloiss [14,1537 has published a research
raport Ya  recuersive approasch to the  theory nf  slow
steady-rate visooelastic flow" in which he has obbsined

varinus o losed from solubtion of Rivilion-Ericksen fluids.

Thuz constibutive sy lon Do RtS - Fars B Mt The

Rivilin-Erickssn fluid has baen devaelopsd by Rivilin and
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Erickson £33, It givan by
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8l *3‘}3§;, 5 - {J’BA J¢,33 is th

1
bii = ai,3+a3,i+§vm,?3m,3 s the visco-slastic tensor
ai,j’ aj,i ars fthe aooslaration gradients
gm,i’ wm’j are the Valooity gradisnts

$,, b, and 2, are matarial oconsbtants constants
at, uk

isco-alasbicity and

w

P

called the ocosfficiant of visocousiby,
crass-viscosiiy respactivaly, which are considseesd o be

constants in owr thesis.

Tha squation of conbtiouity 1=z
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The squation oFf linsar momsntun s

whearse 2 1s
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amnuma that

incomprassible and posses visco-slastic

the bosy

incoapressible f

Tinear momenituam agual

the flow phenomena of

T.., & plf. ;
1.4 i 7i

thae acocslasration weohor

momponent

oy ba insd b
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visoo-salastic  sguations ara

T, from the constitubtive sgustion in bthe

£ -
T i

. In deriving the egualions

wisoo-slastioc  fluild, we

Lhe flasind 1% imobropic, homoRrEDus ,

maturs,
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Thae maj erity of tha fransportation of fluids

replated to sithse an Indosteial or a3 Secho logical  or

3

biomadical prablem takss placs through pipes of wunifore or

Aon-un i Torm $ap.

In i ot Pon ey ondan fluids A
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wonsiderable amouat OFf work has bhezn sfone within ths  last

In the parbticulap TABR of ciroulae
ceogs-gacbion Balmse  and Fioarna i1 wsed &, finiva
diffarence method o obbsin a3 numerical solution for
powar-law fluids by considering the pressure pulss as a2
suparposition, position of 8 ossillatinn and a sheo, Faoe
the wetry same class of fluilds Borla (9,184,117 and Madden
whiliczed the ssamidirect veriational mebhod of  Hantoworich
121 %o study fthe fransisnt responsse dus 0 several types

ot pr osseurs gulses.

Langoise [14,153 snd Rivliin [Z243  have b omad

ui

Hlow sisady state flow of Wi

)

soolastio fluids  theough
Mon-siroulas bubas, st ta L23 has obbainsd e solubion

for viscoslastio Mawwall fluids fheowgh o cilierculase annuls,
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teishnameral Choubey L1233 studied unstesdy flow of
Man-hNewbtonian viscolsastic fluid befwssn  fwo oo-axiasl
cylinders, whan inoer oylicdser is eoviong from cest for a

cartain pariogd with linsarly growing spesd and thesn  stops

e

22,227 dnwvsstigated Gthe flow oaf a2

shovrt mamory fluid in tubss of circular  and  rectangular

Thess are obher ralavant angd i;pocitant

works in ths arss of ensisady non-newionian Flows in pipes

Tt

arcl Debwsen plat

-

The wnsbteady Wimmoaslastio theras paramnsisre
oldeoyd  model of Fluld flows in tabes of sirculac and
ractangular orosssciion has also been studied by Rambiscoon
whal 22,231 using ftransfarm msthods. Tha speocisl cases
mt s constant  prassurse gradient  and s periodic ot

ascilllistory pressurse geradisnt has heen 2xaminad.

In this dissertation wae investigata the unsbteady

3l order Riwlin-Eeickssn fluid  $heough o
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rectangular  chaonsl under perascribed discharge UH LG
Laplans btransform  mebhod, Tha third order Galearkin
snlubtion has baan abtainad for fthe fransfoemed boundary

valus probleam for the following cases of the dischargs

fonotionn gifi.
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oonsbant Phroughout the aobion,

it gi&) is proportional to €
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111} ity dis proportional to f=
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The prassure gradiznd has besn evaluated numarically  for

41

.

diffgrent variations o0f tha governing paramstae



