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THIS THESIS COKTAINS SOLUTIONS OF SOME NEW PROBLENS OF
LAMINAR FLOY OF VISCOUS INCUMPRESSIBLE FIULD, DIFFERENT

TYPES OF TUESE PROSBLEMS BAVE BEEN SPLIT Uy INTO SIX CHAPTERS,

cJ«oqulR.“ I
Jfe Fizat chapter deale with problem of laminar flow of
vigeous ineamgxeaaible £inid of finite depth reating.on
a vigid piancvbase._?gxea ploblens bave becn inciuded in
this chapler, - -
In the flrst pﬂgé&,ﬁe study the leminar zotion of

- wigeous incompressible Liuid sﬁanﬁing on & rigid plana
. base under the action of time-varying pxeésuya gradiont,

- ¥hen the flow ip unsteéﬂy, yrésanre gradient is e funotion

tiwe, Lapipay f£low of viscous fimid ibrough tubes of citw |

culay ssetion undey timB*depenﬂent prgssure gruulaﬁt hasg

. 22] -
beon treated by wexxczeso}, ?ai(igﬁa} ang ﬁith&i{%ﬁﬁﬂ).

[20]
Satya Prakagh(1967) bas discussed the nonesteady parallel

£low through a straight channel due to the cction of
pressure gradient docaying expomentielly with time,

_In the present problem, the fluid is of finite height
and hap a free surface, ?hreé'ﬁypes of pressuve gradiente
vize. (&) inpulsive (11) defined by lisaviside iunet50ﬁ40f‘
time (ii1) periodic for s finite time are chosen,

The pature of the ve;aéity éisﬁ:ibutisn Toy the latééf

case has been graphically represented and it hus been Lound
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approximstely and aftex this time it decreases cxpon-

that the velociiy attains its raximun value when t =

entially.

The Second paper is Concegned with the pulsating £low
of viscous igcompressible fluid of finite depth resting on
a pinid bage due to & certain poriodic shoaring force supe
prposed on a Constant foree applled on the frec surface, The
prabiem of nulsating flow of viscous fluid under time~depondent
Tunction snperposed on a Constant pressare gradient has received
the attoution of several 1nvestigatﬁbha. Uehiﬁéfaﬁsﬂ) has
considered the pulsating flow superposed con steady lapminar
motion in 4 pipe of cirenlar crossesection. Adopting the same
procedure shattaehaxyygﬁiﬁﬁs) golved the problem of {low of two
incompreseible immisgcible fluids beiween two parallel plates
vexmggigﬁﬁ) congidered the flow of viscous liquid under exponens
tial pressure gradienf saperposed on gteady loaminay flow betiween
{paxial Cylinders,

in the present paper, the method is applied to determine
the unsteady flow of viscous liguid set up by a perisdic
aﬁeaxing fcrga auparposéd on & Constant stwrface forpe.vhen the
pulsation ee#aes to acty the solution agyvees with that known
for steady laminap flow due to the action of a constant shate

¥ing stress applied on the free suvrfaceo in the presence of a



Constont pressure grodient, For simple pulsation, the fiow
nattern is shown graphiééilytanﬁ some physieal foatures of
motion are pointed out, Tho ié%&i'zlnx and ékiﬂvirietiaﬂ on
the boundary havé also boeon numerieally evaluated.

| The problem of unsteady £low of o viscous incompressible
fiuid due to a“@gﬁing boundary las been solved in the third
papel. ihe fiawvnear an infinite wall exocuting hapmonic
ascillations yﬁxéi&el to iitself was fiyst freated by G,
Stake§2185a}g The same probiem hos been discussed in detail
in the e;assiea} treatises‘at'$ﬁmggiﬁﬁs}, SchliehtiﬁéJaﬁﬁ
Pagf ig thé velogity of the oscillating wall is assumed to
he'ﬁb @QSnx.”?&lﬁhe veiaeitylffziile hag the.fexm~cf a damped
oseillation of amplitude E}G e in which a fluid layer at
& distanee y Irom the wall hae & phase log yv@?é with
respeot to the motion of ithe wall,
~ In this problem we have agsumed that the fluid is at rest
on & éigi& boundary. The boundary is made. to wove by applying:
different types of foreccs viz ii) impuisive {(ii) force defined
by sinbsciasl fuﬁeiiaa of tize and acting for a Tinite period
{ii1) Constant farea‘aeeiné¥; short interval -(iv) 2 foree
exponentially decaying with time uple a finite period respoge
tively. Hotarding foree on the bhoundapy per unit area hag

been galesiateds



The second chapiey is devoted to the solution of the
yrabiam of flow of viscous incompressible fluid through tubes
whose crosswsections are eircles and sectors of civcles, due
to the action of pressure gr&éi@nta This Chapter contains
three papers.

in tbhe £iret papey, we have studieﬁ the problem
of f£low of viscous incompreéssible fiuid through the anmuius
of two céncenﬁfiﬁ civcular cyllinders dée to tlie presence of
prossure gradient. The pressure gradient is asswmed to be o
suitable function of time,

- The £low of vigcous flaid through the tubes of eciv-
cular cr&ss~sectians has been ftreated by nany investigators.
ﬁraee &3938) nes studied the oseillatory motion of viscous
iiguid in a long straipght ecirculay tube and discussed the
veloeity distribution over a right gection of the tube, Me
has pointed oul the difference in the velocity digiribution
in dhe gase of oscillatory motion of a viggﬂug fluid as come
pared with that which occurs when the liquid is in steady
MOtion,. Sexi?%iQSG} has investigated thg motion of a wiscous
1iguiﬂ ﬁhxough-a circular tube under the influence of o
geriaﬁie pressure gradient, The unsiteady flow of viscous
ifguid through a2 circulay tube undes the presence of 4
tirenva;ylng pressure graﬁieﬂ% heg been investigated by

ﬁithai(iﬁﬁﬂ). Such a flow under exponentiaily increasing



or deexeaaihg pressure giaﬁient was analysed by Sanyaiiisﬁs}.
in the first paper, we have chosen the prossure groe
dient as (1) an exponential function of time and {11) a
damped haymonic foree regpeciively, The general solution for
the problem which ﬁas<hean derived by using the method ol
Laplace trangformy involves Dessel funetion of 48t and 8nd
kind o zero order, Making the raéius-mf the inner cylinder
zero in the general expression for veloeity distribution,
we con dircectly obiain the flow of viscous liguid through
a eireular tube and i1 ie found that the distribution of
- valoeity agrees to the result alyveady deyived bydggacékigga)
-Wﬁen‘the pressure gradient is taken of ihe‘far;fénﬁ in cage
of timeedocaying pressure gradieni, the distribmtion of
 veloedty cainciﬁes‘wiﬁh that of the viscous liqﬁié through
a long clreular tusbe and this hag been deyived by miﬁhﬁié&gﬁﬁ).
Fox very slow oscillatory motion of & viascous liquid |
through the arsular region belween twa conventric ecirculayp
_eylinders, the amplitude of the velocity distribution resome
bles the solution for the gieady motlion of the vigeoun I&qﬁi&
~bthrough the anrulns of two conecentric circular cylindeds, the
velocity being in the same phase with that of the disturbing
forces Yhep the pregsuresgradicent is talen to be € ef‘lt .

gradual decrease in the fluildy veloeity is ebﬁeévea as t



increasas énﬁ ultimitely vanishes when ¢ appxeaﬂhﬁa 1o
infinity. Assuming (2 =0 in the general expression foy
velocity distribution, we have fho unsieady fiow of
viscous liquid through the ammlus of two concentrig
gircular cylinders with constont pressure gradient and
it hoas beon found that nfter am iunfinide time bheing
A alapsads the £low goipeides with the well known poilsueills
£low baiween two cylindera. zfiamgul P~586;7

ihe Second paper of this chapter is concerned with the
£jow of viscous iiquid through the annular region beiween
two goaxial cireular eyiinders ander the presahce of
pressure gradient P{ I- GT“t } which means that prossure
gradient increases with time and ultimately it becones cop =
gianty when § approaches inﬁinity. The method thal hus been
atiopied here is exactly simllar vo thut used in the first
paper of vhis chapter. In case of pigh viscous fluld the
inere&ée in the pressure gradient causcs the ineroeass in
" the velocity aistribution and for sufficientylarge valus of
§, the fimid velocity eoincides with that of the fluid Ehwe
ough two eoaxial circular eylinders'dge to a congtant proe

.oy .
asure gradient / Lanb = pe586 7,

In the third paper, we have discussed the unidirces

tional flow of viscous fluid between two intinite concentrie



tubas with sectors of circeles as cross sectiong, undey

the prosence of pressure gradient,

17
in o recent paper, hawat{1970) has obtained the

aolution of the problom of uni-~directional flow along the
‘lengih of the tube whose crosew-gection is a sector of &
cirele, The solution of ourxr problem hnos been derived in
exact form by applying finite Hankel tronsform, IY has
been shown that same solution Xollows from our problem

if the radius of the inner cylinder be made to approach

Z0E0.



The third chapter deals with the problem of flow
03 viacaua'ineampzesaible-iluid through the annulus of
two porous cumcenirig eirculax oylinders. Two papers

are included in this ghapler,

. 23 .
Singhy 05.(1067) solved tiwe problen of flow of

visco~clagtic Maxwell fluid tikough two porous concen-
tri¢ eylindors. lio assumed the flow to be caused by

‘ -2k t ‘ 24
pressure gradient of the form Ke G [3 « Devi Singh
{1964) considered the some probiem undey she action of

16

‘exponential pressuse gradient. Burje Prekaash Raoc(1961)
troated the periodic flow through an annulus of two

porous concentric eylinders fox ordinary viscous fluid,

The firmt paper of this chapter is concerned with
the solution of the'prcbzem of unsteady flow of wvigcong
1ncsmpéassih1e £inid through the region bounded by two
poroung stationagy concontric eylinders. The general
golntion of the problem has been obtained in an integral
form by usging the wethod of Laplace Transformess In ﬁhé
cases pf impulsive and periodic pressure gradienty the
solution has been deduced . in exuet finite forms. It is
gound that on putting the suciion paramcier equal to Zero,
the resulte of same flow problem between two impervious

cylinders follow, VWhen the pressure gradient is taken



P{ | — érdt.)-which means that pyessure gyadient incresses
with time and ultimately it becowes constant when £ — X0
The Vﬁl@ﬁi?y for large viscous liguid is inerezsing with

the inercase in time and sabtains the steedy staile solution

when € approaches infinity.

Tné second paper ok this chapley iﬁ weant for study
0 the Ilow of viscaés incompressible fluid set ap by yotae
tion of a porous cylinder within a fixed porous cylinder,
The analogous problem for the case of pon-porous cyvlinders
has begen treated by &neﬁdoi?Pwsﬁﬁ). The general solution
for the problem is obtuined in terns 0f Bossel Lunetion of
order n by applying finite Honkel Transform. The couples
exetted on the inner cylinder are calcnlated for particular

types of apgular velocities ioparted.



In thé fourth chapter which consists of three
papergy wo study thg motion of viscous heterogeneous
fiuid due to tine = vaiying body forces of diifersnt
types. Some simple caseé of Continuous variation of

density and viseosity are studied,

In the first papelk, we gopsider the motion of
a viscousg incompressible hoterogenecous fluid set up by
a periodic body Lorce. Previously Ehattacharyyiz(igsﬁ)
sbtained solution for the motion of viscous heterogenecous
fluid cemsed by transient shearing force spplied on the
suriace,

in the second paper, we have considered the flow
of viscous heterogencous fluid through a circular tube
due to body force acting along the axis of the tube,
Two types of such forces are aﬂsameﬁ‘viz (1) pericdic
and (ii) decaying exponentially wiith $ime., Yhen the
body forece iy taken to be a periodic function of time
énd density vavies inversely as squére of distanceo,
vigeosity rcmaining congtant, the fluid velocity is
found to he peoriodic with the phose angle difforent
f£rom that 0f the disturbing force. For very small
oseillation, it hés'beeﬂ found that the phase of the

finid velocity deereases as the yadius of the eylinder



increases from O to its nutaral value and &t the eentyral
portion of the tube the phosc ﬁ;iﬁerenca attains tho

spax L value %g s ahend of that of the disturbing forces
while for a homogeneous fluid, the fluid velocity is
periodic and bas the same phasc s that of the disturbing

~ force, The nature of the fluid velocity for {1) heterogo=

| neoug angd {ii) homogenecus £iuid has heon ghapﬁieally
evaluated in f%?uaaéi) apd (2) roespectively, Vhen the time
decaying body fozee C é;z is considered, damped ogeillow
tory motion is.genaiateﬂ in the finid, the amplitude of the

fiuid velocity is decaying with the factor eﬁfzﬁ. .

The third poper is devoied te.tﬁe solution of the
problex of iaminay flow of viscous heterogeneous f£luia
through the amnular space of two co-ixial circular cylinders
{ue to the bDody force dcting on 1t in ihe direction of the
comnon axis of the cylinders. ﬁh@n the density varies
invezsely as rag ¥ donoting distanee from axia, kaeping
vigeosity constant, the distribution of ithe velocity is
found to be harmonie, but has phose different frow that
of the disturbing force which is itaken to be of the form
_QQGt « Fhon the radius of the inner eylinder tends to
dero, the fluid velocity resembles that 0f the hetorc =

geneons {luid through a ¢iveular tube undeyr the action of



sawe body force -eLPt. {cf - poper XI of this chapter),
Whenr both the depsity and visdasity vayy invergcly as r ,
the distributian of velocity haé been calculated under
the ae-timx ol soue body force, It is found that the .

| €cloeity distribution is periodic and has phase different

Lrom that of the disturbing Iorce.

jod

o
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This chaptey consists of two papers. In the fiyst
Ipayﬂﬂ we have considered the probiem of slow gteady flow
c0f viscous incompressible fluid of finite depth sisnding
gver a Gﬂréggated hed. The eguation of the bed is given

by the equation
d o . ?:/&+GN&J

where h dg a constant and € is the roughness paranetes

~and 1t has beon assumed that EMG) £< A

The method of selution ig the same as that used
by'Citronéiigﬁa) who has investigated the problem of slow
steady flow of vigcous f£iuid bhetween two rotating concentric
cylinders when the radil of the eylindeys vary axially, the
-roughness parameter € belng small compared with the radil
0f thoe cylinders, iihammis {1263) has trected the Ilow of
vigeous flaid through a circulay tube with axisal roughness.
The problew of slow steady flow of viscous liquid between
two walls at slighiy variable distence from eaeh othey has
been solved by'ﬂhattachaxyyaliigﬁs). Pa&ﬂey“iiQﬁg} has
studied the slow siteady motion of a4 visecous incompressible
fiuid between tvo porous walls at slightly varizable distance

f£yom each other with disturbed section.

¥hen € = 0, the present problem reduces to that of
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two dimensionnl flow oi viseﬂup,inaampxeaaihla £iuid of
finite depth standing over a rigid plane bage and leads

to & known solution. The porturbotion in the veloeity
eamyon@ntsrand.gzeasura‘dne to variation in depth of the
finia aye then obitained from t&@ Noviey - Stokes?’ aﬁuation
fox slow and steady motion by the apglieatiﬁn o the
method of Fourier tronsform with appropriate boundary
conditiong. ésmﬁz&ing eﬁr(«) | = € MZ’.’Q‘ . am. exact
,aﬁlusisn hasg been.obta&naa.by waking the use of & propeyty ,
of the pirae Delts function, ‘

in the second papeyr of this ghapter, we h&ve obteined .
solution to the problem of filow of viscuas innam@resaible
£inid through the anmulus of tvo auaccntxie circulay
' eylinders due to the presencs of 9xﬁaanre graaﬁent,'wh&n
the roadii of the éylinderﬁ v&ry‘§xi&l1y,\%be rﬂughﬂﬁﬁa.
'paxametar €  being small eomp@ra&.with the radii of the

cylinders.



The sizth and the last chapter has been devoted to the
solution of two dimensional problewms of waves generated
by surxfnce load acting on the Iree surface of & seml infinite

20/ 4651) has soived the

viscous incompressible fluid. Sneddon
problem of flow of semi infinite viscous incompressible fluid

undor the action of padially sypuetylc pressure diétributiaa.
Faxam&nik15(1972) hag considered the ivo dimensional problem

of waves gengrated by a moving esciliatory pressure distri-
bution which is applied on the freec surface of an infiniiely

decp viscous incompressible fluid.

in the Tirst puﬁex of this chaptery we have congidered
the two dimensiounal motion of waves generated by two iypes
of pressurce distribetions axe viz. (1) Oecillutory (13}
demping prossurce, Visplacement of the free surface bas been

*

caleulated. Considering the coffect of large vigcogity, th

&

waves generated due 1o above two pressure distributions
have been calcalated and it is seen that in the case of
da&ping'£0fee decaying exponcptiaily with time the motion
becomes stoeady afier a suflficiently long time,

In the second paper of this chupter we have studied
the wotion of a viscous incompressible fluid due to the
actions of ring loads anﬂ’ﬂisk loads applied o the sarface.
These loads act Ebrmaiiy to the purface and expand radially
at a constant rate over. the surface, Exprassion for the sufbe

{faco elevation hasg been obtained.






