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Problema involvi,. uNlteaCb' flow. comprise one ot the 

most ehalle,.ing research tields in fluid Cb'namJ.cs. The imerent 

mathaatical ditticulties in IlUch type. of problema torce us to 

restrict analysi_ to Bimple flow configuration or to .imple pres­

cribed time variations of the tlow. The VorM{armtin rotating disk , 

problem is particularly suitable for the studY ot the uNlteaCb' tlow 

problem because its velocity field i_ tully three dimensional, and 

therefore somewhat general. Al.o the wellknewn faet that the 

Navier-Stoke~ equatiONl for this geometr,y become identical t9 the 

boundar,y layer equations givea added importance to the study. , 
Mention may ;be JUde of the work. of Greenspan a>nd Howard, Thiriot, 

Nigam, Moore, Sparrow and Gregg, Tirskii, Benton in this field. 

While a few were intere.ted in the time-histor,y of the velocity 

field a. the body i_ accelerated from rest either suddenly or 

gradUally, Moore attempted to tind the deviation of .the i~tantaneou. 

velOCity distribution trom that of the inatantaneous .teady .... tate , 

it one such existed. The study ot the rotating disk probi~s tind. 

ready appl1cations in the working of centritugal taNl, turbipe. 

and rumerous other engineering devices. 

While the concept ot Newtonian fluid could succes.tully 

explain a number of tallacies, there .till lay much to be bridged 

between experimental and theoretical rellUlt. and tor this the 

straightforward assumption ot the tluid properties like viSCOSity 

and thermal condUctivity being taken cONltants, 18 re.ponsible in 



no 8Ull meaRre. M a matter or fact, laainar flow is of .st 

practical interest in highly viacous liquida and in Rch liquida 

viscosity is strongly dependent on teMperature. Temperature v ..... 

iations of the order of those encountered in practice are accomp­

anied in some materials by a ehange in vheosity of , or IIIOre 

orders or magnitude. 'lbenaal conclietiv1ty 1n mal\Y of the fluids 

are a180 dependent on teaperature and elle consideration should be 

gtven to these facts before one hopes for an agreeaent between 

theoretical and expertmental ~nves~1gat10 ... · Relatively few 

authors have given ~onsideration to the stu~ of rlow and heat 

transfer with the assuaption of the temperature dependence or the 

rluid propert1es. Naluae, Rosenbers and Helluas, lfays, Joseph, 

Tyagi . are amongst the rew to have worked on the above considera­

tions. 

Different constitutive equations are bet,. proposed from 

time to time to take into account the non-olinear effects that 

were ignored by the Newtonian fluid theory. Fluida with Reh 

constitutive equations can broadly be classified as non-Newtonian, 

the only point, cOJllllOn to them, bet,. that they do not obey the 

linear relation between stress and rate of shear, of the Newtonian 

fluid. Such non-linear theories have been proposed by ,.11. Rivlin, 

Ericksen. Oldroyd. Bingh ... Eringen and others. Suspensions and 

slurries of rotuftcl and plate like particles ses to be Rbstantia­

lly devoid of shear elasticity and .ay be cla •• itied as simple 

viscous non-Newtonian fluids. 

This thesis consists of seven chapters. In Chapter I a 

brief Rrvey of the literature on unstead.y flows with particular 
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reference to unsteadily rotatirs disk problems, on the f l ow and 

heat transfer in flu1ela with variable properties and the no .... 

Newtonian fluiela has been .. de. Short deecriptions of the prob­

lems and important results obtained in e.ach of the aubsequent 

Chapters have .also been siven. 

Chapter II is a stueb' .of th e unsteaeb' flow of a viscous 

incompressible fluid produced by a poroUs disk rotating with 

tim&-"dependent; angular veloci t¥ 1»( t), the auction velocity also 

be1rc taken as a fu..:tion of ti_. Th, re8UlUrs' non-linear 

parthl differential equations are solved by the Gal,erldn method 

and approxlmate solutions of the flow functions for different 

value8 or the parameters involved are obtained. The case of 

suddenly accelerated IIIOtion of the disk 18 deduced from the 

seneral ease considered. It is found that at ~= 1 (~is the 

non-dimensional perpendicular distance from the disk) the dra8 1a 

independent of time in all Cases of constant rotation or the disk 

irrespective of whether the auction (or influx) velocity is tim&-" 

dependent or constant. In the case of time-dependent anaular 

velocity the dras at ~~ 1 attains that value at ~ = 1 ( . ~ is 

. the dimensionless tiae). 

In chapter lII, we have considered the unsteady flo" ot a 

viscous incompre.sible fluid between two infinite di8ks rotating 

with ti_-4ependei& velociti .. , aCCOMpanied by tiae-dependent 

suction or/and lJ\jection. DUferent caees of the di8ks, rotatins 

in the 8_ sense ot the opposite senses with the saae speed 01' 

one of them r_aining at rest, are studied. Here 88ain, the 

Galerkin technique is made use or, in .... solving the govel'ni,. 



partial differential equationa. The ca.e of fUdden acceleration 

of e,th.r OF both of them have been eonaide.,ed a •• pec.al c •••• 

or the time-dependent. rotat101). A _dif1ed Re,yno1d8 ftIIIb.r .... 

introchced and the growth in ti.e of the flow tunctiOM and d.-as 

of the fluid between the CI1.~s 18 investigated for a particular 

value of the Re,y'DOld. rumber. It 18 .een that in the particular 

ea.e when the dhks are suddenly acee1erated to tlte .am. valocity 

in the lIBJIIe direCItion in the ab •• nce of fluid influx and suct~on~ 

the fluid .... at onc. rotate ... a solid bo(y with the dillks, In 

addition to this it is a180 noted that WIlen tile disks are accel .... -

t.d to the same rotational velocity or when one i. at r •• t and the 

oth.r is accelerated, the tangential velocity of the fluid ohange. 

Unearly with the distances trolD the disks (and consequently the 

dras is eonatant) in confonatty with the theoretical and experi­

.ental studie. of Stewartson. 

Th. fourth chapter consider. natural convection now and 

heat transfer" 1n a flow between two stationary parallel pla.' •• 

of a vhcous incOllpI' •• dble fluid WIler. viscosity and Ulenaal con­

dUctivity are t.ak.n to be linearly va~ing, the forme~ decreasing 

and tbe latter incr.as1ng, with the temperature excess of the 

flu1d over a reference value. We assume the presence of a heat 

source and that the walls are maintained at constant tCIIPeratures. 

The Cases of flow with and without suction and inJection at the 

wall. are •• parately considered. The temperature and velocity 

functions are exp.nded a. two ser1es in powers of a modified 

Brinkaan rumber. The resulting ordinary differential equationa 

have been solved exactly. It i. found that the lIas.eIt rauabers at 

the wall. 41: independent of the vat iation in viscosity, whereas 
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the skin-friction 18 mainly influenced by it. It is ob.erved that 

with unequal wall temperature; fluld flows Blower with an increa.e 

in al but faster with an inc.e .. e in 131• With no auction, the 

temperature of the fluid at certain places i. higher than that ot 

the hotter wall for c;, :: -.5 and 0 but for a l :: 1 the fluld t~ 

erature everywhere i. le .. than that ot the hotter wall. 

In the flfth Chapter we have studied the flow put an in­

finite flat plate, taking viscou. dissipation and the teaperature 

dependence of viscosity and thermal eoncklctivity into account. 

Here again we assume the presence of a stron« auction through the . . 
plate. The velocities along and normal to the plate are readily 

-i. 
derived from a stream tunctiln. Sub.titution of two different , 
.eries in terma of the suction paraaeter, for the stream function 

and temperature tunction in the boundary layer equations for the 

momentum ~nd heat balance give u. set. of ordinary differential 

equations. The first third and the fifth set8 have been numeri­

cally integrated (the second and fourth sets have trivial solutions) 

by the Runge-Kutta procecllre as outlined by Oill. Stel>"'by-step 

integration haa been carried out in the interval (0,7) with the 

.tep length of 0.1. Certain initial values ~ad to be assumed tor 

.oae of the dependent variables for starting the integration. A 

self iteratlve procecllre to correct these starting value. to the 

desired degree of accuracy has been evolved. NUsselt number and 

skin friction along with the stream function, velocity and teal>'" 

erature fUnctions have been calculated. It ls .een that an increase 

in either /31 or a l decreses the skin-friction coefficient and 

increasee the NUsselt number. Irrespective of the value of the 

suction parameter, with R: = PI' = 1, the Ittsselt ftlIIIber and the 
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s k in-fric:tion coefficient have same v alues as in cons ta nt property 

fluid, in the absence of frictiollli dissipation. Effects of the 

Brinkman number and the Prandtl number on the heat tra nsfer are 

found to be oonsiderable. 

The sixth chapter deals with the unsteady flow and heat 

transfer of a non-Newtonian fluid about an infinite disk rota ting 

with time-dependent a~ular velocity. The technique of Spar row 

and Gregg has been employed to determine the deviations of the 

actual instanta neous sta te of flow from the quasi-steady state. 

In solving the four sets of ordinary differentia l equations, 

Runge-Kutta-Gill method for numerical integra tion has been employed. 

The notable result s here a re that the hea t tra nsfer becomes quasi-stea dy 

after a longer time. now in a non-Newtonian fluid att a ins quasi-ste&dy 

state earlier, but the hec,t transfer attains it later, as compared to a 

Newtonian flUid. 

In the seventh chapter we have studied the problem of a one 

dimensional flow generated by a gradually accelem ted flat plate in a 

simple inel astic (in shea r) type of non-Newtonian fluid. Here the 

variable viscosity ~ is a function of the three inva riants of the rates 

of deformation i.e. ~ = ~Ul' 12 , 1:5>' Owing to the one dimensional 

nature of the incompressible flow, II and 1:5 identically va nish and ~ 

is assumed to be a linea r function of the second inva riant of the r a te 

of deformation tensor. The single flow equation reduces to a set of 
().. e. 

ordinry dif f erntial equ ations of Wlich the f irst has a non-trivial solu-
A , 

tion, the remaini~ equa tio ns h ave only trivial solutions. 

The computations were carried out on the electronic digital 

computer I.B. M. 1620 of I . A. R. S., Pusa, New Delhi and I.B.M.7044 of 

I.I.T., Kanpllr. 




