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In the present era of high altitude flights, the
standy of rearefied gases has been recognised to be of lmmense
importance. At high altitudes the density of the gas be-
cones so low fhat the mean free psth 13 no longer negligl-
ble as compared 1o a characleristic dimension of the Tlow
field. ZIn such casés the ordinarj continuam opprooch mAay
féil to yield satisfactory resulis. However, when the gas
is only siightly rarefied, the e?"ects of varefaction ean
be studied hy the continuum approach basad on the usual
Navxer-&tokes equations of gas dynamﬁoo provided the no~
glip boundary con@itlons are replooed by comditlons allow~
ing for a relative veloclity and a differsnce in temperatures
Between the solid surface and the sdjolning layer of £luid.
It is now well acsepted that ths Veiocity s1ip and the tem-
perature Jump at the solid surflace can be tsken propor-
tional to.the'normal gradlents of velocity and téﬁpefature
respectzvely at the surface - the proportionality factors
depending upon the maan rree path whjoh in turn depends
upon_the temperature of the gas. The obgective of the pre-
sent thesis is to investigate the gas rsrefaction effects
on some.of the basic flow'problems of fluid mechahics by.

means of the. aforementioned continuum approach of slip.

flow regime. The thesis has been divided 1nto six chapterS-

_whlch contqin besides the introduotlon the following Five
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problems of siip flows
1. Rayleigh problem
2. HRayleigh problem with modlfied initial condition

3.  ™low due to the fluctuating motlon of a porous
infinite flat plate

4. Steady Couatte Cliow

£, Leading edge problem in Rarefied Hypersonic flow.

Chapter I contalns introduction to the subjact and
Ghapter II deals_wifh the flow due to the impulsive motlon
of an infinite flat piate in an infinite [luid at rest, re-
ferred to as the Rayleigh ﬁroblem, under slip conditions.
This prdblem has been [irst investigated by Schaaf, but his
"~ ahalysis is'restricted'to small temperature varlations since
ne has taken the proportionality fzctor In the slip boundary
conditions to be conmstant. In the present anslysis of the
problem the nom;linearity of tﬁe slip Woundary conditions,
ﬁue to the varigtion of the mean free path wlth temperaturs,
has been taken into account. .An exact solution 6£ the prob-
lem in sefies of fracticnal powers of time has béen obtained.
The solution has been further generalised for the'césa of
the pla#e moving with general unsteaﬁy vélucity and tempe*'
ratufé both ékﬁfessible ih pbwer series of time, Asympto-
tic solutions of the problem ialidlfor:lérge times after
.the start of the motion have aléo been obtained. Numericai .
calculations for veloeity slip, temperbture Jump, skin
.friction'etc., have been carried out and results miscu&seﬁ.
for ﬂayleigh problem and a particular case of its keneraﬂ"_

'lizetion
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In the classicél np*slip solution of the Haylsigh
problen the shear stress st the wall at the initial instant
beéomes infinite. The slip flow snalysls of the problen
predicts a finite value for the shear stress at the surface
st the start of the motion and is thus an improvement over
the no-slip case. But this valne is aboul twice the correct
value predictéd by the free molecule flow theory when the
reflection of the molecules from the surface is nostly dif-
fusive. This diﬂcrepanc§ could be accounted for the fapct
that according to the free molecule flow the finid at the
wall acquires almost instantaneously'about hall the velo-
city of the wall a3 the plate starts moving impulsively and
this fact could not be represented by the existing initial
condition of the above éontinuum:approach. |

The aim of Chapter iiI is to imporve further the.slip
fiow analysis of the Rayleigh problem to cbtain satisfac~
'tory results even for short times after the start of the
:rnotion. The corvect ﬁicture lmnediately after the start
of the motion of the plate could be obtained by reckoning
ffhe.motion of the F£luid from the'inétant.it scqulres the
non-zero veloelty as prédicted by'the free molécu;e £low,
Thus in'Chaptef'III a-roﬁgh modificatioﬁ in the ihitiai con-
{iition'OE the Rayleigh problem is proposed. An exponential]y?
varylng veloeity distribution of the fluid has heen sassumead
at the start of the motion in such a way that the correct
values for the shearing stress and Sllp velacity at the warl

at the initial inbtant are assured. lor Lhe gake or
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simplicity constant property.gas ls considered and exact
solution of the problem has been obtained in closed form
wlth the help of Laplace transforms. The signiflcant result
of -this simple analysis is that it ylelds correct shear
stregs and slip velocliy al the wall bolh for short times
and long times after the start of the motion, in agreoment
with some of the klnetic theory anslyses of the problem.

The effacts of veloecity slip and temperature jump
vis-a~vis the no-slip effects have been studied in Ghaptef
IV in the problem of flow due to the fluctuating motlion of
a porous infinite plate about a uniform mean velocity. Tor
-the incompressible case the problem is equivalent to the
fluid-oscillating about @ meah velobity and the plate sta-
tionary and comparison with Stﬁart's no~sli§ problem brings
out some interesting rasults. Tor the compressible case 1t
ﬁms been possible to obtain a simple exsct solution for low-
Mach number flows for which the vlscous dissipatlon is nég—
ligible. In.general the slip boundary conditions exhlbit a.
gubdulng influence ovor'the response of the flow near the
wall to the fluetuations of the plate._

Steady Couette flow of a rarefied gas is the subJect
of study in Chapter V for_obtainlng_a_sqlution that would
be wvalid for arbitrary Mach numbers andtarbitrary tempera-
ture.ratics we consider the compressible Naviernﬁtgkea
equations and non-linear slip'bbundary conditions, Thé
viscosity temparature relation is assumed to De gOvarned

by the general Sutherland's law. The prmblam is finalLy



reduced to solving three asimultansous non-linsar equntions

- two algebraic and one integral. These eguations have bDeen
solved on a digital computer for different values of the
physical parameters involved asnd the coefficients of skin
friction, heat trnasfer ete. have been computed. Several
graphs and tables are given for studying the differcent as-
pects of the problem. Yeloeclty profiles and temperatnre
profilles hove been compared with those obtained by Liu and
Leés who used the two-stream Maxwelllian method and the

agreement is excellent in the low Xnudsen number regime.

in Cﬁapter Vi an exact solution for the two~dimen-

slonsl compressible boundary layer equaticns with arblitrary
pressﬁre gradient together with the neon-linesar slip boun-
dary condliions has-been obtained in power serles of lhe
coordinate along the body. The series solution obtained
is particularly suitable for studying the rarefied hyper-
sonle flow phenumenmn 1n the leading edge region. The shock
wavé and the boundary layer:are asaumed to colncide in thils
ragion and théltangent-wedge-approximatiom is used Cor stm-
dying the shock wa?e-boundary layer pressure interaction
for the_casé of a8 semi-infinite flat plate. The usual
| strong intéractidn theory bf the problem gives fise to in;
-finite interaofion pressure at the 1eading pdge. iﬁ the
present study, by introducing the slip boundary conditions,
this anomaly has bpen removed and a finlte interaction
presgure is predicted. <The Interaction pressure rises . *

Sharply'in the repion just downstream of the leasding edqé.



