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2.2 The problem of 2-D steady viscous flow past a circular cylinder of

radius a involves finding a velocity field \ = [b\(x,@\\l(x,ﬂ\] O which
satisfies
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g

together with the boundary conditions
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Rewrite this problem in dimensionless form by using the dimensionless
variables

P |

M=% o, W=T /0D ,p=plgL

Without attempting to solve the problem, show that the streamline pattern
candependon YV, 0. and U only in the combination, so that the
flows at equal Reynolds numbers are geometrically similar.

N _
< - 5Tp FHYTED =79

\ "J\ | ~%<_7\P\ . \)_(\}_\)aﬁ\a_a\



Ke

veq\



2.3. (1) Viscous fluid flows between two stationary rigid boundaries \j——*—\n
under a constant pressure gradient ¥=-dp Idx Show that
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(IT) Viscous fluid flows down a pipe of circular cross-section v =0, under
a constant pressure gradient P = —dp]d;_l. Show that
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2.4 Two incompressible viscous fluids of the same density g flow, one
on top of the other, down an inclined plane making an angle o{ with the
horizontal. Their viscosities are y,, , and jy,, the lower fluid s of

depth |, and the upper fluid is of depth s, . Show that
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2.6 Viscous fluid flows between two rigid boundaries \j=0, =b | the
lower boundary moving in the x-direction with constant speed U , the
upper boundary being at rest. The boundaries are porous, and the vertical

velocity V is -V, at each one, Vg , being a given constant (so that there is
an imposed flow across the system). Show that the resulting flow is
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2.5 Viscous fluid is at rest in a two-dimensional channel between two
stationary rigid wals y=+|,. For £> O, a constant pressure gradient P:—%E
1s imposed. Show that u(\j ) satisﬁes

B
-+
=9 = __“5 <
and give suitable initial and boundary conditions. Find u(y )-L\> in the form
of a Fourier series, and show that the flow approximates to steady channel

flow when +>> /) .

Plowe Poigeanlle _?.\oouj

w(g)- 35 (=g

=0 04'\:44:4_ ‘bz—\:_’z_
T=0 U Cy, )= vlyh)e, O W)
Eq—v\ O-K- ot 1ou
Qu _ % %
5—\:—:— < + ) ‘j D)
C
S u(—-\/\)-\ﬂ: u(\/\)-‘c,\=0
vt ud
- T L/\(\j)’D)zO
w(y,t) = u(y) ~ b(y+D
Poi%.%b\w
a-
Eak—fti=\3 "‘\)d—cr%ji \)%@k\ga\
\_\;\)
O




w, (- \’\1'\:3 = u,Ch {\33=O

uﬂ_c\ﬁ,03= LAC\&)OB o Q\;SB =

_ A

= QJ“C\A ~ 9

ui(\j,-D: %Cgﬁ\(*ﬂ

AT =V

e e i Wk 7 e
ST v

\Eﬂ - CYAU=0
VYCT =0

4) Y'-c4y=0
C =0 ’QFAl

3(-\@ K, e -”»«a e
Ay = e, e + kg e

== KL ~ Kq ™ =0
\CQQ&AM ef‘\" i \QQ\Q.»\\A SN

>\\A< 4o

C \/\3— \39.3

= O —> Qh\l, bj Q_—’\\’\

—4)=0

=">= KQ\ = A =O - D\A\U '] olut.

.Q:O = %“=O
== Y- &, + Koy

QEW = R, —-K, =0
Gl = (K] =iKalhi=0

L, =Ka=0 = ouly trio. w0\

Cl=20 | c==X 12D

)

A= K, e D Yy + K gsiniy



Y- = K, AW -Kg2ud =0
Yln) = \ci W A h +\Q;,L Lwmxh=0

‘CQ %q\\/\A\/\=O
NI NN ANELY

3

PR T LYV, w=0,4,3,..
A, = \44_,MQ)O3LCV"‘"§DT%,_1
) T -yC,) =0 ., =0
_\—m = MV‘ Q_XPI_—C\/\_\_ %\3&-_“‘/;;»_\:1
L)\L)V\(B)-D—— \J_\N\,,‘ng)t_(w "3_\\\ %\—__{ QxPY_—(\ma WJH.]
Cem M,

A CyD =2 Doese] (us ANTET exp] (e D) TH]

3/ W

D uy (g, 00 = 2 A, e ] (ws AN
Mulliply ¥e LR ovd o BHS by e (m~4Yi2]

== ou the R NS 4k ouly uou- 2o ARrw

: 4‘.0‘r— U =1

Sha}‘< ) cos);(waf&) \3:\ dy
—{ Ao ee*] C o+ g\ \n‘jj&ﬁ



2.7 Incompressible fluid occupies the space 0« Y« above a plane rigid
boundary 4 =0 which oscillates to and fro in the x-direction with
velocity ecsust Show that the Velocity field G=L u(y;$),0,0] satisfies

- S
(there being no applied pressure gradient), and by seeking a solution of
the form o
LD
u=Rel £l e 1
where ¥e denotes ‘real part of”, show that
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2.8 A circular cylinder of radius a rotates with constant angular velocity AV
in a viscous fluid. Show that the line Vortex flow

= ﬂ o\ , for r=a0
1s an exact solution of the equations and boundary conditions.

Describe roughly how the vorticity changes with time when the cylinder 1s
suddenly started into rotation from a state of rest. Likewise, discuss the
case in which an outer cylinder v =\ 1s simultaneously given an angular

velocity $) s~
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