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4.2 The velocity field
Q

A - = ﬁ—‘(—' y U o - O)
where Q is a constant, 1s called a line source flow if O > 0 and a line sink
if O < 0. Show that it is irrotational and incompressible, save at » = 0,

where it 1s not defined. Find the velocity potential and the stream function,
and show that the complex potentlal 1S

\"’:w@oﬂz

I Ling sourc @ coudides wih

2 -0xXI1S O._,vlld QAAM“‘& ,\,ud
14O I a+ -H,& Uie ol
/ ra-lQ_Pﬁ :]— le dlow & diree-

de d ouba,j \'—OI/\/' r=0O.

N
P

< ® ——
AN X
\ L;vdz isiuh'. obiorha ilu;,d
) a+ & rode .
d
V*wn=0 - irrot
= =1 ‘ A Tk Q9 _
Vo Me T E P 5e 9+ =0

7b
\
O

_ C AT
M R a2 g

_}<P=-FCV\ = 3~®’;Y QD%\'— +~
) Srem fvumedion (T 0

- QAW . _ 9y
o %5 L B DX
— 1 > N\ _
Ry - ¢ §= (Urgg +Uuygg)= O



1 -
q)—w(’(’@)—m‘@—

2) owm F\Q_X PQ’LQM tial

Q 2
U\x:(%ﬁ:%% ) u\:\:——%—“);'—‘ —r—aﬁ

5

C&MQ)%U— Riewoaun 29 -s .
Wl = el
\ QD\MF\Q.X PO\:M'\O\ :
w (D) = £ Clogr +i8) = 2 g2
5 a4 [ 1a'® 1 Q/an; Qj.)gr +1or




Fluid occupies the region x > 0, and there is a plane rigid boundary at x =
0. Find the complex potential for the flow due to a line source atz =d > 0,
and show that the pressure at x = 0 decreases to a minimum at |y| = d and
thereafter increases with [y|.
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4.3 An irrotational 2D flow has stream function
P = ACx-2) Yy,

where A4 and c are constants. A circular cylinder of radius a 1s introduced,
its centre being at the origin. Find the complex potential, and hence the
stream function, of the resulting flow. Use Blasius’ theorem to calculate the
force exerted on the cylinder.
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Milne-Thomson’s circle theorem: suppose we have a flow with complex
potential w = f(z), where all the singularities of f(z) lie in |z| > a. Then

wi=4C2) + J;CO&/:'ZB

1s the complex potential of a flow with (I) the same singularities as f(z)
in |z| > a and (II) |z| = a as a streamline.
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Blasius’ theorem: let there be a steady flow with complex potential w(z)
about some fixed body which has as its boundary the closed contour C. If
Fx and Fy are the components of the net force on the body, then
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4.4 Show that the problem of irrotational flow past a circular cylinder may
be formulated in terms of the velocity potential as follows:
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with
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and obtain the solution by using the method of separation of variables.
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When there 1s circulation round the cylinder, derive the equation
QL 1 — =
[aBilliY BR™ _ N\ N
g=2+(F -0 o9,

and confirm that the stagnation points vary in position with the parameter
B.
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