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Source in Uniform Stream — Half body

Uniform flow

— — — velocity potential

Source flow

Flow around half-body

stream function White (2011)
'#/)half-body = '#/)uniform + 'l,z)source ¢ha|f—body = <ﬁuniform + ¢source
» Cartesian: » Cartesian:
= a9 -1(x =Ux+ ZLIn x2 2

Y = Uy + 3= tan™1 (£) ¢=Ux+5 Vx2+y
> Polar: » Polar:

w:UrsinG—i-%G ¢ = Urcos + 5= In(r)
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Source in Uniform Stream — Half body

At r = b, U and v source Will oppose each other and cancel — stagnation point Stagnation Point
> U-— Vr,source = 0; Vr,source = ﬁqb
> Atr=b: vr,source:%b:Uﬁb:ﬁ (%)
Stream function at stagnation point
> r=b 6=180° =7

> wstagnation = Ubsin(7r) + %ﬂ' = g

> From (x) = 2 = bwU (%x) ead
I
. . . . . !
> Combm_e (*#*) and Ystagnation gives equation of streamline passing through —_— {‘4_0 q
stagnation U N\ Yrsource = Imr
» brlU = Ursin6 + 526 PO
> = b(w — 0)/sind !
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Source in Uniform Stream — Half body

Along stagnation streamline

_ b(m — 0)
~ sinf
Half-width: 8 — 0 or 6 — 27
-0
r= L = M — y ==®br
sin 6 sin 6

Velocity components of half body
> v, = 13¢ = Ucosf + 2

> vy :_%b = —Using

Velocity magnitude: V2 = v? + v92

= U2 Lozt (

> At any point: V2 = (Ucos8 + L) + (—Usin )2

> With b= 3% — v = U? (1428 cos0+ 5 )

T
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Source in Uniform Stream — Half body

With velocity V2 known at any point, we can use Bernoulli to compute
the pressure

1 1 —_—
Po + 5IJUQ + pgzZ1 = p + 5p\/2 + PEZ> Stagnation Point

Pressure distribution along half-body
> p=po+ 5p(U? - V?) + pg(Az) pt1
2 _ ()2 b b2
> V2= U2 (1428 cos0+ &)

b(m—0)
sin 6
» Can find press. anywhere along surface
P May need to consider relationship between r, x, and y.

> r=
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Uniform stream and doublet — cylinder

¥ = Yuniform + Ydoubler = Ursin 6 —

¢ - ¢uniform + d)doublet = Urcosf +

Expression for K: 1) = constant for r = R
Arbitrarily set » =0 for r = R

> = (U=K)rsino =0 K= UR?
> 111:Ur(l—f)smO—Ur(l——z)sm@
> gb:Ur<1+%)cos€:Ur(1+%>cos€

Velocity components for stream + doublet
>y, = 10v _ @_U(l——)cosa

r 06 or
>v9:_384f:%8—‘g U(1+ )sin@

Ksin6

K cos

r

(U 52) rsinf = Uy — Ky

X2 + y2
K K
=(U+ — rcos&:Ux—&—iX
2 X2 1 y2
Cylmder Doublet

%

HlH“
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Uniform stream and doublet — cylinder

Velocity along cylinder (i.e. r = R)

> v, =U (1 — —) cos® = 0; no radial velocity
Cyllnder y Doublet

/

> vp=—U(1+ 5 )sing = —2Usino

> Maximum velocity around cylinder occurs at ¢ = £7% and has
magnitude of twice the uniform stream velocity

Pressure distribution along surface via Bernoulli
> po+ 3pU% + pgz1 = ps + 3pv3 + pazs
> vy = —2Usin@
> ps = po+ 2pU? (1 —4sin?6 A
s = po + 5pU% ( sin?6) + pgAz

U
—_
—_—
—_—
—_—
—_—
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Uniform stream and doublet — cylinder

Compute drag and lift forces 2 S
» Fo=— fOZﬂ— ps cos 0 Rbd0 ) = @ Theoretical
o (Inviscid)
> Fy:—f0 ps sin O Rbdf .
» Symmetric flow around cylinder: Fx = F, =0 Pg - Py ‘\‘ ,,// Experimental
D’Alembert Paradox hpU? \-‘ !
> Rond d’'Alembert (1717-1783). French mathematician who ‘\ I/
demonstrated that drag on bodies immersed in inviscid flow is zero. -2 1/
» Contradictory to real flows: boundary layer separation and wake 3
region 0 30 60 90 120 150 180
0

N
=== ==" ===
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Uniform stream, doublet, and vortex — rotating cylinder

> = Ur(l—f—;)sinO—%ln(r)

> ¢:Ur(1+%2-)c059+%9

Velocity along the surface
= —-2Usin6 + #; Vs =

9
> VGSZ_%,_R

> Stagnation location vys = 0 gives
> sin Gstag = ﬁ

\: THE UNIVERSITY
EDINBURGH

L14.9 Fluid Mechanics 4 — Antonio Attili — antonio.attili@ed.ac.uk


mailto:antonio.attili@ed.ac.uk

Uniform stream, doublet, and vortex — rotating cylinder

Pressure distribution via Bernoulli
> po+ 3pU% + pgz1 = ps + 3pV + pgzs
2
> po+ 3pU2 + pgz1 = ps + 3p (—2Usin0 + #) + pgzs

> pe=po+ 3pU? (1—4sm 0+ 2Lsind W)—i—pgAz

Forces around cylinder (b is length into page)
> Fe=— [7" pscosf Rbdf =0
> Fy=— [77 pssin0 Rbdf = —pUbT

» Clockwise = upwards lift;
Counter clockwise = downward lift
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Forces in potential flows

> Drag =0
This is known as as the D’'Alembert’s paradox, which, in a more general form, states:
The drag force on a body moving with constant velocity relative to an incompressible and inviscid potential flow

is zero.

» Lift is due to pressure and linked to the circulation I.
This result is known as the Kutta-Joukowski’s theorem:

Lift = —pUT.
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