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ME-445 AERODYNAMICS
03 - Potential flow theory

Fall 2025




Elementary potential flows

equipotential lines

Summary
a. Uniform parallel flow U, e “z Uy (xcosa+ ysina) | Uy (ycosa— xsina)
b. Potential vortex T _r Inr
27 27

c. Point source or sink Q Inr Q 6

27 27

. u u
d. Source-sink doublet ——cos(0 —a) ———sin(6 —a)
27r 27r
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Solid body rotation vs potential or point vortex
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Solid body rotation vs potential or point vortex pr | rpe
2 Vxiu=10,0, l M | @
?_E = Q 'A‘IQ' y y ( r[ ar 89])
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Point vortices vs real vortices
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Induced velocity - Biot-Savart




Biot-Savart

determines the velocity field associated with given vorticity field
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Biot-Savart

Induced velocity by point vortices
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[ u(x )— f (r2+22)3/2 [ 27’Er }

semi- inﬁnite vortex line:
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u(x) = f(r2+zz)3/2 47rr




Interaction of point vortices

What would be the trajectory of this vortex pair?




Interaction of point vortices

What would be the trajectory of this vortex pair?



Interaction of point vortices

What would be the trajectory of this vortex pair?




Interaction of point vortices with walls

What would happen to this vortex?

(A) it splits in 2 parts

(B) it disintegrates ¥

(C) it moves to the left T af2!
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(D) it moves to the right //”/h /////\ﬁi‘ e
(E) it bounces back up 32




Interaction of point vortices with walls >
What would happen to this vortex? u
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Interaction of point vortices with walls

What about the pressure at the wall?

O =add He inducad relocRen dus
b dfleoret vashar @ wall

Y:?) @ we Bernoulli b zlulate
a/2! P ff"D““' nz ak Ha wxll.
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Interaction of point vortices with walls
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Vortex wakes O 7 ——a =

One of the images shows the wake behind a cylinder, the other one shows

the wake behind a fish. Which image belongs to the fish?
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Vortex wakes




Vortex wakes

Jou Karmam vorlex sheek nves se vomkasman, Shreat

Binzsd - Vo Kawuaxa



Animals and vortices




