2.016 Hydrodynamics
Professor A.H. Techet

Stream Functions for planar flow (satisfy V - @ = 0)

Planar flow: Cartesian (z,y,#) Uy = % Uy = —g—f u, =0
Planar flow: Cylindrical (r, 0 4) Uy = %3_15 Uy = —%—Qf u, =0
Axisymmetric flow: Cylindrical (r,4, 2) Uy = —%%’ ug =0 u, = %g—f
Axisymmetric flow: Spherical (7, 6.46) Up = > 2_15 Up=—-2— g—f u, =0
Potential Functions (7 = V¢, requires V x @ = 0, VZ¢ = 0)
Cartesian coordinates (z,y, 2) Uy = g—i’ Uy = g—‘; u, = %
Cylindrical coordinates (r, 6, z) U, = % ug = %% u, = %
Spherical coordinates (r, 6, ) U, = % Ug = %% U, = mg—z

uniform stream
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Aﬁ shown for @ >0 0
— / —
'lp = 59 Uy = 0
free vortex
2 v’ O(z) = %ﬂr In(z — zp)
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(i@%) T o _
r Qb = ﬂe Uy = 0
Aﬁ shown for T' >0
__r / _Ir1
- 27 Inr ug = 27 r!

forced vortex
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Af shown for K >0 w _ Kr'2

ug = Kr'




doublet (x-orientation)
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__ccosb’ __ __ccost
. = - Up = =2
~ Sb‘ shown for ¢ >0 w__csine’ _ __csinf’
= 7 Ugp = 772
doublet (y-orientation)
0 v @(Z) = ziCZO
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csinf’ csinf’
r ¢ = T Ur = =72
A’Q shown for ¢ >0 w ¢ cosd ¢ cosd
=7 Ug = — 12
sphere (axisymmetric flow) 5
' O(z) =+ iy ur:U0089’< —%)
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Aﬂep shown for U >0

¢="U cost (r’ + 2?2)

ug = —Usinf’ (1 +
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¢ =3Usin? ¢ (r’2 - 1:”—,3) up, =0
shear flow
> P(z) =3 uy = 24y
z h for A>0
shown 1or > w _ Ay/2 uz _ 0
stagnation point flow
- K&& D(z) = %A(z —70)? Uy, = Az’
y shown b= lA($’2 _ y’2) T _Ay/
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Notes:
z=x+1y ®(z) = ¢+
1
70 = Zo + 1Yo ' =[(z —x0)® + (y — yo)?] ‘é—f = Uy — Uy
0<0<2r= 0 =tan—! (M> % = (uy — dug)e™"

T—xQ

Uy = Uy COS 0 — ug sin b

Uy = Uy sin 0 + ug cos O

Uy = Uy cOS O + Uy sin 0

Up = —Ug sin 6 + uy cos 0




