2.25 Fluid Mechanics
Professors G.H. McKinley and A.E. Hosoi

Stream Functions for planar flow (satisfy V - 7 = 0)

Planar flow: Cartesian (z,y,%) Uy = g—‘yﬁ vy = —g—f v, =0
Planar flow: Cylindrical (r, 0 4) vy = %8_15 Vg = —g—f v, =0
Axisymmetric flow: Cylindrical (r,4, 2) v = —%8—15 vg =0 v, = %g—f
Axisymmetric flow: Spherical (7, 6.{6) Up = i g—g Vg =——— g—f v, =0
Potential Functions (v = V¢, requires V x v = 0, V¢ = 0)
Cartesian coordinates (z,y, 2) vy = % v, = g—z’ v, = g—f
Cylindrical coordinates (r, 6, z) v, = % vg = %% v, = %
Spherical coordinates (r, 6, ) v, = % vg = %g—g’ v, = ﬁg—i

uniform stream

T_} shown for U,V > 0

Yv=—-Vr+Uy vy =V
source (Q>0) or sink (Q<0)
% r W(z) = % In(z — zp)
_Q / _ Q1
; ¢ = o= In r Upr = 5277
A shown for Q > 0 Ib:%el U@ZO
free vortex
Z r W(Z) = 277'1—‘ ID(Z — Zo)
r @ d) — %0/ ’U,r = 0
A shownfor >0
= —% In 7’ vg = %%,

forced vortex

% - W(z) =4
. @ =3 v =0

¢
A shown for K > 0 )= _Kr? v = K1’




doublet (x-orientation)

— C
W(z) = =
¢:CC1?,S0 UT:_C(;SSG
shown for c¢> 0 st il
wz_csirlla ve:_cil/%G
doublet (y-orientation) '
W(z) = Zi"’zo
Y o0l
¢:: 02?9 UT::__CTEQ
shown for c> 0 , ,
w:cc;)/sﬂ Ua:cc;?gﬂ
sphere (axisymmetric flow) 5
W(z)=¢+iy Ur:UCOSH’<1—1%>
. 3
% ¢="U cost (r + QT/Q) vg = —Usin @’ (1 + 21;?/3)
shown for U > 0 . 3
A—G ¢:%U8m29/<7,/2_%) vy =0
shear flow
> W(z)=73 vy = 2Ay
Yy K QS _= ﬂ vy = 0
X shown for A > 0
¢ = Ay/2 v, =0
stagnation point flow
2 K& W (z) = $A(z — z0)? vy = A’
v shown 1 12,02 — _ Ao/
Q\\ f o ¢ =A@ —y7) vy = —Ay
X A>0 ’
#;:;Aq}y v, =0
Notes:
z=2x+ 1y W(z)=¢+iy
1 .
70 = o + 1Yo = [(x —x0)* + (y — v0)?] 2 % = Uz — 1y
0<0<2r= 0 =tan~! (M> % = (v, — ivg)e "

T—xQ

Uy = Uy COS 0 — vg sin 0

vy = v, sin 6 + vg cos 0

Uy = Vg €08 0 + v, sin 6

Vg = — Uy sin 6 4 v, cos 6
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