ME 527 - Advanced Fluids Sesen

(_) mﬁlim e

Incompressible
Viscous [Flows

Goodarz Ahmadi

Department of Mechanical and Aeronautical Engineering
Clarksom University
Potsdam, NY 13699-5727

ME 527

» Navier-Stokes Equation

» Vorticity Transport Equation

» Plane Flows and Stream Function
» Cylindrical Flows

» Spherical Coordinate Systems

» Plane Stagnation Flows

> Axisymmetric Stagnation Flows

ME 527 G. Ahmadi

Incompressible Viscous Flows Giarkson

Incompressible Viscous Flows Giarksen

Continuity .:} V . V — O

Navier-Stokes

%w-wz—lvmvvzv

ME 527 G. Ahmadi

Vorticity -:} o = V X V

Vorticity Transport Equation

%D—Vx(vxm)=—vV><Vx0)

ME 527




Vorticity Iransport Equation

[[[[[[[[[[[

Uni

Two-Dimensiorial Plane Flows Sietses

vvvvvvv

Vector Identity

Vorticity Transport Equation

2 V4
Vx(vxm):(V,-/é)v—(v’/)erm-Vv—v-V(o

/)

E+V-V(!)=(D-VV+VV2(D

ME 527

G. Ahmadi

ME 527

Stream Function M
v \%
i j ok
o o0 0 u
v=Vx (k\]/) = & 5 a
0 0 vy :X
oo,
dy 0Ox
0 0
oy OX

G. Ahmadi

Two-Dimensional P

Uni

vvvvvvv

ME 527

Vorticity Transport Equation in terms

of Stream Function

ME 527

0 2 oy 0 oy 0 4
—V ——Vy-—"—"-Vy=VvV
ot W+8y8x v o by y=vv y
2
ot a(x,y)




Plane Cylindri

Flows

Clarkson

U

llllllllll

\E 4Y
v=Vx ( h
X
v=——te, ——¢, /
Vg =——

ME 527 G. Ahmadi
Plane Cylindrical Flows Sarksen

Stream Function Equation

%vzw +18—“’£V2w - - Vv=wWly
ME 527 G. Ahmad

Plane Cylincrical Flows arksen
Vorticity l::} W == _vz\v
20, 12y
Vorticity Transport Equation
0w 0w
—+V,—+Vy——=VvV’0
or
ME 527 G. Ahmad
Axisymmetric Flows Sarksen
Vo = 0 Vr(r’ Z) v, v
B
v=Vx eel(r,z) Ve
r »
T
v, Tov,
r 0z r or
_low 1oy
Cror
ME 527 G. Ahmad




Axisymmelric Flows Sarkss

Vorticity .—_—> 0=V xyo ee(avr v,

0z or

)

SEra

Axisymmetric Fl

OWS ¢larkson

Vorticity Transport Equation

=)

0w, on, V.0
v, +v, -
ot or 0z

rr 0 _ —vV xV x ((’)eee) |e—comp-

T Z

6, oy 0
M Ty T

20y 4
+——Ey=VvE
\I’) 2 oz b4 v

——E“y=VE
r a(r,z) +r2 oz Ve VS

2 4

ME 527

G. Ahmadi

'r ? or\r or
1 2 2
oy =o=— B[y -SE- 22N
ME 527 G. Ahmadi
Spherical Coordinates Garkses

Spherical Coordinates Garksen

z

X =r1cos0cos
y =rcos0sin @

z=rsn0

ME 527

G. Ahmadi

( .
X =rsin 0.cos ¢

1y =rsinOsin @

z =1rcos0

ME 527

z

G. Ahmadi




Spherical Coordinates

|||||||||||

Vorticity Transport Equation

Spherical Coordinates Saksen
V‘P=0 Vr(rae) Ve(l‘,e)
St Functi o [eav(r.6)
ream Function -::} v Vx( e
V=3 1 5_\I/er_ 1 a_wee
r-sin0 00 rsin® or
N7 N D"
" r2sin6 00 rsin® or
ME 527 G. Ahmad
Clarkson

[[[[[[[[[[[

O (, 1 8(E2\|/,\|/)
—\E“y )+
ot ( W) r’sin® o(r,0)
2B’y (0 1oy .
= sin\zlle (E\V cos0 — ;a—\gsm 0 |=VvE'y
pro0 10" cotd o
o’ r’o0* 1’ 90
ME 527 G. Ahmadi
Clark.son

ntrinsic Axisymmetric Flows

University

Intrinsic Coordinate

Metric Coefficients

V®=na£+sa£+e 1@
on os °poe

ME 527

G. Ahmadi

Stream Function

p pos P
v —_Llov i
p Os p On

ME 527




ntrinsic Auisymmelric Flows Gerksen Plane Stagnation Flows Srksen
Vorticity Navier-Stokes Equation
I | ) WO oy VWO ooy
m:va:—e(p_a%(éaa—Ij+%(iaa—\!_:—éE\y ayawi axayV\l’—VV\lf
- :pz(ﬁjg(ﬁj' J y\’
| On{pdn) 0Os\pas))
E? = 0’ _li_,_i
ME 527 apz p ap azz G. Ahmadi ME 527 G. Ahmadi
Plane Stagnation Flows Geisen Plane Stagnation Flows Geksen
Potential — U =ax Navier-Stok wn _cem _o(4)
P e o LS e ke | REP £ 07 = vf
V = -ay Integrating |EETT) f2 _ff" = vf" +¢
ViscousF
b [y =x0() ap—
— y=0llu=0]|v=0
u=xf] [ =f Zomir: 1)
y—> X0 \|] = axy
. Vzl//:Xf” o .

G. Ahmadi




Plane Stagnation Flows Gksen Plane Stagnation Flows Csen

- )=r)=0 e d e |
onditions \%

y—>o| |f >ay

Navier-Stokes (P’” + (P(p” — (P'2 +1=0
Navier-Stokes

oundar (1)(0) — (I)’(O) =0
f’2 _ff” :Vf”’_l—az (l?ondi(:iozs .—}n_)oo !

ME 527 G. Ahmadi ME 527 G. Ahmadi

Plane Stagnation Flows Saksen Concluding Remarks e
re , e Navier-Stokes Equation for
12, A ¢ =099 Viscous Flows
d o7 = e Vorticity Transport Equation
0.8 7 5=24 \ﬁ e Plane Flows and Stream Function
o N - e C(ylindrical Spherical Coordinate
A PN Systems
/ i a .
0 n=.-y e Stagnation Flows
ME 527 0.8 1.6 2.4 3.2 Y Ahmadi ME 527 G. Ahmadi




