M E 320 Professor John M. Cimbala Lecture 29

Today, we will:

Do more example problems — continuity equation (Cartesian & cylindrical coordinates)
Discuss the stream function and its physical significance, and do some examples

Example: Continuity equation
Given: A velocity field is given by

u=ax+b
v = unknown

Todo: Derive an expression for v so that this a valid steady, incompressible velocity field.

Solution: To be a vaild steady, incompressible velocity field, it must satisfy continuity!
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Example: Continuity equation
Given: A flow field is 2-D in the r-@plane, and its velocity field is given by
u, = unknown

u, =co
u,=0
Todo: Derive an expression for u, so that this a valid steady, incompressible velocity field.

Solution: To be a vaild steady, incompressible velocity field, it must satisfy continuity!
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Example: Continuity equation
Given: A flow field is 2-D in the r-@plane, and its velocity field is given by

ur:—§+2
r

u, =2r+ad

u,=0

Todo: Calculate a such that this a valid steady, incompressible velocity field.

Solution: To be a vaild steady, incompressible velocity field, it must satisfy continuity!
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Example: Stream function
Given: A flow field is 2-D in the x-y plane, and its stream function is given by

w(x,y)=ax’+byx
Todo: Calculate the velocity components and verify that this stream function represents a
valid steady, incompressible velocity field.

Solution: By definition of the stream function,
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To be a vaild steady, incompressible velocity field, it must satisfy continuity!

ou ov /é'%

— + — o+ =0
OX oy 0z

y )
N

Cw\*\mJ} Mmwt Lo fetyh 4 Y 0\»413%5\14/![), Jihrhe) &r by Jonoof, \VC%/y)

—_——

. (Dl'\\\),/w’a\ J-l'gmﬁbmc o{ aLP &

N

A, JWM\W‘/ — Cwve i€ LVW'».L-"\P e fFermling o The "Qowl

ﬁ /\-P: (,anhn\' é\qrv 78 J'\‘f“m\\n't

v




b.

H

\/°\uyne, ﬁaw q.“ﬂ

— ]

/n\‘L A\«che m \() ’?mﬂ,\ one f&'ﬁ»ﬁm\mc N a"fn\‘f ‘J f’l‘(ﬁ\

N e Vilum ¢ ‘ﬁow ah \oer Unet W4 (m‘h e \l{je)

l“'\\"“w Yhoe Ao JWMM

P

F\\\) annojf

So, foue Jab e wine ar b (md e VJQ)

v S A 5 @)“7‘1{)3\\:

1
wm

"‘\3@
AN

s

cnyy
fuoling &

v)*ﬁ w« '\{}3




3. Examples
[See more examples in the textbook.]

Example: Stream function and how to plot streamlines
Given: A steady, 2-D, incompressible flow is given by this velocity field:

u=x* W
v=-2xy-1 —
w=0 y

Todo: Generate an expression for stream function y(x,y) and plot some streamlines.

Solution:
First, it is wise to verify that this is a vaild steady, incompressible velocity field. If not, the
problem is ill-posed and we could not continue. To verify, it must satisfy continuity:

ou ov

— + - 4+ /% =0

OX oy A 6721 “

X + -lx =

P QY ) 2 Pordn\ Infgahes — 5) Conbgn
vk YT X / of e i VR
Y, wee y —* Y- Xy ¥ ) Fiven v

N\’M we  The a}]l{ db r \\)—" ”LXyH

J
RN ,
Nk o I 1; = 7;% *—f&) = })C/yi'l
N

£ty=
Fly< xxc

\f\'\', \I‘rk L = 'C/C)L)‘a\ -

- L
XP Xy ¥ oL+c > ek u:é\‘p N




L
e\o‘\' .f'\lum\m\f\/ - /\P: .)(ay X +@\-‘> c vy arL,

- L
@ ’\\e ’\P\ — IP‘: )(._y ‘\'X — JO\‘“ &’ ‘y\.

sy
" le} <hn;- — & wll e
A~ (Jreanline
QQ{ Ex(_d %\C I Vd?/:h,\
R'C,/u“'/‘. 'Esr‘ (ﬁP_ \.P’_ 0«‘11}7r‘(;f

1.: \ \\\
NANSAN
AR\

My T vl s 0o

1 1.5 2 25 3 3.5 4

Example: Streamlines and volume flow rate
Given: The 2-D flow field shown above. The width (into the page) is 0.50 m.

Todo: Calculate the volume flow rate (in units of m*/s) between streamlines w =1 m?/s
and =4 m?/s.
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4. Stream function in cylindrical coordinates
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