Lecture 6:
conservation laws in
differential forms
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Conservation of Mass:

driver behavior:

U=, (1_:0/:00)

equation of motion:
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Differential momentum balance with shear forces: I+ AT

A(pu) — 2
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p+A4ap

p+Ap
g VAV streamline
0
V
Bernoulli:
1 2 _1y/2)=
ap+ p(L(V +4v):-1v?)=0 200+ VAV = 0
Ap + VAV =0 Ao VAV
_ = >
Speed of sound: P £ v Ap AV
dp M a << 1 — — << —
a- — =—a’=Ap=a’lp p \%
IP|s Flow is effectively incompressible
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ROTATION
| ¥

Compressibility effects for a wind turbine?

WIND DIRECTION
>

181 ft/197 ft/226 ft
(55 m/60 m/69 m]

-
s

G.L.

Source: www.mhi.co.jp

V =5DQ <0.3a=100 m/s
D=60m
Q>3.3rad/s=05¢s™
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incompressible flow:

& N BQAV—O = ——0
AN oy A ay
BCv=0 fory=zh:v=0

constant-density
IZh Newtonian fluid:

0 = constant
[ = constant

stationary flow

NS-equation (momentum equation) for u :
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— Fixed
~dp . d’u ’ :

u(y)
Couette flow: = Fixed Fixed
@:O_)du—O:u—C F+C, 0% u:%V[l+Xj
dx dy? h
Poiseuille flow:
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P4.83 X

Oil
ik Fixed slipper oil
\ block outlet
i /
h
B h(x) u(y) 1 h,
Y X Y >~
Moving wall
1 d
u(y) = ——Io(y2 - yh)+ U (1— X)
21 dx h
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Oil
inlet Fixed slipper 0il
\ block outlet
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Moving wall
ou
u=u(y) p=p(x) PEZO
d d?u du 1d

0=-9P, == - const.

—_— :> —_—
dx ’udy2 dy®>  udx
integrate twice:

2
u=1®Y cy+c,

udx 2
with: u(0)=U, u(h)=0
solution:
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= Q 2 12 4 dx
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Lubrication
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Journal bearing
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core-annular flow of a 3000 mPa s fuel oil in a 5 cm pipe

0.5 m/s
C,=0.20

1.0 m/s
C,=0.03

1.0 m/s
C,=0.20
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e Chapter 4: 4.2, 4.3, 4.6, 4.11
e Examples: 4.4, 4.6
» Problems:
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1. Shockwave traffic jams recreated for first time, Attp.//youtu.be/Suugn-p5CIM
2. Het geluid van een windmolen, Attp.//youtu.be/nf27emmTiCE
3. Multimedia Fluid Mechanics DVD-ROM, G. M. Homsy, University of California, Santa Barbara
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