Lecture 4:
control volume analysis
Momentum equation
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momentum influx
2
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momentum outflux

resultant force on fluid
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Area A Fluid Momentum
Arca Ao has been Increased
3 pV, > pV, [1]
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B =mV (momentum) d B _ i .
oo atan—v ceosty Vo= 2 = [euPV AV )+ [ pV(V, -m)aA

sum of all

V=(V,,Vy,Vz) (vector!) forces  rateof momentum change 4 ough boundary of CV

momentum flux: g =_L3PV(V'I‘)‘1A = M= Vi(pV,. A

m.
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S F= ([ pvav) s Z(m V). - V),

momtn;nﬂmout momentum flux
of control volume mto control volume

* pressure forces
« forces due to viscous stresses
« forces by solid bodies that protrude through surface
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F..=mV,—mV,

aiven: [[V, | =[[Vi]| =V

conservation of mass:

m,=rm,=m=pAV

F,=mV(cos6—1) F,=mVsin6
with: mV =pAV?

[F| = (£2 + £2)" = mv[sin® 6+ (coso—1) |

[2]

maximum momentum transfer
when jet direction is reversed _I
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mV 180°
— ) . § ¢
=2mVsin; 0 PO
| 90°
F () 0 45° 90° 135° 180°
— ° -1 =¥ o , = — 0
¢ =180° — tan F =90° + 2 small angle deflection; force
x " isnormal tovane, and F ~ 0
<z | |
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continuity:
QO=uH =u,H,

momentum integral:

1 1
~PeH; == pgH; = pO(u, —1,)

AH
—— 50 = u=+gH
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(c) Propagating
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Boundary layer over a flat p
streamline, o
no mass flux,
no shear )
p=p,
Streamline just
outside the

P

ate

2D outlet

shear-layer region

| y=h
Oncoming . _
stream o ol Boundary layer 3
parallel g - where shear stress
to plate " - is significant 2
P - g S [2]
> 7 4
) > X
0 - i
Plate of width b
streamline, V = OJ
shear forces
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215; :—D=pj.1andA+pLandA

=p j: U, (U, )bdy + p]: u(y)(+u(y))bdy

_ 231, S 2
= D= pU,bh pbjou ()dy

h—>06? — conservation of mass

o
D= pbj0 f‘(Uo = u}dy

é
Ugh= | u()dy

Theodore von Karman
(1921)

3 momentum defect

u(y)zUo(Zz—y—], 0<y<8 = D=21pUibS
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d ) :
/J\ | 2F~ Jaadm =2 [oywa) + (),
|
Alccelerating . mg_ md_v s 0 + mV

control volume e
| dt

with m=m()=M,— mt

> < i L IdV mVj' —mt—g-':dt’ Vie=0=0
m i

“““““ V@) =—V m(l—Z—t) gt

0
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e Chapter 3: 3.1-3.4
e Examples: 3.1-3.6
* Problems: 3.36, 3.50, 3.51, 3.73, 3.86
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1. Multimedia Fluid Mechanics DVD-ROM, G. M. Homsy, University of California, Santa Barbara
2. Frank M. White, Fluid Mechanics, McGraw-Hill Series in Mechanical Engineering
3. Pelton Turbine, http://www.eumarine.com
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