


From last time. ..

Clicker quiz 1: A cannon is put in a boat. The boat sinks
down to displace more water. The amount of new water
displaced is
a.a volume of water that weighs more than the cannon
b volume of water that weighs as much as the cannon
c.a volume of water that weighs less than the cannon

Clicker quiz 2: If the cannon falls from the boat into the
water and sits on the bottom of the lake, the amount of water
now displaced by the cannon is
a.a volume of water that weighs more than the cannon
b.a volume of water that weighs as much as the cannon
)a volume of water that weighs less than the cannon

C

Clicker quiz 3: Therefore...if the cannon falls from the boat
into the water and sits on the bottom of the lake, will the
overall water level of the lake rise, fall or stay the same?
(co «'ampared to when the cannon was in the boat)

a rise

stay the same

(Another way of looking at it: same questions, but instead of a
cannon use a pinhead of very VERY dense matter.)
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Today’s topic: moving fluids

Disclaimer: viscosity exists

— Viscosity: friction in fluids

Friction cases a loss in 4]\55 Y/ along the tube as fluid
flows.

Friction effects 'ie‘p,end on radius v~
and length

Cee . ¢ ° .1 & ‘“QW{
As friction grows, pressure at inlet must

"'5 Cﬂv\(,t/\ ’q_k

That being said, we’ll now ignore all viscosity effects. ..

...assume “frictionless fluids” unless otherwise stated
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Bernoulli effect |
The pressure in a fluid changes with the € \

One way to change speed: change
— think garden hoses

Demo: Bernouilli effect in glass tube with varying diameter

\ - 1 |
slow V‘ngg ‘=Y ﬂﬂ»&f P

fast

Nhy does this happen?

View #1: pressure on walls caused by me leendes l«.‘.uq’
in the grpadirulas direction

In which case is that going to happen the most?

bt

(This pressure change is on top of pressure lost from viscosity
effects.)
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Detour: fluid speeds
Volume flow rate: m*/sec past any point
AVolume Area Ax

VFR= N" = A "[%’J

1

Assume: _ p ,
® No viscosity (friction) [ 'i/
* Incompressible (constant density) — must be modified for "/‘ |

gases (we won’t do modification)
e No turbulence

Only if no density
change!

“Equation of Continuity”: ‘Alvl Arvy

View #2: You’re a molecule at the boundary. Which way i1s the net
force? @ [\ g

— So which side had the larger pressure? | 9 QWL
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Back to Bernoulli...
View #3: Think work/energy instead of forces

: . Aoy
Moving water has kinetic energy 72
I

KE/volume = 7«% 2 g F \/
Vo l’vM

Work/volume =

Add in PE/volume:

s P
PE + KE + work = KE; + PEs L

9l eyt 4 (f-r) = 2 T O

o1 1
B+ pv +pgh =B+ pv'+ pgh

“Bernoulli’s equation”
— Ralph’s question?

Colton - Lecture 20 - 11/6/08 - pg 7



Water flows from the little pipe into the big pipe. Ignore any
friction or height change.
R=6 cm R=2cm

/

Clicker quiz:
left

a. greater than
b. same as

(3 less than

The pressure in the right side is than on the

Clicker quiz: The volume flow rate on therightis  on the
left.
a. greater than
‘. same as
c. less than
3, |
Clicker quiz: The speed on the right is
the left.
a. 1/9 A‘ Vi * Az,
b.1/3 l
c. 1

d.3 X Yy
& 9% Yy

times the speed on

™~

\ g
|
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Worked Problem:

The faucet of radius r,=2 cm puts water out at 15 liters/minute.
The pressure at the opening of the faucet is about({atm. \The water
main (r,=6 cm), is 3 meters below the faucet

a. What is the speed of the water in the narrow pipe?
| m?
VER= I1§L (a1 = Av

mer 6% 7 jewo L - (,oz)l” v

[ mery) vy -

b. What is the pressure in the water mal \M
?\*9%,4»4{\"% L“'(J z“‘l(" 17,3)6/
O 4 (wo)A¥o) ¢ Jomod) (1) * = (o105 HIOPA
t(‘m) (- l‘ﬂ)
Answers: 0.199 m/s, 1.304x10° Pa | ( @)‘ 21.3 ’lbf ﬂ;\ |
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Fruit Punch out of a Cooler:__

What happens to the arc of punch wheH the level goes down?

What happens if a smaller hole is used‘?

(?v L *l’)“**zfv

/
‘ ﬂL ”o =latm w

|
2
/9 L = i/v,&
J

ZJL

Theory: *()3\;\‘
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Clicker quiz: A blood platelet drifts along with the flow of blood
thmugh an artery t‘hat‘ is part’iaﬂy Mocked by de olsits AS the

b no chamge in pressure.
c. a decrease in pressure.
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The Bernoulli effect — what good is it?

Demos: Blowing on paper, Ball over blower, Venturi blower,
funnel, metal plate and wood cylinder

Airplane wings, and sails, and other “airfoils” (racecars!)

Principle 1: air deflection

R200% How Stuff worl\

Principle 2: Bernoulli

1 http://www.av8n.com/how/htm/airfoils. html#tocd6
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Curve balls ball —p

ball moving to the right (i.e. air moving to left)

1. Bernoulli
2. Air deflection?

Demos: ping pong ball, scoop thrower and foam ball
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