Lecture 4
Fluid statics and dynamics

Using pressure: Hydraulic Lift

Archimedes principle (float or
sink?)

Continuity equation
Bernoulli’s equation

Applications




Hydraulic Lift )
® Use pressurized liquids for work Because the fluid
(based on Pascal’s principle): increase Z?Liﬂprjwble
pressure at one point by pushing
piston...at another point, piston can

push upward

Volume
= V,=Ad

® Force multlpllcatlon

Fy

Ag
equal to py = 4. T Po+ pgh A
= F5 :Flii pghAQ/
® Relating distances moved by pistons:

Vl — Aldl equal to V2 — Agdg

d
— d2 — . /1A : "._‘:Density p

Pressure p, 1s due to  Pressure p, 1s p, plus

fo rce to move heavy atmospheric pressure F 3/A.2 pl.us pgh from‘

po plus pressure F',/A,, the liquid column of

object thru'dy: AF = pg (A1 + Ag)dy o et




Buoyancy: Archimedes’ principle

® BUO)’ant forCE: UPWard force Of d ﬂUld The net force of the fluid on the

cylinder is the buoyant force F

B*

® Buoyant force, g = PfVr9
weight of displaced fluid, - P2

n
L]
L]

a
— »

Increasing
pressure

down
(a) (b)
Imaginary boundary Real object with same size and

around a parcel of fluid shape as the parcel of fluid
I |

s Pl because the pressure
1s greater at the bottom. Hence the
fluid exerts a net upward force.
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The buoyant force on the object
These are equal is the same as on the parcel of
because the parcel 1s fluid because the surrounding
1n static Qqui]ib]‘iun]. fluid has not changed.
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To float or sink? An object of density p, and

volume V _is floating on a

fluid of density p..
® Netforce: I'p —w -

© . F
Pf Vfg pavg.VOg —

® Float or sink or static equilibrium for

Pavg. < Pf O Pauvg. = Pf O Pavg. = Pf

’\ Fluid

e
master formula (ST P,

7

e ..rather for Ist case pushed up till only "¢ submeracd volume o

the object 1s equal to the

partly submerged:

volume V, of displaced fluid.

t'g = pfVig=w = poVog
= Vf < Vo
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® 90% of ice underwater...




Example

® A 6.0 cm.-tall cylinder floats in water with its axis
perpendicular to the surface.The length of the cylinder
above water is 2.0 cm.What is the cylinder’s mass
density!?




Boats

Massless, rigid walls

sl

/

Sides of
height A

Solid bottom of
mass m_ and area A
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® steel plate sinks, but geometry (sides) allows it
to dissipate more fluid than actual steel volume:




|ldeal fluid

® incompressible (not so
good approximation for
gases)

laminar (steady) flow
(not turbulent): velocity
at given point is constant
with time

non-viscous (no

resistance to flow a la
no friction for solid
object)

irrotational (test paddle
wheel won’t rotate)




Equation of continuity (l)

® Streamllnes (Path Of ].S':ll‘czlmlincs never Cross.
“particle of fluid’:e.g. ‘

colored drop of water /
in stream) g

2. Fluid particle velocity 1s
tangent to the streamline.

FIOW tu be: bundle Of 3. The speed is higher where the
. €Co . . streamlines are closer together.
streamlines (“invisible Plane 2
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PIPe ) Plane | . .
Flow tube defined
by four streamlines
['he speed of the
fluid at this point

. s
1S V.. T
.

—

"= The speed of the

fluid at this point

ISV

*« The same volume of fluid =~

crosses both planes during Ar.



Equation of continuity (ll)

® Fluid not created/
destroyed/stored within Vi = A Az = Ajv At
flow tube (volume flowing across A;) = Vs...

(b) master formula

_The fluid moves this

\"1.41 — \"‘:,\.4:)

~ distance during Ar. ™, \
¥
Ax, = At
' -l
|
|
|

Ax, < vAr Flow faster in narrower part :
e.g., water from tap

Volume
y |A IAI

: | Q =V A (volume flow rate)

Volume

o A constant

N

The fluid 1s incompressible,
so these volumes must be equal.
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Bernoulli’s equation

® work and energy conservation applied to volume
of fluid in flow tube: AK + AU =W,,;

"\

by pressure of
surrounding fluid

_——Area A,
The volumes of the shaded *

cylinders are equal.

f due to L
pressure Wl — Fl ACBl
The fluid inside W = —FyAxs

at 2
the flow tube is A U _
= mgyz — mgyi

the system.
Volume A,Ax,

Area A —_ ; »
| AK = imvi — smoi

“+=Only forces external to the

F, dueto system do work on the system.
l)rcg\\urc l hk ]\»[.L'\\UI'L‘ l]]\lilL' []]L lll‘\\

at 1 tube does not cause any work

to be done on the system.
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L & L 3 |-
Pr T 5PVY T P81 = P2 T SPV2 T PEY2 pT% pv- + pgy = constant

y &

master formulae




Example

® Water flows at 5.0 L/s through a horizontal pipe that
narrows smoothly from a 10 cm diameter to 5.0 cm.
diameter. A pressure gauge in the narrow section reads

50 kPa.What is the reading of a pressure gauge in the
wide section!




Applications l:Venturi tube
(Measuring speed of flowing) gas

Combine master
formulae: (i) continuity
equation (ii) Bernoulli’s
equation (equal y’s) and
(iii) pressure vs. depth

[. As the gas flows into a smaller
Cross section, it speeds up
(equation of continuity). As it
speeds up, the pressure decreases

(Bernoulli’s equation).

Area A Gas of density p

7\ / iV, AreaA,

. )
w /
l’v
4

/

Wi
A

+Pressure P,

Pressure p, -

U\-Liquid of
density P

2. The U tube acts ike a manometer.

The liquid level 1s higher on the side

where the pressure 1s lower.
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Airplane lift

e Continuity and
Bernoulli’s equations

[. Flow tube decreases in size due
to compression of streamlines.
The higher speed lowers the
pressure to p < p

atmos’

" . The pressure difference
above and below the
wing causes lift.

p =p,.. beneath wing.
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