Chapter 15 - Fluid Mechanics
Thursday, March 24t

‘Fluids - Static properties
- Density and pressure
- Hydrostatic equilibrium
» Archimedes principle and buoyancy

‘Fluid Motion

- The continuity equation
- Bernoulli's effect

-Demonstration, iClicker and example problems

Reading: pages 243 to 255 in text book (Chapter 15)



Definitions: Density

Pressure, P, 1s defined as force per unit area:

p= Mass = M [Units — kg.m™]

~ Volume /

Definition of mass — 1 kg is the mass of 1 liter (1073 m?) of pure water.

Therefore, density of water given by:

Mass 1 kg ] _3
= = =10" kg-m
Pro = Y olume 10”° m’ .




Definitions: Pressure (p)
Pressure, p, 1s defined as force per unit area:

Force /4 .
_ — y [Units — N.m™2, or Pascal (Pa)]

i Area

Atmospheric pressure (1 atm.) is equal to 101325 N.m™,

1 pound per square inch (1 psi) 1s equal to:

1 psi = 6944 Pa = 0.068 atm
latm = 14.7 psi



Definitions: Pressure (p)
Pressure, p, is defined as force per unit area:

Force /4’ .
— — y [Unlts — N,m_z, or Pascal (Pa)]

7= Area

The fluid exerts pressure < >

internally as well as on the
container. The internal
pressure 1s the same 1n all
directions.

gl

ﬁ 18 the force on the area A,
so the pressure 1s p = F/A.



Pressure in Fluids

Pressure, p, 1s defined as force per unit area:

Force /4 .
_ — y [Units — N.m™2, or Pascal (Pa)]

i Area

In the presence of gravity, pressure in a
static fluid increases with depth.

— This allows an upward pressure force g A
to balance the downward Al
gravitational force. '

h
— This condition 1s hydrostatic
equilibrium. ¥ .
W

— Incompressible fluids like liquids have
constant density; for them, pressure as a
function of depth 4 is

P =p,tpgl

P, = pressure at surface




Pressure in Fluids

Pressure, p, 1s defined as force per unit area:

Force /4 .
— — [Unlts — N,m_z, or Pascal (Pa)]

i Area

In the presence of gravity, pressure in a
static fluid increases with depth.
— This allows an upward pressure force

to balance the downward
gravitational force.

— This condition 1s hydrostatic
equilibrium.

— Incompressible fluids like liquids have
constant density; for them, pressure as a
function of depth 4 is

P =p,tpgl

P, = pressure at surface




Pressure in Fluids

Pressure, p, 1s defined as force per unit area:

Force /’ ,
P = A = [Units — N.m™, or Pascal (Pa)]
rca
Points at th
A manometer measures pressure gomae dephen |
: the fluid have "yt
differences. e e
— Gauge pressure is a measure of PIESSHIE D",
pressure relative to the ambient EE o]
atmosphere:
Fluid
—_ under
=7 atm T p S é pressure
T o

Mercury, water,
or other liquid

h is proportional to the pressure difference
between fluid and atmosphere.



Pressure in Fluids and Buoyancy

This fluid is
in equilibrium,
so the pressure
force F;,
balances
) its weight F:,.

a\ P
Fy
Y W
L
o e *Replace the
~ s fluid with a
~ 4—_ solid object,
and the
pressure force
/ \ doesn’t change.
, ‘ But the weight
X Z may.

* When a fluid is in hydrostatic equilibrium, the force due to pressure
differences on an arbitrary volume of fluid exactly balances the

weight of the fluid.

 Replacing the fluid with an object of the same shape doesn’ t
change the force due to the pressure differences.

— Therefore the object experiences an upward force equal to the weight

of the original fluid.



Pressure in Fluids and Buoyancy
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balances .
) its weight F,.

%\ P
Fy
Y W
L
e Aeeenaenn *Replace the
~ s fluid with a
~ 4__ solid object,
and the
pressure force
/ \ doesn’t change.
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* When a fluid is in hydrostatic equilibrium, the force due to pressure
differences on an arbitrary volume of fluid exactly balances the

weight of the fluid.

 Replacing the fluid with an object of the same shape doesn’ t
change the force due to the pressure differences.

— This is Archimedes’ principle, which states that the buoyancy force
is equal to the weight of the displaced fluid:

F,=Mg=p,J
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F=p Ve F=pJe
£-F,=(p,-p,) . .
% ¢ —\Pr=h Vg Specific gravity:
p<p., float
o f . k S G — po
p,>p,, sin P

p,=P,

apparent weightlessness

Sink or float?




If it floats, how much is submerged?

Total volume of log is V
Density of logis O FE
= w=pSg

W
‘ Weight of displaced fluid = weight of floating object ‘
Displaced volume of fluid is V', = =P8

V. _ : .
So, p /K ) bjg/ =pV /?/ —y sub _ P, —.specflﬁ.c gravity
V. p r if fluid 1s water



The Continuity Equation
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* The continuity equation derives from a fairly obvious
conservation law: conservation of mass.

* The rate at which fluid (air) flows into a region has to be
the same as the rate at which it flows out.



The Continuity Equation

* Mass flow rate (kg/s)
4 on the left must be
y equal to the mass flow

\ rate on the right.

= Two nearby streamlines
define a flow tube.

* Imaginary tubes bound
the flow of the fluid.

Mass P(VM)
time 7

= pvA

v = velocity of fluid

. Continuity Equation:
These fluid elements have the oV 4 = constant

same mass, so they take the same
time At to enter and exit the tube.

Or, py 4, = p,v, 4,



The Continuity Equation

Incompressible fluids

* To a good approximation,
one may assume that
most fluids are
incompressible.

* This implies that their
density does not vary
when they flow.

—

= Two nearby streamlines
define a flow tube.

Thus:

p = constant

" A = constant
These fluid elements have the v 4=y 4
same mass, so they take the same b2

time At to enter and exit the tube.




Bernoulli’'s Principle

Lower pressure is caused by the increased speed of the air over the wing.

- =
C_
»»##a

Since the pressure is higher beneath the wing the wing is pushed upwards. Recall .

pvA = constant

* Mass flow around an
object affects the
flow velocity.

* Apparently the flow
velocity affects the
pressurell




Bernoulli's Principle

* The Bernoulli equation derives from another conservation law
that you already know: conservation of energy.

m Energy conservation:

AK + AU =0
— K +{/ =constant
Or L v* + mgh = constant

| 4



Bernoulli’'s Principle

* The Bernoulli equation derives from another conservation law
that you already know: conservation of energy.

* How do we apply energy This 1s the
conservation? same fluid

"ng,
by
....
L
8
o
s
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Lmv*® + mgh = constant element.

* Does this even capture
all of the physics?
* What about pressure? \71

R
F—Ax1—>|

* The particles in the fluid interact (PHY2049).

* This gives rise to an additional potential energy term that
depends on the pressure of the fluid




Bernoulli’'s Principle

* The Bernoulli equation derives from another conservation law
that you already know: conservation of energy.

* How do we apply energy This 1s the
conservation? same fluid
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Lmv*® + mgh = constant element.

* Does this even capture
all of the physics?
* What about pressure? \71

R
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Force

Note:

Pressure X Volume = X Volume = Force X Length = Joules

Area

= pV +Lmv’ + mgy = constant
PE. K.E. P.E.



Bernoulli’'s Principle

* The Bernoulli equation derives from another conservation law
that you already know: conservation of energy.

* Continuity equation still This is the ---.... Vs
applies: same fluid . o
v A =v. A, elen}ent. A2€ e ------ 3)

Vi
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P—Ax1—>|

Bernoulli's Equation:
77 5

p+ VV +ygy p+2pv + p gy = constant

= 2 tIpY P&y = 2ty + P8y,



