Chapter 7: Forces in
Fluids

7th Physical Science




Announcement

- Take notes on the back of the paper.
- Make a poster on the front of the paper.
o Poster is classwork: color is extra
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7.1 Fluids and Pressure

» Fluid = anything that changes shape by
container
o Alr
o Water
- Made of tiny particles, always moving

» Pressure = how hard a thing presses against

surface.
force

dared

pressure =

> S| Unit of pressure: Pascal = N/m?




7.1 Fluids and Pressure

» Turn to Page 181

MATy Fo0us
Pressure, Force, and Area What is the pressure
exerted by a book that has an area of 0.2 m°
and a weight of 10 N?

Step 1: Write the equation for pressure.

force

ared

pressure =

Step 2: Replace force and area with the values
given, and solve. (Hint: Weight is a
measure of gravitational force.)

pressure = ng Ef = 50 N/m* = 50 Pa

The equation for pressure can be rearranged
to find force or area, as shown below.

force = pressure X area (Rearrange by multiplying
by area.)

force  (Rearrange by multiplying by

ared = pressure  greg and then dividing by pressure.)

Now It's Your Turn

1. Find the pressure exerted by a 3,000 N
crate that has an area of 2 m?.

2. Find the weight of a rock that has an area
of 10 m* and that exerts a pressure of
250 Pa.




7.1 Fluids and Pressure

» Atmospheric pressure - pressure
caused by weight of the
atmosphere
- 101,300 N ~ 101 kPa at sea level  fms= l

N7
» Why don’t you implode?
o The fluids in your body exert the bailoon
pressure. =
9




7.1 Atmospheric Pressure
Explode or implode?

At 150,000 m above
sea level, atmospheric
pressure is almost 0 Pa.
Humans cannot travel
this high without protec-
tion. The space shuttle
travels past this point on
its way into orbit.

The atmospheric pres-
sure at 12,000 m is
about 20 kPa. Airplane
cabins must be pressur-
ized for passenger safety.

At the top of Mount Everest (8,847 m
above sea level), atmospheric pressure
is about a third of that at sea level.

Atmospheric pressure at La Paz,
Bolivia (the world's highest capital
city, at 4,000 m), is about 51 kPa.

At sea level (0 m), the full
pressure of the atmosphere—
101 kPa—is exerted on you.




Pressure exerted on
a diver 10 m below
the water’'s surface is
twice the pressure at
the surface.

/.1 Water Pressure
Explode or implode?

At 500 m below the
surface, pressure is about
5,000 kPa. Divers at or
below this level must
wear special suits to
survive the pressure.

The wreck of the Titanic is 3,660 m
below the surface. The water pressure
at this depth is 36,600 kPa.

The viper fish

lives 8,000 m
below the ocean’s
surface. No fish
are found below
this level. The
water pressure

at this depth is
80,000 kPa.

In 1960, the Trieste
descended to the
deepest part of the
ocean (11,000 m),
where the pressure
is 110,000 kPa.




7.1 Fluids and Pressure

» Pressure Difference: Fluids flow from high/low to
high/low pressure

» Everyday examples:

- How does a dropper work?

o How does a straw work?

o How do your lungs inhale air?

o Why are tornadoes like vacuum cleaners?




7.1 Fluids and Pressure

» Question: Why does pressure increase with
depth?
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/.2 Buoyant Force

» There is more pressure below than above
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/.2 Buoyant Force

» Buoyant force = upward force that fluids
exert on all matter.

f p [density of the abject)

object

I:.‘lfluil::l

(density of the flui
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/.2 Buoyant Force

» Archimedes’ Principle:
The buoyant force = weight of displaced fluid
» The weight of the object does not matter!

Weight =9 N
Buoyant force =9 N
Duck floats on the surface.

Weight = 12 N

Buoyant force = 12 N
Fish floats and is
suspended in the water.

Weight = 75 N
Buoyant force = 50 N
Rock sinks.

© Section 2 ,uoyant Force~ 187
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/.2 Buoyant Force

» Math

> You heed a force of 15 N

to lift an object that is underwater.

The object displaces 2 L of water
1 L weighs 10N.
What is the weight of the object?
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/.2 Buoyant Force

» Floating, sinking, and density.

- When the object is more/less dense than the fluid,
the object will sink/float.

» Density =

mass/volume

15



/.2 Buoyant Force

» Pg. 188

W i’ . )
MATy F000S
Finding Density Find the density of a rock that
has a mass of 10 g and a volume of 2 cm”.

Step 1: Write the equation for density. Density
is calculated by using this equation:

HIASS
volume

density =

Step 2: Replace mass and volume with the
values in the problem, and solve.

10 g

2cm’

density = =5 g/cm®

Now It's Your Turn

What is the density of a 20 cm® object
that has a mass of 25 g?

. A 546 g fish displaces 420 mL of water.

What is the density of the fish? (Note:
1 mL = 1cm’)

. A beaker holds 50 mL of a slimy green

liquid. The mass of the liquid is 163 g.
What is the density of the liquid?
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/.2 Buoyant Force

» Bonus

» 1. The density of the liquid mercury is 13.5
g/mL. What is the mass of a 12.4 mL sample
of mercury?

» 2. The density of aluminum is 2.7 g/cm3.
What is the volume of a 9.45 g sample of
aluminum?
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/.2 Buoyant Force

» Changing overall density.

- Make the densitv less bv fillina un more space with
- e —
alr.

A block of steel

is more dense Shaping the steel

than water, so it into a hollow form

sinks. increases the volume
occupied by the same
mass. The overall
density of the ship is

reduced. The ship is
less dense than water,
so the ship floats.

18



/.2 Buoyant Force

» Changing density by changing mass.

When a submarine is floating Vent holes on the ballast tanks Vent holes are closed, and com-
on the ocean’s surface, its are opened to allow the subma-  pressed air is pumped into the
ballast tanks are filled mostly rine to dive. Air escapes as the ballast tanks to force the water
with air. tanks fill wath water. out, so the submanne rises.

19




/.2 Buoyant Force

Swim bladder

Figure 6 Most bony fishes have an
organ called a swim bladder that allows

them to adjust their overall density.

20



/.2 Buoyant Force

» Review:

1. How can you determine the buoyant force acting
on an object?

2. Who discovered how to determine buoyant force?
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7.3 Fluids and Motion

» http://www.youtube.com/watch?v=WDGNcm
EOQjs4

» http://www.youtube.com/watch?v=yvz_pS3p
/8s&feature=related

» http://www.youtube.com/watch?v=fgHvC55A

Kig&feature=related

22



7.3 Fluids and Motion

» What happened?

» Bernoulli’s Principle: The faster the fluid
moves, the less pressure there is.
> Think of a running crowd.
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7.3 Bernoulli’s Principle

\4s
¢

» Explain this
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7.3 Bernoulli’s Principle

Bernoulli’s Principle and the Screwball

© Air speed on the left side of the ball is decreased

because air around the ball moves in the opposite
direction of the airflow. So, there is a region of
increased pressure on the left side of the ball.

Direction I -
of spin H““‘-ﬁ—-‘r
.

. Direction
— of airflow

() Air speed on the right side of the ball is increased
because air around the ball moves in the same
direction as the airflow. So, there is a region of
decreased pressure on the right side of the ball.

O Because air pressure on the
left side is greater than air
pressure on the right side, the
ball is pushed toward the right
in a curved path.
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- LIFT:
' —-Pressure difference
~Newton’s 3rd Law

WEIGHT

) Airplane wings are made so
that the air speed above the
wing is greater than the air
speed below the wing.

() According to Bernoulli’s principle,
a difference in air speed means a
difference in pressure. The result
is an upward force that contrib-
utes to lift.

@ Another feature of wing
design is that the shape
of the wing forces the
air downward. So, th~ -

Fuaisa s wing upvvdiil,
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7.3 Bernoulli’s Principle

» Do you think a fast or slow plane needs
bigger wings? Why?

@:TED Increased Thrust Versus Increased Wing Size

This glider has no engine and
The engine of this jet creates a therefore no thrust. So, its wings
large amount of thrust, so the must be large in order to maxi-
wings don't have to be very big. mize the amount of lift achieved.

27




7.3 Bernoulli’s Principle

» Do you think a fast or slow plane needs
bigger wings? Why?

The plane with more thrust (more force to go
faster) has less pressure above wings, so it

has more |lift.

The slower plane has less pressure above
wings, so it needs bigger wings for more lift.
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7.3 Bernoulli’s Principle

» Why does a small bird need to flap more to
fly? Why does a large bird flap less?
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7.3 Bernoulli’s Principle

» What are the flaps on an airplane wing for?
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7.3 Pascal’s Principle

» For an enclosed fluid, change in pressure in
1 place = change in pressure everywhere.

) When the driver pushes the brake pedal, a small piston
exerts pressure on the fluid inside the brake system.

€) The change in
pressure is trans-
mitted to the large
pistons that push
on the brake pads.
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7.3 Fluids and Motion

» Review
1. What forces act on an airplane?

2. When an airplane is flying, how does the air
pressure above a wing compare with that
below the wing?

3. How is thrust related to the speed of an
airplane?
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