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Fluids

A fluid is a collection of
molecules that are randomly
arranged and held together by
weak cohesive forces and by
forces exerted by the walls of a
container. Both liquids and

gases are fluids.
The Claim: Drink Plenty of Fluids to Beat a Cold

By ANAHAD O'CONNOR
Published: January 10, 2011

THE FACTS W TWITTER
[} LNkEDIN
@, Enlarge This Image  Lhe advice for conquering a cold is -
time-honored: Get plenty of rest and
drink lots of fluids. = i
SHARE
While it’s hard to argue against getting
~ proper rest, some scientists suspect that loading up on
liquid — that is, beyond the normal amount required in a

day — may not do much good.

wemann Theoretically, taking in extra beverages like water and juice
r— ‘*

http://www.nytimes.com/2011/01/11/health/11really.html
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Fluids

Fluids do not sustain shearing stresses or tensile stresses; therefore, the only
stress that can be exerted on an object submerged in a static fluid is one that
tends to compress the object from all sides.

Uniform/Confining Tensional Compressional Shear

e ¢ Jeu

original cube uniforn differential stress
No external forces. External forces equal in magmrude and In these three examples, there are external forces
all perpendicular to each cube surface. applied at some surfaces, but not others.

{C] NinetyEast
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Pressure

Density = mass per unit volume (kg/m3)

Am

p= lim

AV —0 A—V

Pressure (symbol P) is the force applied perpendicular to the surface of an
object per unit area over which that force is distributed. Pressure is a scalar
guantity because it is proportional to the magnitude of the force on the

The units of pressure are newtons

— per square meter (N/mz2) in the SI
system. Another name for the Sl unit
of pressure is the pascal (Pa):
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Compressibility

Compressibility is a measure of the relative volume change of a solid or a
fluid in response to a pressure change.

° CompreSSIble ﬂUId: Compressible fluid is matter Incompressible fluid is matter

Gas that can be compressed with that cannot be compressed
the application of an external with the application of an

° |ncompressib|e fluid: pressure external pressure
IncompFESSIb|EﬂOW EEEEEEEEEEEEEEEEEEEE NN NN NN NN NN EEEEEEEER
(isochoric ﬂOW) refe rs to Volume can be reduced Volume cannot be reduced

with the application of a with the application of a

a flow in which the pressure on the fluid pressure on the fluid
materialdensityis EEsssEsEEsEnsnunnnnsEEEEEEEEE NN NN A AN
constant within a fluid  [CORRARERTIN I ey
pa rcel—an infinitesimal pressure on the fluid pressure on the fluid
volume that moves with B Y e

the flow velocity. Ex,

Value of Mach number Value of Mach number

most of li q uid should be greater than 0.3 should be less than 0.3

Visit www.pediaa.com
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Types of pressure
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Fluid statics

Fluid statics is the part of fluid mechanics that deals with fluids when there
IS no relative motion between the fluid particles. Typically this includes two
situations: when the fluid is at rest and when it moves like a rigid solid.

Consider left-right:

Consider top-bottom:

Liquid with density P
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Variation of pressure with depth

From Py it om = Ptop + pg(hbottom — ht()p)' we can get

(1) Pressure and shape of container:
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Copyright © 2006 Paul G. Hewitt, printed courtesy of Pearson Education Inc., publishing as Addison Wesley.

http://w3.shorecrest.org/~Lisa_Peck/Physics/syllabus/
phases/liquids/ch |1 9liquid_images/ch19_images.htm
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Liquid with density P
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V.

) How does pressure change with ocean depth?

P:op = Po (Atmospheric pressure)
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Variation of pressure with depth

(3) Estimate the height of the Earth's
atmosphere

i/
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Example-|

A container is filled to a depth of 20.0 cm with water. On top of the water
floats a 30.0-cm-thick layer of oil with specific gravity 0.700. What is the
absolute pressure at the bottom of the container?
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Barometer

A barometer is a scientific instrument that is used to
measure air pressure in a certain environment.

Pressure tendency can forecast short term changes
in the weather

Vacuum
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Example-2

Superman attempts to drink cold water through a straw of length [ = 12.0
m. The walls of the tubular straw are very strong and do not collapse. With

his great strength, he achieves maximum possible suction and enjoys
drinking the cold water.

55
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Example-3
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Hydraulic lift

Pressure is exerted on
fluid in small cylinder,
usually by a compressor.

Though the pressure is
the same, it is exerted
over a much larger area,
giving a multiplication of
force that lifts the car.

Pressure is exerted equally in
all parts of an enclosed static
fluid: Pascal’s law.

The force in the small cylinder must be exerted over a much larger distance. A smalli
force exerted over a large distance is traded for a larger force over a small distance.

http://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html
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http://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html

Pascal's law

A change in the pressure applied to an enclosed fluid is
transmitted undiminished to every portion of the fluid
and to the wall of the containing vessel

l F1 = 10 N Avplied force to the stopper

A.=5cm? 10N >
1 - —
1_50m2-2N/cm
Like a liquid
lever, changing | , . g 3
areas in an Pressure is transmitted undiminished
- - enclosed fluid S e : .
Blaise Pascal e in an enclosed static fluid.
multiplication
(1623 - 1662) of force 2) 2)
F, =P, A,=(2N/cm’)(500 cm
— plus the force from the
'— 1 OOO N” weight of the liquid.
Resulting force on
bottom of jug.
A,= 500 cm? .
I = P1 + pgh
Static fluid
pressure

http://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html
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Pascal's law
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Example-4

Mercury is poured into a U-tube as shown in the Figure (1). The left arm of
the tube has cross-sectional area A; of 10.0 cm2, and the right arm has a

cross- sectional area A, of 5.00 cm2. One hundred grams of water are then

poured into the right arm as shown in Figure (2).

(a) Determine the length of the water column in the right arm of the U-
tube.

(b) Given that the density of mercury is 13.6 g/cm3, what distance /1 does
the mercury rise in the left arm?

Al A2 é} Agyter

1y |

— — —— — — — — — — — — —— | — — — — — — — V—
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Example-4
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Why do deep-sea fish not get crushed
by pressure on the sea floor?

ocean surface-0m

Epipelagic zone

about 200 m

Mesopelagic zone

about 1 000 m

Bathypelagic zone

about4 000 m AR o e e A

Abyssopelagic zone

ocean floor

Hadopelagic zone

20



tann'\ca.com/
des-principle

Archimedes’ principle h tt p S / /WWW:brl
ke science/Archime

The buoyant force on a submerged object is
equal to the weight of the fluid displaced.

) - _ <

2 kg
of water

https://www.Ii\kilcien'ce.com/58839-a rchimedes-principle.html|
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Archimedes’s principle

/// ﬁ\\\ The buoyant force ﬁon a ball that
{ \ replaces this parcel of water is exactly
'\ /H the same as the buoyant force on the
L fg//’ parcel.

weeke T
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Archimedes’s principle

Totally submerged object An object floating on the surface of
a fluid

Pobj < Pfluid Pobj = Pfluid
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Example-5

What fraction of the volume of ice will be
above/under the water when the ice is
floating in water?

At 0 °C:
Density of ice = ~0.92 g/cm3
Density of water = ~1.00 g/cm3
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Example-6

Archimedes supposedly was asked to determine whether a crown made for
the king consisted of pure gold. According to legend, he solved this problem
by weighing the crown first in air and then in water as shown in Figure.
Suppose the scale read 7.84 N when the crown was in air and 6.84 N when
it was in water. What should Archimedes have told the king? [given

Pwater = 103 kg/m3, pgoid = 19.3 x 103 kg/m3 ]
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Example-6
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Example-7

Z Consider an object that is floating and
stationary in a liquid as shown in the figure. If
M B 72} we displace the object by a small amount from
+ its equilibrium position, show that the motion

of object can be described by SHM.
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Example-7
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