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4 ™
What I1s a Fluid?

A Substances with no strength

A Deform when forces are applied
A Include water and gases

Solid:

Deforms a fixed amount or breaks completely when a stress
applied on it.

Fluid:
Deforms continuously as long as any shear stress is applied
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What Is Mechanics?
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™

The study of motion and the forces which cause (or prevent
the motion.

Three types:

AKinematics (kinetics): The description of motion:
displacement, velocity and acceleration.

AStatics: The study of forces acting on the particles or bodies
rest.

ADynamics: The study of forces acting on the particles and
bodies in motion.
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Type of Stresses?

Stress = Force /Area
A Shear stress/Tangential stress:

The force acting parallel to the surface per unit area of the
surface.

A Normal stress:

A force acting perpendicular to the surface per unit area of
the surface.
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How Do We Study Fluid Mechanics?

Basic laws of physics:

A Conservation of mass

A Conservation of momentumNe wt onds second
A Conservation of energy: First law of thermodynamics

A Second law of thermodynamics

+ Equation of state

Fluid properties e.g., density as a function of pressure and
temperature.

+ Constitutive laws
Relationship between the stresses and the deformation of the mg
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Density and Specific Gravity

- The density of an object is its mass per unit volume:

m
P =77
The Sl unit for density is kgfmDensity is also sometimes
given in g/cm; to convert g/crmto kg/m?, multiply by 1000.

Water at 4C has a density of 1 g/ém 1000 kg/m.

- The specific gravity of a substance Is the ratio of its density|
that of water.
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Viscosity

It is defined as the internal resistance offered by one lay
fluid to the adjacent layer.

n case of liguids main reason of the viscosity is molecul
ponding or cohesion.

n case of gases main reason of viscosity is molecular
collision.

- Variation of viscosity with temperature:

In case of liquids, due to increase in temperature the
viscosity will decrease due to breaking of cohesive bong

In case of gases, the viscosity will increase with tempere
because of molecular collision increases
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Newtonos | aw of V |

This law statesthati s h &trassis directly proportionalto
therateofshears t r.ai no

UY du/dy

U= pdu/dy
wherep= DynamicViscosity having
Unit: SI: N-S/n? or Pas

CGS Poise=dyneSec/cm
1Poise=0.1 Pasec

1/100poiseis calledCentipoise
Note All thosefluids are known as NewtonianFluids for
which viscosity is constantwith respectto the rate of

éeformation
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Kinematic Viscosity (3)

- It is defined as the ratio of dynamic viscosity to
density
3= W}
Units: SI:mé/s
CGS Stoke=cmy/s
1 Stoke=10%m?/s

Note Dynamic viscosity shows resistanceto motion
between two adjacent layers where as kinematic
viscosity shows resistanceto molecular momentum
transfer(molecularcollision)
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Types of Fluid

A Common fluids, e.g., water, air, mercury obey Newton's law
of viscosity and are known &swtonian fluid.

A Other classes of fluids, e.g., paints, polymer solution, blooc¢
do not obey the typical linear relationship of stress and
strain. They are known &son-Newtonian fluids.
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Non-Newtonian Fluids

Purely Viscous Fluids

Non-Newtonian Fluid

(7= !ﬁ]
£ dy

Time - Independent

Time - Dependent

Visco-elastic Fluids

1. Pseudo plastic Fluids

[duw
T=u—| :n<l
Ly )

Example: Blood, milk
2. Dilatant Fluids

T=1U du n>1
dy

Example: Butter

3. Bingham or Ideal Plastic
Fluid

[d’u]n
T=17,+ ] —
dy

\

Example: Water suspensions of
clay and flyash

1. Thixotropic Fluids

-

r=,u{j—f_| £ 1@

]
&

Example: Printer ink; crude oil

2. Rheopectic Fluids
“du "
=u — | +J(r
y[ p» | G

f(t)is increasing
Example: Rare liquid solid
suspension

frt)is decreasing

Visco- elastic Fluids

T = ;1@ + aE
dy
Example: Liquid-solid
combinations in pipe
flow.
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Surface Tension

. The surfacetensionof water providesthe necessaryvall
tension for the formation of bubbleswith water The
tendencyto minimize that wall tensionpulls the bubbles
Into sphericakhapes
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Surface Tension

. The pressurdifferencebetweernhe insideandoutsideof
a bubbledependsaiponthe surfacetensionandthe radius
of thebubble

.- The relationship can be obtained by visualizing the
bubble as two hemispheresand noting that the internal
pressurewhich tendsto push the hemispheresapartis
counteractedoy the surfacetension acting around the
circumferencef thecircle.
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Surface Tension

4T
ﬂ - JF:,J — for a bubble
r
2T
— — for a droplet which has
P:' Pe:- p only one surface.

(-

Bubble
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Surface Tension

- The net upward force on the top hemisphere of
the bubbleis just the pressurdlifferencetimesthe areaof

theequatoriakircle:

vt

=(F: _‘E;)HFE




e
Surface Tension

. The surface tension force downward around circle Is
twice the surfacetensiontimes the circumferencesince
two surfacesontributeto theforce

F

downward

=2T(2nr)
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Surface Tension

- Thisgives

4T Bubble

Pj — P” = for a bubble
r F,

P _ P _ 2T for a droplet which has W
i v, r only ona surface.

- This latter case also appliesto the case of a bubble
surroundedy aliquid
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Capillarity

. Capillary action is the result of adhesionand surface
tension Adhesionof waterto the walls of a vesselwill
causean upward force on the liquid at the edgesand
result in a meniscuswhich turns upward The surface
tensionactsto hold the surfaceintact, so insteadof just
the edgesmoving upward, the whole liquid surfaceis
draggedupward

v + Surface +
i\l tension __;

@ l J
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Capillarity

. Capillary actionoccurswhenthe adhesiorto the walls is

stronger than the cohesive forces betweenthe liquid
molecules The heightto which capillary actionwill take
water in a uniform circular tube is limited by surface
tension Acting around the circumference,the upward

forceis

'F;f,.r}m:uﬂ — T 2 ir

b 4
- Oee Oer e =

| |
.
T = surface tension

P = density of liquid
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Capillarity

. The height h to which capillary action will lift
waterdependsipontheweightof waterwhichthe
surfacetensionwill lift :

T2xr = pg(hmr®)

2T
prg

h

LI

S

S5ince it is
weight limitad
it will rise
higherin a
smaller tube.
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Pressure In Fluids

The pressure at a deptlbelow the surface of the liquid is due
to the weight of the liquid above it. We can quickly calculate

F  pAhg
A A
P = pgh.

P =

Thisrelation is valid for any
l L~ AN liguid whose density doesnot
/ change with depth.




ﬂtmospheric Pressure and Gauge
Pressure

At sea level the atmospheric pressure is about
1.0131 10° N/m?; this is called one atmosphere (atm).

Another unit of pressure is the bar:
1 bar =1.00 10° N/m?
Standard atmospheric pressure is just over 1 bar.

This pressure does not crush us, as our cells maintain an
Internal pressure that balances it.

@
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,/Atmospheric Pressure and Gauge A

Pressure

Most pressure gauges measure the pressure above the
atmospheric pressudethis is called the gauge pressure.

The absolute pressure is the sum of the atmospheric pressur
the gauge pressure.

P=P, +P,
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Hydrostatic Law

- The variation of pressurein vertical directionin a fluid Is
directly proportionalto specificweight

- dp/dh=)g=w

. P=jgh(N/m?)

. Note Whenyou movevertically downin afluid, the pressure
Increasess+| gh.

- When you move vertically up in a fluid, the pressure
decreaseasas-] gh.

. Onthesamehorizontallevel theeis no changeof pressure
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Pascafs Principle

If an external pressure Is applied to a confined fluid, the pressi
at every point within the fluid increases by that amount.

(b)

This principle is used, for example, in hydraulic lifts and
hydraulic brakes.

Master
O cylinder
Il
—
P——
_I/ a\ el
Brake ' M Brake
cylinder . pads
Disk,— &

attached to wheel

™
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Measurement of Pressure; Gauges ancT
the Barometer

Thereare a number of
P, different types of pressure
1 gauges. Thisne Iis an open
tube manometer. The pressure
1k In the open end is
L]0l = atmospheric pressure; the
Alh 1 E remmayene - pressure being measured will
causehe fluid to rise until
the pressures on both sides at
the same height are equal.

(8 J

(a) Open-tube manometer

o y




Measurement of Pressure; Gauges an@
the Barometer

Scale reading,
_ gauge pressure

Here are two more devices for
measuring pressure: the aneroid |
gauge and the tire pressure gaugAtmospheric =,

pressure

<.} Spring
Alr pressure ]
Flexible ' 5 6 G
chamber j_‘
Y
=
| |
Pressure of
(b) Aneroid gauge (used mainly air 1n tire (J

for air pressure, and then
@ called an aneroid barometer) (c) Tire gauge




Measurement of Pressure; Gauges and’

the Barometer
P= O\m

[~

e This Is a mercury barometer,
developed by Torricelli to measure
atmospheric pressure. The height of
the column of mercury is such that
the pressure in the tube at the surface
level is 1 atm.

76.0 cm

P=1 atm Therefore, pressure Is often quoted
In millimeters (or inches) of
mercury.
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different

Buoyancy and ArchimedesPrinciple

This is an object submerged in a fluid. There is a net force
the object because the pressures at the top and bottom of

>

1 5
| b4
N
Ah=hy—hy
oy
F, "
/J/JJ

™

The buoyant force is found to |

the upward force on the same
volume of water:

Fg =F, — F = ngA(hZ - h'l)
= pr8AAh
= prVg

= mFg:




e
Buoyancy and Archimede$Principle

The net force on the
object is then the
difference between
the buoyant force
and the gravitational
force.
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