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Definition

I Mechanics is the oldest physical science that deals with
both stationary and moving bodies under the influence of
forces.

1 The branch of mechanics that deals with bodies at rest Is
called statics, while the branch that deals with bodies In
motion is called dynamics.

' The subcategory fluid mechanics is defined as the science
that deals with the behavior of fluids at rest (fluid statics)
or in motion (fluid dynamics), and the interaction of fluids
with solids or other fluids at the boundaries.

' The study of fluids at rest is called fluid statics.
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Definition

' The study of fluids in motion, where pressure forces are
not considered, Is called fluid kinematics and if the
pressure forces are also considered for the fluids In
motion. that branch of science is called fluid dynamics.

~ Fluid mechanics itself is also divided into several
categories.

1 The study of the motion of fluids that are practically
Incompressible (such as liquids, especially water, and
gases at low speeds) is usually referred to as
hydrodynamics.

1 A subcategory of hydrodynamics is hydraulics, which
deals with liquid flows in pipes and open channels.
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Definition

Gas dynamics deals with the flow of fluids that undergo
significant density changes, such as the flow of gases
through nozzles at high speeds.

The category aerodynamics deals with the flow of gases
(especially air) over bodies such as aircraft, rockets, and
automobiles at high or low speeds.

Some other specialized categories such as meteorology,
oceanography, and hydrology deal with naturally
occurring flows.
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What is a Fluid?

A substance exists in three primary phases: solid, liquid,
and gas. A substance in the liquid or gas phase is referred
to as a fluid.

Distinction between a solid and a fluid is made on the basis
of the substance’s ability to resist an applied shear (or
tangential) stress that tends to change its shape.

~ Asolid can resist an applied shear stress by deforming,
whereas a fluid deforms continuously under the influence
of shear stress, no matter how small.

~ In solids stress Is proportional to strain, but in fluids stress
IS proportional to strain rate.

(-
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What i1s a Fluid?

_Differences between liquid and gases

Liquid

(Gases

Difficult to compress and
often regarded as
Incompressible

Easily to compress — changes of
volume is large, cannot normally
be neglected and are related to
temperature

Occupies a fixed volume
and will take the shape of
the container

No fixed volume, it changes
volume to expand to fill the
containing vessels

A free surface is formed if
the volume of container is
greater than the liquid.

Completely fill the vessel so that
no free surface is formed.
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Properties of Fluids

~ Any characteristic of a system is called a property.

~ Some familiar properties are pressure P, temperature T,
volume V,and massm.

~ Other less familiar properties include viscosity, thermal

conductivity, modulus of elasticity, thermal expansion
coefficient, electric resistivity, and even velocity and
elevation.

' Properties are considered to be either intensive or extensive.

~ Intensive properties are those that are independent of the mass
of a system, such as temperature, pressure, and density.

~ Extensive properties are those whose values depend on the
size—or extent—of the system. Total mass, total volume V and
total momentum are some examples of extensive properties.
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Properties of Fluids

An easy way to determine
whether a property is
Intensive or extensive Is to
divide the system into two
equal parts with an imaginary
partition.

Each part will have the same
value of intensive properties
as the original system, but
half the value of the extensive
properties.
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Properties of Fluids

Density or Mass Density

~ Density or mass density of a fluid is defined as the ratio of
the mass of a fluid to its volume. Thus mass per unit
volume of a fluid is called density. It is denoted the symbol
p (rho). The unit of mass density in Sl unit is kg per cubic
meter, 1.e ., kg/ms.

1 The density of liquids may be considered as constant while
that of gases changes with the variation of pressure and
temperature.

~ Mathematically mass density is written as.
_ Mass of fluid

P = Nolume of fluid

' The value of density of water is 1 gm/cm3 or 1000 kg/m3.

/
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Properties of Fluids

Density or Mass Density

~ The density of a substance, in general, depends on
temperature and pressure.

~ The density of most gases is proportional to pressure and
Inversely proportional to temperature.

~ Liquids and solids, on the other hand, are essentially
Incompressible substances, and the variation of their
density with pressure is usually negligible.




Properties of Fluids

Specific weight or Weight Density

~ Specific weight or weight density of a fluid is the ratio
between the weight of a fluid to its volume.

~ Thus weight per unit volume of a fluid is called weight
density and it is denoted by the symbol w.

1 Mathematically,

w = Weight of fluid _ (Mass of fluid) x Acceleration due to gravity

\Volume of fluid \Volume of fluid
_ Mass of fluid x g
\Volume of fluid

= px g
W = pg




Properties of Fluids

Specific Volume

~ Specific volume of a fluid is defined as the volume of a
fluid occupied by a unit mass or volume per unit mass of a
fluid i1s called specific volume.

~ Mathematically, it is expressed as

Specific volume = Volume offll_ud _ 1 _: 1
Mass of fluid Mass of fluid 5
Volume

1 Thus specific volume is the reciprocal of mass density. It is
expressed as m3/kg.

1 It 1s commonly applied to gases.
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Properties of Fluids
Specific Gravity.

' Specific gravity is defined as the ratio of the weight density (or
density) of a fluid to the weight density (or density) of a standard

fluid.

~ For liquids, the standard fluid is taken water and for gases, the
standard fluid is taken air. Specific gravity is also called relative
density. It is dimensionless quantity and is denoted by the symbol S.

S(for liquids) = Wei_ght densi_ty (densi_ty) of liquid
Weight density (density) of water
Weight density (density) of gas
Weight density (density) of air
Thus weight density of a liquid = S x Weight densityof water
=S x1000x 9.81N/m?

Thus density of a liquid = S x Density of water
=S x1000kg/m?

S(for gases) =
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Properties of Fluids

Specific Gravity:.

1 If the specific gravity of a
fluid i1s known, then the
density of the fluid will be
equal to specific gravity of
fluid multiplied by the
density of water.

~ For example the specific
gravity of mercury is 13.6,
hence density of mercury
= 13.6 x 1000 = 13600
kg/m3.

(-

Specific gravities of some

substances at 0°C

Substance SG
Water 1.0
Blood 1.05
Seawater 1.025
Gasoline 0.7
Ethyl alcohol 0.79
Mercury 13.6
Wood 0.3-0.9
Gold 19.2
Bones 1.7-2.0
Ice 0.92
Air (at 1 atm) 0.0013




Properties of Fluids

Example 1.
Calculate the specific weight, density and specific gravity of one
liter of a liquid which weighs 7 N.

Solution. Given :

1
Volume = 1 litre = —— m> ( llim:ﬁ m? or1 litre = lOOOcm’)

1000
Weight=7 N
() Specificweight(w) =—vombt _ TN o 2000 m®. Ans.
Volume ( 1 )m’
. 1000
(i7) Density (p) == i kg/m® = 713.5 kg/m>. Ans.
g 98I
; . Density of liquid 7135 A 1
iti) Specific gravit = = "+ Density of water = .
(it} Spec e Density of water 1000 { eipyolmers 100y

= 0.7135. Ans.

© y




Example 2. Calculate the density, specific weight and weight of
one liter of petrol of specific gravity = 0.7

Solution. Given:  Volume = 1 litre = 1 x 1000 cm’ = ll?‘o m® = 0.001 m?

Sp. gravity $§=0.7
(i) Density (p)
Density (p) = § x 1000 kg/m’ = 0.7 x 1000 = 700 kg/m>. Ans.

(it) Specific weight (w)
w=pxg=700x9.81 N/m’= 6867 N/m>, Ans.
(iii) Weight (W)

We know that specific weight = \,\ Sighe
Volume
or w= L or 6867:-&'—
001 0.001

W = 6867 x 0.001 = 6.867 N. Ans.




Properties of Fluids

Viscosity

~ Viscosity Is defined as the property of a fluid which offers
resistance to the movement of one layer of fluid over another
adjacent layer of the fluid.

- When two layers of a fluid, a distance 'dy' apart move one over
the other at different velocities say u and u+ du as shown in Fig.
1.1, the viscosity together with relative velocity causes a shear
stress acting between the fluid layers:

- l u+du

@ Fig. 1.1 Velocity variation near a solid boundary.




Properties of Fluids

Viscosity

I The top layer causes a shear stress on the adjacent lower
layer while the lower layer causes a shear stress on the
adjacent top layer.

~ This shear stress Is proportional to the rate of change of
velocity with respect to y. It Is denoted by symbol t called
Tau.

~ Mathematically,

or dy

T=p—— (1.2)




Properties of Fluids

~where p (called mu) is the constant of proportionality
and is known as the coefficient of dynamic viscosity or
only viscosity.

du
1 dy represents the rate of shear strain or rate of shear
deformation or velocity gradient.

“From equation (1.2) we have
T

H="4, (1.3)
dy

~Thus viscosity Is also defined as the shear stress
required to produce unit rate of shear strain.
(-




Properties of Fluids

Unit of Viscosity:.

“The unit of viscosity is obtained by putting the
dimension of the quantities in equation ( 1.3)

_ . Shear stress _ Force/Area
M= Change of velocity ( Length ) ) 1

— o —

Change of distance Time Length

Length

- Force/(length)? _ Force X Time
1 (Length)*
Time

SI unit of viscosity = Newtonsecond _ Ns

m2 m2




Properties of Fluids

Kinematic Viscosity.

It i1s defined as the ratio between the dynamic viscosity and
density of fluid.It is denoted by the Greek symbol (v) called
'nu’ . Thus, mathematically,

. Viscosity _ u
Density p
1 The Sl unit of kinematic viscosity Is m2/s.
Newton's Law of Viscosity.

1 It states that the shear stress (t) on a fluid element layer is
directly proportional to the rate of shear strain. The constant
of proportionality is called the co-efficient viscosity.
Mathematically, it is expressed as given by equation (1 . 2).




Properties of Fluids

' Fluids which obey the above relation are known as
Newtonian fluids and the fluids which do not obey the
above relation are called Non-newtonian fluids.

Variation of Viscosity with Temperature
~ Temperature affects the viscosity.

~ The viscosity of liquids decreases with the increase of
temperature while the viscosity of gases increases with
Increase of temperature. This is due to reason that the

viscous forces In a fluid are due to cohesive forces and
molecular momentum transfer.

~ In liquids the cohesive forces predominates the molecular
momentum transfer due to closely packed molecules and
with the increase In temperature, the cohesive forces
decreases with the result of decreasing viscosity.




Types of Fluids

1.

Ideal Fluid. A fluid, which is incompressible and is
having no viscosity, is known as an ideal fluid. Ideal
fluid is only an imaginary fluid as all the fluids, which
exist, have some viscosity.

Real fluid. A fluid, which possesses viscosity, i1s knownas
real fluid. All the fluids: in actual practice, are real fluids.

Newtonian Fluid. A real fluid, in which the shear stressis
directly, proportional to the rate of shear strain (or
velocity gradient), is known as a Newtonian fluid.

Non-Newtonian fluid. Areal fluid, in which shear stress
IS not proportional to the rate of shear strain (or velocity
gradient), known as a Non-Newtonian fluid.




Types of Fluids

D.

Ideal Plastic Fluid.

A fluid, in which shear
stress is more than the
yield value and shear
stress is proportional
to the rate of shear
strain (or velocity
gradient), is known as
Ideal plastic fluid.

— SHEAR STRESS

/lDEALFLUIJ

—— VELOCITY GRADIENT (%)
Fig. 1.2 Types of fluids.
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Example 3

If the velocity distribution over a plate is given by
2 2
Uu=-=y-—
3)’ y

In which u Is velocity in metre per second at a distance y
metre above the plate, determine the shear stress at y = 0
and y= 0.15 m. Take dynamic viscosity of fluid as 8.63

pOISes.




d
Solution. Given: u =-§-y -y & TI% = % -2y

&
("—“] o [3%] - =2 _20)= 2 _0.667
dy wyal \dyj’_o 3 3
Fr=
Also (-Zl) o | &2 =2 _2x.15=.667~.30 = 0.367
Y Jux=015 \4Y )sanis 3

Value of p = 8.63 poise = -8-1%3- SI units = 0.863 N §lmz

d
Now shear stress is given by equation (1.2) as T=H }—'i ;
)'

(i) Shear stress aty =0 is given by
To=H (T] = 0.863 x 0.667 = 0.5756 N/m’. Ans.
: 3
(ii) Shearstressaty=0.15m is given by

(t). =015 4 (';d‘i") = 0.863 X 0.367 = 0.3167 N/mz. Ans.
Yy v=0.15

(-




Example 4

Calculate the dynamic viscosity of an oil, which is used for
lubrication between a square plate of size 0.8 m x 0.8 m and an
Inclined plane with angle of inclination 30°as shown in Fig. 1.4.
The weight of the square plate is 300 N and it slides down the
Inclined plane with a uniform velocity of 0.3 m/s. The thickness
of oil film is 1.5 mm.

Oil

= 1.5 mm

W = 300N
Fig.1.4
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Solution. Given :
Area of plate, A=08x0.8=0.64 m’
Angle of plane, ‘ 6 =30°
Weight of plate, W=300N
Velocity of plate, u=03m/s
Thicknessofoil film, ~ r=dv=15mm=15x10"m

Let the viscosity of fluid between plate and inclined plane is .
Component of weight W, along the plane = W cos 60° = 300 cos 60° = 150 N
Thus the shear force, F , on the bottom surface of the plate = 150 N

F 150 .,
and shear stress. = rrr=ihairyy N/m?
Now using equation (1.2), we have
T=H LS
dy

where du = change of velocity =1 -0 =u = 0.3 m/s
dy=t=15x 103 m
150 0.3
064 = 15x107?

-3 .
S AS0XIAXIT - N e % 10 1 s, A

H 64 %03
o - Y




Example 5

The space between two square flat parallel plates is filled with
oil. Each side of the plate i1s 60 cm. The thickness of the oil
film is 12.5 mm. The upper plate, which moves at 2.5 metre per
sec requires a force of 98.1 N to maintain the speed.

Determine : -

I.the dynamic viscosity of the oil, and

li.the kinematic viscosity of the olil if the specific gravity of the
oil is 0.95.

Solution. Given:

Each side of a square plate=60cm =0.6 m

Area  A=0.6x0.6=0.36 m2

Thickness of oil film  dy=12.5mm =12.5x103m
\elocity of upper plate u=2.5m/s




Change of velocity between plates, du = 2.5 m/sec
Force required on upper plate, F =98.1 N

Shear stress, IT=———=—=

(¥) Let p = Dynamic viscosity of oil

Using equation (1.2) t-uﬂ or2-8—'l- = U X £
2 o dy ' 036 125%10°
-3
0= 98.1 < 125x10 = 1.3635 _li;s_ Ans.
0.36 2.5 m
(if) Sp. gr. of 0il, S = 0.95
Let v = kinematic viscosity of oil
Using equation (1.1 A),
Mass density of oil, p =S x 1000 = 0.95 x 1000 = 950 kg/m’
1.3635 (E-:-)
Using the relation, v = % we getv = 950"' =.001435 m%/sec Ans.
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Compressibility and Bulk Modulus

. Compressibility is the reciprocal of the bulk modulus of
elasticity, K which is defined as the ratio of compressive
stress to volumetric strain.

~ Consider a cylinder fitted with a piston as shown in the Fig.
~ Let V= \olume of a gas enclosed in the cylinder
p =Pressure of gas when volume is V

| Let the pressure is increased to p+ dp, the volume of gas
decreases from Vto V —dV.

I Then increase In pressure = dp
~ Decrease in volume =dV
~ Volumetric strain = - dV/V




End of Chapter 1
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Compressibility and Bulk Modulus

. Compressibility is the reciprocal of the bulk modulus of
elasticity, K which is defined as the ratio of compressive
stress to volumetric strain.

~ Consider a cylinder fitted with a piston as shown in the Fig.
~ Let V= \olume of a gas enclosed in the cylinder
p =Pressure of gas when volume is V

| Let the pressure is increased to p+ dp, the volume of gas
decreases from Vto V —dV.

I Then increase In pressure = dp
~ Decrease in volume =dV
~ Volumetric strain = - dV/V




Compressibility and Bulk Modulus

- ve sign means the volume
decreases with increase of pressure.

Increase of pressure
Volumetricstrain

-.Bulk modules K=

_dp _ dp
‘-dv‘_d—vv
V

~ Compressibility is given by = 1/K

CYLINDER
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Surface Tension and Capillarity

1 Surface tension is defined as the tensile force acting on the
surface of a liquid in contact with a gas or on the surface
between two immiscible liquids such that the contact
surface behaves like a membrane under tension.

~ Surface tension iIs created due to the unbalanced cohesive
forces acting on the liquid molecules at the fluid surface.

~ Molecules in the interior of the fluid mass are surrounded
by molecules that are attracted to each other equally.

I However, molecules along the surface are subjected to a net
force toward the interior.

1 The apparent physical consequence of this unbalanced
force along the surface is to create the hypothetical skin or
membrane.
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Surface Tension and Capillarity

1 Atensile force may be
considered to be acting in the
plane of the surface along any
line in the surface. — A molecule

_ _ on the surface
| The intensity of the molecular
attraction per unit length along
any line in the surface is
— A molecule

called the surface tension. inside the

1 It is denoted by Greek letter o liquid
(called sigma).

~ The SI unit 1s N/m.

@




Surface Tension and Capillarity

Surface Tension on liquid Droplet and
Bubble (27R)o

1 Consider a small spherical droplet of a
liquid of radius ‘R’ On the entire
surface of the droplet, the tensile force
due to surface tension will be acting.

| Let o = surface tension of the liquid

1 AP= Pressure intensity inside the
droplet (in excess of the outside
pressure intensity)

I R= Radius of droplet.

| Let the droplet is cut into two halves.
The forces acting on one half (say left

half) will be (b) Half a bubble
Q@

(7R%) AP gropet

(a) Half a droplet

2(22R) o

(”RZ)Apbwble
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Surface Tension and Capillarity

~ (1) tensile force due to
surface tension acting
around the circumference
of the cut portion as
shown and this is equal to

= o x Circumference
= o x 2nR
~ (i1) pressure force on the
area (m/4)d? and

- = AP xtR2asshown

(a) Half a droplet

2(27R) 0

(7R%)APpubbie

(b) Half a bubble




Surface Tension and Capillarity

~ These two forces will be equal and opposite under
equilibrium conditions, I.e.,

2o

Droplet: (27R)ag = (TR)AP sopiet — APgropies = P — Pp = f
2 dar,

Bubble: E[ETTR}EI'S = {’?TR }ﬁPtHJI:I}I-E — ﬁPI:le:IJI-E = Pi — Pn = R

A hollow bubble like a soap bubble in air has two surfaces
In contact with air, one inside and other outside. Thus two
surfaces are subjected surface tension.




Surface Tension....... Example 1

“Find the surface tension in a soap bubble of 40 mm
diameter when the inside pressure is 2.5 N/m2above
atmospheric pressure.

Solution. Given:

Dia. of bubble, d=40mm=40x10"m
Pressure in excess of outside, p = 2.5 N/m?

For a soap bubble, using equation (1.15), we get

25x40x 1077
o= =

N/m = 0.0125 N/m. Ans.

/
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Surface Tension....... Example 2

“The pressure outside the droplet of water of diameter
0.04 mm is 10.32 N/cm2 (atmospheric pressure).
Calculate the pressure within the droplet if surface
tension is given as 0.0725 N/m of water.

Solution. Given :

Dia. of droplet, d=0.04mm=.04x10"m
Pressure outside the droplet = 10.32 N/cm? = 10.32 x 10* N/m’
Surface tension, 0 =0.0725 N/m
The pressure inside the droplet, in excess of outside pressure is given by
o 40 . 4 x 0.0725 = 7250 N/m? = 7250 N
d 04x107° 10* cm?

. Pressure inside the droplet = p + Pressure outside the droplet
=0.725 + 10.32 = 11.045 N/cm®. Ans.

= 0.725 N/cm?

)




Surface Tension and Capillarity
Capillarity

~ Capillarity is defined as a phenomenon of rise or fall of a
liquid surface in a small tube relative to the adjacent general
level of liquid when the tube is held vertically in the liquid.

~ The rise of liquid surface is known as capillary rise while the
fall of the liquid surface is known as capillary depression.

' The attraction (adhesion) between the wall of the tube and
liquid molecules Is strong enough to overcome the mutual
attraction (cohesion) of the molecules and pull them up the
wall. Hence, the liquid is said to wet the solid surface.

~ It is expressed in terms of cm or mm of liquid. Its value
depends upon the specific weight of the liquid, diameter of
the tube and surface tension of the liquid.




Surface Tension and Capillarity

Expression for Capillary Rise

~ Consider a glass tube of small
diameter ‘d’ opened at both ends
and Is inserted in a liquid, say water.

~ The liquid will rise in the tube
above the level of the liquid.

~ Let h =the height of the liquid in
the tube . Under a state of
equilibrium, the weight of the liquid
of height h is balanced by the force
at the surface of the liquid in the
tube. But the force at the surface of
the liquid in the tube is due to
surface tension.




Expression for Capillary Rise...
| Let o = Surface tension of liquid
0 = Angle of contact between the liquid and glass tube
~ The weight of the liquid of height h in the tube
= (Area of the tube x h) x px g

=-35dthxpx‘g

where p = Density of liquid
Vertical component of the surface tensile force

= (0 X Circumference) X cos 6
=0 XndXcosH
For<quilibrium, equating (1.17) and (1.18), we get

%:-dth'prg=ox1tdxcose

o X ndXcos® 40cosO

or h=

@ %dZXng pXgxd




Expression for Capillary Rise...

| The value of 6 between water and clean glass tube is
approximately equal to zero and hence cos 6 is equal to
unity. Then rise of water is given by

_ 4o
E pxgxd

h

1 Contact angle depends on both the liquid and the solid.

1 If 6 1s less than 909, the liquid is said to "wet" the solid.
However, if 0 is greater than 90°, the liquid is repelled by
the solid, and tries not to "wet" it.

' For example, water wets glass, but not wax. Mercury on the
other hand does not wet glass.
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Capillarity
y

Water

@

(a) Wetting
fluid

Mercury

N

(b) Nonwetting
fluid

Meniscus—

|

b L4

Water

Expression for Capillary Fall

“If the glass tube is dipped in mercury, the revel of
mercury in the tube will be lower than the general level
of the outside liquid as shown above.

T

h >

Mercury /\

0

Meniscus |




Capillarity

Expression for Capillary Fall

~ Let h = Height of depression in
tube.

~ Then in equilibrium, two forces
arc acting on the mercury inside

the tube. ! —

1 First one is due to surface tension g / ~o ','
acting in the downward direction yﬁ%
and is equal to 6 X zd x c0s 6. - i St

. - |
~ Second force Is due to hydrostatic MERCURY

force acting upward and is equal
to intensity of pressure at a depth
'h' x Area




Capillarity

Expression for Capillary Fall

Tt n
=px pd'=pgxhx = d (= p=pgh)
Equating the two, we get
oxXndxcos0=pghx % d’

b= 4c cosO
pgd

Value of 6 for mercury and glass tube is 128°
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Capillarity...Example 1

Calculate the capillary rise in a glass tube of 2.5 mm
diameter when immersed vertically in (a) water and (b)
mercury. Take surface tensions ¢ = 0.0725 N/m for
water and 6 = 0.52 N/m for mercury In contact with
air. The specific gravity for mercury is given as 13.6
and angle of contact = 130°

Solution. Given :

Dia. of tube, d=25mm=25x10"m
Surface tenstion, ¢ for water ="0.0725N/m
¢ for mercury =(0.52 N/m

Sp. gr. of mercury =13.6




4 N
Capillarity...Example 1

. Density S = 13.6 x 1000 kg/m’.
(a) Capillary rise for water (0 = 0)

46 4 x 00725
pXgxd 1000x981x25x10~
=.0118 m = 1.18 cm. Ans.

Using equation (1.20), we get h =

(b) For mercury

Angle of constant between mercury and glass tube, 8 = 130°

40 cos® _ 4 x0.52 X cos 130°

pxgxd 136x1000x981x25%10
=~.004 m =- 0.4 cm. Ans.

The negative sign indicates the capillary depression.

Using equation (1.21), we get h =
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Capillarity...Example 2

~ Find out the minimum size of glass tube that can be used to

measure water level if the capillary rise in the tube is to be
restricted to 2 mm. Consider surface tension of water In

contact with air as 0.073575 N/m.
Solution. Given :

"~ 1000 %9.81x2x107
Thus minimum diameter of the tube should be 1.5.cm.

(-

Capillary rise, h=20mm=20x10"m
Surface tension, ¢ =0.073575 N/m
Let dia. of tube =
The angle O for water o=
The density for water, p = 1000 kg/m>
L, 40 oF 205107 % 4 x0.073575
pxXgxd 1000x 981 xd
d X 3 = 0,015 1= 1.5 cm. A

/




Flow Analysis Techniques

~In analyzing fluid motion,
we might take one of two
paths:

1. Seeking an estimate of
gross effects (mass flow,
Induced force, energy
change) over a finite
region or control volume
or

2. Seeking the point-by-

point details of a flow
pattern by analyzing an
Infinitesimal region of
the flow.

Control volume

Flow out

n

™ Flow out

—
I

| J—
]

a

g

Flow domain

Flow out

:—n-——~—'—'—__.'_:

Flow out




Flow Patterns

1 Fluid mechanics is a highly visual subject. The patterns of flow
can be visualized in a dozen different ways, and you can view
these sketches or photographs and learn a great deal
qualitatively and often quantitatively about the flow.

I Four basic types of line patterns are used to visualize flows:

1. Astreamline is a line everywhere tangent to the velocity
vector at a given instant.

2. A pathline is the actual path traversed by a given fluid
particle.

3. Astreakline Is the locus of particles that have earlier passed
through a prescribed point.

4.  Atimeline is a set of fluid particles that form a line ata
given instant.
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Flow Patterns

1 The streamline is convenient to calculate mathematically,
while the other three are easier to generate experimentally.

1 Note that a streamline and a timeline are instantaneous lines,
while the pathline and the streakline are generated by the
passage of time.

~ Astreamline Is a line that is everywhere tangent to the
velocity field. If the flow Is steady, nothing at a fixed point
(including the velocity direction) changes with time, so the
streamlines are fixed lines in space.

1 For unsteady flows the streamlines may change shape with
time.

~ A pathline is the line traced out by a given particle as itflows
from one point to another.




Flow Patterns

~ A streakline consists of all particles in a flow that have
previously passed through a common point. Streaklines are
more of a laboratory tool than an analytical tool.

1 They can be obtained by taking instantaneous photographs of
marked particles that all passed through a given location In
the flow field at some earlier time.

1 Such a line can be produced by continuously injecting marked
fluid (neutrally buoyant smoke in air, or dye in water) at a
given location.

1 If the flow Is steady, each successively injected particle
follows precisely behind the previous one forming a steady
streakline that Is exactly the same as the streamline through
the Injection point.




Flow Patterns

l Dye or smoke
Injected fluid particle
Streakline

(a) Streamlines (b) Streaklines




Boiling Point

« A liquid boils at the temperature when its vapor
pressure equals the surrounding atmospheric
pressure.




e

Vapour pressure

Vapour pressure can be defined as pressure formed by the vapor of the liquid (or solid)
over the surface of the liquid. This pressure is formed in a thermodynamic equilibrium
state in a closed container at a certain temperature.




End of Chapter 1




Subject: Fluid Mechanics
Topic: Pressure and Pressure Head



Pressure

Pressure may be defined as the force exerted on a
unit area.

F

A

pP =

Unit kgf/m2or kgf/cm2in MKS
N/m2or N/mm2inSli

1 N/m2=1 Pascal

1 bar=100 kPa=10> N/m?



Pascal’s Law

* “The Intensity of pressure at any point in a
liquid at rest, Is the same in all directions.”

P,= Force on a face AE
P,= Force on a face DE
P,= Force on a face AD




Application of Pascal’s Law

* In measurement system like manometer
pressure gauge etc.

* In construction of machines such as hydraulic
press,hydraulic jack, hydraulic lift, hydraulic
crane, hydraulic riveter etc.



Hydrostatic Law

* “The rate of increase of pressure in a
vertically downward direction is equal to the
welight density of fluid at that point. ”

Rkt A ?:i‘_—;-:_'iu—gg —/J_ d p/ aZ=pg=w

- Cylindrical __;:.—}_‘:___:_—_
~ element of fluid ———fF -~~~




Equality of pressure at the same level In
a static fluid

*p,=pressure on
face AB

*p, =pressure on
face CD

*P1=P>

*Pressure at any two

G G s @S B GO D G Gn Sy s GO WY D 4> GO G AP S0 G> P YO Gp WA lm sk e

points at the same level — T

D bl e b i e b (4, 00 WS v e ) GU 65 SN b D T Ve > on on w > &=

In a body of fluid at rest
will be the same.



Pressure and Head

Atmosperic Pressure:lt is pressure exerted by the air on the surface of
earth.

Atmospheric pressure is not constant because density of air vary fromtime
to time due to changes in its temperature.

Gauge Pressure:lt is measured with the help of pressure gauge.

In this pressure,atmosperic pressure is considered zero and this pressure is
above atmospheric pressure.

Vacuum Pressure:When pressure is below the atmospheric pressure is
called vacuum pressure.

It is also known as negative gauge pressure and is measured by vacuum
gauge.



Pressure and Head

Absolute Pressure:lt is pressure measured with reference to absolute
vacuum pessure.

It is iIndependent of the changes in atmospheric pressure.lt is measured
above the absolute zero of pressure.

T ]
Couge
pr'E-jS%rE Atmospheric pressure

Vocuum—negative
quuge pressure Absolute
¥ pressure

Pressure

Absolute
prssrure

Absolute zero
'\




Manometers

« Manometers are defined as the devices used for measuring the
pressure at a point in a fluid by balancing the column of fluid
by the same or another column of the fluid.

 Classification of Manometers:
(1) Simple Manometer
— Piezometer
— U-tube Manometer
— Single column Manometer
Vertical single column Manometer
Inclined single column Manometer

(2)Differential Manometer
U-tube differential Manometer

Inverted U-tube differential Manometer



Plezometer

eIt Is the simplest form of the
Manometer, it measures gauge
pressure only.

*The pressure at any point in the fluid
IS Indicated by the height of the liquid
In the tube above point A,which can
read on the calibrated scale on glass
tube.

*Let,p=pressure of fluid
h=height of fluid in tube
p=density of fluid

h=p/pg

Pipe

Plezometer
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Plezometer

Limitation of Piezometer:

One end of tube is open to atm, therefore it measures only
gauge pressure.

It is not suitable for vacuum pressure.

To measure large pressure with lighter liquid would require
very long tube.

It cannot measure pressure of gas.



U-tube Manometer

It can be measure vacuum pressure and gas pressure.
It consists of glass tube bent in U-shape.

One end Is connected to a point at which pressure Is to be
measured and other end open to the atm.

L_et,h,=height of light liquid in a left column above datumline X-X
h,=height of heavy liquid in a right column above datumline X-X
p;=density of light liquid

p,=density of heavy liquid

p=pressure of fluid in pipe to be measured



U-tube Manometer

(a)Pressure higher than py,

p=p29h,-p1gh;

-

(b)Pressure lower than p,qy,

P=-(p,gh, +p1ghy)




Vertical single column
manometer

*The A;—B, is datum line in reservoir and right
column when it is not connected to the pipe.

*The A, -B, is datum line in reservoir and right
column when it is connected to the pipe in which
fluid pressure is to be measured.

*The Ah is fall of heavy liquid inreservoir.

Ah=a*h,/A

o
= TEES: =S+ Ul — sy




Inclined Single Column Manometer

It Is modified of vertical column
manometer.

*The distance moved by heavy liquid in
right column increases by providing the
inclination of right column therefore the
sensitivity can be increased.

p=p,gl sin® - p,gh,
h=S,lsin® - S;h,

Where, ©=angle between inclined right
narrow tube and horizontal
axis

\
""""
{ \

G %
= } . //(‘/
Sk / a
= 7 4
N ;
(4 / -r|< //) 4/
R
/ (ﬂ@/‘/
&' 4




Differential Manometer

« Differential Manometer is used to measure difference between any two points
In a pipeline.

« U-tube Differential manometer: In U-tube differential manometer, there are
two cases mentioned below:

N X : X
e h 4

(a)Two pipes at different levels (b) A and B are at the same |level

Pa- Pp=gh(pg—Pa)tPsdY-pagX Pa- Pp=gh(pg—pa)



Differential Manometer

* Inverted U-tube differential manometer:it is normally used for
measuring low pressure difference.

-Pressure below C-D in left m

column=Pressure below C-D in right Sk Ry,
column E :he'§ :
= Y N
£ b, B =
= o R
E: A o
— = L.
Da- Po= -pg ON-poghztpaghs |







Buoyancy And
Floatation



Ups and Downs:
Buoyancy




What Is Buoyancy Force

»When a body i1s immersed in fluid, an
upward force Is exerted by the fluid on the

body

the fluid displaced by the
the force of buoyancy.

Upward force
on ball




What causes buoyant force?

 Buoyant force is thf force on an
object exerted by the surroundlnq

fluid.

* When an object pu |
water pushes back R o
force as it can. W

* If the water can pusn DACK aS nara, e
object floats (boat). If not, it sinks
(steel).




Forces Acting on Buoyancy

 The buoyant force Is caused by the
difference between the pressure at the
top of the object ( ),
which pushes it downward, and the
pressure at the bottom (buoyant force),
which pushes it upward

a
O
u

Since the pressure at the bottom Is

ways greater than at the top, every
nject submerged in a fluid feels an

oward buoyant force.



Keep It Simple
Buoyancy=_"the floating force”

Water Is “heavier” than the object...so
the object floats

Low density-more likely to float
Buoyant force i1s measured in Newtons

(N)



Condition of equilibrium of a floating
and sub-merged bodies

"Positive buoyancy:

Buoyant force is greater

than weight so the object

floats. Gt v
"Neutral buoyancy: T

Buoyant force is egual
to weight so the
object is suspended
In the fluid.

'Negative buoyancy:
Buovant force Is less

Positive

Bottom



Centre of

Buoyanc

Definition:- y y

* The point through which the force of
buoyancy Is supposed to act Is
known as Centre of Buoyancy.

N

/
G s/

Underwater volume

Buoyancy



META-CENTRE

* It Is defined as the point about which a
body starts oscillating when the body is
tilted by a small angle.

* It Is the point at which the line of action of
the force of buoyancy will meet the normal
axis of the body when the body iIs given
small angular disf'~~~~~=

METACENTRIC




Meta-centric Height

* |t Is the distance between the meta-
centre of floating body and centre of
gravity.

* We can find this height by two methods:-

1. Analytigg) Méthogi

4 \v4
Here |I=M.O.|

™V =Volume of sub-merged
body




Condition of equilibrium of a
floating and sub-merged

Stability ot?gu I-?nserged Body:-

a) Stable Equilibrium:-When W= | , and point B is above G.

b) Unstable Equilibrium:- When W= F sbut B is below G.
c) Neutral Equilibrium:-When W= |, and B & G are the

Free Surface




Stability of Floating

2) StabBO@Nbrium:if the point M is above
G.

b) Unstable Equilibrium:-If the point M Is
Below G.

c) Neutral Fauilibrium:-If the noint M is af the

Metacenter ~,
v |
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