MECHANICAL PROPERTIES OF FLUIDS

CHAFTER =09 (% 9grdt & IifAF o)

The basic property of a fluid is that it can
flow. The fluid does not have any resistance to
change of its shape. Thus, the shape of a fluid
is governed by the shape of its container.

feheh e e &1 A 07 g & 9g garfed
& ThaT ¥l g9 F IOF WHR H  uRadT F
IS ICRIET g BIcT| 38 TR, fohell el gerd
F IHR 3Gk heeR o AR & AT grar
gl

2. A liquid is incompressible and has a free sur-
face of its own. A gas is compressible and it
expands to occupy all the space available to
it.
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3. If F is the normal force exerted by a fluid on
an area A then the average pressure
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4, The unit of the pressure is the pascal (Pa).

It is the same as N m2. Other common units
of pressure are 1 atm = 1.01x10% Pa

1 bar = 10° Pa
1 torr = 133 Pa = 0.133 kPa
1 mm of Hg = 1 torr = 133 Pa

aaw@rsrﬂémw (Pa)gl I§ N m2. garg &r
3T AT sHsAT 1 atm = 1.01x105 Pa

1 bar= 10° Pa
1 torr = 133 Pa = 0.133 kPa
1 mm of Hg = 1 torr = 133 Pa

5. Pascal’s law : When pressure is applied to an
enclosed fluid , it transmitted to every point
of the fluid and the walls of the container

without diminishing.
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The pressure inside a liquid changes with
depth h according to this expression

P = Pa + pgh

where p is the density of the fluid, assumed
uniform.
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Viscosity

The property of a fluid by virtue of which
it opposes the relative motion between its
different layers is known as viscosity and the
force that is into play is called the viscous
force.

Viscous force is given by

F=-nAdv/dx where n is a constant
depending upon the nature of the liquid and is
called the coefficient of viscosity and velocity
gradient = dv/dx

The Sl unit of n is poiseiulle (PI). Its other
units are newton-second per square metre (N
s m?) or pascal-second (Pa s.) The dimen-
sional formula of viscosity is [ML'T-].
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Though shear strain in a fluid does not re-
quire shear stress, when a shear stress is
applied to a fluid, the motion is generated
which causes a shear strain growing with
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time. The ratio of the shear stress to the time
rate of shearing strain is known as coefficient
of viscosity, 1.
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The volume of an incompressible fluid passing

any point every second in a pipe of non uniform
cros section is the same in the steady flow.

VA = constant ( v is the velocity and A is
the area of cros section)

The equation is due to mass conservation in
incompressible fluid flow.
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Bernoulli’'s principle states that as we move
along a streamline, the sum of the pressure
(P), the kinetic energy per unit volume (pv?/2)
and the potential energy per unit volume
(pgh) remains a constant.

P + pv¥/2 + pgh = constant

The equation is basically the conservation of
energy applied to non viscuss fluid motion in
steady state. There is no fluid which have zero
viscosity, so the above statement is true only
approximately. The viscosity is like friction and
converts the kinetic energy to heat energy.

Application of Bernoulli’'s Theorem

(1) During a windstorm , roofs of the houses
(huts) are blown off. During wind storm, the
velocity of air just above the roof is large .So
, according to Bernoulli's theorem, the pressure
just above the roof is less than the roof just
below it. Due to this pressure difference, an
upward force acts on the roof which is blown
off without damaging other parts of the house

(2). Lifting up of an aeroplane . The shape
of the aeroplane wings is peculiar. Its upper
face is more curved than its lower face. Also
its leading edge is thicker than its trailing
edge. As the aeroplane moves faster forward,
the air blown in the form of streamlines over
the wings of aeroplane. As the upper face

of wings is more curved than its lower face,
therefore, the speed of air above the wings
is larger than the speed of air below the
wings. According to Bernoulli’s theorem, the
pressure above the wings become less than
the pressure below the wings. Due to this
difference of pressure, a vertical lift acts on
the aeroplane. When this lift is sufficient to
over come the gravity pull on the aeroplane,
the aeroplane is lifted up.

The applications of Bernoulli’'s Theorem in-
clude the following.

1. Moving Boats in Parallel

2. Blowing of Roofs

3. Magnus Effect
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Stoke's Law: According to this law, a sphere of
radius a, which is moving in a liquid of viscos-
ity n at a velocity of v , experiences a viscous
force F due to the viscosity of the substance
which can be expressed by F = 6mnav.
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Importance of Stoke’s law-

(a) This law is used in the determination of
electronic charge with the help of Millikn’s
experiment.

(b) This law accounts the formation of clouds.

(c) This law accounts why the speed of rain
drops is less then that of a body falling freely
with a constant velocity from the height of clouds.

(d) This law helps a man coming down with
the help of a parachute.
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Fluid Dynamics

(a) Streamline Flow:- When the flow of the
liquid is such that the velocity (v) of ev-
ery particle at any point of the fluid is con-
stant ,then the flow is said to be steady or
streamline flow. A tangent at any point on the
streamline gives the direction of the velocity
of the fluid particle at that point.

(b) Laminar Flow:- If the liquid flows over a
horizontal surface in the form of layers of
different velocities, then the flow of liquid is
called laminar flow. The particles of one layer
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do not enter in to another layer. In general,
laminar flow is also called streamline flow.

(¢) Turbulent Flow :The flow of a liquid in
which the velocity of all the particles crossing
a given point is not same and the motion
of the fluid becomes random (disorder or
irregular),is known as turbulent flow

m%l@ww%&ﬁaﬁ

Critical velocity and Reynolds No :

Critical velocity : It is that velocity of liquid flow,
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upto which the flow of liquid is streamlined
and above which its flow becomes turbulent.
Critical velocity of a liquid V¢ flowing through
a tube is given by

Vc = Ry / pD Where p is the density of liquid
flowing through a tube of radius r and n the
coefficient of viscosity of liquid.

Reynold's number is a pure number which
determines the nature of flow of liquid through
a pipe.lt is defined as a dimensionless number
whose value gives one an approximate idea,
whether the flow rate would be turbulent or
stream line. This number, called the Reynolds
number R is defined as R = pViD/y where, p=
the density of the fluid flowing with a speed v;

D = the diameter of the tube; n = the
coefficient of viscosity of the fluid.

It is also defined by R = (lnertial Force per
unit area)/(Viscous force per unit area)

If the value of Reynold's number(i) Lies
between 0 to 2000, the flow of liquid is
streamline or laminar.(ii) Lies between 2000 to
3000, the flow of liquid is unstable changing
from streamline to turbulent flow. (iii) Above
3000, the flow of liquid is definitely turbulent.
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Terminal Velocity

It is the maximum constant velocity acquired
by the body while falling freely in a viscous
medium.
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Vi

Vi

r = radius of spherical body,
= density of body,

2(p —o)r’g / 9n
terminal velocity of body,

o
n = coefficient of viscosity.
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Surface tension is a force per unit length
(or surface energy per unit area) acting in
the plane of interface between the liquid and
the bounding surface. It is the extra energy

that the molecules at the interface have as
compared to the interior.
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Cohesive and Adhesive Forces

Cohesive forces are the forces of attraction
between molecules of a similar type.

For example, the forces of attraction between
molecules of water in a glass.

density of viscous medium,

Adhesive forces, on the other hand, are forces
of attraction between molecules of different

types.

For example, the force of attraction between
water molecules in a glass and the glass
molecules.
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The potential energy of molecules located in
the unit area of the surface is called surface
energy.

W = S= TAA, where AA =
“Surface tension of a liquid is numerically

equal to the surface energy per unit area of
the liquid surface.”
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Angle of contact

It is defined as the angle subtended between
the tangents drawn at the liquid surface and
the solid surface inside the liquid at the point
of contact.

increase in surface area

The angle of contact is determined by the
nature of the liquid, the solid with which it
comes into contact, and the medium that ex-
ists above the liquid's free surface.

The angle of contact increases as the tem-
perature of the liquid rises. When soluble
impurities are added to a liquid, the angle of
contact decreases.

Mercury

A} Acute angle {B) Obtuse angle
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{4) Arute angle [B) Obtuse angle
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Excess Pressure

Excess pressure in a liquid drop or bubble in
a liquid is P = 2T / R

Excess pressure in a soap bubble is P = 4T / R

Excess pressure AP = Pi - Pe, where Pj is the
internal pressure while Pe the external pressure.
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CAPILLARITY

A glass tube with very fine and uniform bore
throughout its length is called capillary tube
and “The phenomenon of rise or fall of liquid
in a capillary tube is called capillarity.

Example:- If the capillary tube is dipped in
water, the water wets the inner side of tube
and rises in it. If the capillary tube is dipped
in the mercury ,then the mercury is depressed

Some Practical Examples of Capillarity

1. The kerosene oil in a lantern and the
melted wax in a candle, rise in the capillaries
formed in the cotton wick and burns.

2. Coffee powder is easily soluble in wa-
ter because water immediately wets the fine
granules of coffee by the action of capillarity.

3. The water given to the fields rises in the
innumerable capillaries formed in the stems
of plants and trees and reaches the leaves.
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MULTIPLE CHOICE QUESTIONS:
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If a person studies about a fluid which is at
rest, what will you call his domain of study?
(a) Fluid Dynamics (b) Fluid Mechanics

(c) Fluid Statics (d) Fluid Kinematics
Iy F AfFd ga & O 3@ & IN 7
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Which of the following is the basic principle
of fluid mechanics?

(a) Momentum principle

(b) Energy equation

(c) Continuity equation

(d) All of the mentioned
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Define Viscosity.

(a) Resistance to flow of object

(b) Resistance to flow of air

(c) Resistance to flow of fluid

(d) Resistance to flow of heat
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What is the unit of coefficient of viscosity?
(a) kgsm= (b)kgms-

(c) Nms? (d) Nsm?

QITAAT AVMF HY FHIS FAT 82

(a) kgsm (b) kgms?2

(¢) Nms? (d) Nsm

What happens to the coefficient of viscosity
if the temperature increases?

(a) Increases

(b) Decreases

(c) Remains the same

(d) Independent of temperature
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What is the magnitude of the coefficient of
viscosity?

(a) Frictional force / Area

(b) Frictional force / (Area = velocity gradient)
(c) Frictional force * Area

(d) Frictional force * Area / velocity gradient
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Which among the following force is developed
due to resistance of a fluid flow?

(a) Viscous force (b) Inertial force

(c) Gravity force (d) Pressure force
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The viscous force the relative motion
between the adjacent layers of a fluid in
motion. Which of the following flowing fits
best in the sentence?

(a) never affects

(b) may effect under certain conditions

(c) facilitates

(d) opposes
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