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Qn No.
Scoring Indicator

il PART : A
Point of infersection of the line of action of buoyant force before and after
the heel is called Metacenter.

It is used for measuring small pressure difference between two points.
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3 Examples of minor losses are a.due to sudden enlargement losses b.due to
sudden contractionc. losses due to bend in pipe etc
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Flash point is the temperature at which a liquid gives off sufficient quantity to
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ignite momentarily or flash when flame is applied. 33

: 5 To filter , regulate and lubricate 5 1x2=2
10
I .1

eI s
=30

Newton'’s law of viscosity states that for a liquid shear stress is propotional to rate
of shear strain.
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do
T= B 4 1X6=6
Where, 7 = shear stress at a point.
%—‘i— = shear strain rate.
u = coefficient of viscosity.

Kinematic viscosity is defined as the ratio of absolute viscosity to the density of | 2 1.
fluid. '




I1.2

Initial Volume of baloon= 500cm™= 500%10"-6 m”
Initial pressure of balloon= 1 atm= 1.013x10"5 N/m*(absolute)
Depth to which balloon is immersed,H= 100m

Final pressure of balloon= pgH= 1000%9.81x100+P=
981000+101300N/m’

Bulk modulus of elasiticity,K = — §—5= 3.75%1079 N/m’
v

Change in pressure, dp = 981000+101300-101300= 981000 N/m2.

dV__dP_ 981000
v K 3.75x107

= VR 2B1000, . 500 % 107° = 1308 x 10e —7m3 =

K 375x10°
= 0.138 cm3

1X6=6

Length of notch, L= 2m
Head over notch= 400 mm=0.4m

Co-efficient of discharge Cd=0.6

3
Discharge of rectangular notch,Q= Cdxgxtx,f'z X gxHz m3/s

3
Q=0.6x:x2x/Z X 9.81x0.42 m3/s
Q=0.896m3/s = 896.45 1/s

1X6=6

1.4

When flow along a conduit is c]osed suddenly, a sudden rise of pressure is
observed in a conduit due to the momentum of water being destroyed. This causes
a wave of high pressure to be transmitted along the pipe which creates noise
known as knocking. This phenomenon of sudden rise in pressure in the pipe is
known as water hammer or hammer blow.the magnitude of pressure rise depends
upon

a. The speed at which valve is closed

b. The velocity of flow in the pipe.

¢. The length of pipe and

d. The elastic properties of material of the pipe.

1X6=6




To accomplish primary functions of hydraulic fluid, it should posses
Good lubricity
Medium viscosity
High chemical stability
High degree of incompressibility
Good heat transfer capacity
Low volatility
High oxidation stability
Demulsibility

Non-toxicity

A solenoid valve is basically an electro mechanically operated valve. It consists of
copper coil provided with a freely movable plunger in it. Valve actuated by
solenoids are called solenoid valves in a two way valve a solenoid is is directly
connected to the actuator and in others itis connected through the actuating
mechanism these valves are preferred when large forces is to be exerted to
control high pressure. Ina normally closed solenoid valve the plunger is lifted
when coil is energized.

Figure shows 2 way solenoid valve which is normally closed when electric supply
is given to the coil, the coil get magnetized and pulls up the plunger against the
spring force. Now the pots gets open and Allows fluid flow.

valve orifice opened




Hydropneumatic system have advantages of both hydr
systems. they are

1. Constant speed can be maintained with variable or constant load
2. Poses high speed than that of hydraulic system

3. |t does not require pump buta small reservoir is sufficient.

4. Low operating cost compared to traditional system

5. Control of cylinder stroke is easily attainable and precise

6. Requires simple maintenance

7. Overall cost is low to moderate.

aulic and pneumatic

absolute pres s called the absolute
pressure, and it is measured relative to absolute vacuum (i.e., absolute zero

pressure).

sure - The actual pressure ata given position i

gauge pressure - Gauge pressure is the pressure relative to the atmospheric
pressure. In other words, how much above or below is the pressure with respect
to the atmospheric pressure.

yacuum pressure - Pressures below atmospheric pressure are called vacuum
pressures and are measured by vacuum gages that indicate the difference

between the atmospheric pressure and the absolute pressure.

atmospheric pressure - The atmospheric pressure is the pressure that an area
experiences due to the force exerted by the atmosphere.

So the releation between gauge pressure, absolute pressure, atmospheric

pressure and vacuum pressure is :-
P(abs) = P(gauge) + P(atm)
P(vac) = P(atm) - P(abs)

Or P(vac)= -P(gauge)
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Density of fluid in pipe A.pa~ specific gravityxdensity of water=1600Kg/m3

Density of fluid in pipe B,pB= specific gravity=density of water=800 Kg/m3
pressure at A, Px = 120KN=120x10"N

pressure at B, Pg= 200KN=200x10’N

Equating pressure at 0-0,

PA+ PAXgX2-5+P1nXth1n: PB+pBXgX 1 -5+PB"8>‘ hm

solving, level difference,hm= 0.231m=23.1 cm

1, Density or Mass Density:
The mass density or Density of a fluid is defined as the ratio of a mass of fluid toits a

volume of the fluid.
Density is called a Mass per unit volume of a fluid. This is denoted by symbol p (rho) and

the unit of mass density is (kg/m3).
The density of liquid may be constant but the density of gases changes with the variation of

temperature and pressure.

2. Weight Density or Specific Weight:

Weight density or specific density of a fluid is defined as the ratio of the weight of fluid to
its volume of the fluid.

Weight density is called Weight per unit volume of a fluid. This is denoted by symbol ‘w' and
the unit of mass density is (N/m3).

w = (Weight of Fluid) / (Volume of fluid)

w=p*g

3, Specific Volume:

The specific volume of a fluid is defined as the ratio of the volume of fluid to the mass of
fluid.

The unit of Specific volume is m? /kg and This is commonly applied to Gases.

Specific Volume = (Volume of fluid) / (Mass of fluid)
Specific volume is the reciprocal of Mass Density
4, Specific Gravity:
This is defined as the ratio of the Density or weight density of a fluid to density or weight

density of a standard fluid.
We know the Standard fluid is water so for liquid the water is standard fluid and

For gases, the Standard fluid is taken as Alr,
The specific gravity is called Relative Density. This is dencted by the symbol

5’ and this is dimensionless because the upper unit and lower units get canceled.

s (liquid) = ( Weight Density of liquid)/(Weight Density of water)
S (Gases) = Weight Density of Gases / (Weight Density of Air)

Here liguid cannot be the same as water it can be some oil and other.

Density of liquid = S * Density of water = S * 1000 kg/m?>




A= % x‘3'-x.3-(§'m’ :

Depth of centre of plate from the free
water surface, e
y. = 1--{!3-!3]:' 2 m
Prmumfommth:phtn,F:wAyc
= 9810% 3 x2
¥ 58860 N

Bernoulli’s theorem states that” in a steady, continuous flow of frictionless
incompressible fluid, the sum of potential head , pressure head and kinetic head is
the same at all points™.

o/pg+v?/2g+z= constant

the limitations of the Bernoulli’s principle

1. The above equation has been derived by assuming that the velocity of every
element of the liquid across any cross-section of the pipe is uniform. Practically,it
is not true. The elements of the liquid in the innermost layer have the maximum
velocity. The velocity of the liquid decreases towards the walls of the pipe.
Therefore, we should take into account the mean velocity of the liquid.

2. While deriving Bernoulli's equation, the visous drag of the liquid has not been
taken into consideration. The viscous drag comes into play, when a liquid is in
motion.

3.Bernoulli's equation has been derived on the assumption that there appears no
loss of energy, when a liquid is in motion. In fact, some kinetic energy is
converted into heat energy and a part of it is lost due to shear force.

4. If the liquid is flowing along a curved path, the energy due to centrifugal force
should also be taken into consideration.




300mm=0.3 m
throat diameter,d2=1 50mm=0.15m

inlet diameter,d1=

Reading of differential manometer,x=200mm=0,2m

Coefficient of venturimeter,Cd= 0.95

Area of inlet of venturimeter= a|= Ed12= 0.0769m’
Area of throat of venturimeter= a= Ed22= 0.()1767’m2
Specific gravity of mercury,s= 13.6

Difference of pressure head,h= x(j———fn -1)

=72.52m of water

ala2

Vaiz-az2?

Discharge through venturimeter,Q= Cd

J2gh=0.1212m3/s= 121.2

I/s

Following are three hydraulic coefficients of orifice:

Coefficient of Contraction (Cc)

Coefficient of Velocity (CV)

Coefficient of discharge (Cd)

coefficient of contraction

Coefficient of contraction is defined as the ratio of the area of jet at Vena contracta to the area of
orifice (theoretical area). ITis denoted by Cc.

Mathemetically, Cc = Area of jetat Vena contracta/ area of orifice
Cc=Acl A

Ac = area of jet at vena-contracta

A = area of orifice

The value of Ccvaries with the available head of liquid and shape, size of orifice. In general for an
orifice Cc= 0.61 to .69

coefficient of Velocity

It is defined as the ratio of actual velocity of jet of fluid at vena-contracta to the theoretical velocity
of jet. The coefficient of velocity s denoted by Cv

The mathematical expression for Cv is given below

Cv = Actual velocity of jetatVena contractal theoretical velocity of jet
Cv =Va/¥(2gH)
Here Va is actual velodity and V(2gH) is theoretical velocity

g = Acceleration due to gravity
H = Head of liquid
The variation in fluid velocity is due © friction of orifice. For orifice Cv =0.95t0 0.99




Coefficient of discharge

Coefficient of discharge is defined as the ratio of actual discharge of fluid to the theoretical

discharge. It is denoted by cd.
Let Qa = Actual discharge

Qth = Theoretical discharge
Then

Cd =Qa/ Qth

For an orifice Cd = 061 to 065

Vi(b)

Given,

Diameter of the pipe,d= 250mm= 0.250m
Length of the pipe,l= 150m

Velocity of flow.V =3m/s

Co-efficient of friction,f= 0.05
Chezy’sconstam.,Cﬁ 55

Using darcy’s formulae,

o 4fIV? 4x%0.005%150x3% _ o
Head loss due to friction, hf= V- - = 5.504 m of water.
2gd  2x9.81x0.250

Hydraulic mean depth.m = d/4 =0.25/4=0.0625m
Loss of head per unit length.i= hi71=ht/ 150

Using Chezys formulae for velocity of flow,

V= Cymi= 55 / 0.0625 X %31n/s

hf=(3/55)'%150/0.0625= 7.14 m of water.

1%7=7
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Hydraulic System Components

The major components that make up a hydraulic system are the reservoir,
pump, valve(s) and actuator(s) (motor, cylinder, etc.).

Reservoir

The purpose of the hydraulic reservoir is to hold a volume of fluid, transfer heat
from the system, allow solid contaminants to settle and facilitate the release of
air and moisture from the fluid.

Pump

The hydraulic pump transmits mechanical energy into hydraulic energy. This is
done by the movement of fluid which is the transmission medium. There are
several types of hydraulic pumps including gear, vane and piston. All of these
pumps have different subtypes intended for specific applications such as a bent-
axis piston pump or a variable displacement vane pump. All hydraulic pumps
work on the same principle, which is to displace fluid volume against a resistant
load or pressure.

Valves

Hydraulic valves are used in a system to start, stop and direct fluid flow.
Hydraulic valves are made up of poppets or spools and can be actuated by
means of pneumatic, hydraulic, electrical, manual or mechanical means.

Actuators

Hydraulic actuators are the end result of Pascal’s law. This is where the hydraulic
energy is converted back to mechanical energy. This can be done through use of
a hydraulic cylinder which converts hydraulic energy into linear motion and
work, or a hydraulic motor which converts hydraulic energy into rotary motion
and work. As with hydraulic pumps, hydraulic cylinders and hydraulic motors
have several different subtypes, each intended for specific design applications

FIG-

EXP-

1x8=8
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Intensifier is a device used to increase intensity of pressure of liquid by means of
utilising the energy available from large amount of liquid at low pressure. figure
shows the constructional features of hydraulic intensifier. it consists of a fixed

Ram surrounded by a sliding cylinder which contains high pressure liquid which is
supplied to the machine through the fixed Ram. the sliding cylinder is encased by
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a fixed cylinder which contains low pressure liquid from the main supply. the low
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pressure liquid from the supply enters the fixed cylinder the water in the sliding

cylinder gets compressed d

ue to downward movement of the sliding cylinder and

its pressure is increased this high pressure water is forced out of the cylinder
through the fixed Ram to the machine.

VIl (b)
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Compressor : A device which converts mechanical energy in to pneumatic
energy is called compressor. Air compressors are either diesel or electrically
operated. Air is taken in at atmospheric pressure is compressed and delivered
at a higher pressure to the pneumatic system. Based on the requirement of
compressed air suitable capacity compressors may be used.

Electric Motor : It transforms electrical energy in to mechanical energy. It is
used to drive the compressor.

Air Receiver of Reservoir : The compressed air from the compressor is
stored in the air receiver. ‘
Pressure Switch : It is used to maintain the required pressure in the air;
receiver. It adjust the high pressure limit to low pressure limit in the receiver.
When the pressure is about to exceed the high pressure limit, the compressor is
automatically turned off by the pressure switch. 1t is also automatically turned
on when the pressure is about to fall below the low limit.

Check Valve : The check valve allows the flow in one direction and blocks
flow in a opposite direction. Once compressed air enters the receiver tank via
check valve, it is not allowed to go back even when the compressor is stopped.
Safety Valve : The function of safety valveis to release the extra pressure, if
the pressure inside the receiver exceeds the safe pressure limit.

Auto Drain @ Auto drain, drains all the water condensing in the tank.

Air Dryer : The water vapor of moisture in the air is separated from the air by
using dryer.

Pressure Gauge : Pressure gauge indicates the pressure inside the compressor
receiver.

Air Filter : Air filter is used to filter out the dust and contaminants from the
air.

Control Valves : Control valves are used to regulate, control and monitor for
control of direction flow pressure etc,

Air Actuator : Air cylinder and motors are used to obtain the required
movements of mechanical elements of pneumatic system.

Oil Drops

Intet e I Qutlet

3

| Check Valve
g

™~ Ol Mist

Sip.hnh'Tube

Glass Bowl——

et =t :

The function of a lubricating is to add a controlled amount of with air to ensure
proper lubrication of internal moving parts of pneumatic components.
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The compressed air from the dryer enters in the lubricator. this cause a pressure
drop between oil reservoir and the upper part of the lubricator. due to the low
pressure in the upper chamber the oil is push into the upper chamber from the
the oil reservoir through a siphon tube with check valve. The main function of
thevalve is to control the amount of oil passing through it. the oil drops inside the
throttled zone where the velocity of air is much higher and this velocity of air
brakes the oil drops into tiny particles and most of air air and oil is generated.
thus the oil carried with the compressed air into the system helps lubricate the

system components.

X(a)

Sl. Neo. Criterion | Hydraulic System Pneumatic System
A ﬁrOpea'aﬁng Varies from low to | Low (6 bar)
i pressure | very high pressure

o

iNecasity
i of pump/
| compre-
3. " | Weightto
| pressure
i ratio.
- System
Rigidity
 Speed
{ Cavitation
7. | Suitability

]

o

| Operating

(1400 bar)

Pump is necessary

Small

Good

Limited

Occurs

Resistant to fluctua-
ting loads. Suitable

for feed movement
in machine tools.

Compressor and
reservoir are necessary

Large

Poor

Very high

Nil

Non-resistant to
fluctuating loads. Un-
suitable for feed

movement in
machine tools.

8 Moderate Very low
icost
¢ 9 iOwerall Moderate Low
érnﬂ‘*

1x8=8
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X(b)

Air filters are used toto perform the following functions 1. To prevent entrance of

solid contaminants to the system2. to condense and remove the water vapour
present in air 3. to arrest any submicron particle

Main component of the filter issinteredcatridge made up of sintered brass or

bronze. Sintered catridge helps to provide random zigzag passage for the air to
flow which in turn arrests the solid particles.

Vapour gets condensed inside the filter and collects at the bottom of the filter bowl
which is mostly made up of glass or transparent plastic material.

7 Ix7=T
FIG-

EXP-
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