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HYDRAULICTURBINES

Turbines are defined as the hydraulic machines which converts hydraulic energy in to
mechanical energy. This mechanical energy is used in running an electric generator which is
directly coupled to the shaft of Turbine. Thus mechanical energy is converted in to electrical
energy. The electric power which is obtained from the hydraulic energy is known as the
Hydro-electric power.

EfficiencyofaTurbine: ThefollowingaretheimportantefficienciesofaTurbine.

a) Hydraulic Efficiency, i,

) Mechanical Efficiency,n,,
) VolumetricEfficiency, n,
) Overall Efficiency, i,

o O T

a) Hydraulic Efficiency (1 it is defined as the ratio of power given by the water to the
runner ofa turbine (runner is a rotating part ofa turbine and on the runner vanes are fixed) to
the power supplied by the water at the inlet of the turbine. The power at the inletof the turbine
is more and this power goes on decreasing as the water flows over the vanes of the turbine
due to hydraulic losses as the vanes are not smooth. Hence power delivered to the runner
oftheturbine will be less thanthe power available at the inlet ofthe turbine.
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W.P =powersuppliedatinletofturbine=

Where  W=weightofwater strikingthevanesoftheturbinepersecond=¢ g @
Q= Volumeofwater persecond
V.-.=Velocity of whirl at inlet.
V.-.= Velocityof whirl at outlet u
= Tangential velocityof vane
u,= Tangential velocityofvane at inlet ofradial vane.
=Tangentialvelocityofvaneatoutletofradialvane. H = Net
head on the Turbine.



Powersupplied attheinletoftheturbineinSIUnitsisknown asWaterPower.
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b) Mechanical Efficiency (), Jhe power delivered by the water to the runner ofa turbine is
transmitted to the shaft ofthe turbine. Due to mechanical losses, the power available at the
shaft of the turbine is less than the power delivered to the runner of the turbine. The ratio of
power available at the shaftof the turbine (Known as S.P or B.P) to the power delivered to the
runner is defined as Mechanical efficiency.

Power at the shaft of the turbine 5P

T — —_ —
Im Power delivered by the water to the runner R.P

¢) Volumetric Efficiency (#; The volume of the water striking the runner of the turbine is
slightly less than the volume of water supplied to the turbine. Some of thevolume of the water
is discharged to the tailrace without striking the runner of the turbine. Thus the ratio of the
volume ofthe water supplied tothe turbine is defined as Volumetric Efficiency.

n, = Volume of water actually striking the Runner
v =

Volume of water supplied to the Turbine

d) Overall Efficiency (1, It is defined as the ratio of power available at the shaft of the
turbine to the power supplied bythe water at the inlet ofthe turbine.

Power available at the shaft of the turbine  Shaft power

T = =
To Power supplied at the inlet of the turbine Water power
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Ifshaftpower(S.P)istakeninkW, ThenwaterpowershouldalsobetakeninkW.Shaft power is
represented by P.
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; __ Shaft Power in KW __ P
?U © Water Power in kW = SRgXOXH

WhereP=ShaftPower




CLASSIFICATIONOFHYDRAULICTURBINES:

The Hydraulic turbines are classified according to the type of energy available at the inlet of
the turbine, direction of flow through the vanes, head at the inlet of the turbine and specific
speed ofthe turbine. The following are the important classification ofthe turbines.
1. Accordingtothetypeofenergyatinlet:
(@) Impulseturbineand
(b) Reactionturbine
2. Accordingtothedirectionofflowthroughthe runner:
(a) Tangentialflowturbine
(b) Radialflow turbine.
(c) Axialflowturbine
(d) Mixedflowturbine.
3. Accordingtothehead atinletoftheturbine:
(a) Highhead turbine
(b) Mediumheadturbine and
(c) Lowheadturbines.
4. According tothespecificspeedoftheturbine:
(a) Lowspecificspeedturbine
(b) Mediumspecificspeed turbine
(c) Highspecificspeed turbine.

If at the inlet of turbine, the energy available is only Kinetic energy, the turbine is
known as Impulse turbine. As the water flows over the vanes, the pressure is atmospheric
from inlet to outlet of the turbine. If at the inlet of the turbine, the water possesses kinetic
energy as well as pressure energy, the turbine is known as Reaction turbine. As the water
flows through runner, the water is underpressureand the pressure energy goes on changing in
to kinetic energy. The runner is completely enclosed in an air-tight casing and the runner and
casing is completely full of water.

If the water flows along the tangent of runner, the turbine is known as Tangential flow
turbine. If the water flows in the radial direction through the runner, the turbine is called
Radial flow turbine. If the water flows from outward to inwards radially, the turbine is
known as Inward radial flow turbine, on the other hand, if the water flows radially from
inward to outwards, the turbine is known as outward radial flow turbine. If the water flows
throughthe runner along the direction parallel to the axis ofrotation ofthe runner, the turbine is
called axial flow turbine. If the water flows through the runner in the radial direction but
leaves inthe directionparalleltothe axis ofrotationofthe runner, theturbine is called mixed flow
turbine.



It is a tangential flow impulse turbine. The water strikes the bucket along the tangent
of the runner. The energy available at the inlet of the turbine is only kinetic energy. The
pressure at the inlet and out let of turbine is atmospheric. This turbine is used for high heads
and is named after L.A.Pelton an American engineer.

The water from the reservoir flows through the penstocks at the outlet of which a nozzle
is fitted. The nozzle increases the kinetic energy of the water flowing through the penstock.
At the outlet of the nozzle, the water comes out in the form of a jet and strikes the buckets
(vanes) ofthe runner. The main partsofthe Pelton turbine are:

1. Nozzleandflowregulatingarrangement (spear)
2. RunnerandBuckets.

3. Casingand

4. Breakingjet

1. Nozzle and flow regulating arrangement: The amount of water striking the buckets
(vanes) of the runner is controlled by providing a spear in the nozzle. The spear is a conical
needle which is operated either by hand wheel or automatically in an axialdirection depending
upon the size of the unit. When the spear is pushed forward in to the nozzle, the amount
ofwaterstriking the runner isreduced.Ontheother hand, ifthe spear ispushed back, the amount
of water striking the runner increases.

2. Runner with buckets: It consists ofa circular disc on the peripheryofwhich a number of
buckets evenlyspaced are fixed. The shape ofthe buckets is ofa double hemisphericalcup or
bowl. Each bucket is divided in to two symmetrical parts bya dividing wall, which is known



assplitter.

Thejetofwaterstrikesonthesplitter. Thesplitterdividesthejetintotwo
equal parts and the jet comes out at the outer edge of the bucket. The buckets are shaped in
such a waythat the jet gets deflected through an angle of160°or 170 °. The buckets are made
of cast Iron, cast steel, Bronze or stainless steel depending upon the head at the inlet of the
turbine.

3. Casing: The functionofcasing istoprevent thesplashingofthewater andto dischargethe water
to tailrace. It also acts as safeguard against accidents. It is made of Cast Iron or fabricated
steel plates. The casing of the Pelton wheel does not perform any hydraulic function.

4. Breaking jet: When the nozzle is completely closed by moving the spear in the forward
direction, the amount of water striking the runner reduces to zero.But the runner due to inertia
goes onrevolving for a long time. To stopthe runner ina short time, a small nozzle is
provided,whichdirectsthejetof wateron thebackof thevanes.Thisjetofwateriscalled

Casing

Runner

Bucket

Nozzle

Handwheel

Water Jet

Breakingjet.

VelocitytrianglesandworkdoneforPeltonwheel:

The jet of water from the nozzle strikes the bucketat the splitter, which splits up the jet
into two parts. These parts of the jet, glides over the inner surfaces and comes out at the outer
edge. The splitter is the in let tip and outer edge of the bucket is the outlet tip of the bucket.
The inlet velocitytriangle is drawn at the splitter and outer velocitytriangle is drawn at the
outer edge of the bucket.

Let (@)

je—lUp—n V, f—

H=Nethead actingonthePelton\Wheel

= HQ - }1.-;-
ANGLE OF
Where H_,=GrossHead ~._ DEFLECTION
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Where =diameter ofpenstock,




D
D=Diameterofwheel, d

= Diameter of Jet,
N= Speedofthe wheelinr.p.m

ThenV=Velocityofjetatinlet

= ‘-..."IE g H ) ) — DN

V., =V a=0° and 8§ = 0°

Fromthevelocitytriangle at outlet,wehave
V, =V, andV, =V, cos®—u;

Theforceexerted bythe Jetofwaterinthedirectionofmotionis

F, = paVy [V, + V.. ] @)

As the angle B is an acute angle, +ve sign should be taken. Also this is the case of
series of vanes, the mass of water striking is #a¥;  and not 2&V,.. In equation (1) ,,a“ is the
areaof the jet = 5 d°
Nowworkdonebythejetontherunnerpersecond

=F, xu= pal] [1{_._.1 + 1] XU Nm/fs

paly [L’._,-1+L’._,-2] MU

Powergiventotherunner bythe jet = 000 kW

Work done/s per unit weight ofwater striking/s
pal’y [L’._,-1+L’._|-2] RN

e
striking

[ ] Veight of water—_

Vy [V Vo] % 1 .

_ paVy .|1_I wg | U _ 1 [1’:.;1 4 1’:5.2] X U 7(3)
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Theenergysupplied tothejetatinletisintheformofkineticenergy

1 21 - r 2
K.E.ofjetper second = gmV" =2(pal}) XV

Work done per second

Hydraulic efficiency, Th = K.E.of jet per second

pavy [V'.l'i"'v'.l'z] mU

1-" R’
Shpaly Xy z

= 21V +Vipg [X1 (4)



- v, = (1 —u
And V. = V. cos®—u,

V. cos@—u
(Vi—u)cos@—u

Substitutingthevaluesof?... andV.._inequation(4)

1 . 2:1’1+':L’1—1.!:| cos O—u |xu _ 2:1’1—1.!+':V1—1.!:| cos @ ]xu
?."'t L,_Lz 1_:12
20V, —ul1+cos 0 Ju
= ~ @
1
Theefficiencywillbemaximumforagivenvalueofl;when
d d [2uV —uw1+cos 0]
— M) =0o0r — S =0
du " du Vi
Or kil ,:i (2uV, —2u?) = 0
d - l+cosg |
Or —[2ul, —2u"] =0 ( — ¥ 'U)
du 1_:1
or 2V, —4u =0 Or u== (6)

Equation (6) states that hydraulic efficiency of a Pelton wheel will be maximum when the
velocity of the wheel is half the velocity of the jet water at inlet. The expressionfor

maximumefficiencywill be obtained bysubstituting the value of * = 7" in equation(5)

Vi, V1 . )
2}{?'{1+ cos 0 *IT (1+cos0 )
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RADIALFLOWREACTIONTURBINE

Radial flow turbines are those tubines in which the water flows in the radial direction. The water
may flow radially from outwards to inwards (i.e., towards the axis of rotation) or from inwards to
outwards. If the water flows from outwards to inwards through the runner, the turbine is known as
inward radial flow turbine. And if the water flows from inwards to outwards, the turbine is known as
outward radial flow turbine.

Reaction turbine means that the water at the inlet of the turbine possesses Kinetic energy as well as
pressure energy. As the water flows through the runner, a part of pressure energy goes on changing
into kinetic energy. Thus the water through the runner is under pressure. The runner is completely
enclosed in an air-tight casing and casing and the runner 1s always full of water.

MAINPARTSOFREACTIONTURBINE

1. Casing, 2. Guide mechanism,
3. Runner, and 4. Draft-tube.



1. Casing. As mentioned above that in case of reaction turbine, casing and runner are always full of
water. The water from the penstocks enters the casing which is of spiral shape in which area of cross-
section of the casing goes on decreasing gradually. The casing completely surrounds the runner of the
turbine. The casing as shown in Fig. 18.10 is made of spiral shape, so that the water may enter the
runner at constant velocity throughout the circumference of the runner. The casing is made of concrete,
cast steel or plate steel.

2. Guide Mechanism. It consists of a stationary circular wheel all round the runner of the turbine.
The stationary guide vanes are fixed on the guide mechanism. The guide vanes allow the water to
strike the vanes fixed on the runner without shock at inlet. Also by a suitable arrangement, the width
between two adjacent vanes of guide mechanism can be altered so that the amount of water striking the
runner can be varied,

3. Runner. It is a circular wheel on which a series of radial curved vanes are fixed. The surface of
the vanes are made very smooth. The radial curved vanes are so shaped that the water enters and leaves
the runner without shock. The runners are made of cast steel, cast iron or stainless steel. They are
keyed to the shaft.

4. Draft-tube. The pressure at the exit of the runner of a reaction turbine is generally less than
atmospheric pressure. The water at exit cannot be directly discharged to the tail race. A tube or pipe of
gradually increasing area is used for discharging water from the exit of the turbine to the tail race. This
tube of increasing area is called draft tube.



INWARD RADIAL FLOW TURBINE

Fig. Inward radial flow turbine.
Inward Radial Flow Turbine. Fig. = shows inward radial flow turbine, in which
case the water from the casing enters the stationary guiding wheel. The guiding wheel consists of guide
vanes which direct the water to enter the runner which consists of moving vanes. The water flows over

the moving vanes in the inward radial direction and is discharged at the inner diameter of the runner.
The outer diameter of the runner is the inlet and the inner diameter is the outlet.



VELOCITYTRIANGLEOFINWARDRADIALFLOWTURBINE -
Outletvelocitytriangle

WhenBisacute angle
B<90

B>90

TANGENT AT B

Whenisobtuse
5 angle =90

Fig. © Series of radial curved vanes mounted on a whee




Let R, = Radius of wheel at inlet of the vane,
R, = Radius of the wheel at the outlet of the vane,
® = Angular speed of the wheel.
Then =R, and u,= R,
The velocity triangles at inlet and outlet are drawn as shown in Fig.
The mass of water striking per second for a series of vanes
= Mass of water coming out from nozzle per second
= paV,, where a = Area of jet and V| = Velocity of jet.
Momentum of water striking the vanes in the tangential direction per sec at inlet
= Mass of water per second X Component of V, in the tangential direction

=paV, x V, (~- Component of V| in tangential direction = V, cos o. = V, )

Similarly, momentum of water at outlet per sec

= paV, X Component of V, in the tangential direction

=paV, X (- V, cos B) = - paV, x V, (v Vycos =1V, )
—ve sign is taken as the velocity V, at outlet is in opposite direction.

Now, angular momentum per second at inlet
= Momentum at inlet X Radius at inlet

=paV, xV, XR,

Angular momentum per second at outlet
= Momentum of outlet X Radius at outlet
s paVI X sz X R2



Torque exerted by the water on the wheel,
T = Rate of change of angular momentum
= [Initial angular momentum per second — Final angular momentum per second]

=paV, XV, XR;-(-paV, xV, XRy) =paV, [V, XR, +V, R,]
Work done per second on the wheel
= Torque X Angular velocity =T X ®
= paV, [Vw' XR, + sz R,] X ® = paV, [le XR X+ V”.sz X ]
= paV, [le u, + szx U, | (" u,=OR, and u, = OR,)
If the angle P in Fig. 17.23 is an obtuse angle then work done per second will be given as
=paV [V, u, -V, u)]
The general expression for the work done per second on the wheel
= paV [V, u; £V, ity] e, 1 , &

If the discharge is radial at outlet, then 3 = 90° and work done becomes as
= paVl[leul] ............................................ 2 (o “Va=10) .

Wa



The work done per second on the runner by water is given by equation . © .
— paVl[VwI u t sz U]
=poLV, u £V, u,)] (v aV,=Q)
The equation also represents the energy transfer per second to the runner.
where V| = Velocity of whirl at inlet,

w

V., = Velocity of whirl at outlet,

u; = Tangential velocity of wheel at inlet

X
= %, where D, = Outer dia. of runner,
u, = Tangential velocity of wheel at outlet
= n—ng;—N, where D, = Inner dia. of runner, N = Speed of the turbine in .r.p.m.

-~

The work done per second per unit weight of water per second.

Work done per second

" Wei ght of water striking per second

_ pQ [Vw,ul + Vw2“2]
- PO X g

" é[leul £V, ] 1



The equation 1 represents the energy transfer per unit weight/s to the runner. This equation is
known by Euler’s equation of hydrodynamics machines. This is also known as fundamental equation
of hydrodynamic machines. This equation was given by Swiss scientist L. Euler.

In equation 3 -+ve sign is taken if angle B is an acute angle. If B is an obtuse angle then —ve
sign is taken. If B = 90°, then V, =0 and work done per second per unit weight of water striking/s
become as )

_ 1 ooy =~ sl 2
g 1
Hydraulic efficiency is obtained from equation (18.2) as
W
—J[V u £tV u
= RP lOOOg[ i £ Ty o] R ) I—
"~ W.P. WxH gH '

1000

where R.P.= Runner power i.e., power delivered by water to the runner
W_P. = Water nower

If the discharge is radial at outlet, then V, =0
i Vi, i
h ¢H




Detinitions. The following terms are generally used in case of reaction radial tlow
turbines which are defined as :
|
. . . V2gH
where u; = Tangential velocity of wheel at inlet.

(i) Flow Ratio. The ratio of the velocity of flow at inlet ( Vf| ) to the velocity given 4/2gH is known
as flow ratio or it is given as

(7) Speed Ratio. The speed ratio is defind as =

\
= ————, where H = Head on turbine

1/2gH

(7ii) Discharge of the Turbine. The discharge through a reaction radial flow turbine is given by
Q=nDB XV, =nD, X B, X V
where D, = Diameter of runner at inlet,
B, = Width of runner at inlet,
V; = Velocity of flow at inlet, and

D,, B,, V;, = Corresponding values at outlet.

If the thickness of vanes are taken into consideration, then the area through which flow takes place
is given by (D, —n X 1)
where n = Number of vanes on runner and ¢ = Thickness of each vane

The discharge Q, then is given by Q = (D, - n x 1) By XV



V2
(iv) The head (H) on the turbine is given by H = Pi g

pxXg 28

where p, = Pressure at inlet.

(v) Radial Discharge. This means the angle made by absolute velocity with the tangent on the
wheel is 90° and the component of the whirl velocity is zero. Radial discharge at outlet means 8 = 90°

and V, = 0, while radial discharge at outlet means o= 90° and V,, =0.
(vi) If there is no loss of energy when water flows through the vanes then we have

2
_i = l[VM u, + VW u2]°
2¢ g ’



Francisturbine

d Asnamesuggest,thisisatypeofreactionturbinewhichis

J

developedbyanAmericanengineer,Sir).B.Francis.

Francis turbine is basically an inward flow reaction turbine
with radial discharge at its outlet.

InmodernFrancisturbine,thewaterwillentertherunnerof the
turbine in the radial direction at outlet and will leave in the
axial direction at the inlet of the runner. Therefore, the
modern Francis turbine will be termed as mixed flow
turbine.
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Francisturbine




PARTSOFFRANCISTURBINE

Spiral casing: The spiral casing around the runner of the turbine
is known as the volute casing or scroll case. Throughout its
length, it has numerous openings at regular intervals to allow
the working fluid to impinge on the blades of the runner. These
openings convert the pressure energy of the fluid into kinetic
energy just before the fluid impinges on the blades. This
maintains a constant velocity despite the fact that numerous
openings have been provided for the fluid to enter the blades,
as the cross-sectional area of this casing decreases uniformly
along the circumference.

Guide and stay vanes: The primary function of the guide and
stay vanes is to convert the pressure energy of the fluid into
kinetic energy. It also serves to direct the flow at design angles
to the runner blades.



Runner blades: Runner blades are the heart of any turbine. These are the
centers where the fluid strikes and the tangential force ofthe impact causes
the shaft of the turbine to rotate, producing torque. Close attention to
design of blade angles at inlet and outlet is necessary, as these are major
parameters affecting power production.

Draft tube: Thedrafttubeisaconduitthatconnectstherunner exittothe tail
race where the water is discharged from the turbine. Itsprimary function
istoreduce thevelocityofdischargedwater tominimize thelossof kinetic
energy at the outlet.This permits the turbine to be set above the tail water
without appreciable drop of available head.



VELOCITYTRIANGLEANDWORKDONEOFFRANCIS
TURBINE

': Uq —i wa_’l

Velocity triangle of francis turbkine



The velocity triangle at inlet and outlet of the Francis turbine are drawn in the same way as in case
of inward flow reaction turbine. As in case of Francis turbine, the discharge is radial at outlet, the
velocity of whirl at outlet (i.e., V, ) will be zero. Hence the work done by water on the runner per
second will be '

= pQ[leul]

And work done per second per unit weight of water striking/s = l[leu,]
g

V., u

W |

gH

Hydraulic efficiency will be given by, 1, =

~r

Important Relations for Francis Turbines. The following are the important relations
for Francis Turbines :

1. The ratio of width of the wheel to its diameter is given as n = L . The value of n varies from 0.10
1

to .40.
2. The flow ratio is given as,
vV
Flow ratio = —2— and varies from 0.15 to 0.30.

~2gH

3. The speed ratio = —L

J2gH

varies from 0.6 to 0.9.



v ~

PROBLEM 1 A Francis turbine with an overall efficiency of 75% is required to produce
148.25 kW power. It is working under a head of 7.62 m. The peripheral velocity = 0.26 \J2gH and the

radial velocity of flow at inlet is 0.96~J28H . The wheel runs at 150 r.p.m. and the hydraulic losses in
the turbine are 22% of the available energy. Assuming radial discharge, determine :
(i) The guide blade angle, (ii) The wheel vane angle at inlet,
(iii) Diameter of the wheel at inlet, and (iv) Width of the wheel at inlet.

Solution. Given :

Overall efficiency N, =75% = 0.75
Power produced, S.P. = 148.25 kW
Head, H=7.62m
Peripheral velocity, u, =0.26 \2gH =0.26 x JZ X981x7.62 =3.179 m/s
Velocity of flow atinlet, V, =0.96 {2gH =0.96 X /2 X 9.81X7.62 = 11.738 m/s.
Speed, N =150 r.p.m.
Hydraulic losses = 22% of available energy
Discharge at outlet = Radial
sz = O and sz = Vz

Hydraulic efficiency is given as

_ Total head at inlet — Hydraulic loss H-22H 078H
Head at inlet - H

Nx =0.78




But Ny =——

_078xgxH
"
_0.78x9.81x7.62

3.179
(i) The guide blade angle, i.e., 0. From inlet velocity triangle,

Vi 11738 _
V. 1834

Wy

o = tan”' 0.64 = 32.619° or 32° 37" Ans.

= 18.34 m/s.

tan o0 =

(it) The wheel vane angle at inlet, i.e., 0

v
1 11.738 = 0.774

V, —u,  1834-3179

tan 6 =

w

0 =tan"' .774 = 37.74 or 37° 44.4’. Ans.



(iit) Diameter of wheel at inlet (D).

Using the relation, u = bl
60
;- 60 X u, _ 60 x3.179 — 0.4047 m. Ans.
TXN nt X 50
(iv) Width of the wheel at inlet (B,)
"= S.P. _ 148.25
“  W.P. W.P.
- W.P.:WH =p><g><QxH=1000x9.81xQ><7.62
1000 1000 1000
e 148.25 _ 148.25 x 1000
2 1000x981x 0 %762 1000 %9.81%Q X 7.62
1000
or 0= 148.25 x 1000 _ 148.25 x 1000 —2 644 ms
1000 x9.81x7.62x1m, 1000 x9.81x7.62 x0.75

Q=nD,xB xV,
2.644 =t x .4047 x B, x 11.738

2.644

B. =
' x.4047 x 11738

= 0.177 m. Ans.



OUTWARDFLOWREACTIONTURBINE

GUIDE WHEEL

Outward Radial Flow Reaction Turbine. Fig.. ~ shows outward radial flow reaction
turbine in which the water from casing enters the stationary guide wheel. The guide wheel consists of guide



vanes which direct water to enter the runner which is around the stationary guide wheel. The water
flows through the vanes of the runner in the outward radial direction and is discharged at the outer
diameter of the runner. The inner diameter of the runner is inlet and outer diameter is the outlet.

The velocity triangles at inlet and outlet will be drawn by the same procedure as adopted for inward
flow turbine. The work done by the water on the runner per second, the horse power developed and
hydraulic efficiency will be obtained from the velocity triangles. In this case as inlet of the runner is at
the inner diameter of the runner, the tangential velocity at inlet will be less than that of at outlet, i.e.,

Uy <uyas D, <D,.

RUNNER
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AXIALFLOWTURBINE

KAPLANTURBINE



If the water flows parallel to the axis of the rotation of the shaft, the turbine is known as axial flow
turbine. And if the head at the inlet of the turbine is the sum of pressure energy and kinetic energy and
during the flow of water through runner a part of pressure energy is converted into kinetic energy, the
turbine is known as reaction turbine.

For the axial flow reaction turbine, the shaft of the turbine is vertical. The lower end of the shaft is
made larger which is known as *hub’ or ‘boss’. The vanes are fixed on the hub and hence hub acts as a
runner for axial flow reaction turbine. The following are the important type of axial flow reaction
turbines :

1. Propeller Turbine, and 2. Kaplan Turbine. &

When the vanes are fixed to the hub and they are not adjust-
able, the turbine is known as propeller turbine. But if the vanes
on the hub are adjustable, the turbine is known as a Kaplan
Turbine, after the name of V Kaplan, an Austrian Engineer.
This turbine is suitable where a large quantity of water at low
head is available. Fig. @ shows the runner of a Kaplan
turbine, which consists of a hub fixed to the shaft. On the hub,
the adjustable vanes are fixed as shown in Fig.

Kaplan turbine runner.



MainpartsofKaplanturbine

1. Scroll casing,

2. Guide vanes mechanism,

3. Hub with vanes or runner of the turbine, and
4. Draft tube.

. T INLET OF RUNNER VANES
¥ i QUTLET OF VANE
TAIL RACE

RUNNER —
VANES

Main components of Kaplan turbine.



Fig. . shows all main parts of a Kaplan turbine. The water from penstock enters the scroll
casing and then moves to the guide vanes. From the guide vanes, the water turns through 90° and flows
axially through the runner as shown in Fig. The discharge through the runner is obtained as

0= %(Dﬁ - D)%V,

where D, = Outer diameter of the runner,

D, = Diameter of hub, and

V; = Velocity of flow at inlet.

Some Important Point for Propeller (Kaplan Turbine). The following are the
important points for propeller or Kaplan turbine :
1. The peripheral velocity at inlet and outlet are equal

o nD,N

U=, , where D, = Outer dia. of runner

2. Velocity of flow at inlet and outlet are equal
3. Area of flow at inlet = Area of flow at outlet

=£(

z D.-Dj).

0



VELOCITYTRIANGLEOFKAPLANTURBINE

The inlet and outlet velocity triangles are drawn at the extreme edge of the runner vane correspond-
ing to the points 1 and 2 as shown in Fig.




DRAFTTUBE

The draft-tube is a pipe of gradually increasing area which connects the outlet of the runner to the tail
race. It is used for discharging water from the exit of the turbine to the tail race. This pipe of gradually
increasing area is called a draft-tube. One end of the draft-tube is connected to the outlet of the runnner
while the other end is sub-merged below the level of water in the tail race. The draft-tube, in addition

to serve a passage for water discharge, has the following two purposes also :

1. It permits a negative head to be established at the outlet of the runner and thereby increase the net
head on the turbine. The turbine may be placed above the tail race without any loss of net head and
hence turbine may be inspected properly.

2. It converts a large proportion of the kinetic energy (V22/2g) rejected at the outlet of the turbine

into useful pressure energy. Without the draft tube, the kinetic energy rejected at the outlet of the
turbine will go waste to the tail race.

Hence by using draft-tube, the net head on the turbine increases. The turbine develops more power
and also the efficiency of the turbine increases.

If a reaction turbine is not fitted with a draft-tube, the pressure at the outlet of the runner will be
equal to atmospheric pressure. The water from the outlet of the runner will discharge freely into the tail
race. The net head on the turbine will be less than that of a reaction turbine fitted with a draft-tube.

rd ~ N\



TYPESOFDRAFTTUBE

1. Conical draft-tubes, 2. Simple elbow tubes,
3. Moody spreading tubes, and 4. Elbow draft-tubes with circular inlet and rectangular outlet.

(b) SIMPLE ELBOW (¢) MOODY SPREADING

. TUBE JUBE
" -
(d) DRAFT-TUBE WITH CIRCULAR

INLET AND RECTANGULAR OUTLET
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The hydraulic machines which convert the mechanical energy into hydraulic energy are called
pumps. The hydraulic energy is in the form of pressure energy. If the mechanical energy is converted

into pressure energy by means of centrifugal force acting on the fluid, the hydraulic machine is called
centrifugal pump.

The centrifugal pump acts as a reverse of an inward radial flow reaction turbine. This means that the
flow in centrifugal pumps is in the radial outward directions. The centrifugal pump works on the
principle of forced vortex flow which means that when a certain mass of liquid is rotated by an
external torque, the rise in pressure head of the rotating liquid takes place. The rise in pressure head at
any point of the rotating liquid is proportional to the square of tangential velocity of the liquid at that

Vo ol
point |i.e., rise in pressure head = > or 2r ) Thus at the outlet of the impeller, where radius is
8 8
more, the rise in pressure head will be more and the liquid will be discharged at the outlet with a high
pressure head. Due to this high pressure head, the liquid can be lifted to a high level.




MAINPARTSOFCENTRIFUGALPUMP

The following are the main parts of a centrifugal pump :

1. Impeller.

2. Casing.

3. Suction pipe with a foot valve and a strainer.

4. Delivery pipe.

All the main parts of the centrifugal pump are shown in Fig.

1. Impeller. The rotating part of a centrifugal pump is called ‘impeller’. It consists of a series of
backward curved vanes. The impeller is mounted on a shaft which is connected to the shaft of an electric

motor.

2. Casing. The casing of a centrifugal pump is similar to the casing of a reaction turbine. It is an air-
tight passage surrounding the impeller and is designed in such a way that the kinetic energy of the water
discharged at the outlet of the impeller is converted into pressure energy before the water leaves the
casing and enters the delivery pipe. The following three types of the casings are commonly adopted :



GUIDE VANES

VORTEX
CHAMBER B i o

IMPELLER. " ha To=—== IMPELLER

(a) VORTEX CASING (b) CASING WITH GUIDE BLADES



(b) Vortex Casing. If a circular chamber is introduced between the casing and the impeller as
shown in Fig. (a), the casing is known as Vortex Casing. By introducing the circular chamber,
the loss of energy due to the formation of eddies is reduced to a considerable extent. Thus the
efficiency of the pump is more than the efficiency when only volute casing is provided.

(¢) Casing with Guide Blades. This casing is shown in Fig. (b) in which the impeller is
surrounded by a series of guide blades mounted on a ring which is known as diffuser. The guide
vanes are designed in such a way that the water from the impeller enters the guide vanes without stock.

Also the area of the guide vanes increases, thus reducing the velocity of flow through guide vanes and
consequently increasing the pressure of water. The water from the guide vanes then passes through the
surrounding casing which is in most of the cases concentric with the impeller as shown in Fig. (b).
3. Suction Pipe with a Foot valve and a Strainer. A pipe whose one end is connected to the inlet
of the pump and other end dips into water in a sump is known as suction pipe. A foot valve which is a
non-return valve or one-way type of valve is fitted at the lower end of the suction pipe. The foot valve
opens only in the upward direction. A strainer is also fitted at the lower end of the suction pipe.

4. Delivery Pipe. A pipe whose one end is connected to the outlet of the pump and other end
delivers the water at a required height is known as delivery pipe.



WORKDONEANDVELOCITYTRIANGLECENTRIFUGALPUMP

TANGENT TO
IMPELLER AT
OUTLET

TANGENT TO




In case of the centrifugal pump, work 1s done by
the impeller on the water. The expression for the
work done by the impeller on the water is obtained by
drawing velocity triangles at inlet and outlet of the
impeller in the same way as for a turbine. The water
enters the impeller radially at inlet for best efficiency
of the pump, which means the absolute velocity of
water at inlet makes an angle of 90° with the direction
of motion of the impeller at inlet. Hence angle o = 90°
and VH.I = (. For drawing the velocity triangles, the
same notations are used as that for turbines. .



Let N = Speed of the impeller in r.p.m.,
D, = Diameter of impeller at inlet,
u, = Tangential velocity of impeller at inlet,

_ nDN
60
D, = Diameter of impeller at outlet,
u, = Tangential velocity of impeller at outlet

_ ®D,N
60

V, = Absolute velocity of water at inlet,

V,, = Relative velocity of water at inlet,
o. = Angle made by absolute velocity (V) at inlet with the direction of motion of vane,

0 = Angle made by relative velocity (V,) atinlet with the direction of motion of vane, and Vs,




As the water enters the impeller radially which means the absolute velocity of water at inlet is in the
radial direction and hence angle o = 90° and V,, = 0.

A centrifugal pump is the reverse of a radially inward flow reaction turbine. But in case of a radially
inward flow reaction turbine, the work done by the water on the runner per second per unit weight
of the water striking per second is given by equation (18.19) as

1
= ;[V"lul _— V”2u2]

Work done by the impeller on the water per second per unit weight of water striking per
second

= — [Work done in case of turbine]

- [é(vwl =V, U )] ) é[vwzuz - V”'lu']
1

==V, 1 (= V,, =0 here)
8

Work done by impeller on water per second

= K.szuz

where W = Weight of water=p X g X Q
where Q = Volume of water

and Q = Area X Velocity of flow = 7D B, XV,
= nD,B, X sz



where B, and B, are width of impeller at inlet and outlet and V; and V; are velocities of flow at inlet
and outlet.

DEFINITIONS OF HEADS AND EFFICIENCIES OF A CENTRIFUGAL PUMP

1. Suction Head (h). It is the vertical height of the centre line of the centrifugal pump above the

water surface in the tank or pump from which water is to be lifted as shown in Fig. =~ This height
is also called suction lift and is denoted by ‘A, .

2. Delivery Head (h,). The vertical distance between the centre line of the pump and the water
surface in the tank to which water is delivered is known as delivery head. This is denoted by ‘A’ .

3. Static Head (H,). The sum of suction head and delivery head is known as static head. This is
represented by *H_ and is written as

HS = hS + hd’



u

4. Manometric Head (H,)). The manometric head is defined as the head against which a centrifugai
pump has to work. It is denoted by ‘H,’. It is given by the following expressions :

(a) H,, = Head imparted by the impeller to the water — Loss of head in the pump
VN") u2 .
= —— — Loss of head in impeller and casing
8
V.. u,
= —=— __if loss of pump is zero
8
(b) H,, = Total head at outlet of the pump — Total head at the inlet of the pump

2 2
= [Q+V—O+ZOJ—(ﬂ+VL+Z,]
pg 28 pg 28

where Lo _ Pressure head at outlet of the pump = A,
pg
2
2—" = Velocity head at outlet of the pump
8
V2
= Velocity head in delivery pipe = 2—"
8
Z, = Vertical height of the outlet of the pump from datum line, and
. PR
ﬂ, 2# , Z;= Corresponding values of pressure head, velocity head and datum head at the inlet of
Pg <&

the pump,
2

ie., h,—— and Z_respectively.
28



2
() H, =hs+ hy+ h; + he + 28
where h, = Suction head, h, = Delivery head,
h, = Frictional head loss in suction pipe, hf = Frictional head loss in delivery pipe, and
Vd = Velocity of water in dellvery plpe



EFFICIENCYOFCENTRIFUGALPUMP

(a) Manometric Efficiency ( 1,,,,)- The ratio of the manometric head to the head imparted by the
impeller to the water is known as manometric efficiency. Mathematically, it is written as

Manometric head

Niman= ead imparted by impeller to water

The power at the impeller of the pump is more than the power given to the water at outlet of the
pump. The ratio of the power given to water at outlet of the pump to the power available at the
impeller, is known as manometric efficiency.

The power given to water at outlet of the pump = 1008 KW
The power at the impeller  Work done by impeller per second , o,
1000
— E x VW? X u2
8 1000
WX H,
1000 _ gXH, .

T‘man = =3
X
W VY, Xt v, xu,

o 1000



(b) Mechanical Efficiency (1,,). The power at the shaft of the centrifugal pump is more than the
power available at the impeller of the pump. The ratio of the power available at the impeller to the
power at the shaft of the centrifugal pump is known as mechanical efficiency. It is written as

Power at the impeller
Power at the shaft

m

Work done by impeller per second

The power at the impeller in kW =

1000
w_V.,u,
" g 1000
w(V, u,
?( 1000 ]

n=""gp.



(¢) Overall Efficiency (n,). It is defined as ratio of power output of the pump to the power input to
the pump. The power output of the pump in kW

_ Weight of water lifted X H, ~ WH

m

1000 1000
Power input to the pump = Power supplied by the electric motor
= S.P. of the pump.
( WH , J
_ 1000
°"  S.P.

Also No = Niman X Mie



MULTISTAGE CENTRIFUGAL PUMPS

If a centrifugal pump consists of two or more impellers, the pump is called a multistage centrifugal
pump. The impellers may be mounted on the same shaft or on different shafts. A multistage pump is
having the following two important functions :

1. To produce a high head, and 2. To discharge a large quantity of liquid.

If a high head is to be developed, the impellers are connected in series (or on the same shaft) while
for discharging large quantity of liquid, the impellers (or pumps) are connected in parallel.



Multistage Centrifugal Pumps for High Heads.
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Let n = Number of identical impellers mounted on the same shaft,
H, = Head developed by each impeller.
Then total head developed
=nXH,
The discharge passing through each impeller is same



Multistage Centrifugal Pumps for High Discharge.
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Fig. Pumps in parallel.
Let n = Number of identical pumps arranged in parallel.

Q = Discharge from one pump.
Total discharge =nxQ



PRIMING OF A CENTRIFUGAL PUMP

Priming of a centrifugal pump is defined as the operation in which the suction pipe, casing of the
pump and a portion of the delivery pipe upto the delivery valve is completely filled up from outside
source with the liquid to be raised by the pump before starting the pump. Thus the air from these parts
of the pump is removed and these parts are filled with the liquid to be pumped.

The work done by the impeller per unit weight of liquid per sec is known as the head generated by

1
the pump. Equation gives the head generated by the pump as = z V., u, metre. This equation is

independent of the density of the liquid. This means that when pump is running in air, the head
generated is in terms of metre of air. If the pump is primed with water, the head generated is same
metre of water. But as the density of air is very low, the generated head of air in terms of equivalent
metre of water head is negligible and hence the water may not be sucked from the pump. To avoid this
difficulty, priming is necessary.



CAVITATION

Cavitation is defined as the phenomenon of formation of vapour bubbles of a flowing liquid in a
region where the pressure of the liquid falls below its vapour pressure and the sudden collapsing of
these vapour bubbles in a region of higher pressure. When the vapour bubbles collapse, a very high
pressure is created. The metallic surfaces, above which these vapour bubbles collapse, is subjected to
these high pressures, which cause pitting action on the surface. Thus cavities are formed on the metallic
surface and also considerable noise and vibrations are produced.

Cavitation includes formation of vapour bubbles of the flowing liquid and collapsing of the vapour
bubbles. Formation of vapour bubbles of the flowing liquid take place only whenever the pressure in
any region falls below vapour pressure. When the pressure of the flowing liquid is less than its vapour
pressure, the liquid starts boiling and vapour bubbles are formed. These vapour bubbles are carried
along with the flowing liquid to higher pressure zones where these vapours condense and bubbles
collapse. Due to sudden collapsing of the bubbles on the metallic surface, high pressure is produced
and metallic surfaces are subjected to high local stresses. Thus the surfaces are damaged.



Precaution Against Cavitation.

(i) The pressure of the flowing liquid in any part of the hydraulic system should not be allowed to
fall below its vapour pressure. If the flowing liquid is water, then the absolute pressure head should not
be below 2.5 m of water.

(ii) The special materials or coatings such as aluminium-bronze and stainless steel, which are
cavitation resistant materials, should be used.

Effects of Cavitation.

(i) The metallic surfaces are damaged and cavities are formed on the surfaces.
(if) Due to sudden collapse of vapour bubble, considerable noise and vibrations are produced.
(ii1) The efficiency of a turbine decreases due to cavitation. Due to pitting action, the surface of the
turbine blades becomes rough and the force exerted by water on the turbine blades decreases. Hence,
the work done by water or output horse power becomes less and thus efficiency decreases.



Hydraulic Machines Subjected to Cavitation.

Cavitation in Turbines. In turbines, only reaction turbines are subjected to cavita-
tion. In reaction turbines the cavitation may occur at the outlet of the runner or at the inlet of the draft-
tube where the pressure is considerably reduced (i.e., which may be below the vapour pressure of the
liquid flowing through the turbine). Due to cavitation, the metal of the runner vanes and draft-tube is
gradually eaten away, which results in lowering the efficiency of the turbine. Hence, the cavitation in
a reaction turbine can be noted by a sudden drop in efficiency. In order to determine whether cavitation
will occur in any portion of a reaction turbine, the critical value of Thoma’s cavitation factor
(o, sigma) is calculated.

Thoma’s Cavitation Factor for Reaction Turbines. Prof. D. Thoma suggested a
dimensionless number, called after his name Thoma’s cavitation factor ¢ (sigma), which can be used
for determining the region where cavitation takes place in reaction turbines. The mathematical
expression for the Thoma’s cavitation factor is given by

_ H, - H, _ (Harm ~ Hr)_ H
- H H
where  H, = Barometric pressure head in m of water,
H,,, = Atmospheric pressure head in m of water,
H, = Vapour pressure head in m of water,
H_ = Suction pressure at the outlet of reaction turbine in m of water or height of turbine
runner above the tail water surface,

H = Net head on the turbine in m.

(o} w(19.23)




Cavitation in Centrifugal Pumps.

Cavitation in Centrifugal Pumps. In centrifugal pumps the cavitation may occur at
the inlet of the impeller of the pump, or at the suction side of the pumps, where the pressure is consid-
erably reduced. Hence if the pressure at the suction side of the pump drops below the vapour pressure
of the liquid then the cavitation may occur. The cavitation in a pump can be noted by a sudden drop in
efficiency and head. In order to determine whether cavitation will occur in any portion of the suction
side of the pump, the critical value of Thoma’s cavitation factor (o) is calculated.

Thoma’s Cavitation Factor for Centrifugal Pumps. The mathematical expression for
Thoma’s cavitation factor for centrifugal pump is given by

G = (Hb)" Hg = hyg - (Ha!m - HV) —Hs —hys
H H
where H_, = Atmospheric pressure head in m of water or absolute pressure head at the liquid surface
in pump,
H,, = Vapour pressure head in m of water,
H ¢ = Suction pressure head in m of water,
h;¢ = Head lost due to friction in suction pipe, and
H = Head developed by the pump.
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INTRODUCTION

In the last chapter, we have defined the pumps as the hydraulic machines which convert the me-
chanical energy into hydraulic energy which is mainly in the form of pressure energy. If the mechanical
energy is converted into hydraulic energy, by means of centrifugal force acting on the liquid, the pump
is known as centrifugal pump. But if the mechanical energy is converted into hydraulic energy (or
pressure energy) by sucking the liquid into a cylinder in which a piston is reciprocating (moving
backwards and forwards), which exerts the thrust on the liquid and increases its hydraulic energy
(pressure energy), the pump is known as reciprocating pump.



MAINPARTSOFRECIPROCATIMGPUMP

1. A cylinder with a piston, piston rod, connecting rod and a crank,

2. Suction pipe, 3. Delivery pipe,
4. Suction valve, and 5. Delivery valve.
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WORKINGOFSINGLEACTINGRECIPROCATINGPUMP

Fig. ! shows a single acting reciprocating pump, which consists of a piston which moves
forwards and backwards in a close fitting cylinder. The movement of the piston is obtained by
connecting the piston rod to crank by means of a connecting rod. The crank is rotated by means of an
electric motor. Suction and delivery pipes with suction valve and delivery valve are connected to the
cylinder. The suction and delivery valves are one way valves or non-return valves, which allow the
water to flow in one direction only. Suction valve allows water from suction pipe to the cylinder which
delivery valve allows water from cylinder to delivery pipe only.

When crank starts rotating, the piston moves to and fro in the cylinder. When crank is at A., the
piston is at the extreme left position in the cylinder. As the crank is rotating from A to C, (i.e., from
0 = 0° to B = 180°), the piston is moving towards right in the cylinder. The movement of the piston
towards right creates a partial vacuum in the cylinder. But on the surface of the liquid in the sump
atmospheric pressure is acting, which is more than the pressure inside the cylinder. Thus, the liquid is
forced in the suction pipe from the sump. This liquid opens the suction valve and enters the cylinder.

When crank is rotating from C to A (i.e., from 6 = 180° to 8 = 360°), the piston from its extreme right
position starts moving towards left in the cylinder. The movement of the piston towards left increases the
pressure of the liquid inside the cylinder more than atmospheric pressure. Hence suction valve closes and
delivery valve opens. The liquid is forced into the delivery pipe and is raised to a required height.



Discharge Through a Reciprocating Pump. Consider a single* acting reciprocating
pump as shown in Fig. .
Let D = Diameter of the cylinder
A = Cross-sectional area of the piston or cylinder

4
r = Radius of crank

N = r.p.m. of the crank

L = Length of the stroke =2 X r

—EDZ

h, = Height of the axis of the cylinder from water surface in sump.

h, = Height of delivery outlet above the cylinder axis (also called delivery head)
Volume of water delivered in one revolution or discharge of water in one revolution
= Area X Length of stroke = A X L

Number of revolution per second, = g—

Discharge of the pump per second,
Q = Discharge in one revolution X No. of revolution per second

=AXLX 4 — ALN
60 60
Weight of water delivered per second,
W=pxgxQ= pgALN.

60



Work done by Reciprocating Pump. Work done by the reciprocating pump per
second is given by the reaction as
Work done per second = Weight of water lifted per second X Total height through which water is lifted

=Wx(h + h,) ()
where (h, + h,) = Total height through which water is lifted.
From equation Weight, W, is given by
W = pg X ALN ;
60
Substituting the value of W in equation (i), we get
Work done per second = w x (h, +h,)

Power required to drive the pump, in kW

Work done per second _ pg X ALN X (h; + hy)
1000 60 x 1000

P=

pg X ALN X (h, + hy) W
60,000
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Discharge, Work done and Power Required to Drive a Double-acting Pump.

In case of double-acting pump, the water is acting
on both sides of the piston as shown in Fig.
Thus, we require two suction pipes and two
delivery pipes for double-acting pump. When
there is a suction stroke on one side of the piston,
there is at the same time a delivery stroke on the
other side of the piston. Thus for one complete
revolution of the crank there are two delivery
strokes and water is delivered to the pipes by the
pump during these two delivery strokes.

Let D = Diameter of the piston,
d = Diameter of the piston rod
Area on one side of the piston,
A=L p?

4

Area on the other side of the piston, where piston rod is connected to the piston,



Volume of water delivered in one revolution of crank
= A X Length of stroke + A; X Length of stroke

=AL+AL=(A+A)L= [EDZ +=(D? —dz)]xL
4 "4

Discharge of pump per second
= Volume of water delivered in one revolution X No. of revolution
per second
T T
= [—1)2 +—(D? —dz)] xLxY
4 4 60

If ‘d’ the diameter of the piston rod is very small as compared to the diameter of the piston, then it
can be neglected and discharge of pump per second,

LXN 5
0=Zp?+Ep?|x = gl XN o 2AN
4 4 60 -+ 60 60
« - ., - . -~ -
Equation - gives the discharge of a double-acting reciprocating pump. This discharge is two

times the discharge of a single-acting pump.



Work done by double-acting reciprocating pump
Work done per second = Weight of water delivered X Total height

= pg X Discharge per second X Total height

_ pgx ALY
£

Power required to drive the double-acting pump in kW,

X (hy+ hy) = 2pg X a1

X (hy + hy)

Work done per second ALN (kg +hy)
— = ng X X
1000 60 1000
_ 2pg X ALN X (h + hy)

60,000




SLIPOfReciprocatingPump

Slip of a pump is defined as the difference between the theoretical discharge and actual discharge of

the pump. The discharge of a single-acting pump given by equation (20.1) and of a double-acting
pump given by equation (20.5) are theoretical discharge. The actual discharge of a pump is less than
the theoretical discharge due to leakage. The difference of the theoretical discharge and actual

discharge is known as slip of the pump. Hence, mathematically.

Slip = Q!h i Qacl
But slip is mostly expressed as percentage slip which is given by,

Percentage slip = Qi = Cacr 100 = [l - %j x 100
th ch

O ]
=(1-C,) x 100 ==,
1) ( ch ’

where C, = Co-efficient of discharge.

Negative Slip of the Reciprocating Pump. Slip is equal to the difference of
theoretical discharge and actual discharge. If actual discharge is more than the theoretical discharge,

the slip of the pump will become —ve. In that case, the slip of the pump is known as negative slip.
Negative slip occurs when delivery pipe is short, suction pipe is long and pump is running at high

speed.






DifferencebetweenCentrifugalpumpandReciprocatingpump

Centrifugal pumpis a rotodynamic pump that uses kinetic energy to transfer
fluid from low pressure to high pressure whilethe reciprocating pumpusesa
piston(suctionanddischargestroke)totransferfluid.Centrifugalpumpisthe most
popular pump as compared to thereciprocating pump. There are many
Differences between the Centrifugal pump and the reciprocating pump.

1. Centrifugalpumpisarotarypumpusesthekineticenergyofimpellertotransfer liquid.
Areciprocatingpumpisapositivedisplacementtypepumpwhichisforcedthroughthe piston.
2. Centrifugalpumpprovidesasteadyflow(continuousdischarge).

The reciprocating pump provides pulsating flow.

3. Centrifugal pump uses uniform torque.

Reciprocatingpumptorqueisnotuniform.

4. Centrifugalpumpdischargeisinverselyproportionaltotheviscosityofworkingfluid. In
Reciprocating pump viscosity of working fluid does not affect the pump discharge

rate.


https://mechanicallyinfo.com/centrifugal-pump-working-principle/
https://mechanicallyinfo.com/reciprocating-pump-working/
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» Pneumatic technology deals with the study of behaviour and applications of compressed air
in our daily life in general and manufacturing automation in particular. Pneumatic systems
use air as the medium which is abundantly available and can be exhausted into the
atmosphere after completion of the assigned task.

» Apneumaticsystemisasystemthatusescompressedairtotransmitandcontrolenergy.

» Pneumaticsystemsareusedincontrollingtraindoors,automaticproductionlines,
mechanical clamps, etc (Fig. 1).

)--J- -‘
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(a) Automobile production lines (b)Pneumaticsystemofanautomaticmachine

Fig. 1 Common pneumatic systems used in the industrial sector



1. BasicComponentsofPneumaticSystem
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Fig2:.BasicComponentsofPneumaticSystem



a) Airfilters:Theseareusedtofilteroutthecontaminantsfromtheair.

b) Compressor:Compressedairisgeneratedby usingaircompressors.Aircompressorsare
eitherdieselorelectrically operated.Basedontherequirementofcompressedair,suitable
capacity compressors may be used.

c) Aircooler:Duringcompressionoperation,airtemperatureincreases.Thereforecoolers are
used to reduce the temperature of the compressed air.

d) Dryer:Thewatervapourormoistureintheairisseparatedfromtheairbyusingadryer.

e) ControlValves:Controlvalvesareusedtoregulate,controlandmonitorforcontrolof
direction flow, pressure etc.

f) AirActuator:Aircylindersandmotorsareusedtoobtaintherequiredmovementsof
mechanical elements of pneumatic system.

g) ElectricMotor: Transformselectrical energy into mechanical energy. Itisusedto drive the
compressor.

h) Receivertank:Thecompressedaircomingfromthecompressorisstoredintheair

receiver.



2. Receivertank

Safety relief
valve

Storage tank

Pressure  Thermometer

guage /

Fig3.Receivertank
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The air is compressed slowly in the compressor. But since the pneumatic
system needs continuous supply of air, this compressed air has to be stored.
The compressed air is stored in an air receiver as shown in Figure 3. It also
helps the air to cool and condense the moisture present. The air receiver
should be large enough to hold all the air delivered by the compressor. The
pressure in the receiver is held higher than the system operating pressure to
compensate pressure loss in the pipes. Also the large surface area of the
receiver helps in dissipating the heat from the compressed air. Generally the
size of receiver depends on,

e Deliveryvolumeofcompressor.

e Airconsumption.

e Pipelinenetwork

e Typeandnatureofon-offregulation

e Permissiblepressuredifferenceinthepipelines



Mainpneumaticcomponents

Pneumaticcomponentscanbedividedintotwocategories:
1. Componentsthatproduceandtransportcompressedair.

2. Componentsthatconsumecompressedair.
1. Theproductionandtransportationofcompressedair

Examplesofcomponentsthatproduceandtransportcompressedairinclude
compressors and pressure regulating components.

(a)Compressor

It isa mechanical device which converts mechanical energy into fluid energy. The
compressorincreasestheairpressurebyreducingitsvolumewhichalsoincreases the
temperature of the compressed air. The compressor is selected based on the

pressure it needs to operate and the delivery volume.
Thecompressorcanbeclassifiedintotwomaintypes

a. Positivedisplacementcompressors and Positive displacement compressors include

b. Dynamicdisplacementcompressor pistontype,vanetype,diaphragmtypeand
screw type.
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Figd(a)Compressorusedin schools (b)Compressorusedin (c)Pneumaticsymbolof
laboratories compressor



Pistoncompressors

Connecting
rod

FigSpistoncompressor

Piston compressors are commonly used in pneumatic systems. The simplest form is
single cylinder compressor (Fig.5).ltproduces one pulse of air per pistonstroke.As the
piston moves down during the inlet stroke the inlet valve opens and air is drawn into
the cylinder. As the pistonmoves upthe inlet valve closes andthe exhaust valve opens
which allows the air to be expelled. The valves are spring loaded. The single cylinder
compressorgivessignificantamountofpressurepulsesattheoutletport.The pressure
developed is about 3-40 bar.



Doubleacting compressor

Inlet valves

Cross slide Piston

k— ’ =y Outlet

Outlet valves

Figédoubleactingpistoncompressor

The pulsation of air can be reduced by using double acting compressor as shown in
Figure 6 It has two sets of valves and a crosshead. As the piston moves, the air is
compressed on one side whilst on the other side of the piston, the air is sucked in.
Due to the reciprocating action of the piston, the air is compressed and delivered
twice in one piston stroke. Pressure higher than 30bar can be produced.



Multistagecompressor

Qutlet valves

Inlet

Second stage
(High pressure)

First stage
(Low pressure)

Connecting rods
(Driven by same motor)
Fig7multistagecompreressor

As the pressure of the air increases, its temperature rises. It is essential to reduce the air
temperature to avoid damage of compressor and other mechanical elements. The
multistage compressor with intercooler in-between is shown in Figure 7. It is used to
reduce the temperature of compressed air during the compression stages. The inter-
cooling reduces the volume of air which used to increase due to heat. Thecompressed air
from the first stage enters the intercooler where it is cooled. This air is given as input to
the second stage where it is compressed again. The multistage compressor can develop a
pressure of around 50bar.



Rotaryvanecompressors
Casing _am

Inlet - | Outlet

Rotor | Vanes

Fig8vanecompressor

The principle of operation of vane compressor is similar to the hydraulic vane pump.
Figure 8 shows the working principle of Rotary vane compressor. The unbalanced
vane compressor consists of spring loaded vanes seating in the slots of the rotor. The
pumping action occurs due to movement of the vanes along a cam ring. The rotor is
eccentric to the cam ring. As the rotor rotates, the vanes follow the inner surface of
the cam ring. The space between the vanes decreases near the outlet due to the
eccentricity. This causes compression of the air. These compressors are free from
pulsation. If the eccentricity is zero no flow takes place



Lobecompressor

QOutlet

<

Housing

Inlet

Fig9lobecompressor

The lobe compressor is used when high delivery volume but low pressure is needed.
It consists of two lobes with one being driven and the other driving. Figure 9 shows
the constructionand working of Lobe compressor. It is similar tothe Lobe pumpused
inhydraulicsystems.Theoperating pressureislimitedbyleakagebetweenrotorsand
housing.As the wear increases during the operation, theefficiency falls rapidly.



5. Dynamiccompressors

«—eCasing

Impeller

Inlet s— i ﬂ

FiglOlobecompressor Blowe r(Ce ntrifugaltype)

When very large volume of compressed air is required in applications such as ventilators,
combustion system and pneumatic powder blower conveyors, the dynamic compressor can
be used. The pressure needed is very low in such applications. Figure 10. shows a typical
Centrifugal type blower. The impeller rotates at a high speed. Large volume of low pressure
air can be provided by blowers. The blowers draw the air in and the impeller flings it out due
to centrifugal force.
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1. Airtreatmentstages

For satisfactory operationof the pneumaticsystem the compressedair needs tobe
cleanedanddried.Atmosphericairiscontaminated withdust,smokeandishumid.
These particles can cause wear of the system components and presence of
moisture may cause corrosion. Hence it is essential to treat the air to get rid of
these impurities. The air treatment can be divided into three stages as shown in
Figure .11

Secondary air

Primary air treatment treatment
Compressor Main line Receiver tank Load
filter
- Y
Air in Vent
ﬁ —— ——
Inlet filter Cooler Dryer \ / Air service

unit

Figure.11



> In the first stage, the large sized particles are prevented from entering the
compressor by an intake filter. The air leaving the compressor may be
humid and may be at high temperature.

> The air from the compressor is treated in the second stage. In this stage
temperature of the compressed air is lowered using a cooler and the air is
dried using a dryer. Also an inline filter is provided to remove any
contaminant particles present. This treatment is called primary air
treatment.

» In the third stage which is the secondary air treatment process, further
filtering is carried out. A lubricator introduces a fine mist of oil into the
compressed air. This will help in lubrication of the moving components of
the system to which the compressed air will be applied.



Filters

To prevent any damage to the compressor, the contaminants present in the air
need to be filtered out. This is done by using inlet filters. These can be dry or
wet filters. Dry filters use disposable cartridges. In the wet filter, the incoming
air is passed through an oil bath and then through a fine wire mesh filter. Dirt
particles cling to the oil drops during bubbling and are removed by wire mesh
as they pass through it. In the dry filter the cartridges are replaced during
servicing. The wet filters are cleaned using detergent solution.

Cooler

As the air is compressed, the temperature of the air increases. Therefore the air
needs to be cooled. This is done by using a cooler. It is a type of heat exchanger.
There are two types of coolers commonly employed viz. air cooled and water
cooled. In the air cooled type, ambient air is used to cool the high temperature
compressed air, whereas in the water cooled type, water is used as cooling
medium. These are counter flow type coolers where the cooling medium flows in
the direction opposite to the compressed air. During cooling, the water vapour
present will condense which can be drained away later.



2. Mainlinefilter

Thesefiltersareusedtoremovethewatervaporsorsolidcontaminantspresent in
the pneumatic systems main lines. These filters are discussed in detail as
follows.

Airfilterandwatertrap

Airfilterandwatertrapisusedto
¢ preventanysolidcontaminantsfromenteringinthesystem.
e condenseandremovewatervaporthatispresentinthecompressedair.
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Figl2Airfilterandwatertrap



The filter cartridge is made of sintered brass. The schematic of
the filter is shown in Fig. 12 . The thickness of sintered cartridge
provides randomzigzagpassage for the air to flow-inwhich helps
in arresting the solid particles. The air entering the filter swirls
around due to the deflector cone. The centrifugal action causes
the large contaminants and water vapour to be flung out, which
hit the glass bowl and get collected at the bottom. A baffle plate
is provided to prevent the turbulent air from splashing the water
intothefilter cartridge.At thebottomofthefilter bowl thereisa
drain plug which can be opened manually to drain off the settled
water and solid particles.



Refrigerateddryers
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Figl3refrigerateddryer



It consists of two heat exchangers, refrigerant compressor and a
separator. The system circuitry is shown in Figure 12. The dryer
chills the air just above0 °C which condenses the water vapour.

The condensate is collected by the separator. However such low
temperature air may not be needed at the application. Therefore
this chilled air is used to cool the high temperature air coming out
from the compressor at heat exchanger 2.

The moderate temperature dry air coming out from the heat
exchanger 2 is then used for actual application; whilst the reduced
temperature air from compressor will further be cooled at heat
exchanger 1. Thus, the efficiency of the system is increased by
employing a second heat exchanger.



3.Lubricators

Oil drops
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Figldlubricator



The compressed air is first filtered and then passed through a lubricator in order to
form a mist of oiland air to provide lubricationto the mating components.
Figurel4showstheschematicofatypicallubricator.

The principle of working of venturimeter is followed inthe operation of lubricator. The
compressed air from the dryer enters in the lubricator. Its velocity increases due to a
pressure differential between the upper and lower changer (oil reservoir). Due to the
low pressure in the upper chamber the oil is pushed into the upper chamber from the
oil reservoir through a siphon tube with check valve.

Themainfunction ofthe valveis tocontroltheamountofoilpassingthroughit.Theoil drops
inside the throttled zone where the velocity of air is much higher and this high velocity
air breaks the oil drops into tiny particles.

Thus a mist of air and oil is generated. The pressure differential across chambers is
adjustedbyaneedle valve.lt is difficulttohold anoilmixedairintheair receiverasoil may
settle down. Thus air is lubricated during secondary air treatment process. Low
viscosity oil forms better mist than high viscosity oil and hence ensures that oil is
always present in the air.



4. Pressurereqgulation

Lubricator
Pressure =

regulating | ,
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(b) Pneumaticsymbolsofthepneumatic
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Pressureregulation

Inpneumaticsystems,duringhighvelocitycompressedairflow, thereis
flow-dependent pressure drop between the receiver and load
(application). Therefore the pressure in the receiver is always kept
higher than the system pressure. At the application site, the pressure is
regulated to keep it constant. There are three ways to control the local
pressure, these are shown in Figure

% Load Vent

&
X
Pressure
’ regulator
From air
receiver
Vent

Control ; L_l___l

valve | _-__ _| Pressure
transducer

Controller



> In the first method, load X vents the air into atmosphere continuously. The
pressure regulator restricts the air flow to the load, thus controlling the air
pressure. In this type of pressure regulation, some minimum flow is
required to operate the regulator. If the load is a dead end type which
draws no air, the pressure in the receiver will rise to themanifold pressure.
These type of regulators are calledas ‘non-relieving regulators’, since the air
must pass through the load.

» o |n the second type, load Y is a dead end load. However theregulator vents
the air intoatmosphere to reducethepressure.This type ofregulator is called
as ‘relieving regulator’.

> eoThethirdtypeofregulator has avery largeload Z.Thereforeitsrequirementofair
volume isveryhighandcan’t befulfilled byusingasimpleregulator.Insuchcases,a
control loop comprising of pressure transducer, controller and vent valve is used.
Due to large load the system pressure mayrise above its critical value. It is detected
by a transducer. Then the signalwillbe processed by the controller which willdirect
the valve to be opened to vent out the air. This technique can be also be used when
it is difficult to mount the pressure regulating valve close to the point where
pressure regulation is needed.



5. Reliefvalve
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Reliefvalveisthesimplesttypeofpressure
regulating device. The schematic of its
construction and working is shown in the
Figure

It is used as a backup device if the main
pressure control fails. It consists of ball
type valve held on to the valve seat by a
springintension.Thespringtensioncanbe
adjusted by using the adjusting cap.

When the air pressure exceeds the spring
tension pressure the ball is displaced from
its seat,thus releasing the air andreducing
the pressure.

A relief is specified by its span of pressure
between the cracking and full flow,
pressure range and flow rate. Once the
valve opens (cracking pressure), flow rate
depends on the excess pressure. Once the
pressure falls below the cracking pressure,
the valve seals itself.



6. Non-relievingpressureregulator

adjustingscrew  » N @ non-relieving pressure regulator the
outlet pressure is sensed by a diaphragm
which is preloaded by a pressure setting

spring.
fresa > If outlet pressure is too low, the spring
B
spring forces the diaphragm and poppet to move

down thus opening the valve to admit
more air and raise outlet pressure.

If the outlet pressure is too high the air
pressure forces the diaphragm up hence
reduces the air flow and causing a
reduction in air pressure.

» The air vents away through the load. At
steady state condition the valve will
balance the force on the diaphragm from
the outlet pressure with the present force
on the spring

Inlet




7. Serviceunits

During the preparation of compressed air, various processes such as filtration,
regulation and lubrication are carried out by individual components. The
individualcomponentsare: separator/filter, pressure regulator and lubricator.

Preparatory functions can be combined into one unit which is calledas ‘service

unit’. Figure symbolic representation of various processes involved in air
preparation and the service unit.
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. Pressure
Separator regulator Lubricator

Fig.(a)Serviceunitcomponents (b)Serviceunitsymbol



PneumaticSystems

Actuators



Theconsumptionofcompressedair

Examplesofcomponentsthatconsumecompressedairincludeexecution components
(cylinders), directional control valves and assistant valves.

(a) Executioncomponent

Actuators

Actuators are output devices which convert energy from pressurized
hydraulicoilorcompressedairintotherequiredtypeofactionor motion.In
general, hydraulic or pneumatic systems are used for gripping and/or

moving operations in industry. These operations are carried out by using
actuators.

Actuatorscanbeclassifiedintothreetypes.
1. Linearactuators:Thesedevicesconvert hydraulic/pneumaticenergyinto
linear motion.

2. Rotaryactuators:Thesedevicesconverthydraulic/pneumaticenergyinto rotary
motion.



3. Actuators tooperate flow controlvalves:these are used to controlthe flow and
pressure of fluids such as gases, steam or liquid.

The construction of hydraulic and pneumatic linear actuators is similar. However
they differ at their operating pressure ranges. Typical pressure of hydraulic
cylinders is about 100 bar and of pneumatic system is around 10bar.

A AN
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(a) Single acting cylinder (b)Pneumaticsymbolofa

single acting cylinder




Singleactingcylinder
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These cylinders produce work in one direction of motion hence they are
named as single acting cylinders. Figure shows the construction of a single
acting cylinder. The compressed air pushes the piston located in the
cylindrical barrel causing the desired motion. The return stroke takes place
by the action of a spring. Generally the spring is provided on the rod side of
the cylinder.



2. Doubleacting cylinder

(b) Pneumaticsymbolofa
double acting cylinder

a) Doubleactingcylinder
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» The main parts of a hydraulic double acting cylinder are: piston, piston rod,
cylinder tube, and end caps.

» These are shown in Figure The piston rod is connected to piston head and the
other end extends out of the cylinder.

» The piston divides the cylinder into two chambers namely the rod end side and
piston end side. The seals prevent the leakage of oil between these two
chambers. The cylindrical tube is fitted with end caps. The pressurized oil, air
enters the cylinder chamber through the ports provided. In the rod end cover
plate, a wiper seal is provided to prevent the leakage of oil and entry of the
contaminants into the cylinder.

» The combination of wiper seal, bearing and sealing ring is called as cartridge
assembly. The end caps may be attached to the tube by threaded connection,
welded connection or tie rod connection. The piston seal prevents metal to

metalcontactand wearofpistonhead andthetube.Thesesealsarereplaceable. End
cushioning is also provided toprevent the impact with end caps.



(b) Directionalcontrolvalve

Directional control valves ensure the flow of air between air ports by opening,
closing and switching their internal connections.

Their classification is determined by the number of ports, the number of
switching positions, the normal position of the valve and its method of
operation.

Common types of directional control valves include 2/2, 3/2, 5/2, etc. The first
number represents the number of ports; the second number represents the
number of positions.

A directional control valve that has five ports and two positions can be
represented by the drawing in Fig. 8, as well as its own unique pneumatic
symbol. 5/2

N

The number of ports ~ The number of positions

Fig.8Describinga5/2directional controlvalve



(i) 2/2Directionalcontrolvalve

The 2/2 way valves has two ports and two position (open ,closed).The structure
ofa2/2directionalcontrolvalve isverysimple.ltusesthethrustfromthespring to
open and close the valve, stopping compressed air from flowing towards
workingtube‘A’fromairinlet’P’.Whenaforceisappliedtothecontrolaxis,the valve
will be pushed open, connecting ‘P’ with ‘A’ (Fig.). The force applied to the
control axis has to overcome both air pressure and the repulsive force of the
spring.Thecontrolvalvecanbedrivenmanuallyormechanically,andrestoredto  its

original position by thesp - q

i
A Working T

/ Tube T

(c) Pneumaticsymbolofa

// 2/2 directional control
[f‘ valve

(a) 2/2directionalcontrolvalve P Inlet
(b) Crosssection






(ii) 3/2Directionalcontrolvalve

A 3/2 directional control valve can be used to control a single acting cylinder (Fig.
10). The open valves in the middle will close until ‘P” and ‘A’ are connected
together. Then another valve will open the sealed base between ‘A’ and ‘R’
(exhaust). The valves can be driven manually, mechanically, electrically or
pneumatically. 3/2 directional control valves can further be divided into two
classes: Normally open type (N.O.) and normally closed type (N.C.) (Fig. 11).

| <— A Working
tube

<—P Inlet

Fig.10(a)3/2directionalcontrolvalve(b)Crosssection
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Fig.11Pneumaticsymbols






(iii) 5/2Directionalcontrolvalve

work passages

i i
. foh NS
- : \l l/
St == I I i
R2 P R1
air exhaust inlet air exhaust
(a) 5/2directionalcontrolvalve b)Crosssection (c)Pneumaticsymbol

Whenapressure pulseisinput into thepressurecontrolport‘P’,thespoolwillmoveto the
left, connecting inlet ‘P’ and work passage ‘B’. Work passage ‘A’ will then make a
release of air through ‘R1’ and ‘R2’. The directional valves will remain inthis operational
position until signals of the contrary are received. Therefore, this type of directional
control valves is said to have the function of ‘memory’.






(c) Controlvalve

Acontrolvalveisavalvethatcontrolstheflowofair.Examplesincludenon- return
valves, flow control valves, shuttle valves, etc.

(i) Non-returnvalve

Anon-returnvalveallowsairtoflow inonedirectiononly.Whenairflowsinthe
opposite direction, the valve will close. Another name for non-return valve is
poppet valve (Fig. 13).

Fig.13(a)Non-returnvalve(b)Crosssection(c)Pneumaticsymbol



(ii) Flowcontrolvalve

Aflowcontrolvalveisformedbyanon-returnvalveandavariablethrottle(Fig.14).

LTI

Fig.14(a)Flowcontrolvalve(b)Crosssection(c)Pneumaticsymbol



(iii) Shuttlevalve

Shuttlevalvesarealso knownasdoublecontrolor singlecontrolnon-returnvalves. A
shuttle valve has two air inlets ‘P1” and ‘P2’ and one air outlet ‘A’. When
compressed air enters through ‘P1’, the sphere will seal and block the other inlet
‘P2’. Air can then flow from ‘P1’ to ‘A’. When the contrary happens, the sphere will
block inlet ‘P1’, allowing air to flow from ‘P2’ to ‘A’ only.

Fig.15(a)Shuttlevalve(b)Crosssection(c)Pneumaticsymbol
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Pressure regulators

A pressure regulator symbol represents a normal state with
the spring holding the regulator valve open to connect the
supply to the outlet.

The dotted line represents the feedback, this opposes the
spring and can vary the flow through the valve from full
flow, through shut off, to exhaust. The symbol is usually
drawn in only this one state. The flow path can be imagined
to hinge at the right hand end to first shut off the supply
then connect to the exhaust.

Adjustable Regulator T
simplified

- . = (N
Adjustable Regulator with "
pressure gauge simplified —+




Filter Regulator Lubricator

¢ FRL Combined unit

e FRL Simplified symbol —|® |




Pressure relief valves

A pressure relief valve symbol represents a normal state
with the spring holding the valve closed.

The dotted line represents feed-forward, this opposes the
spring and can be imagined to lift the flow path. When the
pressure reaches an excess value the flow path will line up
with the ports and flow air to relief.

=
Adjustable relief valve A
simplified -

W

Preset relief valve 1l
simplified e d
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Double acting

Double acting adjustable
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Simplified cylinder symbols

Single acting load returns
Single acting spring
returns

Double acting non
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Double acting adjustable
cushions
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Valve symbol structure

The operator for a particular state is illustrated
against that state

Operated state Normal state
]

produced by produced by
pushing a button ( im a spring




Valve symbol structure

A 5/2 valve symbol is constructed in a similar
way. A picture of the valve flow paths for each of
the two states is shown by the two boxes. The 5
ports are normally an inlet, 2 outlets and 2

AN 4




Valve symbol structure

* The boxes can be joined at either end but the

operator must be drawn against the state that it

produces. The boxes can also be flipped
e A variety of symbol patterns are possible
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Valve functions

Basic valves before Examples, push button operated
operators are added with spring return

Mormal position

X
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Function 3/2 - /T Hr L #r

V.



Valve functions

Basic valves before
operators are added

Function 212

Function 3/2
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with spring return
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Valves 5/3

All valves types shown in the normal position

Type 1. All ports sealed

Type 2. Qutlets to exhaust

Type 3. Supply to outiets
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Valves 5/3

All valves types shown in the first operated position

o |
Type 1. All ports sealed m;\ 1 #Ti r )frru"."
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Valves 5/3

All valves types shown in the second operated position
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Manual

General manual

Push button

Pull button

Push/pull button
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Valve Symbols, Flow Paths and Ports

2 position, 2 -

way, 2 ported

2 position, 3 [ \‘
way, 3 ported - |-

2 position, 4 V
way, 4 ported /\

Actuator Symbols

Manual |
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3 position, 4
way. 4 ported,
Center Closed

2 position, 4
way, 5 ported

3 position, 4
way, 5 ported
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Simple Pneumatic Valves

Check Valve

Flow Control, 1
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Lines
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Miscellaneous
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4Principlesofpneumaticcontrol

(a)Pneumaticcircuit

Pneumatic control systems can be designed in the form of pneumatic circuits. A
pneumaticcircuitisformedbyvariouspneumaticcomponents,suchascylinders,
directional control valves, flow control valves, etc. Pneumatic circuits have the
following functions:

1. Tocontroltheinjectionandreleaseofcompressedairinthecylinders.

2. Touseonevalvetocontrolanothervalve.

(b)Pneumaticcircuitdiagram

Apneumaticcircuitdiagramusespneumaticsymbolstodescribeitsdesign. Some
basic rules must be followed when drawing pneumatic diagrams



(i) Basicrules

1. Apneumaticcircuitdiagramrepresentsthecircuitinstaticformandassumesthereis no
supply of pressure. The placement of the pneumatic components on the circuit also
follows this assumption.

2. Thepneumaticsymbolofadirectionalcontrolvalveisformedbyoneormoresquares.
Theinletandexhaustaredrawnunderneaththesquare,whiletheoutletisdrawnonthe top.
Each function of the valve (the position of the valve) shall be represented by a square. If
there are two or more functions, the squares should be arranged horizontally (Fig. 16).

T LI

®

Air lnpul—/ ¥I:’xhausl

Inlet and Exhaust o

Figl73/2directionalcontrolvalve
(normally closed type)



3. Arrows "J, K" are used to indicate the flow direction of air current. If the external
portisnotconnectedto theinternalparts,thesymbol“+ "isused.Thesymbol“(”
underneaththesquarerepresentstheairinput,whilethesymbol“V ”“representsthe
exhaust. Fig. 17 shows an example of a typical pneumatic valve.

Thepneumatic symbolsofoperational componentsshould bedrawnontheoutsideof
thesquares.They canbedividedintotwoclasses: mechanical and manual(Fig.18and 19).

— I— X—

(a) Vertical piston lever  (b) Pulley lever (c)Unilateralpulleylever

Fig. 18 Mechanically operated pneumatic components

= (

(a) Standard (b) Lever (c) Button (d)Pull&push

Fig. 19 Manually operated pneumatic components



5. Pneumaticoperationsignalpressurelinesshouldbedrawnononesideofthesquares, while
triangles are used to represent the direction of air flow (Fig. 20).

Fig.20Pneumaticoperationsignalpressureline



(ii) Basicprinciples

Fig.21showssomeofthebasicprinciplesofdrawingpneumaticcircuitdiagrams,the numbers in
the diagram correspond to the following points:

Y
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1. Whenthemanualswitchisnotoperated,thespringwillrestorethevalveto its
original
position.

2. Fromthepositionofthespring,onecandeducethattheblockisoperating. The
other block will not operate until the switch is pushed.

3. Air pressure exists alongthisline because it isconnected to the source of
compressed air.

4. Asthis cylinder cavityand piston rod are under the influence of pressure, the
piston rod is in its restored position.

5. Therearcylindercavityandthislineareconnectedtotheexhaust,whereair is
release



(iii) Thesettingofcircuitdiagrams

Whendrawingacompletecircuit diagram,oneshouldplacethepneumaticcomponents on different
levels and positions, so the relations between the components can be expressed clearly. This is
called the setting of circuit diagrams.

A circuit diagram is usually divided into three levels:
powerlevel,logiclevelandsignalinputlevel(Fig.22).

Power level /\\ /\\ /\\
VV V]
—

—— e — —

Logic level (Functions: memory,
AND Gate, OR Gate, Delay, etc)

B e el e el i e S il

Signal input level
(Air supply unit) T T|T W @ZT -|T N\/\/\

Fig.22Powerlevel,logiclevelandsignalinputlevel




Thebasicrulesofcircuitdiagramsettingareasfollows:

[+

AW

OV

In a pneumatic circuit. the flow of energy 1s from the
bottom to the top. Therefore. the air supply unit
should be put at the bottom left comer.

A AN A

¢

A

©

The work cycle should be drawn from left to night.
The first operating cylinder should be placed at the
upper left comer.




v}
EANG
oV

Power control valves should be drawn directly under
the cylinder controlled by them. forming a power unit.
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Control cylinders and operational valves (signal
components) driven by power control valves should
be placed at the lower levels of the diagram.




Al\l\/l
VVV]

ok
AN EAN
OV OV

Assistance valves, such as those with logic functions
(for example. memory, "AND’. "OR’. ‘NOT". delay.
etc), can be put between the pneumatic components
and the power control valves.
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Use the line which represents the connecting pipe to
connect all the air supply unit and the pneumatic
components to complete the pneumatic circuit.
Check carefully the circuit and the logic of the
operation before use to avoid any accident.




Pneumatic circuit to operate single acting cylinder :

Single acting
cylinder

Push button operated,
spring offset 3-way,
2-position D.C. valve

Air from
J1] FRL unit cCOmpressor
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HydraulicSystems

Introduction




The hydraulic system works on the principle of Pascal’s law which says that the pressure in
an enclosed fluidis uniforminall thedirections.ThePascal’slawis illustratedin figure The
force given by fluid is given by the multiplication of pressure andareaofcrosssection. As the
pressure is same in all the direction, the smaller piston feels a smaller force and a large

piston feels a large force. Therefore, a large force can be generated with smallerforce input
by using hydraulic systems.

HydraulicSystems

The hydraulic systems consists a number of parts for its proper functioning.
These include storage tank, filter, hydraulic pump, pressure regulator, control
valve, hydraulic cylinder, piston and leak proof fluid flow pipelines. The
schematic of a simple hydraulic system is shown in figure 5.1.2



Fluid Tank

Cylinder

Itconsistsof:

e amovablepistonconnectedtotheoutputshaftinanenclosedcylinder
e storagetank

o filter

¢ electricpoump

¢ pressureregulator

¢ controlvalve

¢ leakproofclosedlooppiping.



The output shaft transfers the motion or force however all other parts help to
control the system. The storage/fluid tank is a reservoir for the liquid used as a
transmission media. The liquid used is generally high density incompressibleoil.
Itisfilteredtoremovedustoranyotherunwantedparticlesandthenpumpedby the
hydraulic pump. The capacity of pump depends on the hydraulic system design.
These pumps generally deliver constant volume in each revolution of the pump
shaft. Therefore, the fluid pressure can increase indefinitely at the dead end of
the piston until the system fails. The pressure regulator is used to avoid such
circumstances which redirect the excess fluid back to the storage tank. The
movement of piston is controlled by changing liquid flow from port A and port B.
The cylinder movement is controlled by using control valve whichdirects the fluid
flow. The fluid pressure line is connected to the port B to raise the piston and it is
connected to port A to lower down the piston. The valve can also stop the fluid
flow in any of the port. The leak proof piping is also important due to safety,
environmental hazards and economical aspects. Some accessories such as flow
control system, travel limit control, electric motor starter and overload
protection may also be used in the hydraulic systems which are not shown in
figure 5.1.2.



Applicationsofhydraulicsystems
The hydraulic systems are mainly used for precise control of larger forces.
Themainapplicationsofhydraulicsystemcanbeclassifiedinfivecategories:

1 Industrial: Plastic processing machineries, steel making and primary metal
extraction applications, automated production lines, machine tool industries, paper
industries, loaders, crushes, textile machineries, R & D equipment and robotic
systems etc.

2.Mobile hydraulics: Tractors, irrigation system, earthmoving equipment, material
handling equipment, commercial vehicles, tunnel boring equipment, rail equipment,
building and construction machineries and drilling rigs etc.

3.Automobiles: It is used in the systems like breaks, shock absorbers, steering
system, wind shield, lift and cleaning etc.

4.Marine applications: It mostly covers ocean going vessels, fishing boats and navel
equipment.

5.Aerospace equipment: There are equipment and systems used for rudder control,
landing gear,breaks,flightcontrolandtransmissionetc.whichare usedin airplanes,
rockets and spaceships.



AdvantagesandDisadvantagesofHydraulicsystem

Advantages

» eThehydraulicsystemusesincompressiblefluidwhichresultsinhigherefficiency.

» eltdeliversconsistentpoweroutputwhichisdifficultinpneumaticormechanical drive
systems.

» eHydraulicsystemsemployhighdensityincompressiblefluid.Possibilityofleakage
islessinhydraulic systemascomparedtothatinpneumaticsystem.Themaintenance cost
is less

» .eThesesystemsperformwellinhotenvironmentconditions

Disadvantages

» eThematerialofstoragetank,piping,cylinderandpistoncanbecorrodedwiththe
hydraulic fluid. Thereforeone must be careful while selecting materialsandhydraulic
fluid.

» eThestructuralweightandsizeofthesystemismorewhichmakesitunsuitablefor the
smaller instruments.

» eThesmallimpuritiesinthehydraulicfluidcan permanentlydamagethecomplete
system, thereforeone should be careful andsuitable filter must be installed.

» eTheleakageofhydraulicfluidisalsoacriticalissueandsuitableprevention

method and seals must be adopted.

» oThehydraulicfluids,ifnotdisposedproperly,canbeharmfultotheenvironment.



HydraulicPumps
ClassificationofHydraulicPumps

Thesearemainlyclassifiedinto twocategories:A.Non-positivedisplacement
pumps B. Positive displacement pumps.

.Non-PositiveDisplacementPumps

These pumps are also known as hydro-dynamic pumps. In these pumps the fluid is
pressurized by the rotation of the propeller and the fluid pressure is proportional to the
rotorspeed.These pumpscan notwithstanding highpressuresandgenerallyused forlow-
pressure and high-volume flow applications. The fluid pressure and flow generated due to
inertia effect of the fluid. The fluid motion is generated due to rotating propeller. These
pumpsprovidea smoothandcontinuousflow buttheflow outputdecreaseswithincrease in
system resistance (load). The flow output decreases because some of the fluid slip back at
higher resistance. The fluid flow is completely stopped at very large system resistance and
thus the volumetric efficiency will become zero. Therefore, the flow rate not only depends
on the rotational speed but also on the resistance provided by the system. The important
advantages of non-positive displacement pumps are lower initial cost, less operating
maintenance because of less moving parts, simplicity of operation, higher reliability and
suitability with wide range of fluid etc. These pumps are primarily used for transporting
fluids and find little use in the hydraulic or fluid power industries. Centrifugal pump is the
common example of non-positive displacement pumps. Details have already discussed in
the previous lecture.



B.Positivedisplacementpump

These pumps deliver a constant volume of fluid in a cycle. The discharge quantity per
revolution is fixed in these pumps and they produce fluid flow proportional to their
displacement and rotor speed. These pumps are used in most of the industrial fluid power
applications. The output fluid flow is constant and is independent of the system pressure
(load). The important advantage associated with these pumps isthat the high-pressure and
low-pressure areas (means input and output region) are separated andhencethe fluid
cannot leak back due to higher pressure at the outlets. These features make the positive
displacement pump most suited and universally accepted for hydraulic systems.
Theimportantadvantagesofpositivedisplacement pumpsover non-positivedisplacement
pumps include capability to generate high pressures, high volumetric efficiency, high

power to weight ratio, change in efficiency throughout the pressure range is small and
wider operating range pressure and speed. The fluid flow rate of these pumps ranges
from 0.1 and 15,000 gpm, the pressure head ranges between 10 and 100,000 psi and
specific speed is less than 500.



It is important to note that the positive displacement pumps do not produce pressure but
they only produce fluid flow. The resistance to output fluid flow generates the pressure. It
means that if the discharge port (output) of a positive displacement pump is opened to the
atmosphere, then fluid flow will not generate any output pressure above atmospheric
pressure. But, if the discharge port is partially blocked, then the pressure will rise due to the
increase in fluid flow resistance. If the discharge port ofthe pump is completely blocked, then
an infinite resistance will be generated. This will result in the breakage of the weakest
component in the circuit. Therefore, the safety valves are provided in the hydraulic circuits
along with positive displacement pumps. Important positive displacement pumps are gears
pumps, vane pumps and piston pumps. The details of these pumps are discussed in the
following sections.



GearPumps

Gear pump is a robust and simple positive displacement pump. It has two meshed
gears revolving about their respective axes. These gears are the only moving parts in
the pump. They are compact, relatively inexpensive and have few moving parts. The
rigid design of the gears and houses allow for very high pressures and the ability to
pump highly viscous fluids. They are suitable for a wide range of fluids and offer self-
priming performance. Sometimes gear pumps are designed to function as either a
motor or a pump. These pump includes helical and herringbone gear sets (instead of
spur gears), lobe shaped rotors similar to Roots blowers (commonly used as
superchargers), and mechanical designs that allow the stacking of pumps. Based upon
the design, the gear pumps are classified as:

e Externalgearpumpselinternalgearpumpse
Gerotor pumps

Generallygearpumpsareusedtopump:

e Petrochemicals:Pureorfilledbitumen,pitch,dieseloil,crudeoil,lube oil
etc.

e Chemicals:Sodiumsilicate,acids,plastics,mixedchemicals,isocyanates
etc.

e PaintandinkeResinsandadhesivesePulpandpaper:acid,soap,lye, black
liquor, kaolin, lime, latex, sludge etc.

e Food:Chocolate,cacaobutter,fillers,sugar,vegetablefatsandoils,
molasses, animal food etc.



Externalgearpump

il Fluid out at
high pressure

Spur Gear

Fluid carried
— between teeth
Fluid in at and case

low pressure



The external gear pump consists of externally meshed two gears housed in a pump case as
shown in figure 5.2.1. One of the gears is coupled with a prime mover and is called asdriving
gear and another is called as driven gear. The rotating gear carries the fluid from the tank to
the outlet pipe. The suction side is towards the portion whereas the gearteethcome out of
the mesh. When the gears rotate, volume of the chamber expands leading to pressure drop
below atmospheric value. Therefore the vacuum is created and the fluid is pushed into the
void due to atmospheric pressure. The fluid is trappedbetween housing and rotating teeth
of the gears.The discharge side of pump is towards the portion where the gear teeth run
into the mesh and the volume decreases between meshing teeth. The pump has a positive
internal seal against leakage; therefore, the fluid is forced into the outlet port. The gear
pumps are often equipped with the side wear plate to avoid the leakage. The clearance
between gear teeth and housing and between side plate and gear face is very important and
plays an important role in preventing leakage. In general, the gap distance is less than 10
micrometers. The amount of fluid discharge is determined by the number of gear teeth, the
volume of fluid between each pair of teeth and the speed of rotation. The important
drawback of external gear pump is the unbalanced side load on its bearings. It is caused due
to high pressure at the outlet and low pressure at the inlet which results in slower speeds
and lower pressure ratings in addition to reducing the bearing life. Gear pumps are most
commonly used for the hydraulic fluid power applications and are widely used in chemical
installations to pump fluid with a certain viscosity
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Internal gear pumps are exceptionally versatile. They are often used for low or medium
viscosity fluids such as solvents and fuel oil and wide range of temperature. This is non
pulsing, self-priming and can run dry for short periods. It is a variation of the basic gear
pump. It comprises of an internal gear, a regular spur gear, a crescent-shaped seal and an
external housing. The schematic of internal gear pump is shown in figure 5.2.4. Liquid
enters the suction port between the rotor (large exterior gear) and idler (small interior
gear) teeth. Liquid travels through the pump between the teeth and crescent. Crescent
divides the liquid and acts as a seal between the suction and discharge ports. When the
teeth mesh on the side opposite to the crescent seal, the fluid is forced out through the
discharge port of the pump. This clearance between gears can be adjusted to
accommodate high temperature, to handle high viscosity fluids and to accommodate the
wear. These pumps are bi-rotational so that they can be used to load and unload the
vessels. As these pumps have only two moving parts and one stuffing box, therefore they
are reliable, simple to operate and easy to maintain. However, these pumps are not
suitable for high speed and high pressure applications. Only one bearing is used in the
pump therefore overhung load on shaft bearing reduces the life of the bearing.



ApplicationsSomecommoninternalgearpump applications
are:

e Allvarietiesoffueloilandlubeoil

e ResinsandPolymers

e Alcoholsandsolvents

e Asphalt,Bitumen,andTar

e Polyurethanefoam(lsocyanateandpolyol)

e Foodproductssuchascornsyrup,chocolate,and
peanut butter

e Paint,inks,andpigments

e Soapsandsurfactants

e Glycol
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