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RADIAL FLOW REACTION TURBINE

1. Casing, 2. Guide mechanism,
3. Runner, and 4. Draft-tube.
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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 is always full of water.
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MAIN PARTS OF REACTION TURBINE
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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
keved 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.
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INWARD RADIAL FLOW TURBINE

Fig. Inward radial flow turbine.
Inward Radial Flaw Turkhine o chawe inward radial flaw tirhinse mm which
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VELOCITY TRIANGLE OF INWARD RADIAL FLOW TURBINE
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Fig. * Series of radial curved vanes mounted on a whee

Outlet velocity triangle
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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, = MR,
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, (~r Component of V| in tangential direction = V, cos = V, )
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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,,
—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
= pavl X sz X R2

(0 V,cos B = V.,)
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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, x V, XR;-(-paV, xV, XRy) =paV, [V, XR, + V, R,]
Work done per second on the wheel
= Torque X Angular velocity =T X ®
=paV, [V, XR, + VW2 R, X @ =paV, [V, XR X o+ V,,.sz X ]
= paV, [le U, + szx Uy ] (** u,=OR, and u, = OR,)
If the angle B 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
= paVy [V, u; £V, ] weesemssinssiissinnse, 1 . ¥

If the discharge is radial at outlet, then B = 90° and work done becomes as
= paVl[le ul] ............................................ 2 (',' V = O) -

“‘2
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The work done per second on the runner by water is given by equation .* .
= paVl [le ul i sz u2]

=pOLV,, u 1V, u,] (v aVy=0)
The equation also represents the energy transfer per second to the runner.
where V| = Velocity of whirl at inlet,
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

_mD, XN

P where D, = Inner dia. of runner, N = Speed of the turbine in .r.p.m.
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S

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

"~ Wei ght of water striking per second

P2 |V, £V, u, |
B PO % g

= é[leul +V,, 1]
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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 1 _+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 Vou, =~ 2
8
Hydraulic efficiency is obtained from equation (18.2) as
W
— [V u, £V u
= RP lOOOg[ i bt | VwmtV,um) 3
" W.p. WX H - 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,

Ny =

_ Vi, iy

gH
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Detinitions. The following terms are generally used in case of reaction radial flow
turbines which are defined as :

i
J2¢H
where u, = Tangential velocity of wheel at inlet. -

(if) Flow Ratio. The ratio of the velocity of flow at inlet ( Vfl ) to the velocity given ,/2gH is known
as flow ratio or it is given as Vv
h

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

B 1/2gH

(ii7) Discharge of the Turbine. The discharge through a reaction radial flow turbine is given by
Q=nD\B XV, =nD, xB, XV
where D, = Diameter of runner at inlet,
B, = Width of runner at inlet,
V; = Velocity of flow at inlet, and

, where H = Head on turbine

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 (tD| —n X 1)
where n = Number of vanes on runner and 7 = Thickness of each vane

The discharge Q, then is given by Q= (D, —n x t) B, XV,
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V2 |
(iv) The head (H) on the turbine is given by H = B o
pxg 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 3 = 90°

and Vw2 = (, while radial discharge at outlet means o = 90° and Vw| =10,
(vi) If there is no loss of energy when water flows through the vanes then we have

2
- i — l[Vw U, + szuzl‘
2 g



d

d
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Francis turbine

As name suggest, this is a type of reaction turbine which is
developed by an American engineer, Sir J.B. Francis.

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

In modern Francis turbine, the water will enter the runner
of 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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Main Shaft Operating Ring

Water Guiding Device
/

Water Inlet
\

Spiral case

Head Cover

Guide Vane

Stay Ring Guide Vane
Draft Tube

Runner



SPIRAL STEEL
CASE

RUNNER BANOD
CROWN PLATE

mm/

DRAFT
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GATE OPERATING
RING

SEAL RINGS

STAY VANES

WICKET GATES
SEAL RINGS
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PARTS OF FRANCIS TURBINE

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.
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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 of the 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.
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Draft tube: The draft tube is a conduit that connects the runner exit to
the tail race where the water is discharged from the turbine. Its primary
function is to reduce the velocity of discharged water to minimize the loss
of kinetic energy at the outlet. This permits the turbine to be set above the
tail water without appreciable drop of available head.
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VELOCITY TRIANGLE AND WORKDONE OF FRANCIS TURBINE
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V

g
l=_u1—>{ Vw1—>'

Velocity triangle of francis turbine

Vw2=0
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~

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

1 ar P DI DY T L . | QAT VRS 1 BI

The velocity triangle at inlet and outlet of the Francis turbine are drawn in the same way as in case

to 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"’z) will be zero. Hence the work done by water on the runner per
second will be

™ 1 ~ . ~ N 1N

= pQ[leuI]

1
And work done per second per unit weight of water striking/s = —[leul]
8

Vw ul

gH ’

Hydraulic efficiency will be given by, 1, =



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 \[2gH 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 \J2gH =0.26 x \/2 X981x7.62 =3.179 m/s
Velocity of flow atinlet,  V, =0.96 \/2gH =0.96 X 4/2x 981X 7.62 = 11.738 m/s.
Speed, N =150 r.p.m.
Hydraulic losses = 22% of available energy
Discharge at outlet = Radial
Ve, =0and V, =V,

Hydraulic efficiency is given as

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

up =0.78

Head at inlet H



But N, =

_078xgx H
Uy

& 0.78 X;l:lgx 7.62 = 18.34 mis. 3 &)
) u —-h-'
l: 3 VW1 —-‘

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

Vi 11738
1834

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

tan 00 = = (.64
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(if) The wheel vane angle at inlet, i.e., ©

Vfl 11.738

—u, 1834 -3179
0 =tan' .774 = 37.74 or 37° 44.4". Ans.

=0.774

tan 6 =
V

Wy



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

Using the relation, TR ko U
60
X 17
p, =224 _ SO _ g 4047 m. Ans.

TtXN Tt X 50
(iv) Width of the wheel at inlet (B,)

o S.P. _ 148.25
 W.P. W.P.

WH pXxgxQxH 1000x9.81XQ X7.62

But W.P. = =
1000 1000 1000
0 = 148.25 ~ 148.25 % 1000
¢ 1000 x981x 0 X762  1000x9.81%Q X 7.62
1000
0 148.25 x 1000 ~ 148.25 x 1000 5 ms

T 1000 x9.81x7.62x 1, 1000 X981 X 7.62 X 0.75 _

Q=mD XB xV;
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shows outward radial flow reaction

Outward Radial Flow Reaction Turbine. Fig. .
turbine in which the water from casing enters the stationary guide wheel. The guide wheel consists of guide

_——
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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 <y as D, < D,.
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RUNNER
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AXIAL FLOW

TURBINE
(KAPLAN TURBINE)
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KAPLAN 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. y

— SHAFT 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

. " - - -
:] nn tha hnh are adinctahle the turhine ic bnnuwn ac a Kanlan

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.

 — LAEN ouul"-uUlv YAIIVWYD GLIWV LINWAE G DIIV YY 1L 111 & 160
Kaplan twrbine runner.
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1. Scroll casing,

2. Guide vanes mechanism,

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

SCROLL CASING

SHAFT
»

l
GUIDE VANES |
!

OUTLET OF VANE

|
RUNNER — s :
v TAIL RACE

VANES

Main pa /

Main components of Kaplan turbine.
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Some Important Point for Propeller (Kaplan Turbine). The following are the

imnortant nainte for nroneller oor Kanlan turhine ¢

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= g(Df -D})xV,

where D, = Outer diameter of the runner,
D, = Diameter of hub, and

V: = Velocity of flow at inlet.
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VELOCITY TRIANGLE OF KAPLAN TURBINE

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.
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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 :

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

2. It converts a large proportion of the kinetic energy (sz/zg) rejected at the outlet of the turl

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

Hence by using draft-tube, the net head on the turbine increases. The turbine develops more po
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 wil
equal to atmospheric pressure. The water from the outlet of the runner will discharge freely into the
race. The net head on the turbine will be less than that of a reaction turbine fitted with a draft-tu

7 ~ N\
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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
e TUBE TUBE

(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.



HMIFP Notes

Dept. of Mechanical Engg.
Lect. Deepak Ranjan Pattanaik

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

202 V: o' ; -
point |i.e., rise in pressure head = > or e Thus at the outlet of the impeller, where radius 1s
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.
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MAIN PARTS OF CENTRIFUGAL PUMP

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 1o 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 :
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GUIDE VANES

VORTEX
CHAMBER / -7 7~

IMPELLER " Mgy, 7 ¥===* IMPELLER

(a) VORTEX CASING (b) CASING WITH GUIDE BLADES
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(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. (6) 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.
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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.
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WORKDONE AND VELOCITY TRIANGLE CENTRIFUGAL PUMP

- ? .

TANGENT TO
IMPELLER AT
OUTLET
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In case of the centrifugal pump, work is 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 V,, = 0. For drawing the velocity triangles, the
same notations are used as that for turbines.
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Let N = Speed of the impeller in r.p.m.,
D, = Diameter of impeller at inlet,
u, = Tangential velocity of impeller at inlet,

_ DN
60

D, = Diameter of impeller at outlet,

u, = Tangential velocity of impeller at outlet

nD,N
60

V| = Absolute velocity of water at inlet,
V,, = Relative velocity of water at inlet,

oo = Angle made by absolute velocity (V,) at inlet with the direction of motion of vane,

0 = Angle made by relative velocity (V,l) at inlet with the direction of motion of vane, and V,,
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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
= E[Vw]ul - szuz]

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

= — [Work done in case of turbine]

= [l(vwlu, -V, 4, )] = é[szuz - Vw,ul]

4
= lszu2 (~ V,, =0 here)
8
Work done by impeller on water per second
= E.Vw’u2
g ™
where W = Weight of water=p X g X Q
where Q@ = Volume of water
and Q = Area x Velocity of flow = nD,B, XV,

=nD,B, X V.
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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 *h;’.
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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
H =h,+ hy.
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4. Manometric Head (H,)). The manometric head is defined as the head against which a Centrlfugal
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
Vw HZ di ¥ i
= —— — Loss of head in impeller and casing
8
wy 2
= ...if loss of pump is zero
8
(b) H, = Total head at outlet of the pump — Total head at the inlet of the pump
P Vv 2
= [— +—2+2Z P Gy Z,
pg 28 P8 28
where Po . Pressure head at outlet of the pump = h,
P8
2
5 = 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
. V2
& ' , Z;= Corresponding values of pressure head, velocity head and datum head at the inlet of
Pg <8

the pump,
2

Ley, B, 2—5 and Z, respectively.
8
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2

(¢) H,=hs+ hy+ h + b + 28

where h, = Suction head, h,= Delivery head,
hf = Frictional head loss in suction pipe, 4, = Frictional head loss in delivery pipe, and
V, = Velocity of water in delwery plpe
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EFFICIENCY OF CENTRIFUGAL PUMP
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(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
Head imparted by impeller to water

nman =

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.

WH
The power given to water at outlet of the pump = 1006' kW

Work done by impeller per second
1000
W sz X U

g 1000

WXxH,

_ 1000 _ 8XH,
w_ V., X, V. xu,
i x — 2
o 1000

The power at the impeller

kW

n man
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(b) Mechanical Efficiency (n,,). 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

w .
The power at the impeller in kW = ork done by ’lr(‘;gg“er per second

W sz u?.
~ g 1000
v

Ve, 1
g \ 1000

S.P.

m
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(c) Overall Efficiency (1,). 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.
(ioos)
_ \ 1000
°"  S.P.

Also No = Niman X N



Problem A centrifugal pump is to discharge 0.118 m*/s at a speed of 1450 r.p.m. against a
head of 25 m. The impeller diameter is 250 mm, its width at outlet is 50 mm and manometric efficiency
is 75%. Determine the vane angle at the outer periphery of the impeller.

Solution. Given :

Discharge, 0 =0.118 m’/s
Speed, N = 1450 r.p.m.
Head, H, =25m

Diameter at outlet, D, =250 mm = 0.25 m
Width at outlet, B, =50 mm = 0.05 m
Manometric efficiency, M, = 75% = 0.75.

Let vane angle at outlet =0

Tangential velocity of impeller at outlet,
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nD,N _ 1 x0.25x 1450

Uy = = 18.98 m/s
B 60 60
Discharge is given by Q = nD,B, X sz
sz = € = U1is = 3.0 m/s.

nD,B, 7 x025%.05

Using equation T],mm 2 gHm _ 081 x25

V,u, V, x1898
9.81x25 9.81x%x25

Vi, = = = 17.23.
2 My X1898  0.75%x18.98

From outlet velocity triangle, we have

%
tanp= —2 = it =1.7143

(u,-V,,) (1898-1723)




Problem A centrifugal pump having outer diameter equal to two times the inner diameter and
running at 1000 r.p.m. works against a total head of 40 m. The velocity of flow through the impeller is
constant and equal to 2.5 m/s. The vanes are set back at an angle of 40° at outlet. If the outer diameter
of the impeller is 500 mm and width at outlet is 50 mm, determine :

(1) Vane angle at inlet,

(ii) Work done by impeller on water per second, and

(iify Manometric efficiency.

Solution. Given :
Speed,

Head,

Velocity of flow,
Vane angle at outlet,
Outer dia. of impeller,

Inner dia. of impeller,

Width at outlet,

U,

N = 1000 r.p.m. l : V : “ |
H,=40m s
V, =V, = 2.5 m/s

o = 40°
D, = 500 mm = 0.50 m
B =2 = g0

2 2

B, =50 mm = 0.05 m



w, = - = = 10.UY 1II/5

60 60
and oy = nD,N _ 7t x 0.50 x 1000 — 26.18 mls.
60 60
Discharge is given by, Q= TD,B, X V; = 1 x 0.50 X .05 X 2.5 = 0.1963 m’/s.
(i) Vane angle at inlet (0).
. o v, 23
From inlet velocity triangle tan 0 = = =(0.191
u,  13.09

6 =tan"'.191 = 10.81° or 10° 48’. Ans.
(ii) Work done by impeller on water per second is given by equation (19.2) as

XgX
= —_ X V“.qu— p g Q X sz X uz
g 8
= 1000 % 9.81 x 0.1963 < V. %26.18 )
9.81 o
But from outlet velocity triangle, we have
v
G s . 2.5
u; =V, (2618-V,_ )
i 2.5
26.18-V,_ = 29 = 2.979

" tan¢  tan 40°
Vi, =26.18-2.979 = 23.2 m/s.
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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

Substituting this value of V“.2 in equation (i), we get the work done by impeller as

_ 1000 x9.81x 0.1963 % 23.2 % 26.18

9.81
= 119227.9 Nm/s. Ans.
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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
=nXxXH,
The discharge passing through each impeller is same
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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 =nXxXQ

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.
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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 = 2 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.
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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.
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(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.

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.
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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

_Hy=H, _ (Halm ~ 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.

)

il 19i2:3)

Hydraulic Machines Subjected to Cavitation.
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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.

[he mathematical expression for

.~ Cavitation in _Cent-rifl‘lgai-Ptin_'nps.
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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.
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MAIN PARTS OF RECIPROCATIMG PUMP

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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WORKING OF SINGLE ACTING RECIPROCATING PUMP

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.
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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
6 = 0° to 6 = 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.
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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
w2 Y2
4
r = Radius of crank
N = r.p.m. of the crank
L = Length of the stroke =2 X r

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, = bﬁ

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

=AXLX N = ALN
60 60

Weight of water delivered per second,
PgALN
W=pXegXxX0= ;
pxXgxQ -




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,) (1)
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 = PENALY o (h, + hy)

Power required to drive the pump, in kW



P
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Work done per second _ pg X ALN X (h; + hy)

1000

_ pg X ALN X (h, + h,) o

60,000

60 x 1000
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DOUBLE ACTING RECIPROCATING PUMP
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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,
_n D2

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

A=2p Zp=-Fp_a»H.
47 74" %
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Volume of water delivered in one revolution of crank
= A X Length of stroke + A, X Length of stroke

=AL+A,L=(A+A)L= [;1)2 +%(D2 —dz)}xL

Discharge of pump per second
= Volume of water delivered in one revolution X No. of revolution
per second

- [EDZ +=(D? —dz)} G
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,

Q=(£DZ+£Dz)x SRR il g N SR
4 4 60 4 60 60
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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
2ALN

X (hg+ h,) =2pg X ally

= pg X X (hs+ hy)

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

Work done per second ALN  (hg+hy)
= = 2pg X X
1000 60 1000
_ 2pg X ALN X (hg + h,)

60,000
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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.

Shp = th - Qart
But slip is mostly expressed as percentage slip which is given by,

Percentage slip = Qi = Qaer x 100 = (1 —%] x 100
th O

=(1-C,) x 100 ( (é:: = dJ

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.

e’ b=l 0 A | l\\vvlwl vvu‘lllh ] VIIIIP




Problem 1 . A single-acting reciprocating pump, running at 50 r.p.m., delivers 0.01 m’/s of
water. The diameter of the piston is 200 mm and stroke length 400 mm. Determine :

(i) The theoretical discharge of the pump, (ii) Co-efficient of discharge, and (iii) Slip and the
percentage slip of the pump.
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Solution. Given :

Speed of the pump, N =50 r.p.m.
Actual discharge, Qe = 01 m%/s
Dia. of piston, D =200 mm=.20m
Area, A= % (2)*=.031416 m’
Stroke, L =400 mm = 0.40 m.
(i) Theoretical discharge for single-acting reciprocating pump is given by equation as
0, = AXLXN _ .031416 X.40 X 50 _ 0.01047 m/s. Ans.
60 60
(if) Co-efficient of discharge is given by
C,= Qacr = Q.M = 0.955. Ans.
Q, 01047
iti) Using equation we get
Slip= Q,,— Q. = -.01047 - .01 = 0.00047 m?/s. Ans.
= 01047 - .01
And percentage slip = (Qu = Quct) x 100 = ( ) x 100
O, 01047

-— 00047 w 100 — 4 ARQY%,. Anc
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Problem 2 A double-acting reciprocating pump, running at 40 r.p.m., is discharging 1.0 m’> of
water per minute. The pump has a stroke of 400 mm. The diameter of the piston is 200 mm. The
delivery and suction head are 20 m and 5 m respectively. Find the slip of the pump and power required
to drive the pump.



Solution. Given:
Speed of pump,

Actual discharge,

Stroke,
Diameter of piston,

.. Area,

Suction head,
Delivery head,

N =40 r.p.m.
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Qe = 1.0 m*/min = % m’/s = 0.01666 m’/s

L=400 mm=0.40m
D=200mm=0.20m

a=Zp=
4

h,=5m

h,= 20 m.

% (2)* = 0.031416 m>
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Theoretical discharge for double-acting pump is given by equation as,
2A 2x.031416 x 0.4 x 4
O = I s B el vl
60 60

Using equation (20.8), Slip=Q,, — 0, = 01675 - .01666 = .00009 m’/s. Ans.

act =

Power required to drive the double-acting pump is given by equation (20.7) as,

_ 2XpgXALN X (h +h,;) 2x1000X9.81x.031416 x.4 x40 X (5+20)
60,000 60,000

= 4,109 kW. Ans.

P
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Difference between Centrifugal pump and Reciprocating pump

Centrifugal pump is a rotodynamic pump that uses kinetic energy to transfer

fluid from low pressure to high pressure while the reciprocating pump uses a

piston (suction and discharge stroke) to transfer fluid. Centrifugal pump is the
most popular pump as compared to the reciprocating pump. There are many

Differences between the Centrifugal pump and the reciprocating pump.

1. Centrifugal pump is a rotary pump uses the kinetic energy of impeller to transfer
liquid.

A reciprocating pump is a positive displacement type pump which is forced through the
piston.

2. Centrifugal pump provides a steady flow (continuous discharge).

The reciprocating pump provides pulsating flow.


https://mechanicallyinfo.com/centrifugal-pump-working-principle/
https://mechanicallyinfo.com/reciprocating-pump-working/
https://mechanicallyinfo.com/reciprocating-pump-working/
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3. Centrifugal pump uses uniform torque.

Reciprocating pump torque is not uniform.

4. Centrifugal pump discharge is inversely proportional to the viscosity of working fluid.
In Reciprocating pump viscosity of working fluid does not affect the pump discharge
rate.

Pneumatic Systems

» 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.

» A pneumatic system is a system that uses compressed air to transmit and control energy.

» Pneumatic systems are used in controlling train doors, automatic production lines,
mechanical clamps, etc (Fig. 1).
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(a) Automobile production lines (b) Pneumatic system of an automatic machine

Fig. 1 Common pneumatic systems used in the industrial sector
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1. Basic Components of Pneumatic System
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Fig 2: . Basic Components of Pneumatic System

a) Air filters: These are used to filter out the contaminants from the air.

b) Compressor: Compressed air is generated by using air compressors. Air compressors are
either diesel or electrically operated. Based on the requirement of compressed air,
suitable capacity compressors may be used.

c) Air cooler: During compression operation, air temperature increases. Therefore coolers
are used to reduce the temperature of the compressed air.

d) Dryer: The water vapour or moisture in the air is separated from the air by using a dryer.

e) Control Valves: Control valves are used to regulate, control and monitor for control of
direction flow, pressure etc.
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f) Air Actuator: Air cylinders and motors are used to obtain the required movements of
mechanical elements of pneumatic system.

g) Electric Motor: Transforms electrical energy into mechanical energy. It is used to drive
the compressor.

h) Receiver tank: The compressed air coming from the compressor is stored in the air
receiver.
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2. Receiver tank
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Fig 3. Receiver tank
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 Delivery volume of compressor.
e Air consumption.
e Pipeline network
e Type and nature of on-off regulation
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e Permissible pressure difference in the pipelines

Main pneumatic components

Pneumatic components can be divided into two categories:
1. Components that produce and transport compressed air.

2. Components that consume compressed air.

1.The production and transportation of compressed air

Examples of components that produce and transport compressed air
include compressors and pressure regulating components. (a) Compressor

It is @ mechanical device which converts mechanical energy into fluid energy. The
compressor increases the air pressure by reducing its volume which also increases
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the temperature of the compressed air. The compressor is selected based on the

pressure it needs to operate and the delivery volume.

The compressor can be classified into two main types

a. Positive displacement compressors and  Positive displacement compressors include

b. Dynamic displacement compressor piston type, vane type, diaphragm type and screw
type.
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Fig 4 (a) Compressor used in schools (b) Compressor usedin (c) Pneumatic symbol of
laboratories compressor
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Piston compressors

Air inlet — —p Air outlet

Piston
Connecting

Crankshaft rod

Fig 5 piston compressor
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Piston compressors are commonly used in pneumatic systems. The simplest form is
single cylinder compressor (Fig.5). It produces one pulse of air per piston stroke. As the
piston moves down during the inlet stroke the inlet valve opens and air is drawn into
the cylinder. As the piston moves up the inlet valve closes and the exhaust valve opens
which allows the air to be expelled. The valves are spring loaded. The single cylinder
compressor gives significant amount of pressure pulses at the outlet port. The pressure
developed is about 3-40 bar.



HMIFP Notes

Dept. of Mechanical Engg.
Lect. Deepak Ranjan Pattanaik

Double acting compressor

Inlet valves
Piston

Cross slide

S — ==l Outlet
Outlet valves

Fig 6 double acting piston compressor
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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.
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Multistage compressor

QOutlet valves

Inlet

Second stage
(High pressure)

First stage
(Low pressure)

Inlet valves

Connecting rods
(Driven by same motor)

Fig 7 multistage compreressor
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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
intercooling reduces the volume of air which used to increase due to heat. The
compressed 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.
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Rotary vane compressors
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Fig 8 vane compressor

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
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Lobe compressor
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Fig 9 lobe compressor

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 construction and working of Lobe compressor. It is similar to the Lobe pump used
in hydraulic systems. The operating pressure is limited by leakage between rotors
and housing. As the wear increases during the operation, the efficiency falls rapidly.
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5. Dynamic compressors

Qutlet

<«——eCasing

<

Fig 10 lobe compressor

Blower (Centrifugal type)

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
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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.

Pneumatic Systems
Lecture 3
Air Treatment and

Pressure Regulation
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1. Air treatment stages

For satisfactory operation of the pneumatic system the compressed air needs to be
cleaned and dried. Atmospheric air is contaminated with dust, smoke and is
humid. These particles can cause wear of the system components and presence of
moisture may cause corrosion. Hence it is essent