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The jet is a stream of liquid comes out from nozzle with a high
velocity under constant pressure. When the jet impinges on
plates or vanes, its momentum Is changed and a
hydrodynamic force is exerted. Vane is a flat or curved plate
fixed to the rim of the wheel.

a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plate is curved

a) Plate is vertical to the jet
b) Plate is inclined to the jet
c) Plate is curved



d Introduction about impact of jet

» The fluid stream coming from nozzle with high velocity
& hence high k.E is known as fluid jet. So impact of jet
means the force exerted by the fluid on a plate. The plate
may be flat or curved which may be fixed or moving.

» Suppose the jet of liquid comes out of nozzle at velocity
V, which is flowing under presssure when strikes to a
plate exerts force on the plate

impact of jet = rate of change of momentum
_ d(mv) _ m(V-0) _mv
dt t t




d Introduction about impact of jet

F=m.V
N VA\VAY/
= pAV?
, Where m = m/t , mass flow rate of fluid kg/sec.
m = pAV.
A = cross sectional area of jet.




J Force exerted on stationary plate held
normal to jet.

Consider a jet of water strike normally on the fixed plate
held perpendicular to flow direction of jet as shown iIn
fig.the jet after striking the plate will deflected through
90°.s0 final velocity of fluid in the direction of the jet after
striking plate will be zero.



Jet of area a

-f - ——ﬁ & Stationary plate

Axis of
V

the Jet

Fig. 2.1 Jet striking a fixed vertical plate




J Force exerted on stationary plate held
normal to jet.

=Let, V =velocity of jet,
d = diameter of jet,
p = density of fluid,
A = cross section area of jet,
m = mass flow rate of fluid,



J Force exerted on stationary plate
held normal to jet.

“Impact of jet = rate change of momentum 1n the direction
of force

__lnitial momentum —final momentum

time
_ [(massx*initial velocity)—(mass*final velocity)]

time
mass
— = [velocity of jet before striking —velocity of jet after striking |
rme

= pAV(V-0)
= pA V?




- Fig. 2.6 shows a jet of water striking a flat vertical plate moving with a uniform

velocity away from the jet.

\
N\

Pipe

‘N
_\\

\

N\ \ > R °
) . IR
\ NN

S -

¥ W
\\

<€— Moving
vertical plate

Fig. 2.6 Jet striking a flat vertical moving plate




J Force exerted by the jet on moving flat
plate.

Let,
V' = Velocity of the jet (absolute)
u = Velocity of the flat plate

In this case jet does not strike the plate with velocity V, but it strikes with a relative

velocity (because plate is not stationary).

— Relative velocity of the jet with respect to plate = (V — u)
— Mass of water striking the plate per sec,

m = density X area of jet X velocity with which jet strikes the plate

— Force exerted by the jet on the moving plate in the direction of the jet,

F, = miX [Initial velocity with which water strikes — Final velocity]

F,=pa(V—u)x[(V—u)—0]




— In this case the work will be done by the jet on the plate, as plate is moving. (for the

stationary plate, the work done is zero)

— Work done per second by the jet on the plate,

distance travelled in the direction of fm"CE)

W = Force X ( .
time

~ W = F, X Velocity with which plate moved in the direction of force
W=F Xu

W = pa(V—-u)?Xxu

(Here Sl unit of W is Watt because it is work done per sec, i.e. Power)




1 Force exerted on fixed inclined flat plate by |jet.

Consider a jet striking on an incline fixed plate as shown
In fig.
Let, V = velocity of jet.

A = cross section area of jet.

O = inclination of the plate with the jet.



Stationary
inclined plate

Fig. 2.2 Jet striking a fixed inclined plate




d Force exerted on fixed inclined flat plate by jet.

Assuming no loss of energy due to impact of jet then jet
will move over the plate after striking with velocity
equal to initial velocity of jet.

Let F, = force exerted by the jet on the plate in
direction normal to the plate.

F, = force exerted by the jet on the plate in
direction to the jet

F, = force exerted by the jet on the plate In
direction perpendicular to the jet.



d Force exerted on fixed inclined flat plate by jet.

F o= mass

n

—— [velocity of jet before striking ~velocity of jet afier striking
= pAV(VsinO-0)
= pA V* sin©
From fig. F, =F, co0s(90-©) & F,=F, cosO
= (pA V? sin©)* cos(90-0O)
= pA V? sin’©
F, = pAV? sin® * cos©
If © =90° then, . F, = pAV?* F, =0



— Let a jet of water strikes an inclined plate, which is moving with a uniform velocity in
the direction of the jet as shown in Fig. 2.7.

(90°-9)

V.f*\l‘

Moving
gahan V-
inclined plate r=u)

Fig. 2.7 Jet striking an inclined moving plate




d Force exerted by jet on the inclined

plate moving In the direction of jet.
Let,
IV = Absolute velocity of the jet of water
u = Velocity of the flat plate
a = Cross section area of jet
8 = Angle between jet and plate

Relative velocity of jet of water = (V' — u)

Mass of water striking the plate per second,

m = pa(V —u)

If the plate is smooth and loss of energy due to impact of jet is assumed zero, the jet
of water will leave the inclined plate with a velocity equals to (V — u).

Force exerted by the jet of water on the plate in the direction normal to the plate,

mass

E, = — X [I.V.in the normal direction with which jet strikes — F.V.]|



F,=pa(V—u)x[(V—u)sin6 — 0]
E, = pa(V —u)?sin6@

— This normal force F, can be resolved into two components namely F, and F;, in the

direction of the jet and perpendicular to the direction of the jet respectively.

F, = E,sinf = pa(V — u)?sin? 6

F, = F,cos 8 = pa(V —u)?sin 6 cos 6

— Work done per second by the jet on the plate,
W = E, X Velocity with which plate moved in the X — direction
W =F, Xu
W = pa(V —u)?sin?8 xu
W = pau(V — u)?sin? 6




d Force exerted by jet on series of moving
flat vanes

(c) Series of Moving Vanes
Fig 13.2: Impact of Jet on Normal Flat Vanes




13.3.3 Series of Moving Normal Flat Vanes
As shown in Fig 13.2(c), the vanes are so spaced around the periphery of
the wheel that a vane is always in the normal position to receive the jet impact.
Volume rate of flow striking the vane Q = aV and mass rate of flow

striking the vane Q_ = p aV
V,, = initial fluid velocity at point of impact = (V-u)

V,, = final fluid velocity at exit =0

»» Fluid force on vane: F=F,=Q_ (-AV,) = p av (V-u) (13.8)

Work done by jet per sec = Fu = p aVu (V-u)
Energy combined in jet per sec = weight rate of flow
V? ViV

o erg zg - Qm 2 - Fﬂ 2




pavu(v-u) X
paV? -
For maximum efficiency, dn/du may be equated to zero to obtain opti-
mum wheel velocity.
:11_“ = ?zfi-(\’u—uzk 0 orvV,=v’oru=V/2.
Hence, wheel velocity should be half the jet velocity to get best results.

Hence efficiency of system 1=

N max™ T

_2u(V- “)L ~ 0.5 or 50% (13.10)
=12



¢ Problems-1

A jet of water 50 mm diameter strikes a flat plate held normal to the direction
of jet. Estimate the force exerted and work done by the jet if.

a. The plate is stationary

b. The plate is moving with a velocity of 1 m/s away from the jet along the

line of jet.

When the plate is moving with a velocity of 1 m/s towards the jet along the
same line.

The discharge through the nozzle is 76 Ips.




¢ Problems-3

A jet of data 75 mm diameter has a velocity of 30 m/s. It strikes a flat plate
inclined at 45° to the axis of jet. Find the force on the plate when.

a. The plate 1s stationary

b. The plate is moving with a velocity of 15 m/s along and away from the jet.

Also find power and efficiency in case (b)




e Problem -4

A 75 mm diameter jet having a velocity of 12 m/s impinges a smooth flat
plate, the normal of which is inclined at 60° to the axis of jet. Find the impact of jet
on the plate at right angles to the plate when the plate is stationery.

What will be the impact if the plate moves with a velocity of 6 m/s in the
direction of jet and away from it. What will be the force if the plate moves towards
the plate.




Problems

WWhen the plate is stationery
Fn,= pa\-"E s1n'd

Fn= 1000 x (4.418 x 107) 127 sin30

F,=318.10 N

WYWhen the plate is moving away from the jet

F n
F n

= pa (V — U)” sind

1000 x 4.418 x 107 (12 — 6)°

sin30
Fo,=79.52 N

WYWhen the plate is moving towards the jet
F'['L
Fn=

pa (Vv — U)” sin®

1000 x 4.418 x 103 (12 + 6) sin30
Fon=715.72 N



Problems

Example 13.1: A jet of water of diameter 5 cm and velocity 20 m/s impinges
on (a) a normal flat vane moving in the direction of jet at 7.6 m/s and (b) a

series of normal flat vanes mounted on a wheel which has a tangential velocity

of 7.5 m/s. Calculate force exerted, work done by water and efficiency of the
system in both cases.




d Force exerted by jet on stationary curved vane

consider jet of the water striking on the curved fixed blade
at the centre of blade as shown in fig.
let VV = velocity of liquid jet
A = area of cross section of jet

V v V sin O
@ .y

V cos ()\\\\\
\ \\\
Nozzle b : . Stationary

curved plate

<<% Tangent to the curved
plate at outlet tip

Fig. 2.3 Jet striking a fixed curved plate at the center



¥ Vsin 0
\\\
Vieos 07~
\\

Nozzle Stationary

curved plate

2

Fluid jet //{ «k\“ Tangent to the curved
late at outlet ti
A e

- ‘///\‘/ £

Fig. 2.3 Jet striking a fixed curved plate at the center




d Force exerted on single curved plate.

The plate is smooth and there Is no loss of energy due to
Impact of jet. Hence liquid leaving the plate with velocity V
In the tangential direction of the curved plate.

Force exerted by jet in the direction of jet,
F, = (mass of water/sec) * (V,, - V)

where V,, =Initial velocity of water jet in direction of jet =V
V., =final velocity water in direction of jet = -VcosO

F, = (pPAV)*[V-(-VcosO]
F, = pAV?*[1+cosO]



d Force exerted by jet on stationary curved vane

Force exerted by jet on curved fixed plate in vertical direction
Fy = (PAV)*[Vyy - Vy]

where V,, =initial velocity of water jet in vertical direction=0
V,, =tinal velocity water in vertical direction=Vsin©
Fy, = (PAV)*[0 -Vsin© |
Fy = -pAV?sin©

Angle of deflecton = 180°- ©



d Force exerted by jet on stationary curved vane

consider a water jet striking on symmetrical curved plate
tangentially at one end as shown In fig

, Stationary curved
plate/vane

Fig. 2.4 Jet striking curved fixed plate at one end




d Force exerted by jet on stationary curved vane

let VV = velocity of water jet

O = angle between jet and x-axis at the tip of plate at
Inlet

F = (PAV)* (Vi - V)
= (pAV)*[VcosO -(-VcosO)]
= 2pAV?3cosO
Fy = (PAV)*[Vyy -V, ]
= (pAV)*[VsinO -Vsin© | =0
Angle of deflection = 180°- 20



d Force exerted by jet on stationary curved vane

consider a water jet striking on unsymmetrical curved plate
tangentially at one end as shown in fig.

let o = angle between water jet and x-axis at of inlet tip.
B = angle between water jet and x-axis at of outlet tip.



d Force exerted by jet on stationary curved vane
d When jet strikes tangentially at one end of unsymmetrically
plate:

= pAV * [Vcosa -Vcosf]
Angle of deflection - P AVZ[COSOL +COSB ]
SR F) = (pAV)*TV,, - V)
= (pAV)*[Vsina -VSsInp]
Fixed unsymmetrical = p AVZ[SiIl - SinB]

- curved plate

(4

Fig. 2.13 Impact of jet on unsymmetrical curved plate (tangentially)

Resultant force F =\/FX2+ Fy2

Resultant force inclination with Horizontal 1s & = tanA-l(Fy/ =
Angle of deflecton = 180°- (o +p)



A Jet of water of diameter 50 mm strikes a stationary, symmetrical curved
plate with a velocity of 40 m/s. Find the force extended by the jet at the centre of
plate along its axis if the jet is deflected through 120° at the outlet of the curved plate.

A jet of water strikes a stationery curved plate tangentially at one end at an
angle of 30°. The jet of 75 mm diameter has a velocity of 30 m/s. The jet leaves at
the other end at angle of 20° to the horizontal. Determine the magnitude of force
exerted along ‘x” and ‘y’ directions.




. Force exerted by a jet of water on the moving curved plate

Jet strikes the moving curved plate at the center

Let a jet of water strikes a curved plate at the center of the plate which is moving
with a uniform velocity in the direction of the jet as shown in Fig. 2.8.

(V—u)sin®

\

¢ VNN

(V-u)cos® ¥ vane

) \\

A (180° - 0)

Tangent to vane
at outlet tip

(V—-u)

Fig. 2.8 Jet striking a moving curved plate at the center




C. Force exerted by a jet of water on the moving cu rueﬁsplate

Jet strikes the moving curved plate at the center

Let,

IV = Absolute velocity of the jet of water

u = Velocity of the flat plate in the direction of jet
a = Cross section area of jet

Relative velocity of the jet of water or the velocity with which jet strikes the curved
plate = (V — u)

If the plate is smooth and loss of energy due to impact of jet is assumed zero, then

the velocity with which the jet will be leaving the curved vane equals to (V — u).
Component of velocity in the direction of jet at outlet = —(V — u) cos 8.

(—ve sign is taken as the velocity at outlet is in the opposite direction of the jet of
water coming out at the nozzle)

Mass of water striking the plate per second,

m = pa(V —u)



C. Force exerted by a jet of water on the moving cu rueﬁéalate

I. Jet strikes the moving curved plate at the center

— Force exerted by the jet of water on the moving curved plate in the direction of the
jet,

F, = mX [Initial velocity with which jet strikes the plate — Final velocity]
Fe=pa(V-u)x[(V-u)—(—(V-u)cosh)]
Fe=pa(V—u)X[(V-—u)+ (V—u)cosé]
F,=pa(V-u)*x[1+cosf]—-——-—-———— (2.17)
- Work done per second by the jet on the plate,
W = E, X Velocity with which plate moved in the X — direction
W=FXu
W = pa(V —u)?[1 + cosf] X u
W = pau(V —u)?[1+cosf]——-———-——— (2.18)



2.1 A jet of water of diameter Secm moving with a velocity of 25 m/sec impinges on a
i & - ] . "
fixed curved plate tangentially at one end at an angle of 30" with the horizontal.
Determine force of the jet on the plate in the horizontal and the vertical direction

. e " " i~ =] [ . s
if the jet is deflected through an angle of 130 . Also find direction and resultant
force.

2.2 A jet of water impinges on a symmetrically curved vane at its center. The velocity
of the jet is 60 m/s and the diameter 120 mm. The jet is deflected through an angle
of 120°. Calculate the force on the vane if the vane is fixed. Also determine the
force if the vane moves with a velocity of 25 m/s in the direction of the jet. What

will be the power and efficiency? [GTU; DEC —2010]




Force exerted by a jet of water on an unsymmetrical moving curved

plate when jet strikes tangentially at one of the tips
Fig. 2.9 shows a jet of water striking a moving curved plate/vane/blade tangentially

at one of its tips.
As the jet strikes tangentially, the loss of energy due to impact of the jet will be zero.

In this case as plate is moving, the velocity with which jet of water strikes is equals to

the relative velocity of the jet with respect to the plate.

As the direction of jet velocity and vane velocity is not same, the relative velocity at

inlet will be vector difference of the jet velocity and plate velocity at inlet.



Il. Force exerted by a jet of water on an unsymmetrical moving curved

plate when jet strikes tangentially at one of the tips

C [t —Pi— P — PO
L

triangle B g

I
- _ :
\\ '
Outlet velocity k\ \:Vz AV,
\ :
I
]

o Outlet tip
‘\\\l/

vane

s e
Dlrectxonof

motion of vane

Inlet velocity
triangle

Fig. 2.9 Jet striking unsymmetrical moving curved plate at one end



Il. Force exerted by a jet of water on an unsymmetrical moving curved

plate when jet strikes tangentially at one of the tips
— Let,

IV, = Absolute velocity of the jet at inlet

/> = Absolute velocity of the jet at outlet

V-1 = Relative velocity of the jet and plate at inlet
I.» = Relative velocity of the jet and plate at outlet
u, = Velocity of the vane at inlet

u, = Velocity of the vane at outlet

a = Angle between the direction of the jet and direction of motion of the plate at

inlet
= Guide blade angle

6 = Angle made by the relative velocity V,.;, with the direction of motion of the vane
at inlet

= Vane/blade angle at inlet

Vw1 and Vg; = The components of the velocity of the jet V), in the direction of

motion and perpendicular to the direction of motion of the vane respectively.



Il. Force exerted by a jet of water on an unsymmetrical movirg curved
plate when jet strikes tangentially at one of the tips

V,,1 = Velocity of whirl at inlet
Vey = Velocity of flow at inlet
[ = Angle made by the velocity V, with the direction of motion of the vane at outlet

@ = Angle made by the relative velocity V;.,, with the direction of motion of the vane
at outlet

= Vane/blade angle at outlet

Vw2 and V¢, = The components of the velocity V5, in the direction of motion of vane

and perpendicular to the direction of motion of the vane at outlet respectively.
V.2 = Velocity of whirl at outlet

Ve, = Velocity of flow at outlet

The triangles ABD and EGH are called the velocity triangles at inlet and outlet
respectively.



Force exerted by a jet of water on an unsymmetrical moving curved

plate when jet strikes tangentially at one of the tips

If the vane is smooth and having velocity in the direction of motion at inlet and

outlet equal then we have,
Uy = Uy = u = velocity of vane in the direction of motion
And
Vii = Vi
Mass of water striking the vane per second,
m = paV,4
Force exerted by the jet in the direction of motion,

F.= mass of water striking per sec X [Initial velocity with which jet strikes in the

direction of motion — Final velocity of jet in the direction of motion]
But,
Initial velocity with which jet strikes the vane = V,; and,

The component of this velocity in the direction of motion = V., cos8 = (V,,; — uy)



Il. Force exerted by a jet of water on an unsymmetrical moving curved
plate when jet strikes tangentially at one of the tips

Similarly,

The component of the relative velocity at outlet in the direction of motion

= —V,, cos ¢
= —[u, + V5]
So,

~F,=m X[V, cos8 — (—V,, cos@)]
F, = paVi X [(Viy1 —uq) + (uy + V,0)]

As we know 1, = u-

Equaion 2.19 is true only when angle £ shown in Fig. 2.9 is acute angle (<< 90°).
— Iff =90°thenV,,, = 0 and equation 2.19 becomes,
Fr=paV,,V,;————— — — — (2.20)
— If B is an obtuse angle (= 90°), the expression for F, will become,

Fe = paVyy X [V, = Vol ——— —— — — — (2.21)



Il. Force exerted by a jet of water on an unsymmetrical moving curved

plate when jet strikes tangentially at one of the tips

— In general,
E,=paV, x[V,1+ Vo] —————— — — (2.22)
— Work done per second on the vane by the jet,
W = Force X distance travelled per secin the direction of force
W =F, Xu
W = pauVyq X [Vp1 +Vys] ——— — — — — — (2.23)

— Work done per second per unit weight of fluid striking per second ,

— pauVrl X [le i sz]
(pavrl) X g

— Work done per second per unit mass of fluid striking per second,

— pauv}"l X [le + VWE]
(paViq)

N.m
=uXx [ij_ + UWE]

———————— (2.25)



2.3 A jet of water having a velocity of 15 m/sec strikes a curved vane which is
moving with a velocity of 5 m/sec. The vane is symmetrical and it so shaped that

the jet is deflected through 120°. Find the angle of the jet at inlet of the vane so

that there is no shock. What is the absolute velocity of the jet at outlet in
magnitude and direction and the work done per unit weight of water? Assume the
vane to be smooth. [17.21; R. K. Bansal]




Thank you
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Pumps



Pumps 159

Pumps: A pump may be defined as a mechanical device which when imposed in a pipeline,
converts the mechanical energy supplied to it from some external source into hydraulic energy
and transfers the same to the liquid through the pipeline, thereby increasing the energy of

flowing fluid.
There are two main categories of pump:

e Rotodynamic pumps
e Positive displacement pumps



Rotodynamic Positive displacement

Centrifugal

— Gear — Piston

Axial flow

Mixed flow

- Lobe Diaphrag
m

— Sliding Vane — Plunger




Pumps 161

Positive displacement pumps: are defined as those which displace a fixed quantity of liquid
with each motion of its pumping elements. They provide pressure by expanding and

contracting space between the pumping elements.

A rotodynamic pump: is a pump that uses the rotation of an impeller or propeller to impart
velocity to a liquid.



Difference between Centrifugal Pump and Reciprocating Pumps2

S. No. Centrifugal pump Reciprocating pump
It is one of the rotary pumps which It is a positive displacement type
1. used kinetic energy of impeller. pump which is forced by piston.
2. It continuously discharges the fluid. |It does not discharge the fluid
continuously.




Difference between Centrifugal Pump and Reciprocating Pumpé3

S. No. Centrifugal pump Reciprocating pump
In centrifugal pump the flow rate decreases | The pressure does not affect flow rate
3. |which increasing the pressure. In reciprocating pumps.
It is used for pumping high viscous fluid.  |It is used for pump low viscous fluid.
4,
In this pumps discharge is inversely In reciprocating pump viscosity of
5. |promotional to the viscosity of fluid. fluid does not affect the discharge

rate.




Difference between Centrifugal Pump and Reciprocating Pumpé4

S. No. Centrifugal pump Reciprocating pump
Efficiency of these pumps are low Efficiency is high.
6. compare to reciprocating pump.
Centrifugal pump have problem of It does not have any problem of
7. priming. priming.
It uses impellers to transfer energy to It uses piston cylinder device to
8. fluid. transfer energy to fluid.
9. They are lighter than reciprocating pumps.|These are heavier compare to
centrifugal pump.




Difference between Centrifugal Pump and Reciprocating Pumpés

S. No. Centrifugal pump Reciprocating pump
10. It gives higher discharge at low heads. These gives higher heads at low
discharge.
11. It is less costly. These are costly.
12. These pumps required less maintenance. | These required higher maintenance.




Difference between Centrifugal Pump and Reciprocating Pumpeé

S. No. Centrifugal pump Reciprocating pump
13. | Centrifugal pumps are easy to install. These | These pumps are difficult to install.
required less floor space. These required more floor area.
It is mostly used for domestic purpose and | These are mostly used in industries
14. |where higher discharge at low head and high viscous fluid pumped at a

required.

high head.




Reciprocating pump

» Reciprocating pumps are positive displacement pump, i.e. initially, a small quantity of
liquid is taken into a chamber and is physically displaced and forced out with pressure
by a moving mechanical elements.

» The use of reciprocating pumps is being limited these days and being replaced by
centrifugal pumps.

Reciprocating Pump



Reciprocating pump

Main components:

/DEUVERY PIPE

-1 — r—_—j—
DELIVERY VALVE

i / CYLINDER s

’Z PISTON CONNECTING '3 (r)
|/ / .

SUCTION VALVE
SUCTION PIPE b= L=2r —»{

mechanicalbuzz

168



Working of Reciprocating Pump 169

» When the piston moves from the left to the right, a suction pressure is produced in the
cylinder. If the pump is started for the first time or after a long period, air from the
suction pipe is sucked during the suction stroke, while the delivery valve is closed.

Liquid rises into the suction pipe by a small height due to atmospheric pressure on the
sump liquid.



170

Working of Reciprocating Pump

» During the delivery stroke, air in the cylinder is pushed out into the delivery pipe by
the thrust of the piston, while the suction valve is closed. When all the air from the
suction pipe has been exhausted, the liquid from the sump is able to rise and enter the

cylinder.



171

Working of Reciprocating Pump

» During the delivery stroke it is displaced into the delivery pipe. Thus the liquid is
delivered into the delivery tank intermittently, i.e. during the delivery stroke only.

Pumps [Reciprocating pump]



Classification of Reciprocating Pump2

Following are the main types of reciprocating pumps:

» According to use of piston sides
«* Single acting Reciprocating Pump:

If there is only one suction and one delivery pipe and the liquid is filled only on one side
of the piston, it is called a single-acting reciprocating pump.

-

hg

/

CONNECTING (r)
PISTON ROD ,_ls i
\
— - /e ._‘Jc_
\ 5 /

DEUVERY PIPE

DELIVERY VALVE

CYLINDER CRANK

PISTONROD l p
SUCTION VALVE
SUCTION PIPE f=~—L=2r —»]
SUMP LEVEL



Classification of Reciprocating Pump

Following are the main types of reciprocating pumps:

» According to use of piston sides
+» Double acting Reciprocating Pump:

A double-acting reciprocating pump has two suction and two delivery pipes, Liquid is
receiving on both sides of the piston in the cylinder and is delivered into the respective

elivery pipes Classification of Reciprocating
pumps

-] DELIVERY
.~ PIPES \\t

= :‘_-
’ o1 £
43 . =
O-VALVE OPEN
C-CLOSED -
Fig. 11-2. Double-acting reciprocating pump.




Classitication of Reciprocating pump¥™

» According to number of cylinder
Reciprocating pumps having more than one cylinder are called multi-cylinder reciprocating
pumps.
> Single cylinder pump
A single-cylinder pump can be either single or double acting

> Double cylinder pump (or two throw pump)
A double cylinder or two throw pump consist of two cylinders connected to the same

shaft.



Classification of Reciprocating pumps”

» According to number of cylinder
o Triple cylinder pump (three throw pump)

A triple-cylinder pump or three throw pump has three cylinders, the cranks of which are
set at 120° to one another. Each cylinder is provided with its own suction pipe delivery
pipe and piston.

> There can be four-cylinder and five cylinder pumps also, the cranks of which are arranged
accordingly.



Classification of Reciprocating

pumps

* According to number of cylinder
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g, 11°5.  ‘Triple-cylinder pump,
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Discharge through a Reciprocating
Pump

Let
A = cross sectional area of cylinder
r = crank radius
N = rpm of the crank
L = stroke length (2r)
Discharge through pump per second=
Area x stroke length x rpom/60
Q, = Ax L><E
60

This will be the discharge when the pump is single
acting.



Discharge through a Reciprocating
Pump
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Fig, 11'6. Area of cylinder.



Discharge through a Reciprocating
Pump

Discharge in case of double acting pump

Discharge/Second @ = { Aé_ON + (A_GAS)LN }

_(2A-A)LN
Where, A, = Arﬂéa of cros®0section of piston rod

However, if area of the piston rod is neglected

Discharge/Second 5ALN

60



Discharge through a Reciprocating
Pump

» Thus discharge of a double-acting reciprocating
pump is twice than that of a single-acting pump.

» Owing to leakage losses and time delay in closing
the valves, actual discharge Q, usually lesser than
the theoretical discharge Q..
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Slip

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

i.e. Slip = Theoretical discharge - Actual discharge

= ch' - Qa
Slip can also be expressed in terms of %age and given by

%slip = Qu = Quat 100

th

_ (1_ QactleO = (1-C, JL00

th
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Slip

Slip Where C, is known as co-efficient of discharge and is defined as
the ratio of the actual discharge to the theoretical discharge.

Cq = Q. / Q.

Value of C; when expressed in percentage is known as volumetric
efficiency of the pump. Its value ranges between 95---98 %.
Percentage slip is of the order of 2% for pumps in good conditions.



Negative slip 183

» It is not always that the actual discharge is lesser
than the theoretical discharge. In case of a
reciprocating pump with long suction pipe, short
delivery pipe and running at high speed, inertia
force in the suction pipe becomes large as
compared to the pressure force on the outside of
delivery valve. This opens the delivery valve even
before the piston has completed its suction
stroke. Thus some of the water is pushed into the
delivery pipe before the delivery stroke is actually
commenced. This way the actual discharge
becomes more than the theoretical discharge.

» Thus co-efficient of discharge increases from one
and the slip becomes negative.



Power Input

Consider a single acting reciprocating pump.
Let

h, = Suction head or difference in level between
centre line of cylinder and the sump.

hy = Delivery head or difference in between
centre line of cylinder and the outlet of delivery
pipe.
H,, = Total static head

= h, + hy
Theoretical work done by the pump

=P ch g Hst

ALN

184



Power Input 185

Power input to the pump
ALN
= p| —— |g(h. +h

However, due to the leakage and frictional losses,
actual power input will be more than the
theoretical power.

Let n = Efficiency of the pump.

Then aituf AE\MEj input to t)he pump
60

== p| —— |a(h, +h,
7



Problem-1: A single-acting reciprocating pump discharge 0.018 m3 /s 586
water per second when running at 60 rpm. Stroke length is 50 cm and the
diameter of the piston is 22 cm. If the total lift is 15 m, determine:

a) Theoretical discharge of the pump

b) Slip and percentage slip of the pump

c) Co-efficient of discharge

d) Power required running the pump

Solution:
L=0.5m
Q,= 0.018m3 /s
D=0.22m
N =60 rpm
Hy,=15m



Problem-1

Solution:

@ Qy A><L><E QD LN
Q. = (11/4)x(0.28%x(6.8x6 6@9

Qi = 0.019 m3 /s

(b) Slip=Qy - Q,
Slip=0.019-0.018
= 0.001 m3 /s
Percentage slip = (Q, - Q,)/ Qu
=(0.019-0.018)/0.019
= 0.0526 or 5.26%

187



Problem-1
Solution:
(©) Cd = Qa / ch
= 0.018/0.019
= 0.947

(d) Power Input
= p Q4,9 H,, (Neglecting Losses)
= 1000 x 0.019 x 9.81x 15
= 2796 w or 2.796 kW

188
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Problem-2: A three-throw reciprocating pump delivering 0.1 m? /s of
water against a head of 100 m. Diameter and stroke length of the
cylinder are 25 ¢cm and 50 cm respectively. Friction losses amount to 1 m
in the suction pipe and 16 m in the delivery pipe. If the velocity of water
in the delivery pipe i1s 1.4 m/s, pump efficiency 90% and slip 2%,

determine the pump and the power required.
Solution:
H, =100 m Qa=0.1m3/s
D =0.25m L=0.5m
he =1 m hiyy =16 m
n, = 0.9 s =0.02
Vd = 1.4 m/s

~ 3ALN

Q="



Problem-2

Solution:
We know that, s = (Q,, - Q,)/ Q,
0.02 =1-Q,/ Q4
Q,/ Q4 =0.98
Q4 =Q,/0.98
Q,/ 0.98 = 3/60xT11/4 D?XxLxN
0.1/ 0.98 = 3/60xT11/4 (0.25)2x0.5xN
N =83.15 rpm
Total head generated
H=H, + h, + hey + Vd?/(29)
H=100+1+16+ (1.4)%/(2x9.81)
H=117.1m

190



Problem-2 191

Solution:
Power required = 1/ n, (p Qg H)

= 1/0.9 (1000 x 0.1/0.98 x 9.81 x
117.1)

= 130.21 x 103 W
= 130.21 KW
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Centrifuggl Pum]_)j ' —

24.)Y INTRODUCTION

W%W of pumps in which a dynamic Pressutt
devel ich enables the Tifting of liqui » a lower to a higher level ) The basic principle on s
a cenfrifugal pump works is that when a certain mass of liquid is made to rotate by an external force, =
thrown away from the centra! axis of rotation and A centrifugal head is impressed which enables it to 1 z
to a higher level. Now if more liquid is constantly made avaiiable at the centre of rotation, a 'CO_HH(I;UO?O
supply of liquid at a higher level may be ensured. Since in these pumps the lifting of the liquid is ueth
centrifugal action, these pumps are called ‘centrifugal pumps’. In addition to the centrifugal action, as l E
liquid passes through the revolving wheel or impeller, its angular momentum changes, which also resulls
in increasing the pressure of the liquid. As such centrifugal pumps behave quite differently from positive
displacement pumps. A centrifugal pump does not push the liquid as in the case of a positive disolacement
pump, but it modifies the hydraulic gradient such that the liquid is lifted to a higher level.
' According to the general direction of flow of liquid within the passage of the rotating wheel or
impeller the rotodynamic pumps are classified as,
(1) Centrifugal pumps,
(if) Half axial or screw or mixed flow pumps,
(iii) Axial flow or propeller pumps.

In the impeller of a centrifugal pump the liquid flows in the outward radial direction, while the flow
of liquid in a propeller pump impeller is in the axial direction, parallel to the rotating shaft. The mixed
flow pump impeller has an intermediate form so that the flow of liquid is in between the radial and axial
directions. However, there are no rigid boundaries separating these three types of pumps, and often all the
three types of pumps are called centrifugal pumps.

‘. In general all the rotodynamic pumps closely resemble reaction type of hydraulic turbines and they
~ may be regarded as reversed reaction turbines. Thus the action of a centrifugal pump is just the reverse of
~ a radially inward flow reaction turbine. Similarly the axial flow pumps are reverse of propeller or Kaplan

turbines and the mixed flow pumps are the reverse of mixed flow type turbines such as Francis turbine. In
~ the present chapter only centrifugal pumps have been described.

~ 242 ADVANTAGES OF CENTRIFUGAL PUMPS O G PUMPs > X

main advantage of a centrifugal pump is tﬂtﬁi_g,cﬁschggijg capacity is very m ter th

of a reciprocating pump which can handle relatively small quantity of liquid only. A cqe?m

¢ used for lifting highly viscous Tiquids such as oils, muddy and sewage water, ma,
hemicals efc. But a reciprocating pump can handle only pure water or less vi&%&w

purities as otherwise its valves may cause frequent trouble. A centrifu operated at
»ds without any danger of separation and cavitation such it can be coupled directly
coupling to electric motor. On the other hand as indicated in Chapter 23 the maximum

g pump is limited from the considerations of separation and cavitation. As such

P



i - L 939

AND FLUID MECHANICS

and for that these pumps are m
only pcnodml check up is sumciem

high because the parts such as valves etc. may nee'd.h

build up very high'pressur. es as high as g9
c‘:;scd for lifting oil from very deep oilx“l?;\ i
E |

HYDRAULICS

ow speeds only

p is low and

reciprocating pumps can be operated at I
The maintenance cost of a centrifugal pum
reciprocating pump the maintenance cost IS
replacement. However, a reciprocating pump can
{700 kg¢f)/cm?} or even more and hence these pumps ar

24.3 GOMPONENT PARTS OF A CENTRIFUGAL PUMP _ ] e |
which are described belgy,.

Fig. 24.1 shows the main component parts of a centrifugal pump |
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I or rotor which is

(i) nel'. It is a whee
vanesMt is mounted on a shaft which is coupled t

Provided with a series of backward curved blades or
which imparts the required energy to the impellerot:gr :gﬂ.:i lsour::f of:tn:g—gy (usually an electric motor)
impellers e ng it to rotate.

);:: imgeller, wnl:?zhb:r: I:I?SI::ed e (a_) closed or shrouded impeller,(b) semi-open impeller; and
5 rovided with metal cover sl'own 'n Fig. 24.1. o “closed or shrouded’ impeller’ is that whose vanes
:,r-:\:n plate and lower or base pl:ﬁ‘:::e:';o;hshrol{ds on both sides. These plates or shrouds are known as
for the liquid and is more efficient. liow o e Fig, 24 ¥ he cloced impeller provides better guidance

R P 2 comparatively e from deber, V7 ) “2PT i3 most suited when the liguid to be

f the vanes have only the base plate and
impeller’. Such an impeller is suitable eve

An “open impeller’ is that whose van
impellers are useful in the Pumping of lig
sewage and water containing sand or
charged with a large quantity of debris.

N0 crown plate, then the impeller is known as ‘semi-open
n if the liquids are charged with some debris.

es have neither the crown plate nor the base plate. Such
liquids containing suspended solid matter, such as papcr-pu.lp,
grit. These impellers are less liable to clog when handing liquids

i

(if) ing. It is an airtight chamber which surrounds the impeller. It is similar to the casing of a
reaction turbine. The different types of casings that are commonly adopted are described later.
: (iif)\Suction Pipe. It is a

: pipe which is connected at its upper end to the inlet of the pump or to the
centre of the impeller w

: ; hich is commonly known as eye. The lower end of the suction pipe dips into liquid
In a suction tank or a sump from which the liquid is to be pumped or lifted up.

The lower end of the suction pipe is fitted with a Joot valve and strainer. The liquid first enters the
strainer which is provided in order to keep the debris (such as leaves, wooden pieces and other rubbish)
away from the pump. It then passes through the foot valve to enter the suction pipe. A “foot valve’ is a
non-return or one-way type of valve which opens only in the upward direction. As such the liquid will
pass through the foot valve only upwards and it will not allow the liquid to move downwards back to the

sump.
. (i\{%elivery Pipe. 1t is a pipe which is connected at its lower end to the outlet of the pump and it
deliver the Tiquid to the required height. Just near the outlet of the pump on the delivery pipe a delivery

- valve is invariably provided. A delivery valve is a regulating valve which is of sluice type and is required
to be provided in order to control the flow from the pump into delivery pipe.

24 KING OF CENTRIFUGAL PUMP 7" ¥

The first-step in the operation of a centrifugal pump is priming, Priming is the operation in which the
suction pipe, casing of the pump and the portion of the delivery pipe upto the delivery valve are

completely filled with the liquid which is to be pumped, so that all the air (or gas or vapour) from this
.~ portion of the pump is driven out and no air pocket is lctt.)It has been observed tha.t even the presence of a
“small air pocket in any of the portion of pump may result in no delivery of liquid from_the pump. The
~ necessity of priming a centrifugal pump is due to the fact that the pressure generated In a centrifugal |
~ pump impeller is directly proportional to the c!ensuy of the f_]u.id that is in contact with it. Hence if an
impeller is made to rotate in the presence of air, only a negligible pressure would be produced with the
It that no liquid will be lifted up by the pump. As such it is mscntm.l to properly prime a centrifugal
p before it can be started. The various methods used for priming a centrifugal pump are
er t ) is primed, the delivery valve is still kept closed and the electric motor is started 1o
The delivery valve is kept closed in order to reduce the starting torque for the motor.

wpeller in the_casing full of liquid uces a forced vortex which { , a
quid and thus results in an increase of pressure m@&hﬁm&m\e
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HYDRAULICS AND FLUID
al to the square of the angular velocity and the g

|
increase of pressure at any point is P'W‘?‘:he of rotation of the impeller of the pump j %‘y
g M,M}A%“ ,sgmusmdlfing sp:“i’mpeller is considerably increased. N&g
high, the pressure in the liquid SUTEZCE s rotating, it just churns the Tiquid in the casing “ﬂ#

dﬂf“xé_vgwwd the impeller IS rotZ e, —3al direction &
| i e e g — / leayipg !
dv%% the o?xter circumference with high veloc%ﬁsz?l:% u:lt ﬁt'he e;‘?f%
impeller due to the centrifugal action a partial vacuum IS created. Thi R 31 | from ¢ %i
which is at atmospheric pressure, to rush through tht;: SUC:l_Oﬂ P:—pﬁnt](f)'ere;ozyofc;he it:n ;)"e‘ll;e“er [h%;
replacing the liquid which is being discharged from the entire circus : seller. The !
pi?:siulr:gof the lcilquid leaving the impeller is utilized in lifting the liquid to the required height lhrou'ghhz’

delivery pipe. ‘
As the liquid flows through the rotating impeller it recei_veS_ energy from _the vanes \_‘VhICh results g g
increase in both pressure and velocity energy- As such the liquid .leaves th; impeller wnh. a hl.gh
velocity. In order that the kinetic energy corresponding to the h}gh velo§:lty of the: lw_vnng liquid is gy
wasted in eddies and efficiency of the pump thereby lowered, it is essential that this high velocity ofy,
leaving liquid is gradually reduced to a lower velocity of the delivery pipe, SO _that the larger. portion ofg
kinetic energy is converted into useful pressure energy. Usually this is achieved by shaping the casy
such that the leaving liquid flows through a passage of gradually expanded area. The gradually increy
cross-sectional area of the casing also helps in maintaining uniform velocity of flow throughout, beayg |
as the flow proceeds from the tongue 7T’ (Fig. 24.2) to the delivery pipe, more and more liquid is adkf
from the impeller. There are different types of casings that are adopted for this purpose and on the basisof
the type of casing used, the centrifugal pumps are classified into different types as described in thene
section. _
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| ; Fig. 24.2 Volute pump
24,5 nm OF ("IENTRIFUGAL PUMPS

_ According to the i : ;
 classes: 5 w centrifugal pumps are classified into the follo*™
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v " UMPS
-;u A siggonmgmﬁﬁTpellers Provided the PUMPs may be classified as single-stage and multi-
ﬁiwlrifugal pump has two or mofg nﬁw’:f 3 Sl s impe“ﬂ'ymo:nii‘i' Ion :Iie sﬁaft A mtdli-S‘agg
~ are enclosed in the same casing, E55ST8 connected in series, which are mounted on the same shaft an
On the basis of the direction ‘
“ radial flow pump, mixeq o, pump ag\:f\,f;i}:e liquid through the impeller the pump may be classified as

. Xial flow pump.
IS that in which the liquid flows throu
Iggal PUmMps are provided with radia
impeller axially as well as
W impeller is just a modifica
g a large quantity of liquid,
1S to be dicharged to low h

1p in. xial direction only. Axial
quantities of liquid at relatively low heads.

centrifugal pumps, because there is hardly any

Depending on the number of entrances {
single suction pump and double suction
a suction pipe on one side of the impel
sides of the impeller. A doy

A radial flow pump

Ordinarily all the centr gh the impeller in the radial direction only.

I low impellers. In mixed flow pumps the
radially, that is there is a combination of radial and
tion of radial flow type in this respect that the former
As such mixed flow pumps are generally used where a
eights. In axial flow pumps the flow of liquid through
flow pumps are usually designed to deliver very large
However, it is not justified to call axial flow pumps as
centrifugal action in their operation.

0 the impeller the centrifugal pumps may be cla}ssnﬁcd as
- In a single suction (or entry) pump liquid is admitted from
ler. In a double suction (or entry) pump liquid enters from both

| ble suction pump has an advantage that by this arrangement the axial thrust
on the impeller is neutralised. Further it IS suita

: ble for pumping large quantities of liquid since it provides
a large inlet area.

The centrifugal pumps may be desi
Generally the pumps are provided with
with vertical shafts are more suitable bec

gned with either horizontal or vertical disposition of shalts.
horizontal shafts. However, for deep wells and mines the pumps
ause the pumps with vertically disposed chafts occupy less space.

According to the head developed. the centrifugal pumps may be classified as low head, medium head
and high head pumps. A low head pump is the one which is capable of working against a total head upto
15 m. A medium head pump is that which is capable of working against a total head more than 15 m but

upto 40 m. A high head pump is the one which is capable of working against a total head above 40 m.
Generally’high head pumps are multi-stage pumps.

ORK DONE BY THE IMPELLER

The expression for the work done (or the energy supplied) by the impeller_ of a ‘cenlr_ifu.gal pump on
the liquid flowing through it may be derived in the same way as for a turbm_e. The |Iqmd enters the
impeller at its centre and leaves at its outer periphery. Fig. 24.5 shows a portion o_f the impeller of a
Centrifugal pump with one vane and the velocity trlapgles at the inlet and the 0u}lct tips ofthe- vane..For

~ the sake of convenience the same system of notation is employed as that for turbines. Thus, ¥ is absolute

velocity of liquid, u is peripheral (or tangential) velocity of the im 'elle;r V, is relative velocity of liquid, |78
is veloci of liquid, and ¥,, 1s velocity of whirl of the liquid at the entrance to the impeller.

Similarly V,u; V,.. V5 and V¥, represent their counterparts thME point of the impeller. Further
O represents ; impeller vane angle at the entrance and ¢ represents the impt':ller vane angle at the outlet.
; S epl rly a is the angle between the direction of the absolute velocity of entering liquid and the peripheral

E: ";:;r {;f the impeller at the entrance, and P is the angle between the absolute velocity of leaving liquid *

d tht:'p’ﬁ’iphu‘l velocity of the impeller at the exit point.

. : i i in the case of turbines) the directi
A entrance to the impeller since there are no g}ndc vanes (as in t ! ok
. ﬂ‘e llle\::!:’ty of li::id at this point of the impeller is not dlrectl.y known. H?weva, for best
he pump it is commonly assumed that the liquid enters the impeller radially that is the

ity of the liquid at the entrance to the impeller (or at the inlet tip of the impeller vane) is

Er

ik ) el



phig o AND IIID MEC]-]S\NICS
) let is
23 loc of whlrl V at in equal to
ters ‘and lﬁ:ﬁ; of the e velocities at the two tips, As ;
v . p:mltlel t'(; t::d 'l,f o the vane at the injg; 5
relative velocities
7  in Fig. 24.5.

TANGENT TO
IMPELLER AT

TANGENT TO IMPELLER
AT INLET OF VA

OUTLET VELOCITY
TRIANGLE

INLET VELOCTTY
TRIANGLE

R =(D/2) ; Rm(0,/2)

Fig. 24.5 Velocity tnanglcs for an impeller vane ‘
ction turbine the work done per second by the liquid onfy

the case of a radially inward flow rea
(Vou + V,, u); where W is weight of liquid striking the runner per second.

| pump is just the reverse of a radially inward flow reaction turbine, the same analysis as ugl
ay be applied to pumps. Thus, the work done per second by the impeller on the hqmd' 1

k done =-'(V,,.u| V,,uLJ

w&ight of liquid per second that passes through the impeller. Since in this case as stated
rs the unpeller radially, a = 90° and hence V,, = 0. 3 .f

—\\
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TABLE 24.1 =
Low N, Impeller High N, Impeller
4 :
0.95 \ to l .25
0.10 to 0.25
Moreover, equation 24.1 can be transformed in the following form:
Work done Per kg per second
5 V|2—V2 U -u? Vrz_Vr2 (24.4)
S, + '
2g 2g 2g

Equ.atiop 24'.4 shows that work done on the liquid consists of three parts. The first part represents [h_c
C::tn_ged!n kinetic energy of the liquid, the second part represents effect of centrifugal head and the last
part in

_ndicates the change in statjc pressure energy of the liquid if the losses in the impeller and the effect
of difference in elevations of s of the impeller are neglected. Usually equation

| the inlet and the outlet point
24.4 is known as the Junda '

mental equation of centrifugal pump.
24.7 HEAD OF PUMP
The head of a centrifugal pump may be expressed in the following two ways:
(a) Static head,

in Fig. 24.6 the s atic head is the vertical

distance between the liquid
to which the liquid is delj

the pump. Thus if &, is the vertical

above the centre line of the pump shaft
H, =h,+h,

(24.5)
‘The term A, is known as static suction lift, and h, is known as static delivery lift. Thus static head (or
lift) is the net total vertical height through which the liquid is lifted by ¢

he pump.
m Manometric head. It is the total head that must be produ

. Q‘M&m&%mﬂt_&mal
requirements. If there are ng energy losses in the impeller and the casing of the Pump, then the
manometric head H,, will be equal to the energy given to the liquid by the

impeller, which for radial entry
to the impeller = (V,,,u)/g) N-m/N. But if the losses occur in the pump then

- S
H, =—éﬂ — (losses of head in the pump) |

. The various osses of head that may occur in the pump have been descr
The manometric head may also be expressed in other forms which are

Applying Bernoulli’s equation between the points, O at the liquid
alc_tio:;ipe Just at the inlet to the pump (i.e., at the centre line of the

ibed in the next saction. ——
as indicated below:
surface in the SUMp and | jin the

pump), the following express; g
°~  obtained if the liquid surface in the sump is taken as datum. : is
o A ‘ P2
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V.
-+ The head (h, thy+ 7;3) is called the delivery head of the pump.
Now intrOducing €quations 24.7 and 24 16 in equation 24.12 it becomes :
%2 ...(24.17)
e o = bt byt by sy + 2L e

Al : from equat:on
Eqgation 24.17 represents another eXpression for the manometric head. It is obS:r:?:Ce some of 1t Is
24.17 that aJ the manometric head is not yseq to Iift the liquid against the statc head,
used to overcome the various | i . '
H,,= static head + friction a
delivery pipe.

: : . ted and then
If the velocity head i, the delivery pipe (Vi12g) is relatively small it may be neglecte
€quation 24,17 becomes

'a
H,,.=h,+hd+h,,+h,,, RN
\248 LOSSES AND EFFICIENCIES PR
(A) Losses. The various losses oceurring during the operation ofa centrifugal pump may be class
as follows: '
@ Hydraulic losses.
(2) Mechanical Josses,
(3))Leakage loss,

(1) Hydraulic losses. The /ydraulic losses that may occur in a centrifugal pump installation may be
grouped as T

(a) Hydraulic losses in the pump.
(&) Other hydraulic losses. . .
The hydraulic losses that may occur within the pump consist of the following:
(#) Shock or eddy losses at the entrance to and the exit from the impeller.
(if) Friction losses in the impgllg{. _ .
@n) chi'éaay losses in the guide vanes (or diffuser) and casin g
i i blade angles 0 and
. 24.5 that for the given valugs of the g
!t ca.r:hbeese;r:lﬁ;":);'f one rate of discharge that »ylll ensure tangential entry t
rotatlorti_, ! :;it from the impeller. But often the ump is required to operate under
ta}t: 'g?\nr:;ults in the variation in the rate of discharge. As such at the entrance and the
which

. Furthermore at the exit from tl!e imp;lle.r then:e oce
the sho;:lk lozsr? o%el':;aall'){u:ic:;ange in the direction of the velocity of liquid as j¢ ent
due to the m

The other hydraulic losses consist o.f the follmfving:.

(#) Friction and other minor losses !n the su:tlon pui)e.
(ii) Friction and other minor losses in fhc delivery pipe. e
(2) Mechanical losses. The mechanical losses occur i o :

8 : ity head in the
nd minor head loss in suction and delivery pipes + the velocity

¢, and the speed of
0 the impeller and
varying conditicns
exit of the impelar
urs a loss of energy
ers the Casing,

of the

i % : ; 4 X oy . - r I =

~ following e aen i unpglla ancf ,th.e liquid which fills thé_ Clearance spyces between the
m‘ . - -—“':‘ OoQ _‘ de 2 l, e - . ;

P
%t ““‘Nv‘.\.h" 8

e




A

. ‘ké’ 5 4-.\7 ¢ .f'> . i ‘ : 1
srdinarily built, it is not possible to prq,
?ndi:;;“’; "As such there is always

igh press ure to the low pressure points. in the Pumet
liquid which escapes or leaks from a high preuu‘,ep
which is subsequently wasted in eddies. This losg of e

h 1t en
ts the leakage loss.

HYDRAULIC LOSSES
N THE PUMP

IMPELLE R gl
POWER _T
(kw)

wav,, v,
1000 g

STATIC
POWER
(kw)

w QHg

1000

IMPELLER CASING EXIT DELIVERY EXIT
Fig. 24.7 Hcad losscs in centrifugal pump

s. The efficiency of a centrifugal pump is expressed in the following form :
efficiency,

nometric efficiency 1,,,,, is defined as the ratio of the
mparted by the impeller to the liquid. Thus
Sl i A
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i g Power actually delivered by the pum
3 : Nmano Power imparted by the impeller (24 20)

= Output of the pump NG ot
o V%m - Power imparted by the impeller v

-[Power imparted by the impeller = Power delivered by the motor to the shaft (or shaft po
in mechanical losses]

i f
. ; the quantity ©
_ i) Volumetric Efficiency. The volumetric efficiency 1, is defined as the ratio }?fthe impeller. As
liquid discharged second from the pump to the quantity passing per second throu ller leaks through

stated earlier these two quantities differ by the rate AQ at which the liquid from the in}p}ie impeller. Thus
the clearances between the impeller and the casing and finds its way back to the eye © t .
by Y ...(24.21)
- (Q+aQ)

where Q is the quantity ofliquidiactually discharged per second from the pump.

(7if) Mechanical Efficiency. The mechanical efficiency Mpecs is defined as the ratiogf,ﬁ'ﬁhPi’wer
actually delivered by the impeller to the power supplied to the shaft by the prime mover or motor. Thus

" wg+AO)V, u, / g) ...(24.22)
e Power given to theshaft
s & (Viu/g)
Nmech Energy head given to the shaft
7 2 (Fnui/g)
oK \/n'w‘" ~ (Vumuy/g) + (mechanical head losses in bearing) e

() Overall Efficiency. The overall efficiency 1, of the pump is defined as the ratio of the power
output from the pump to the power input from the prime mover driving the pump. Thus

- wOH,,
el power given to the shaft

The overall efficiency is also equal to the product of all the three efficiencies described above. That is
Mo = (Mwmo) % U )__XLQ@,CA)

...(24.23)

v H, o Q . w(Q+AQ)V,,u, / g)
(Vi/8) © (0+AQ) ~ Power given to theshaft
wOH,,

~ Power given to the shéﬁ

which is same as equation 24.23.

(C) Effect of Vane Angle $ on Manometric Efficiency. If the loss of head in th .
then the manometric head may be expressed as € PUMD is neglecteq

le"l V_l2 ’ .
, Hp = & i 2g ‘ ¥

rom the outlet velocity triangle shown in Fig. 24.5,
LR =RV and Ky = = Fpootd).

- A «
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R Further th

: 1ly imparted
, € ratio of the Mmanometrjc head H,, available from a pump and the head H, actually
by the Impeller to the liquid js termed ag

hydraulic efficiency n, of the pump i.e.,
H,— losses of he

» ad in the pump \
Na *

or Hy,

. i 4.18
However, the Manometric efficiency Mmano Of @ pump has been defined earlier as (equation 2 )

i M.
Nmano m =9
Thus combining the aboye noted expressions the manometric efficiency becomes
H, H
Nmano _ﬁl‘x}zr(nhxe)

€ =1 H,=H ang Nmeno ™=

: : . . e inite numbers of
As stated earljer since the actug) shape of the velocity triangles for impellers with finite nt

. ] ; - g > Euler’s velocity triangles
vanes being not known, the impeller vanes are designed in accordance with the Euler’s veloci y !

. : : A L and accordingly #/. has
As such in the various illustrative €xamples the value of ¢ has been assumed as I and accordingly #/,
been considered to be same as H,.

\}ﬂ//fmlmsmammc SPEED

When the pump is started, there will be no flow of water until the pressure difference in the impeller
is large enough to overcome the gross or manometric h

[EDN/60)? @pi/en’]
= 2g 2g -
2
[(_n..l_v_) (Dl2 —DZ)J > (ngm)
or 60

For determining the minimum speed required for the pump to commence the flo
or deter .
may be written as

[(ﬂ)zw.’ Sp? )J - @)

W, the above e€xpression

---(24.27)
60

) be computed.

; : required value of N may
from which tl(:;::; DUE TO REDUCED OR INCREASED FLOW
24.10 LOSS EAD '

' 3 when it is running and discharpj 3 y

: Il be maximum only ; BINg at its deg;
The efficiency of a p:mispc;:h'er reduced or increased, then ge_re will ?e a loss of heaq due to shock at
speed. But if the dngdlarga which will result in lowering the efficiency of the pump, !

the entrance to the impeller, -

: ity triangle for the ‘
the inlet velocity sriang : PUMp wher, Tunning
B e 2 e o e paratiel 85 ob: Now if the e Mow through e |, NOPal

p‘ =338
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may be defined as the speed in revolutigpg "
corresponding confiitions it would deljy e
~

The specific speed of a centrifugal pump
geometrically similar pump of such a size that under
liquid per second against a head of 1 metre. It 1s repr
as derived below:

Discharge O = (knB,D,) Vp
or Q aoC B |D] Vﬁ
or Q o« D2 Vp; since By « D,

Also Va =y (\[2gH,, ); or Vpoc (\[Hn)
Thus Q D2 (\[H,)

G |
or Da¢ ‘\/me) constant '--(2.T

Uhy,

Further u, = (nD,N/60) ;
or Dy o (uy/N) ‘

Also m = K, (\2gH,, ); wy= (\[H,)

Thus D, (\/H,,,/N)

N

or D]N = constant

Substituting the value of D, from equation 24.33 in equation 24.32 it becomes :
Q o (H,>N?) :
or N2 o (H,3%/Q) :

or N < (H,"*A[Q)
or ' N = C (H,»¥A\J0); where C is a constant

or H,3 = (2

Now according to the definition of the specific speed, putting Q = 1 litre/second and Hy =1
€C=N=N,. Thus ———

4 . b
Equation 24.36 represents the expression for the specific speed of a centrifugal pump, which 159
the unit discharge. It is the most commonly adopted expression for the specific speed of the pul
vgluG'GfN, usually varies ﬁ'.om abm.lt 300 to 15,000 for a single impeller. Further the value of N;
SI and metric system of units and it is equal to 0.67 times N, in F.P.S system, where @ i in g2
“minute and ,, is in feet. ’

; lues of @ and Hy, to be substituted in equation 24.36 are those corresponding 10 e
/ ump ormal working speed.
| 'n 10 be used in equation 24.36 is obtained by
imilarly for a double suction pump half

s
il

g
¥

E

!

¢ &
s




AN

~in which QO is the discharge in liters per minut

According to the number of impellers fitted in the casing a multi-stage pump is designated as two stage,
three-stage, etc. Fig. 24.9 shows a three-stage centrifugal pump.
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[‘,Tmﬂ N - s -
g m g ’ P
Further the

; - 2 applying
; efficiency of the Prototype pump being }ot equal to that of thc. model pumrii‘:yeﬂﬁzi:ncy

‘suitable correction factor, the efficiency of the prototype pump can be predicated from F. Wislicenus

obtained for its model. Based on the test efficiencies of single stage centrifugal pumps, G.F. umps.

has suggested the following E€Xpression relating the efficiencies of the model and the prototype p

0_95_,]”'_ 0.658+Iog|o o, A w28
095-n, "| 0.658+10g,, 0.

€.

24.14 PUMP IN SERIES-MULTI-STAGE PUMPS
The head produced by

) L. i the
, a centrifugal pump depends on the rim speed of the impeller. To 1nlc1'eaS€?Sin
LM speed, either the rotatjye speed or the diameter of the impeller or both must be increased. Increasing
either of these has the e

Ancreasing the stress in the impeller material. MML_.%M‘%
not possible to produce very high head with one impelleryNormally a pump with a single l_mpC“ef_ taue
used to deliver the required disc arge against a maxitium head of about 100 m. But if the liquid =

boosting the liquid like pumping
ay also be produced by using multi-

ecting passages, and are

meant for the recuperation of the velocity energy of the liquid leaving the impeller into Pressure energy.

DELIVERY

LK

FIRST __|_ SECOND
:“ srﬁés | STAGE "‘:
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: o the casing and the suction p|pe with ‘
Ily primed by evacuating ) B o Thoe & €aig
PM::G: sptl:-:lpns ;eectl::ru:hz lFi,quid is thus sucked into the suC"O'T ‘;lz:r angementsump. Yy
: :on is such that specia contaip;
ir internal construction 1S SU it ivior Bf o ing
quuilc;‘asr:::o'::il;ne?!s’ir:ﬁ;g s:uction pipe, which facilitate automatic priming € pump. gyq %“i.
known as ‘self priming pumps’. Ry
1IES
B RENTRIFUGAL PUMP-TROUBLES ARD REN[ED eration of the centrify
Some of the troubles commonly experienced during the op gal Pum,

: w: Rl
remedial measures to be taken for the same are as listed belo {

(N WMUMJIEB&

(i) Pump is probably not properly primed. Reprime the pump, 0p e
unbroken stream of liquid is obtained. ‘ . |

(if) Total static head is probably much higher than that for which .IhC pump is designeq. Cheek.
same with accurate vacuum and pressure gages, or may be determined by actual Measuremg
difference in elevation between pump and suction liquid lgv;l, gnd ?Iso between pump ang p;
discharge. Add to this static head the loss of head due to friction in pipes and that in the Oiherﬁ%
used in the installation.

(iii) Wrong direction of rotation of the impeller. Arrow on the pump case shows the proper direny
of rotation.

ing the air vent until 5 Steag

(iv) Impeller may be clogged. Examine carefully for solids or foreign matter lodged in the impelly

(v) Suction lift too high. Check with vacuum gage or by actual measurement where possible, adfy
to the static suction lift the loss of head in the pipe and fittings.

(vi) Strainer or suction line may be clogged. This would cause an excessive suction lift.

(vii) Speed may be too low. Check the speed with a techeometer and compare it with the one givas

the name plate of the pump. When the pump is being driven by electric motor, check up to see whetha#
voltage may not be too low.

(2) Pump working but not upto capacity and pressure:

(1) Air may be leaking into pump through suction line or through stuffing boxes.
(ii) Speed may be too (on.\

(#1i) Discharge head may be higher than anticipated.

(i) Suction lift may be too high

(v) Foot valve or end of suction pi
or entirely too small.

(vi) Impeller may be partly clogged or too small in diameter.
(vif) Rotation may be in the wrong direction

pe may not have sufficient submergence, or it may be Pa'ﬂ)":k‘i

(3) Lump starts and then stops pumping:
(1) Improperly primed or leaky suction line, \
(40) Air pockets in suction line. .

s




 pear the pump suction line. & suction pipe because of liquid being delivered in suction tank or sump {00

(4) Pumps take too much poyer-

6) Speed may be too high)

(u’) Hﬂ'ﬂd ‘ma be toolow and pump delivers too much liquid.
(iii) Liquid may have too high a specific gravity.

(#v) Pump may be operating in wrong direction.

(v) Shaft may be bent, impeller m : . PREI,
rings may be worn. ay be rubbing on casing, stuffing boxes may be too light, w

!Ilustrative Faamp !e 24" A centrifugal pump has an impeller 0.5 m outer diameter and when
running at 600 r.p-m. discharges waler at the rate of 8000 litres/minute against a head of 8.5 m. The
water enters the impeller without whirl and shock. The inner diameter is 0.25 m, and the vanes are sel

back at outlet at an angle of 45 °and the area of flow which is constani from inlet to outlet of e impeller
is 0.06 m’. Determine (a) the manometric efficiency of the pump, (b) the vane angle at Inlet, and (c) the
t speed at which the pump commences to work:

Solution:
)y, __g:
; /= VJ;— 3

_ 8000x107°

60x0.06
nDN
u=—-

60
nx 0.25x600

=222 mls

=7.85m/s

ul=_._

=D, N
60

p——

[ 0 _Eiﬂ-ﬂ’_"_@_/o,is:n s

60 ‘ g
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Q, and the theoretical disc},,

discharge O, and the theoretical d M ™
theoretical discharge Q. (The ratio between the :fnt:al'rhlat = \% )
defined as the coefficient of ischarge_@_?_ﬁ'_‘f_?____. . |

Fig. 23.1, we have

e

Actual discharge % (2
Ca = Theoretical discharge )

terms of percentage is also known as volumetric eff; Clency OF the
n

The value of C; when expressed i
pump.
\v4b) Slip and Percentage Slip. The differenc
discharge is known as the s/ip of the pump. That 1s

e coretical discharge and
e between the theoretical dist "’*'*‘wm

il
slip = (O —0d) | e (2314
Often the slip is ‘expressed in terms of percentage which is then called percentage stip IS given by
Percentage slip = 99, 190- (1 - Cy) x 100 --(23.15)
th 7 I

‘ Lk y v of 2
For the pumps maintained in good condition the percentage slip is of the order of 2 per cent or even Jegs

(¢) Negative Slip. For most of the reciprocating pumps the actual discharge Q.,. 15 less than he
theoretical discharge Q,, in which case C, of the pump is less than one and the slip of the pump i
positive, However, in some cases the actual discharge of th‘c pump may bL m()rc'tha.n the theoreticg|
discharge, in which case C, will be more than one and the slip will be negative, which is then known g
negative slip.

This may happen in the case of pumps having long suction pipe and low de.livcr-)_( head, especially
when these are running at high speed. This is so because for such pumps 1hcﬁ_1nert:a pressure in the |
suction pipe will be large in comparison to the pressure on the outside of the delivery valve, which may
cause the delivery valve to open before the suction stroke is completed. Some liquid 1s thus pushed directly
into the delivery pipe even before the delivery stroke is commenced, which results in making the actual

discharge more than the theoretical discharge.
23.6/EFFECT OF ELERATION OF PISTON ON VELOCITY AND PRESSURE IN THE
SUCTION AND DELIVERY PIPES
Dt{r_ing the reciproc_atir;g motion of the piston or plunger it does not move with uniform velocity fo
the entire stroke, but as indicated later it has an acceleration developed for the first half of each stroke and
for the later half of the stque there is retardation developed for it. Since the liquid flowing through the
pump closely follows the piston or plunger, its acceleration and retarding effects will be correspondingly
t.ran.sm.med to th<? liquid ﬂoyvmg in the suction and delivery pipes. In other words the velocity of flow of
!Iqmd in lpe suction and d_ellvery pipes will not be uniform byt during the same stroke the velocity of flo¥
in these plgtz:(sj ‘rl" vary with the crank position. These variations in the velocities of flow of liquid in lh‘,}?{-
suction and delivery pipes give rise to inertia pressures which will cause iati in the
i i e a variation of pressure In ¥
cylinder. The magnitudes of the inertia pressures so developed can be calculated as indicaterc)l below. :
If the connecting rod is very long as compared with dic.le
that the piston or plunger moves with simple harmonic o nk, i
: ) motion. Th i ly st
the problem. Let the crank be rotating with an an ular velocity radiea;lzsumptlon ;ons(l’d_ere:li) ;:e o
let it turn through an angle 6, from its inner dead centre. Then ; per second and in ;

A - 2nNt
60
If x is the linear d lacement of the piston from

——

0 -ot -

9 i
thewend of the stroke in ¢ seconds

S T PR
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erif v is the v% =
q!.e Pistonjand fis the acceleration offthe piston)then, we have

V= = :
— dt T rsin(of)=cwrsing
an I T d = w?r cos (ax ) = w¥r cos B

Now if A4 represents the cross-secti
(either suction or delivery Dipegoizemt'mna' area of the piston or plunger and a is the arca of the pipe
» then since the volume of liquid flowing from the ML&C’O—'@ equals

" the volume of liquid flowing i :
’ : ing into the cylinder per second, then the velocity ¥ of flow of liquid in the pipe

is given by
(e i
a @ sin(a) =7 ar sin 6 ...(23.16)
g

Similarly t!\iaoceleration of the liquid in the pipe is given by accelerationL= f -g- = it (w?r)cos 6.
~a/ \a

~ Now if / is the length of the pipe, then the weight of the liquid which is subjected to w

| -'.;:%Iention is (wal) and the corresponding mass of the liquidfffgra—,lé.)
) 2 o .
n the pipe then the accelerating

= _Fmther if p, is the intensity of pressure due to acceleration offliquid)i
: q{o:ce i (pa)a- ‘

" But according to Newton’s second law of motion

|  Accelerating force = mass x acceleration
% - Thus

.
L

I’
-

(-

L < (@?r)cos O

..(23.17)

- equaﬁon-”-” G head (H, due to acceleration may be obtained as
...(23.18)

B _ 1L A (o?r)cos® /\/
B - g a ,
| pressure head developed due to acceleration acting

equation 23.18 that the

nay thus be seen from e ngleD
will vary W! y : : :
Of pl!mg:;- £ str(:l{e when 8 = 0°, €05 @ = 1, i.e., when piston or plunger is at its inner dead
ginning

...(23.19)

++«(23.20)
ston 'oif plunger is at its outer dead

LA i e b :
' 1 - T S+
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only the curves correspondin

‘ g to the deliv f iqui .
L. for & double acting pump can ery of the liquid are shown. Thus the mean discharge (O Jmea

also be obtained by integrating equation 23.31 as follows:

(QDmean =2 x 2—1’[[! Amrsiﬂ ch}

a0 | Lo
fE | ..(23.37)
s

"However the above expression for the mean discharge may also be obtained by multiplying (V) men

given by equation 23.35 by the area of the pipe (1@"—,}
4

Again by dividing equation 23.37 by equation 23.33 we obtain for double acting pump
; (Qd )mean 2

& 38
(27D U - ...(23.38)

_ However, if the area of piston rod is taken into account then it can be shown that the instantanoous
discharges Oy, and Ou, for the two delivery pipes on either side of piston or plunger will be

2 Q4 = Aowr sin®
Qd: =(A- A, Yor{sin(r—0)]
23.7 INDICATOR DIAGRAMS

(a) Theoretical Indicator Diagram. Fig. 234 shows the theoretical indicator diagram of a
. reciprocating pump which represents the work done by a single acting pump during one complete cycle as
| given by equation 23.3. In this diagram the pressure head on the piston or plunger is plotted along the
vertical ordinate and the length of the stroke is represented by the abscissa. The horizontal line %
represents the atmospheric pressure. The line dc represents the pressure head in the cylinder during trne
suction stroke, which is below atmospheric pressure by an amount equal to suction head #,. The line ub
represents the pressure in the cylinder during the delivery stroke, which is above atmospheric pressure by
an amount Mk head H, The area dcef represents to some scale the work done by the piston

...(23.39)

or plunger during the suction stroke and the area abef represents to the same scale the work done by the
piston or plunger during the delivery stroke. The total work done by the piston or plunger during the
complete revolution of the crank is then represented to the same scale by area_abed which is equal to
(H, + HL. qual 1o
" Ifthe pump is double acting, this diagram will represent the pressure head on one side of the piston or
plunger only. The work done per revolution will then be represented by twice the area of this diagram. if
the area of the piston rod is neglected. .
Such a diagram may be obtained automatically by means of an indicator placed on the cylinder and
hence it is called an indicator diagram.
) of Acceleration i ion Pi Indicator Dia - Due to th :
(b) E?t & suction pipe during the suction stroke, th!?thgoretical indicator dia gr:m ac:;:llletr:t:r;d h:ad
ted below. If |, d, a, are respectively the length, diameter and the cross-sectiona| ayey ; ;:
ipe, then the acceleration head H,, in the pipe isgiwn by equation 23.18as . o

---(23.40)




@MWE AND FLUID MECHANICS 210
At the beginning of the suction stroke since 6 = (i jpos 8.1, the acceleration headily

H-‘-!-'l'x"-a)‘

/‘ p-lag) lO-’O‘) @) ,

" :
i Ui
57
A s
.

_DELIVERY "STROKE >
1
g s
t e
' |
i My
“atrn= 03im SUCTION . STME% '
I — B
. | = ‘
8=0) | ©=90" =180 >V"V '
KLENGYH OF STROKE ——of

AL e e =

N.V.€ ™ A M ==

ik, 234 l""'°'lto|r diagram \/
e beginmng of the suct;

Which an addit;
will furth

Y an amount equal to
T, below the atmosphe
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0 At the middle. of the suction stroke since § = 90°. cos § = 0. the acceleration he_g_g__l_!u.:-——'— d
middle of the suction stroke the pressure head will be only H, below the atmospheric pressure head.
5

At the end of the suction stroke since § =180°, cos @ = 1, the acceleration head 15

i 4
! P =—§' xa— wrr .
. o ) A tarded,
From equa.lion 23.4? it is seen that at the end of the suction stroke the liquid is tO be rel
cor.respond-mg w which a pressure rise in the cylinder is needed. As 2 result the pressure d will be
cylinder will rise by an amount /. so that at the end of the suction stroke the pressure hea

(H,—H ) below the atmospheric pressure head.
3.4. The base of

vn in Fig. 2 e
he suction stroke 1s N0

The indicator diagram for the suction stroke will thus be modified as shov
the diagram is now changed from dc to mn. Also the work done during -
represented by the area mnef. However, area mnej'being equal to the area dcef, the net work Fione during ¥
suction stroke is not altered on account of the accelerating effects in the suction pipe. It 1S thus observ

that the inertia pressure developed in the suction pipe does not affect the net work done, but merely causes
a variatipn Of pressure in the cylinder. ¥

La
aximum Speed of a Reciprocating Pump.

restricted by the pressure corresponding to the point m 0
is the speed, the greater will be the acceleration head an
beginning of the suction stroke. The pressure in the cylinder m :
dissolved gases are liberated from the liquid, since under these conditions the cavitation may occur and
the continuity of the flow may not exist. For water the value of this limiting pressure 1 about 2.6 M of
< 10.3 m of water XH, +H,,) at any point during the suction

water absolute or if atmospheric pressure is 10.3 m 0 h _
ore: The maximum permissible speed of a recipro-

stroke must not beggreatey than (10.3-2.6) = 7.7 m of water.
cating pump may thus be computed from the following expression
Hsep = +H s

eciprocating pump is us_uall_\
m. This is so because higher
re in the cylinder at the

ust not be allowed to fall to the value at which

The speed of a r
f the indicator diagra
d lower will be the pressu

s
or o H,+E - wr

I, A2V’ e
or Hegp = 1, —g_;,- 50 r ..(23.43)

where Hy,, represents the pressure head below atmospheric_pressurg head at which the separation of

dissolved gases and cavitation may occur.
wever. be scen from equation 23.43 that the drop of pressure in the cylinder during the

It may, S . e
f the suction stroke may also be limited by suitably adjusting /;, [, and (4/a,) for the pump

beginnin

ivery Pipe on Indicator Diagram. As i 5 4
( frect of Acceleration in Delivery And r Diagram. As in the case of suct
the a:c)eleralion head will also be developed for the liquid flowing in the delivery pipe. due toui:::':hpt't‘:
 icator diagram will be modified. If . da and ay are respectively the length, diameter and the cross-
sectional area of the delivery pipe then the acceleration head in the delivery pipe is given by equation
23.18 as

iy o £ w'r cos 0 .
dy X .(23.49)

«(2345)
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ce Haa 18 positive, the liquid in the detiye
: i;z,-equir'ed to be developed in the Ty i

1030

. e delivery stroke sin
Again at the beginning of the d Llle ke i it i
be accelerated, for which an ey the pressure head in the cylinder will be (#, o

LI
\

ery stroke ey

result at the beginning of the deliv )
atmospheric pressure head. _00° cos O = 0, the acceleration head H, -

iddle of the delivery stroke since 0 =90% linder will be only H, above (g, Ml
hi At.me ?tlh : (l)‘very stroke the pressure head in the cylin < Almogy
this point of the deh 3
pressure head.

= 5 leration head i
A( the end ofthe delivery stroke Siﬂw e =180°’ CcoOS 9 = l, the acce S

M = X arr _(

= el be retarded, corresponding to which 5 4

f the delivery stroke the liquid is to : : . oy

::::u::: ti:eth'z::l?:ycl)indc:: is ne:;yed- As a result the pressure head lr; l';hee ;{y[mc;;r ;Vlléodrop by an ,H\,:.
H._4 so that at the end of the delivery stroke the E;csgr'e_:jl_cad wil (Ha — Haq) above the atmogy,

pressure head.

The indicator diagram for the delivery stroke will thus be modified as'shown in Fxg. 234. n\q
the diagram is now changed from ab to pg. Again the work done during the qellvery strpke ISy
represented by the area pgfe which is however equal to the area_abcf As sgch durmg the d?llvery'
also the net work done is not altered on account of the accelerating effects in the delivery pipe, but

mergly cause a variation of pressure in the cylinder. !
.%@ing the delivery stroke the minimum pressure head in the cylinder is at the end of the 1

which-s represented by the pressure head at point g of the indicator diagram and it is equal to (Hon
{lad) absolute. Again this pressure head(must not be {ess)than the absolute separation pressure-head

liquid, otherwise cavitation may occur at the end of the delivery stroke. For water the separation pre
- ‘__‘W e . g—. B .- ., . [
head is about 2.6 m of water-absolute, and hence in the limiting condition '
e
103+ H,;-H,; =2.6
e e e —

S—
il —_—
ol (T
-\
PLACE OF
SEPARATION

NO SEPARATION.
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this case the delivery head :
oy e H . :
-. o ue of accelerating head H,; Therefore according to equation-23—47l:.h°
own in Fig-

separation may take place at -
23.5(b el the bend in this case. On ; ement sh
(8)the pipe s horizontal first and thow b vortonl A ercn o1 sil considerable F 2vallable

At R o s gieagie
- the bend in this case. Therefore there i S v
’ erefore there is no possibility of separation to occur at the bend in this €ase

' odification

e) Effec PP 3
of the i)ndicat;rog':‘;:g":les%mn and Delivery Pipes on Indicator Diagram- A further m
of head due to friction A, in thsec om the effect of friction losses in the suction and delivery PIPCS: .
with @ is parabolic. At tﬁ e PIPTS B Biven by equation 23.25, which shows that the var'lan pi's
e . 9 g e beginning and the end of the suction as well as delivery strokes since 6=
S \:vill - » the head loss due to friction 4, and Ay in the suction and delivery pipes
friction h/,);nd h W?ﬁul:! to zero. At the middle of the stroke since 6 = 90°, sin g =1, the head loss due to

by = T (_A_W) e | ..(23.48)
2gds a
-l ] ..(23.49)
Jd 2gd, [ad a)r) (

. Now if the effect of the loss of head due to friction in the suction pipe is considered then as shown In
Fig. 23.4 the base of the diagram will change from mn to mrn, the parabola mrn being the work done
against friction in the suction pipe. Similarly by considering the effect of the loss of head due to friction in
the delivery pipe the top of the diagram will change from pg to psq as shown in Fig. 23.4, the parabola
psq being the work done against friction in the delivery pipe.

stroke is represented by area (efmrn) which is equal to [area

Thus the total work done during suction
e is represented by area (efqsp)

(efdc) + area (mrn)]. Similarly the total work done during delivery strok
which is equal to [area (abef) + area (psq)].
As the mean ordinate of a parabola equals two-thirds of its maximum ordinate the total area of the
indicator diagram mrnpsq is equal to .
\
2 2
L [H, +Hd +-§' 7, +§h/l:|
nts the total work done during one complete revolution for a single acting

which to some scale represe ; - e ca
r second for a single acting pump 1s given as

pump. The total work done pe

wALN 2 2
Work done = — [H, +Hy +;"(, 3 "f,] ...(23.50)

b .bsolute- pressure head on the piston or plunger during suction stroke for any position of the

crank i.e., for any crank angle 6 may now be expressed as
H,y = Ham —H,—Has— g

i s e pe
gt -

2
e |
.O"m ] : : w(23:38)

‘& R
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From equation 23.51 it can be shown that the minimum value of the absolute PfeSSureH ' :
for @ = 0° i.e., at the beginning of the suction stroke. Therefore if cavitation occurs gy * wil|

s . o . 4 n "

stroke, it will do so at the beginning of the stroke, at the junction of suction pipe with the Cyliﬁdt:-e Wetioy
Again the absolute pressure nead on the piston or plunger during delivery stroke for any P05| ]

Il(m of
i

. ?

the crank i.e., for any crank angle & may be expressed as
‘. I-[ld = Hufm +Hu’ +1{¢“" +hﬁ"

3
’

| -
&1

1 e
or Hy = Hypm + Hgt | =x—xw"rcos@
g. A4

5 _ i
S A wr sin 0 ) '
2gdy \ a4 (A5

From equations 23.51 and 23.52 it is evident that the acceleration heads H,; and H,, have maxing ‘

values at the ends of the stroke i.e., when 0 = 0° and 6 =180°, and are equal to zero at the middle of the
stroke i.e., when © =90°. On the other hand the frictional head losses A and kg are equal to zero af the |
ends,ofthe stroke and have a maximum value at the middle of the stroke. |

AIR VESSELS

For a single acting pump, the flow rate in the delivery pipe at any instant varies considerably, having
a value of zero during the whole of the suction stroke and rising to a maximum during the delivery stroke.
In other words the supply of liquid by a single-acting pump will be quite intermittent. To some extent this
difficulty may be overcome if the pump is double acting or if it is a multi-cylinder pump so that a
continuous supply of liquid may be obtained. But in the case of almost all the pumps the velocity of flow
in both suction and delivery pipes vary with the crank position, which results in developing a non-uniform
rate of flow of liquid in these pipes. As such in order to obtain a continuous supply of liquid at a uniform
rate from a single-acting pump and also to obtain a uniform rate of flow of liquid in both suction and

delivery pipes of a reciprocatin‘g%-p, a large air vessel is fitted to the suction as well as the delivery pipe -

at a point close to the cylinde air vessel is a close chamber having an opening at its base through
w‘!}ich the liquid may flow into the vesse it may flow out from the vessel.)The top portion of the air-
vessel contains compressed air, which will be further compressed when the liquid enters the vesse and it
will expand when the liquid flows out from the vessel. Fig. 23.6 shows air-vessels fitted to suction and
delivery pipes of a single-acting pump, the working of each of these is explained below. 5

Consider an air vessel fitted to the suction pipe of the pump. During the first half of the suction stroke

the piston or plunger moves with acceleration and hence the liquid in the suction pipe has also to b
accelerated. In other words the liquid in the suction pipe must have a velocity of flow more than the mean.
velocity, so that the corresponding flow rate of liquid entering the cylinder may be more than the mﬂ“‘"
discharge. This excess quantity of liquid required on account of accelerating effects will however be

- supplied from the air vessel, so that the velocity of flow of liquid in the portion of the suction pipe below
the point at which the air vessel is connected to it will be equal to the mearpvelocity of flow only. Dl{"'fl

- the second half of the suction stroke the piston or plunger moves with retardation and hence the liquid I".

~ the suction pipe is also required to be retarded. In other words the liquid in the suction _pige__mu_sj.hﬂ!‘: "
locity of flow less than the mean velocity, so that the corresponding flow fate of liquid entering th€
- is less than the mean discharge. Since the velocity of flow of liquid in the portion of the suctiol
the point at which the air vessel is connected to it is equal to the mean velocity of flow, 1%
y of liquid flowing in the suction pipe will flow into the air-vessel thus compressing the 8%

In this way a relatively small quantity of liquid will only be entering the cyh b
quid thus stored in the air-vessel will be supplied during the first half of the
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(L g yiBy subtracting equation 23.77 from equation 2_3.7?_’ the u'rork saved per stroke by fitting an aj, "Nael
| tothe suction or delivery pipe of a double acting pump is obtained as o, ‘

5 . R ' .
ik : W, — W2 = (2r)wd [2—;%} [-gmr] [-3-—"—2] --(23.78) |

Again the percentage of the work saved during any stroke for a double acting pump

GH.)
=W|—’V2 = 3 n2 % ]00

x 100

)

=139.2%.
23.9 LTI-CYLINDER PUMPS

(L) ” As indicated earlier, pumps having more than one cylinder are known as ‘multicylinder pumps’. Some

O s e

of these pumps are shown in F mmtg?aﬂrqulﬁéylindcr pumps are that these pum ,
even without air vessels deliver liquid more uniformly as compared with 2 single cylinder pump. This is

~made clear by the various discharge diagrams for different fypes of pumps shown in Fig. 23.7, in which ]
the instantancous discharge from each individual cylinder is compared with the mean discharge from the

- pump. It will be observed that by a suitable disposition of the discharge from the individual cylinder, the
total discharge of a multicylinder pump may be made nearly equal to the mean discharge with almost ]
- negligible fluctuation. On account of much smaller fluctuations of velocity in both the suction and delivery
~ pipes of a multicylinder pump, no air-vessel is required for the same.

OPERATING CHARACTERISTIC CURVES OF RECIPROCATING PUMPS

operating characteristic curves indicating the performance of a reciprocating pump are shown in
These curves are obtained by plotting discharge. power input and overall efficiency against the
veloped by the pump when it is operating at a constant speed. As shown in Fig. 23.8, under ideal
the discharge of a reciprocating pump operating at constant speed is independent of the head

! : [ [
SPEED N=CONSTANT
I

DISCHARGE (IDEA
-::b———’——— ——( —E._L ,_.
DIsCHaR

s 7Z

>
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alues of u. However, it can als b, il

, iy

C tﬁbl‘ich‘h’ralixes of this function for different ‘V
following expression.

'du ) | u2+u+| ___l__ t_|(2u+|J] | 2 ‘.
'.[l—u’ _[glog"—(_u_jl—)_z_ e b

. ressed as
Further the ratio (Z‘l-) in a wide rectangular channel can be exp
Vn - :

o) =
Yn g

where C is Chezy's coefficient.

B du
Thus substituting the above expression in equation 16.11 and writing J. o

as ¢ (u), the Br&ssés

solution for the varied flow equation becomes

2 2
ey %”—[wz -u,)—(n—cgs" ]x{¢(u2)—¢<u.)}} (161

0

in which 1, and u, are the values of u at x; and x, respectively and ¢(u>) and ¢(u,) are the values of ¢u)
for u equal to u, and u, respectively.

6,7 HYDRAULIC JUMP

(; ge hydraulic jump is defined as the sudden and turbulent passage of water from a supercritical stale
to subcritical state.)It has been classified as rapidly varied flow, since the change in depth of flow from

rapid to tranquil state is in an abrupt manner over a relatively short distance. The flow in a hydraulic
jump is accompanied by the formation of extremely turbulent rollers and there is a considerable
dissipation of energy.

A hyc.lrauli'c jump v_vill form when water moving at a supercritical velocity in a relatively shallow
stream strikes “tater ha_vmg a relatively large depth and subcritical velocity. It occurs frequently in a canal
below a regulating sluice, at the foot of a spillway, or at the place where a steep channel bottom slope
“suddenly changes to a flat slope.

:‘"! B A ord'er'to study the cond'itions of flow before and after the hydraulic jump the application of the
- energy equation does not provide an adequate means of analysis, because hydraulic jump is associated
el gpPreclable loss of energy which is initially unknown. As such in the analysis of hydrauliCJ'll“‘P

ntum equation is used by <onsidering the portion of the hydraulic i trol volume:
ving assumptions are, however, made in this analysis: yoraulic Jump; s s g .

s assumed that before and after jump formation the flow is uniform and the pres™

ot

ontal or the sl

small. OP€ Is so gentle that the weight component of “”

smaltic channel with horizontal floor carrying

LR
e
LR

e
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loss AE in a hydrayfie ; ;
However, as indicated in Illustrative Example 16.11, i '€ Jump in,
rectangular channel may also be expressed as , ?
3
* AE = S -Vz) "'([6.250)

2g(V, +V3)

where ¥, and ¥, are the mean velocities of flow befor

The height of the jump h, may be defined as the difference
Jump, ie., b= (y,—y)).

The length of the jump L, may be defined as the distance measured fromthlhfcf 0(’: :‘;c:;o“_ the jumy

a point on the surface immediately downstream from the roller. However, u‘:e e%) e - J;:"“P o

be determined analytically. In addition, practical complications arise from fgth ral Instability of the

phenomenon and the difficulty of defining the beginning and the end sections ol the _|u'mp. The ler!gth of

the jump has been investigated experimentally by many hydraulicians and as a general statement it may

be said that for a rectangular channel the length of the jump L, varies between 5 and 7 times the heigh ¢

the jump, that is, : '
L=(5to7)h=(5t07) (r2-y1) ..(16.26)
b of Hydraulic Jump. Equation 16.23 emphasizes the importance of the Froude number

of the incoming supercritical flow, as a parameter describing the phenomenon of hydraulic jump. As suc
according to the studies of U.S. Bureau of Reclamation, depending upon the value of Froude number Fr,

of the incoming flow, there are five distinct types of the hydraulic jump which may occur on a horizontal
floor. These different types of hydraulic jump are shown in Fig. 16.9 and are described below.

e and after the jump respectively.
between the depths after angd before -
€

2 = g 5> —- e
— —— — —
— — o —_— —"_-. i /’/ — N
o A B L P77 777707777 2777 P 7 7 70 7700 70 707777
UNDULAR JUMP WEAX JUMP
(Fr=1to 17) (Fr=4710 2'5)
T
<o - A > o > |
L 2% =z 2= T A e
= ‘\" N — .

P27 70T T T IO W’/WWWW o e

OSCILLATING JUMP STEADY Jump
Fge2510 a5) Fr=astog o)

— e
= = =

——
/// ”: 1

W’””’;’Iz‘;’w’w)’”m’”,;;m;;
STRONG Jump }
Fr> 90

Fig. 169 Types of hydraulic jump
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OwWn as an oscil

scillating jump, i ing jet of
Mmcillates back and forth from the bottom to the surface aﬁd—bﬁjﬁ:i," n this case the entering jet o

=4. 9.0 the jump f med i o
4) For ¥r) ='4.5 to Jump formed is wel] stabilized i ' is jum
; enﬂ( gy dissipation ranges from 45 to 7 per cent, s T i ns ol

= 9.0 and larger the ; fi :
Bter fry = O g Jump formed is called a srono ; .
lm,i]g whicmdomnrem for a long distance. The%::.i:n li}iltls msehabrc:ugh ;furfz:::
e the energy dissipation may reach 85 per cent. P quite rough but is effec

In the above paragraphs only the h

! g _ rectangular channel has been discussed, but it
my however be mentioned that by using €quation 16.14 the hydraulic jump in prismatic channel of any
fupe can be ysed. ‘

as listed below.

() It is a useful means of dissipating excess energy of water flowing over spillways and other

yraulic structures or through sluices and thus preventing possible erosion on the downstream side of
bese structures.

() It raises the water level in the channels for irrigation etc.

(3) It increases the weight on an apron of a hydraulic structure due to increased depth of flow and
the uplift pressure acting on the apron is considerably counterbalanced.

@ Itincreases the discharge through a sluice by holding back the tail water.

) n may be used for mixing chemicals in water and other liquids, since it facilitates thorough
Gueto turbulence created in it.
CATION OF HYDRAULIC JUMP

it i iti ic j i hannel under different
*N it is required to locate the exact position of the hydraulic jump in a ¢ er
ons of ﬂo:vq As su:h the following three typical cases for the location of the exact position of the
= mp are described below.

S€ a j lating sluice in a mild slopefi channe!. see Fig. 16.10 (a). 'l:he
" a:tg'no;frhr;n:l:g: \;i‘:lr:f:l;cl ﬁpto venacontracta section at a distance L, from the sluice
i approximately equal to the sluice opening . Thereaf“ﬂ p m". follow M, profile s
oy i:P y °th= location of the jump in this case will be considerably affected by the
E i Fig.l6.10‘_(a). downstream side of the sluice. Thus if there exists a long reach of
hannel reach on the down f“'"'m of the sluice, then afler the formation of the jump,

e s ‘rq;] ,:: .:::;“:r‘::' normal depth of flow will be developec. Hence the depth of

; |-tg:hanumnIMofﬂo\v.Assmh&mﬂm
sequent depth it o aly increase, following My profie, upto a cetain
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Miscellaneous Hydraulic Machines

25.1 INTRODUCTION

There are several hydraulic machines which are employed for either storing the hydraulic energy and
then transmitting it when required or magnifying the hydraulic energy (mostly the pressure energy)
several tlfnes and then transmitting the same. In general these machines are based on the principles of
hydr_ostatlcs and hydrokinetics. In these machines the hydraulic energy is transmitted through the liquid
medium for which water or oil is used. Some of these machines are described below.

-4 -
252 HYDRAULIC ACCUMULATOR—SIMPLE AND DIFFERENTIAL TYPES
. _TEe_hMgm}{latg is a device which is used for temporarily storing or accumulating the
IW“PEU?@W the pump when it is not required by the machines. Several hydraulic
machlncs suc.h as lifts, cranes, presses etc., are required to do a large amount of work during a small
interval of-tlme which is followed by an idle period. The demand of the liquid under pressure
(or hydraulic energy) by these machines will however not be uniform throughout the period of thzir

X,

[
I‘ -
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i
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7
L
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i 404 - .es the liquid under %20
hydraulic crane Of lift requires ergy is used duriggﬁme 10 by
operation. For example, 2 hy ractically no € € doyy,

reat a more or less u"iform Fate ‘hrw
ulator in between the pump and the machin:;‘ﬂ\

be stored in the accumulator during the (i
Jot required by the machine), and this stored liquiq \:‘ilﬁ |
f'orm supply from the pump when during the Workiy b !

f liquid pressure- Thus by such an arrangemen theg Q !

by the machine when it is doing maximyp
from the accumulator, W

the upward motion of thg load oply.zn:np
the pump normally supplies the liqui 9
period. As such by introducing ar accu :
press, etc.) the liquid under pressure ca
| machine (i.e., when the energy IS
1 the machine along with the unilo
1 machine it is in need of large quantity 0

pump need not be as large as that required
machine will then receive a part of the required supply

As shown in the Fig. 25.1 the hydraulic ac;cun-1ul21t0£)101‘3“5_';'::{2?1cﬁmlc.i tjcr".cal Ylindey
sliding plunger or ram. The ram is loaded w:th wt}lghts- o e | cy‘m g c?“'nmtedm
and the other side to the machine. In the beginning th.c ram is al its lowermost positjoy NW‘
liquid is not required by the machine, then the pump will (rjch.vcr the _I|qu|d under Pressure g \
which will raise the loaded ram till the cylinder 15 full. Ihl§ consmglcs the upward slrokw,
during which the liquid under pressure (or hydraulic energy) 1s stored in the accumulator, )
machine requires liquid it will draw the same from the accumulator, and the ram wil|

down. This is the downward stroke of the ram, during which the liquid under pressure (mhet,
energy) is delivered to the machine. ‘

m
ke FIXED RAM G
A %7 |
//L‘Wi‘é/// |
ZIN\N1Z
Z/N NP 7
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AN R NEIL
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The maximum '
accumulator,

Let D be the dj

gt the lquWW, L be th : ¢ intensity
plied by t )¢ the stroke or Jift of the ram, p be the pressur nsit
m‘f;iﬁen—“—b\hm W be the total weight of the ram (including tﬁcjﬁ@d

€ ram
O——

amount of : 7
R th accumulator can store is known as the capacity of the

SRS
W‘;”Xp 5(25.1)

Also the \!g_r_k done in lifting the r

am or the capacity of the ‘accumulator
£ n
= WL - (.4_)02,( g ..(25.2)

But volume of tllgaocurpulg‘t,or

= (1) DL
4
. Capacity of accumulator

= (p x volume) SA253)
Another form of accumulator, known as Tweddell’s differential accumulator is as shown in Fig. 25.2.
The advantage of this accumulator is that liquid can be stored at a high pressure by a comparatively small
load on the ram. It consists of a fixed ram of which the lower portion is made larger than the upper
portion by surrounding it with a closely fitting brass bush or sleeve. The fixed ram is surrounded by a
sliding cylinder having a circular collar projecting outwards at the base, on which the required weights
may be placed in order to load the cylinder. The fixed ram is provided with central vertical hole
throughout its length, through which the liquid supplied from the pump enters the cylinder. This causes
the loaded cylinder to move upwards, thus storing the hydraulic energy. When the machine draws liquid
from the accumulator, the liquid leaves the cylinder through the same ccnlral.hoI-e. The liquid entering the
cylinder exerts the pressure on the internal annular area of the cylinder which is equal to the horizontal
cross-sectional area of the brass bush or sleeve.

Now if a is the cross-section area of the brass bush and p is the intensity o_f pressure of the liquid
supplied by the pump, then

Load on cylinder = (p x @) . .
" Therefore by making the area of the bush small, it is possible to store liquid at a high pressure with a

small load. .
Again it L is the vertical lift of the cylinder, then

Capacity of accumulator _
=paL =px volume . (25.4)

]

]

. C INTENSIFIER . i
- P tensifier is a device which is -used-for-increasing the intensity of pressure of the
lic 1 a larger quantity of liquid at low pressure. Often hydraulic machines such
Uid at high pressure which may not be directly available from a pump. It can
N roducing an intensificr between the pump and the machine.

ifier consists of a fixed ram surrounded by a sliding cylinder or
. li;:;;:'wm ch is supplicd to the machine thm:}:ol:\e fixed ram. The sli;?t::
Qi which contains the low liquid from the main supply,
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S ves A and D allow low pressure liquid from the supply, valve C o
exhcAu:t :hn?:fnal:; ?ﬁilgx h‘i:;n pressure liquid to be supplied to the ﬁ‘a"f"l'";- ';‘e;:‘:rzgi'm);ng when f
sliding cylinder is at its bottom-most position, the fixed cylinder is ﬁJl o cr)es S[:’ i uidqiur:t “The Vil
B and D are then closed, the valve 4 is opened thus admitting the ow' p Sy c:he ; ez fhe'sl. ;s
lind d the valve C is also opened which permits the low pressure liquid ITO! fixed cylingg,
cylinder, and the valve When the sliding cylinder reache;

be discharged to exhaust and the sliding cylinder to move upwards.

g G g - der is full of low pressure liquid. Now the valves 4 354
topmost position, the inside of the sliding cylinder 1 ey liquid from the sipply then st

are closed and the valves D and B are opened. The low p Fikladu
- S : i i to move downwards, thereby producing high pregg
fixed cylinder, which forces the sliding cylinder to ne. The same cycle of operation is repemz&t

e e : o : hi
liquid in the sliding cylinder, which is supplied to the machi : : o :

T(Ille int'::nsiﬁer defcribed here is thus single-acting since It supplies h|gh‘ PrEsSOte |lCIUI_d during
downward stroke only. However, double acting intensifiers are also made which give a continuous supply

of high pressure liquid. It is possible to raise the pressure intensity of liquid to as high as 157 MN/y
[1600 kg (f)/cm?], by means of an intensifier.

1 LOW PRESSURE LIQUID
1% FROM SUPPLY

Q
N AN
N ——= TO EXHAUST
N
ot (m R
CYLINDER‘ \ LOW PRESSURE
LiQuiD
"F
Z
g HIGH PRESSURE
Z LiQuidD
SLIDING
RAM OR

CYLINDER

@ = FIXED RAM
r

LOW PRESSURE BN\
LIOUID FROM —}
SUPPLY

HIGH PRESSURE LIQUID
TO MACHINE

%fig. 25.3 Hydraulic intensifier
de of the pressure intensity developed by an intensifier and the quantity of high p"
may be computed as follows: q
diameter of the sliding cylinder and D, be the diameter of the fixed "
cross-sectional areas. AlSo let p, be the intensity of pressure of oW

the intensity of pres: re of high pressure liquid in

Y O
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o P2 =Py (4/43) = py (D\/D,y ...(25.5)
Further if Z is the str h or lift of the sliding cyli ; ety

g cylinder then in one stroke ofm_e_rﬂui/lgg_ﬂ[n )

the V°|“m_° of 16w pressure liquid entering the fixed cylinder equals (4,L) and the volume of the high
pressure liquid supplied to the mac ine from the sliding cylinder equals (4,L). Thus if Q, is the rate of
d'mge.Of. low pressure liquid entering the fixed cylinder and @, is the rate of discharge of high
pressure liquid supplied to machine, then v bt i

G _AL 4,
O3 U4k " Ay .
1 Q> = Q\(4y/4)) = Q\(Dy/D,)? ...(25.6)

Sometimes compressed aiviis supplied to the fixed cylinder instead of dow [ D@w .
case it 1s.known as Hydro-Pneumatic Intensifier. Steam under pressure may also be supplied to the fixed
cyfinder instead of fow pressure liquid or compressed air. It is then called Steam intensifier.

25,3’ 'HYDRAULIC PRESS

Hydraulic press was first built by Joseph Bramah in 1795, and is still in use since it was first
developed. It is a machine which is based on Pascal’s law of transmission of fluid pressure and in this-
machine by the application of a small force a large force may be developed. The working principle of a
hydrautic press may be explained with the help of Fig. 25.4. Consider a ram and a plunger operating in
two cylinders of different diameters which are inter-connected at the bottom through a chamber which is
filled with some liquid. Let 4 be the area of the ram and a be the area of the plunger. Now if F is the force
applied to the plunger then the corresponding pressure intensity developed is p = (¥/a). But according to
Pascal’s law, the same pressure intensity will be transmitted throughout the liquid, and therefore the ram
will also be subjected to the same pressure intensity. Accordingly if W is the total weight lifted by the ram

then W = (pA) and hence
#‘
(‘R/AM PLUNGER
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= W‘"F (a) ;

11 SN

~ From equation 25.8 it may be seen that by applying a S@;L’f&{fﬁf\%“fﬂ‘iﬁ’ﬁﬁgﬁ a large fg,
may be developed at the ram. Also the mechanical advantage for this machine is equal to (4/g) g
of the areas of the ram and the plunger. As such by suitably adjusting the area of the plunger ang .
even a small force may be multiplied many times. ' RE .
Fig. 25.5 shows the elements of a hydraulic press. In its simplest form it consists of a fixed tabje s
moving table mounted on sliding rams. It is usually preferred to have multiple rams 7.e., a number V"
of smaller size instead of one single ram of bigger size. The advantage of having multiple rams is ghy

total thrust on the moving table can be controlled to some extent by operating one or all the ramg g
rams are operated by liquid under pressure which is supplied by pumps. Usually a hydraulic accumyy,
is provided in between the press and the pump, which permits the high pressure liquid to be stored iy
accumulator cylinder while the press is at rest. In some large hydraulic presses a maximum tota| oo
ranging from about 50 MN to 100 MN can be produced. R |
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