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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.
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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)




d 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 curved plate

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 curved plate

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



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 moving 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

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

Centrifugal

Axial flow

Mixed flow

Positive displacement

Reciprocating

Gear — Piston
Lobe Diaphrag
m
Sliding Vane —1 Plunger

Screw




Pumps

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 Pump:

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 Pump:

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 Pump:

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.
Q. They are lighter than reciprocating pumps. | These are heavier compare to
centrifugal pump.




Difference between Centrifugal Pump and Reciprocating Pump:

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 Pump:

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:

DELIVERY PIPE
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Working of Reciprocating Pump

» 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.




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.




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 Pump

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.

DEUVERY PIPE
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DELIVERY VALVE

he / CYLINDER e

CONNECTING (r)
/ PISTON 00 ‘ls i
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\
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.f.— —3 R e ‘_“C_

B g /

PISTONROD s
S~ -

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

delivery pipes.

Classification of Reciprocating
pumps

e = o e = =

~ ] DELIVERY
|_-|.— PIPES \\t
L

o = imston

ROOD

hli.

SThE oo

T

O-VALVE OPEN
C-CLOSED

Fig. 11-2. Double-acting reciprocating pump.



Classification of Reciprocating pumps

» 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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e, 11°5. ‘Triple-cylinder pump.




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 @ = { ALN + (A=A)LN }

60 60
_(2A-A)LN

th —
Where, A, = Area of cros80section 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..




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_ Qact]lOO = (1-C, JL00

th




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

» 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




Power Input

Power input to the pump

ALN
= P(ng(hs + 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.

g(hs + hd

Then aj;tuf RE\Mej input to t)he pump
60

:—p E—
n




Problem-1: A single-acting reciprocating pump discharge 0.018 m3 /s of
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
H,=15m




Problem-1

Solution:
@ Qy A><L><E QD LN
Q,, = (11/4)x(0. Z%)Zx( 4x6 6QQ

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%




Problem-1

Solution:

(c) Ca=Q,/ Qy
= 0.018/0.019
= 0.947

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




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 1s 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, + hy + Vd?/(29)
H=100+1+16+ (1.4)%/(2x9.81)
H=117.1m



Problem-2
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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Centrifugal Pumps ' —
2\% INTRODUCTION G ofeaniine i

Centrifugal pumps are classified as rotodynamic type of pumps in which a dynamic Pr=="2=
Mmmmg of liqu]i[sﬁ%z a lower to a higher level ) The basic principle on wf::Cl:
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 2nd A centrifugal head is impressed which enables it to 1
to a higher level. Now if more liquid is constantly made avaiiable at the centre of rotation, a ,°°!’"(‘;“°‘t’§
supply of liquid at a higher level may be ensured. Since in these pumps the lifting of 'the llqu@ is uet i
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 results
in increasing the pressure of the liquid. As such centrifugal pumps behave quite differenty 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,
(7)) 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 ali the

 three types of pumps are called centrifugal pumps.

! In general all the rotodynamic pumps closely rmembl? 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.

- 24.2 ABVANTAGES OF CENTRIFUGAL PUMPS O G Pumps 5 %
! ',,' main advantage of a centrifugal pump is that its dischargin'g capacity is very much greater th
at of a reciprocating pump which can handle relatively small quantity of liquid only. A centrifugal puma;
used for lifting highly viscous Tiquids such as oils, muddy and sewage water, Ppaper pulp, sugar
chemicals etc. But a reciprocating pump can handle only pure water or less vi&%&s‘w

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

pump is limited from the considerations of separation and cavitation. As such
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peeds onl and for that.thcse pumps are m
owps is low an)c{l only periodical check up is suffije,
high because the parts such as valves etc. may Seey
build up very high pressures as high as 6g
e used for lifting oil from very deep o;

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 COMPONENT PARTS OF A CENTRIFUGAL PUMP
Fig. 24.1 shows the main component parts of a centrifugal pump

weygg ™
which are described beqy,. ; g

i
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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!ensnty 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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al to the square of the angular velocity and the g

|
increase of pressure at any point is Propo” "m"""?%t;tidon of the impeller of the pump js o Wity
i i f the speed of I . : P is sy . o0

hth‘ t from the axis t: l' ;‘l:;n “:n:dm =mpeller is considcrably increased. Nﬁ.}
igh, the pressure in the lIquiC ax L—dJis rotating, it just churns the Tiquid in the casing “ﬂ#

dﬂ‘jﬁvﬂlﬂiﬂwd the ,'L“l’_elq;f—”& : radial direction 'i
: . ‘o an rd radial CIreetion e leay; e
dc/mﬂthe liquid is made to flow in an 7V / leayiy

vu:::rzfv;l:e ir::peller at _the o?xter circumference W‘W high velm%ﬁ&?:% u:lt ﬁt_he e;‘?f%
impeller due to the centrifugal action a partial vacuum is created. Th g 31 ' Irom th s
which is at atmospheric pressure, to rush through tht;: SUC:l_Oﬂ Plpent](f)'erenozyof o it:n ;)"e‘ll;e“er [h%;
replacing the liquid which is being discharged from the enlire circus : seller. The !
pi?:ssuregof the lcilquid leaving the impeller is Ltilized 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 of,
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 p
24,5 TYPES OF CENTRIFUGAL PUMPS p

_ According to the : . :
fE Elassen: w centrifugal pumps are classified into the follo*™
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';u A ‘i:";gl‘:o“t';;:gr‘::-:;,ﬁ?p;l’ers Provided the PUMDPS may be classified as single-stage and multi-
 centrifugal pump has two ormogrz i, has only one i'“Pcuerymo:nTZi e chaft. A multi-stage
~ are enclosed in the same casing, E55ST8 connected in series, which are mounted on the same shaft and

On the basis of the directio |
S ; n of f] . 3

“ radial flow pump, mixeqd ), pump ag‘;f‘ii}:e liquid through the impeller the pump may be classified as

. Xial flow pump.
;s that in which the liquid flows throu
ugal pumps 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

xial direction on| Axi
1p in : al
quantities of liquid at relatively low hcids.

centrifugal pumps, because there is hardly any

Depen_ding 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
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 classified 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

5 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 shafts.
horizontal shafts. However, for deep wells and mines the pumps
ause the pumps with vertically disnosed chafls occuny less ssace

tcally 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 centrifugal pump on
the liquid flowing through it may be derived in the same way as for a turbm_e. The |IQl{id 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 triangles at the inlet and the ou‘llct tips ofthe- vane..For

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

velocity of liquid, u is peripheral (or ta}f-gential) velocity of the im 'elle;r V, is relative velocity of liquid, |78
is veloci of liquid and V,, is velocity of whirl of the liquid at the entrance to the impeller.

Similarly V,u; V,.. V5 and V¥, represent their counterparts qﬁﬁgﬂi point of the impeller. Further
-0 reprsentst?lTeT-/varmngh’;—tmce and ¢ represcn_ts the lmpt':ller .Van_e angle at the outlet.
= -S’imilﬁrly « is the angle between the direction of the absolute velocity of entering l'q‘"‘_l and the Peripheral

ber loéity of the impeller at the entrance, and f is th.e an_glc between the absolute velocity of leaving liquid -

d the peripheral velocity of the impeller at the exit point.
At the enu:anee to the impeller since there are no g}lidc vanes (as in _the case of turbines) the direction

: absolute velocity of liquid at this point of the impeller is not directly known. However, for best

: m it is commonly assumed that the liquid enters fhe m!pe.lla: m_hally that is the

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

Er

ik ) el



B A
Lo ) .., of whirl ¥, atin et is equal to e, .
e = 00" and the veloci®y T WET L5 o be ensure if’&"i" .

{,,: v o e without i .
‘and leaves the me he.r elative velocities at the two tips, As «

the g = llel to the direction © an :
“parallel to the dir {0 the tangents 10 the vane at the inje; ,

W - m
relative velocities ¥, and V71 2¢ paralle!

hown in Fig. 24.5-

TANGENT TO
IMPELLER AT

TANGENT TO IMPELLER
AT INLET OF VA

OUTLET VELOCITY
TRIANGLE

v
INLET VELOCTTY
TRIANGLE

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

ol : :
Fig. 24.5 Velocity triangles for an impeller vane

the case of a radially inward flow reaction turbine the work done per second by the liqui
(Wig) (Vyu = Vi 1) where W is weight of liquid striking the runner per second. Sin
| pump is just the reverse of a radially inward flow reaction turbine, the same analysis as i

ay be applied to pumps. Thus, the Yvork done per second by the impeller on the liquidmy

 done =2 - V) |
weight of liquid per second that passes through the impeller. Since in this case as stated earli

‘-theimpeller radially, @ = 90° and hence V,, = 0.

Ble of Fig. 24:57¥57="(u, - ¥; cot §). As in the case 0 't

atio K, and the flow ratio y as follows:
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TABLE 24.1

—

Low N, Impeller High N, Impeller
% :
095 - o 1.25
0.10 to 0.25
Moreover, equation 24.1 can be transformed in the following form:
Work done Per kg per second
A O
S, +

; .(24.4)
2g

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

; lcales‘ the change in static pressure energy of the liquid if the losses in the impeller and the eﬂieCt
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,

(b) Manometric head (or total head or gross head or effective head).

(4) Static Head. As shown in Fig. 24.6 the static head is the vertical dj

Nance between the liquid
surfaces in the Sump and the tank to which the liquid is delj

the pump. Thus if &, is the vertical
height of the centre I the sump from which the liquid is
being raised; and A, i the liquid is delivered
above the centre line of the pump shaft

H; =h,+h,

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

,s(b‘f Manometric head. It is the total head that must be pr%% the external
requirements. If there are no 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 th

en
) Vot T_h o
H, =_é_ —(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

Applying Bernoulli’s equation between the points, O at the liqui
S alctlonm;n);e Just at the inlet to the pump (i.e., at the centre line of th

...(24.6)

ibed in the next saction. ——
are as indicated below:
d surface in the Sump and | in the

© Pump), the following express;: g
- obtained if the liquid surface in the sump is taken as datum. is
k 3 P , ps V2




’ | _ 1071
CENTRIFUGAL pupmps

v | .(4.17)
. . Hm=h,+hd+hﬁ+hfd+2iv

p— . & gt
1 3 s m equato
Eqation 24.17 represents another eXpression for the manometric head. It is observed fro
24.17 that all g,

: ; , ince some of it is
€ manometric heaq IS not used to Iift the liquid against the statc head, sinc
€ the various losses i the pipes. Hence '

i o : ity head in the
H,,= static head + friction and minor head loss in suction and delivery pipes + the velocity he:
delivery pipe.

: -~ d l}‘m
If the velocity head in the delivery pipe (VAR2g) is relatively small it may be neglected an
equation 24.17 becomes

used to overcom

H,,,=h,+hd+ hﬁ"'hl@ ..(24.17a)
\}.-../8 LOSSES AND EFFICIENCIES . classified
(A) Losses. The various losses OMJHE&!MEM of a centrifugal pump may be classifiec
as follows: '
@ Hydraulic losses.
(2) Mechanical Josses,
(3))Leakage loss,

(1) Hydraulic losses. The hydraulic losses that may oceur in a centrifugal pump instfallalimvmq,}d’cztt_
grouped as =

(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 impglrlgf. ) .
(iii) Friction and eddy losses in the guide vanes (or diffuser) and casing.
i i f the blade angles ¢ and
from Fig. 24.5 that for the given valugs 0 ]

!t ca.r:h:ese;'; b?! 0“]5 one rate of discharge that \ylll ensure tangential entry t
rOtatlmtii,al exit from the impeller. But often the ump is required to operate under
ta}? iinresults in the variation in the rate of discharge. As such at the entrance and the
which

osses . Furthermore at the exit from t}!e imp;lle.r there occ
‘tihe Sh(::ik :nore ogel':;aal[!;{-u(;ic:!:ange in the direction of the velocity of liquid ag it ent
ue to the

The other hydraulic losses consist of the following:.
() Friction and other minor losses in the suc.tlon pl!:e.
(#i) Friction and other minor losses in the delivery pipe.

2) Mechanical losses. The mechanical losses ocour in the centrifygq) PUMp on accoun; of the
) e '

ler and the liquid which fills the cl

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

following

- et y 1" R Vit
PRI i ——

s ‘“"“"'b-f;:,

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
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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




CENTRIFUGAL PUMPS
ot _ Power actually delivered by the
> Vo Power imparted by the impeller ' (24.20)
N Output of the pump Nt g
i V%m ~ Power imparted by the impeller M ) — Power tost

. 2 wer
% [Powenmparted by the impeller = Power delivered by the motor to the shaft (or shaft po
in mechanical losses] he quantity of
. : the q s
(i) Volumetric Efficiency. The volumetric efficiency n, is defined as the ratio of

Iy . e impeller. As
liguid discharged per second from the pump to the quantity passing per second throu h”::: leaks through
stated earlier these two quantities differ by the rate AQ at which the liquid from the 'n;.p}ie impeller. Thus
the clearances between the impeller and the casing and finds its way back to the €ye © t .

: 0 ...(24.21)
nv o ———
~ (Q+4Q)
where Q is the quantity of liquid actually discharged per second from the pump.

(7if) Mechanical Efficiency. The mechanical efficiency Myecs is defined as the ratiolof,ﬂ'_e.hﬂ)wer
actually delivered by the impeller to the power.supplied to the shaft by the prime mover or motor. Thus

D Wg+AO)V,, 1, / g) ...(24.22)
7R " Power given to theshaft
o & (Viu/g)
Nrmech Energy head given to the shaft
oty o (Vnui/g)
oK \/n”‘“" ~ (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

e wOH,,
\/1" ~ Power given to the shaft ...(24.23)

The overall efficiency is also equal to the product of all the three efficiencies described above. That is
Mo = (Nwno) x. g',lz):’ién@esb)
Hp

" N Q . w(@+AQ)V,, u, / g)
(Vi/8) © (0+AQ) ~ Power given to theshaft

N wOH,, .
~ Power given to the shaft

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 € PUmp is neglected

V.lul V_lz ’ .
s &5 28 1 ;

‘the outlet velocity triingle shown in Fig. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>