VEMU INSTITUTE OF TECHNOLOGY

Department of Mechanical Engineering
Fluid Mechanics and Hydraulic Machines
Power Point Presentation



Impact of Jets

1. The liquid comes out in the form of a jet from the outlet of a
nozzle which is fitted to a pipe through which the liquid is
flowing under pressure.

The following cases of the impact of jet, i.e. the force exerted by
the jet on a plate will be considered:-

1. Force exerted by the jet on a stationary plate
a) Plate is vertical to the jet

b) Plateis inclined to the jet
c) Plateis curved



2. Force exerted by the jet on a moving plate
a) Plateis vertical to the jet

b) Plateisinclined to the jet

c) Plateiscurved

Force exerted by the jet on a stationary vertical plate

Consider a jet of water coming out from the nozzle strikes the
vertical plate

Plate




V = velocity of jet, d = diameter of the jet, a = area of x — section of the jet

The force exerted by the jet on the plate in the direction of jet.

Fx = Rate of change of momentum in the direction of force

= initial momentum — final momentum / time
= mass X initial velocity — mass x final velocity / time
= mass/time (initial velocity — final velocity)
= mass/ sec X (velocity of jet before striking — final velocity of jet after striking)

= paV (V-0)
= paV?



Force exer he | n the movinag pl

1st Case: Force on flat moving plate in the direction of jet

Consider, a jet of water strikes the flat moving plate moving with a uniform
velocity away from the jet.

V = \elocity of jet

a = area of x-section of jet
U = velocity of flat plate

Relative velocity of jet w.r.t plate =V —u

Mass of water striking/ sec on the plate = pa(V - u)



Force exerted by jet on the moving plate in the direction of jet
F, = Mass of water striking/ sec x [Initial velocity — Final velocity]
=pa(V-u) [(V-u)-0]

= F, = pa(V — u)?

In this case, work is done by the jet on the plate as the plate is moving,

for stationary plate the w.d is zero.

Work done by the jet on the flat moving plate

= Force X Distance in the direction of force/ Time

= W.d =pa(V — u)’xu



2nd Case: Force on inclined plate moving in the direction of et

Consider, a jet of water strikes the inclined plate moving in the direction of jet
with a relative velocity.

V = \elocity of jet

a = area of x-section of jet
U = velocity of flat plate

Relative velocity of jet w.rtplate=V —u

If the plate is smooth, it is assumed that the loss of energy due to impact of jet is
zero, then the jet of water leaves the inclined plate with a velocity (V —u).






Force exerted by jet on the inclined plate in the direction normal to the jet
F, = Mass of water striking/ sec x [Initial velocity — Final velocity]
=pa(V-u) [(V - u) sind — 0]
F, = pa(V — u)? Sind

This normal force can be resolved into two components one in the direction of jet and other
perpendicular to the direction of jet.

— 2 0.2
Component of Fn in the direction of jet. Fy = pa(V — w)” Sin"0
Component of Fn in the direction perpendicular to the direction of jet
Fy = pa(V — u)? SinBCosO
Work done by the jet on the flat moving plate

= Force x Distance in the direction of force/ Time

W.d = pa(V — u)*Sin’0 xu



Force exer he jet of water on series of van

Force exerted by jet of water on single moving plate (Flat or curved) is not feasible
one, it is only theoretical one.

Let,
V = Velocity of jet
a = area of x-section of jet.
u = velocity of vane

In this, mass of water coming out from the nozzle/s is always in constant with
plate. When all plates are considered.

Mass of water striking/s w.r.t plate = paV

Jet strikes the plate with a velocity = V —u
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Force exerted by the jet on the plate in the direction of motion of plate
= Mass/sec x (Initial velocity — Final velocity)

F, = paV (V—u)
Work done by the jet on the series of plate/sec, Work Done = Fy xu

Work Done = paV (V—u) xu

1
K.E of jet/sec = 5 my?

1
=3 (pav)v?

1
K.E of jet/sec = 5 pal/?

Work done by jet/s
K.E by jet/s

Efficency,n =

12



Condition for Max Efficiency,

Efficiency is maximum when,

]

~ pav(V—uw)xu

1
5 (paV)v?

~2u(V—u)
— 7

dn_

du 0

d
du

2u(V—u)

V2 =0

d [2uV — 2U%)
du V?2
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N <

u
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Put the values of uin

_ 2u(V—u)

M V2

|74 V
27 (V—3)

Nmax = 12

1
Nmax = E = 50%
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Jet Propulsion

Jet propulsion means propulsion or movement of the bodies such as ships,
rockets, aircrafts etc with the help of jet.

The reaction of the jet coming out from the nozzle attached to the bodies is
used to move the bodies

A/c Newton’s third law of motion, every action there is an equal and opposite
reaction.

The fluid coming out from the nozzle exerts a force on the nozzle in the opposite
direction.
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Jet Propulsion of Ships
By the application of jet propulsion,
the ship is driven through a water.
jet of water is discharged at the back of ships, exerts a propulsive force on the ship.
The ship carries a centrifugal pump which draws a water from surrounding sea.

The water is discharged through the orifice which is fitted at the back of the ship in
the form of jet.

Case-1 Jet propulsion of the ship, when inlet orifice is at right angle to the direction of
motion of ship

V = velocity of jet coming out at the back of ship.
U = velocity of ship
= relative velocity of jet w.r.t ship
V and U are in opposite direction .
Relative velocity of jet .rtship= +U
Mass of jet issuing from nozzle at the back of ship = pa (V +U)



Inlet orifice

Centrifugal Pump

v

Back of ship
> v
Jet of water

U —
Direction of ship

Inlet orifice
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Force exerted by the jet on the ship = mass of water issuing/s x change in velocity
F=pa(V+U)x (1.-u)
=pa (V +U) x ((V +U) -u)
F=paV (V +U)

Work done = F x u
=paV (V+U) xu

Case-2 Jet propulsion of the ship, when inlet orifice facing the direction of motion
of ship

Water enters the orifice with the same velocity as velocity of ship.

1

Kinetic energy supplied by jet = X mass ofwater x change in velocity

1
= EpaVr(Vf — u?)



Inlet orifice

Inlet orifice
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1
= Spa(V+w((V+w?— u?)

1
= 5pa (V+u)(V?+2uv)

work done by jet

Efficiency of propulsion = 1~ energy by jet

Efficiency of propulsion =

2u
Efficiency of propulsion,n =

(V+ 2u)

pa (V+ u)xVxu

%pa (V+u)(V2+ 2uv)
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Hydraulic Machines

1. Hydraulic machines are those machines which can convert either hydraulic
energy into mechanical energy or from mechanical energy to hydraulic energy.

2. Hydraulic machines which converts hydraulic energy into mechanical energy
are called turbines.

Classification of Hydraulic turbines

1. AJcto the type of energy available at the inlet
a) Impulse turbine b) Reaction turbine
2. Alc to the direction of flow of runner
a) Tangential flow turbine b) Axial flow turbine c) Radial flow turbine
d) Mixed flow turbine
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Pelton turbine

1. Pelton turbine is a tangential flow impulse turbine. In this the amount of water
striking the bucket along the tangent of the runner.

2. The amount of energy available at inlet of turbine is K.E.

3. Pressure at the inlet and outlet of the turbine is atmospheric.

Main parts of Pelton turbine

1. Nozzle and flow regulating arrangements
2. Runner with buckets

3. Casing

4. Breaking jet

1. Nozzle and flow regulating arrangements

In this, amount of water striking the bucket of runner is controlled by providing a
spear in the nozzle.
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Pelton Wheel (1)
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1. Spear i1s a conical needle which is operated either by hand wheel or
automatically in the axial direction of flow depending upon the size of the unit.

1. When the spear is move back, the amount of water striking the runner is
Increased.

2. Runner with buckets

1. It consists of a conical disk on the periphery of which a number of buckets are
fixed at some distance apart.

1. The shape of the buckets of the runner is double-hemi spherical cup or bowl.

2. The buckets are designed in such a way that the jet get deflected through 160°
or 170°.
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3. Casing

1. The main function of casing is to prevent the splashing of water and discharge
of water to the tail race.

2 . It also provides protection against accidents. The casing of pelton wheel does not
perform any hydraulic function.

4. Breaking jet

1. When the nozzle is completely closed by moving the spear in the forward
direction, the amount of water striking the runner is reduced.

2. The runner because of inertia goes on revolving for the long time.
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Velocity Triangle and Work done for Pelton wheel

The jet of water from the nozzle strikes the bucket at the splitter, which split the jet

Into two equal parts. These parts of jets glide over the inlet surface and comes
out in the outer edge.

H = Net head acting on the Pelton wheel.
= I‘I'g — hf

Hg, = Gross head and h; = head loss due to friction

 4fLV?
- D*x 2g’

h¢ where D* = diameter of penstoke

D = diameter of wheel, N = speed of wheel in rom. d= diameter of jet,

Vi = Velocity of jet at inlet = /2gH

DN
60

u= u; = u, =
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The velocity A at inlet will be a straight line,
Ve = V;
Vl‘lz Vl_ll'_l: Vl_ll

The velocity A at outlet,

Vi1t = Vi Vw2 = Vipcos@ —u,

The force exerted by jet of water in the direction of motion,

Fy = paVi[Viw1 + V2]

paVy [Vw1 + sz]x u

Power given to the runner by jet = ,
1000
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paV; [V + Vyolxu
paVixg

_ [le + sz]x u
g
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Z[le + sz]x 11

Mh =

V,?
[Vi+ (Vi—u)cos® —u]xu
h = V.2
1
2(Vi—u)(1+cos@)xu
h = 2
Vi
The efficiency is maximum when dg]h) —0
u
d [2(V;—u) (1+cos@)xu| 0
du Vlz B
(1+cos@) d

V.2 7 R2u(V; —u] =0
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Expression for maximum efficiency of pelton wheel
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Design of Pelton wheel
Design of the Pelton wheel means following data is to be determine:-

a)
b)
)
d)
e)

Diameter of the jet (d)

Diameter of wheel (D) using %
Width of bucket =5 x d

Depth of the bucket=1.2 xd

No of buckets on the wheel = total rate of flow through the turbine/ rate of flow
of water through a single jet.

Radial flow reaction turbine

1.

2.

If the water is flow from outward to inward, then such turbine are called inward
flow radial turbine.

If the water is flow from inward to outward then such turbine are called outward
flow radial turbine.
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Reaction turbine:-

1. These turbine are those in which the water at the inlet of the turbine possesses both
pressure energy as well as kinetic energy.

1. The runner is completely enclosed in an air tight casing. The casing and the runner
Is always full of water.

Main parts of radial flow reaction turbine

a) Casing
b) Guide mechanism
c) Runner

d) Drafttube

Casing
1. In case of reaction turbine, casing and runner is always filled with water.

2. The casing may be of spiral shape because the water may enter into the runner at
constant velocity.
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Guide Mechanism
1. The stationary guide vanes are fixed on the guide mechanism .

2. The vanes can allow the water to strike on the vanes which are fixed on the
runner.

Runner

1. Itisacircular wheel on which a series of guide vanes are fixed. The surface of
the vanes are very smooth,

Draft tube
1. The pressure at the exit of the turbine is less than atmospheric pressure.

2. The water is not directly exit and discharged through the runner.
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Inward radial flow turbine

The water flows over the moving vanes in the inward radial direction and
discharged the water at the inner diameter of the runner.

Work done /sec on the runner by the water given by

This equation represents the energy transfer/s to the r1inner
= paVi[Viprug + Vipous]

= pQ[Viy1uy £ Vyou,]

nD;N
60

u; = tangential velocity of wheel at inlet =

nD,N
60

u, = tangential velocity of wheel at outlet =
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_ _ workdone/s
Workdone/s per unit weight of water =

weight of water striking/s

_ paVly [Vipruy + Vipous ]
paVix g

[Vwitg £ Vo]
g

Eulers equation of hydrodynamics machines

Note,

if B 1s an acute angle then +ve sign is used, when [ is an optuse angle
then —ve sign is used.

If B =90° Vw2 =0, then

leul

g

Workdone =
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Runner power

Hydraulic efficiency = Wat
ater power

Runner power is the power developed/s by water to the runner.

W
ng [leul + szuz]
Wx H

Hydraulic efficiency =

w
1000g Vwiutg £ Vigouto]
N Wx H

If the discharee is radial at outlet. , , =0.
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Outward radial flow reaction turbine

1.

2.

3.

4.

In this case, water enters into the casing and enter into the stationary guide
wheel.

The velocity triangle at inlet and outlet will be drawn by the same procedure.

But in this case, inlet of the runner is at inner diameter of runner,

tangential velocity at inlet will be less than outlet of the turbine.

Ul < U2 (s Dj_ < Dg

41



Components of Centrifugal pumps

The Centrifugal pump has the following main components:
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Components of centrifugal pumps

Impeller

A rotating wheel fitted with a series of backward curved
vanes or blades mounted on a shaft connected to the shaft of an
electric motor. Due to rotation of impeller centrifugal force is
produced on the liquid, which produces kinetic energy in the
liquid. Water enters at the centre of the impeller and moves
radially outward and then leaves from outer periphery of the
impeller with a very high kinetic energy.



Components of centrifugal pumps

Casing
It is an airtight chamber, which accommodates the rotating
impeller. The area of flow of the casing gradually increases in the

direction of flow of water to convert kinematic energy into
pressure energy.



Components of centrifugal pumps

Suction pipe

It is the pipe through which water is lifted from the sump to
the pump level. Thus the pipe has its lower end dipped in the
sump water and the upper end is connected to the eye or the
inlet of the pump. At the lower end, a strainer and a foot-valve
are also fitted.

I. Strainer

It is a screen provided at the foot of the suction pipe, it would
not allow entrance of the solid matters into the suction pipe
which otherwise may damage the pump.



Components of centrifugal pumps

Suction pipe

ii. Footvalve

It is @ one direction valve provided at the foot of the suction
pipe. It permits flow only in one direction i.e. towards the pump.
Foot valve facilitates to hold the primed water in the suction
pipe and casing before starting the pump. Priming is the process
of filling of water in centrifugal pump from foot valve to delivery
valve including casing before starting the pump.



Components of centrifugal pumps

Delivery pipe

Delivery pipe is used for delivery of liquid. One end
connected to the outlet of the pump while the other delivers
the water at the required height to the delivery tank. It
consists of following components:

i. Delivery gauge

This gauge connected on the delivery side of the pump to
measure the pressure on the delivery side.

ii. Delivery Valve

It is a gate valve on the delivery side of the pump to control
the discharge



Components of centrifugal pumps

Shaft

It is a rotating rod supported by the bearings. It transmits
mechanical energy from the motor to the impeller.

Air Relieve Valve

These are the valves used to remove air from casing while
priming.



Working of centrifugal pump

Works on the principle that when a certain mass of fluid is
rotated by an external source, it is thrown away from the
central axis of rotation and a centrifugal head is impressed
which enables it to rise to a higher level.

In order to start a pump, it has to be filled with water so that
the centrifugal head developed is sufficient to lift the water
from the sump. The process is called priming.

Pump is started by electric motor to rotate the impeller.
Rotation of impeller in casing full of water produces forced
vortex which creates a centrifugal head on the liquid.



Working of centrifugal pump

The delivery valve is opened as the centrifugal head is
impressed.

This results in the flow of liquid in an outward radial direction
with high velocity and pressure enabling the liquid to enter the
delivery pipe.

Partial vacuum is created at the centre of the impeller which
makes the sump water at atmospheric pressure to rush through
the pipe.

Delivery of water from sump to delivery pipe continues so long
as the pump is on.



Heads of a Pump

1. Static Head

It is the vertical distance between water levels in the sump
and the reservoir.

Let H, = Static head on the pump

h, = Height of the centre line of pump above the sump level
(Suction head)

h, = Height of the liquid level in the tank above the centre line
of pump (Delivery head)

Then, H, =h, +hg
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Heads of a Pump

2. Total Head
It is the total head which has to be developed by a pump to
deliver the water form the sump into the tank. Apart from
producing the static head, a pump has also to overcome the
losses in pipes and fittings and loss due to kinetic energy at
the delivery outlet.
Let H = Total head
h:, = Losses in suction pip
h:y = Losses in delivery pipe
h; = Total friction loss in pipe = h¢, + h,
V, = Velocity of liquid in delivery pipe.
Then H=h+h +h, +h +Vd2/(2g)
Losses in the casing and the impeller are not taken into
account in the total head.



Heads of a Pump

3. Manometric Head

It is usually not possible to measure exactly the losses in the
pump casing. So, a term known as manometric head is
introduced. It is the rise in pressure energy of the liquid in
the impeller of the pump.

If two pressure gauges are installed on the suction and the
delivery sides as near to the pump as possible, the difference
in their reading will give the change in the pressure energy in
the pump or the manometric head.

H , = Manometric head of the pump

H. . = Reading of the pressure gauge on the suction side

H 4 = Reading of the pressure gauge on the delivery side.

Then H_ =H_,-H_.



L_osses and Efficiencies

1. Hydraulic Efficiency
Hydraulic losses are the losses the occur between the suction
and the delivery ends of a pump.
Hydraulic efficiency varies from 0.6 to 0.9.

2. Manometric Efficiency
Manometric efficiency is defined as the hydraulic efficiency of
an ideal pump.



L_osses and Efficiencies

3. Volumetric Efficiency

The pressure at the outlet of the impeller is higher than at the
inlet. Thus there is always a tendency on the part of water to
slip back or leak back through the clearance between the
impeller and the casing. There can also be some leakage
from the seals. These are called volumetric losses.

Volumetric efficiency is the ratio of the actual discharge to the
total discharge.

Q = Amount of discharge

Let AQ = Amount of leakage.

n,=Q/(Q+ AQ)

Its value lies between 0.97 and 0.98.



L_osses and Efficiencies

4. Mechanical Efficiency

Mechanical losses in case of a pump are due to

(a) Friction in bearings

(b) Disc friction as the impeller rotates in liquid.
Mechanical efficiency is the ratio of the actual power input to

the impeller and the power given to the shaft.

Let P = Total power input to the shaft

A P = Mechanical losses

Nm = (P - A P) / P

Its value lies between 95% - 98%.



L_osses and Efficiencies

5. Overall Efficiency
It is the ratio of the total head developed by a pump to the
total power input to the shaft.
n, = (pQgH) / P
Range of overall efficiency is between 0.71 to 0.86.



Problem: A centrifugal pumps delivers 50 liters of water per
second to a height of 15m through a 20 m long pipe. Diameter
of the pipe Is 14 cm. Overall efficiency iIs 72 %, and the
coefficient of friction 0.015. Determine the power needed to

drive the pump.
Solution:

H, = 15m
Q=0.05 m3/s
|=20m

f=0.015

d=0.14m

N, = 72%

We have,

N, = (PQgH) / P

H =H+ H; + Vd?/(2g)



Problem:

Solution:

For which V is given by,

Q=mn/4d?V,

0.05=m/4(0.14)? V,

V,=3.25m/s

And h, = (4fIV %) / (2gd)
h; = (4x0.015x20x3.252)/(2x9.81x0.14)
hf=4.61m
H=15+4.61+ 3.25%/(2x9.81)= 20.15m
Power to drive pump can be calculated as follows:
n, = (pQgH) / P
0.72 = (1000x0.05x9.81x20.15) / P

Or P=13726 W =13.726 k W.



Multistage Pumps

To develop a high head, the tangential speed p, has to be
increased. However an increase in the speed also increases the
stresses in the impeller material. This implies that centrifugal
pump with one impeller cannot be used to raise high heads.

More than one pump is needed to develop a high head. The
discharge of one pump is delivered to the next to further
augment the head.

However, a better way is to mount two or more impellers on
the same shaft and enclose them in the same cashing. All the
impellers are put in series so that the water coming out of one
impeller is directed to the next impeller and so on (Fig.10.22).
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Components of Centrifugal pumps

The Centrifugal pump has the following main components:
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Components of centrifugal pumps

Impeller

A rotating wheel fitted with a series of backward curved
vanes or blades mounted on a shaft connected to the shaft of an
electric motor. Due to rotation of impeller centrifugal force is
produced on the liquid, which produces kinetic energy in the
liquid. Water enters at the centre of the impeller and moves
radially outward and then leaves from outer periphery of the
impeller with a very high kinetic energy.



Components of centrifugal pumps

Casing
It is an airtight chamber, which accommodates the rotating
impeller. The area of flow of the casing gradually increases in the

direction of flow of water to convert kinematic energy into
pressure energy.



Components of centrifugal pumps

Suction pipe

It is the pipe through which water is lifted from the sump to
the pump level. Thus the pipe has its lower end dipped in the
sump water and the upper end is connected to the eye or the
inlet of the pump. At the lower end, a strainer and a foot-valve
are also fitted.

I. Strainer

It is a screen provided at the foot of the suction pipe, it would
not allow entrance of the solid matters into the suction pipe
which otherwise may damage the pump.



Components of centrifugal pumps

Suction pipe

ii. Footvalve

It is @ one direction valve provided at the foot of the suction
pipe. It permits flow only in one direction i.e. towards the pump.
Foot valve facilitates to hold the primed water in the suction
pipe and casing before starting the pump. Priming is the process
of filling of water in centrifugal pump from foot valve to delivery
valve including casing before starting the pump.



Components of centrifugal pumps

Delivery pipe

Delivery pipe is used for delivery of liquid. One end
connected to the outlet of the pump while the other delivers
the water at the required height to the delivery tank. It
consists of following components:

i. Delivery gauge

This gauge connected on the delivery side of the pump to
measure the pressure on the delivery side.

ii. Delivery Valve

It is a gate valve on the delivery side of the pump to control
the discharge



Components of centrifugal pumps

Shaft

It is a rotating rod supported by the bearings. It transmits
mechanical energy from the motor to the impeller.

Air Relieve Valve

These are the valves used to remove air from casing while
priming.



Working of centrifugal pump

Works on the principle that when a certain mass of fluid is
rotated by an external source, it is thrown away from the
central axis of rotation and a centrifugal head is impressed
which enables it to rise to a higher level.

In order to start a pump, it has to be filled with water so that
the centrifugal head developed is sufficient to lift the water
from the sump. The process is called priming.

Pump is started by electric motor to rotate the impeller.
Rotation of impeller in casing full of water produces forced
vortex which creates a centrifugal head on the liquid.



Working of centrifugal pump

The delivery valve is opened as the centrifugal head is
impressed.

This results in the flow of liquid in an outward radial direction
with high velocity and pressure enabling the liquid to enter the
delivery pipe.

Partial vacuum is created at the centre of the impeller which
makes the sump water at atmospheric pressure to rush through
the pipe.

Delivery of water from sump to delivery pipe continues so long
as the pump is on.



Heads of a Pump

1. Static Head

It is the vertical distance between water levels in the sump
and the reservoir.

Let H, = Static head on the pump

h, = Height of the centre line of pump above the sump level
(Suction head)

h, = Height of the liquid level in the tank above the centre line
of pump (Delivery head)

Then, H, =h, +hg
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Heads of a Pump

2. Total Head
It is the total head which has to be developed by a pump to
deliver the water form the sump into the tank. Apart from
producing the static head, a pump has also to overcome the
losses in pipes and fittings and loss due to kinetic energy at
the delivery outlet.
Let H = Total head
h:, = Losses in suction pip
h:y = Losses in delivery pipe
h; = Total friction loss in pipe = h¢, + h,
V, = Velocity of liquid in delivery pipe.
Then H=h+h +h, +h +Vd2/(2g)
Losses in the casing and the impeller are not taken into
account in the total head.



Heads of a Pump

3. Manometric Head

It is usually not possible to measure exactly the losses in the
pump casing. So, a term known as manometric head is
introduced. It is the rise in pressure energy of the liquid in
the impeller of the pump.

If two pressure gauges are installed on the suction and the
delivery sides as near to the pump as possible, the difference
in their reading will give the change in the pressure energy in
the pump or the manometric head.

H , = Manometric head of the pump

H. . = Reading of the pressure gauge on the suction side

H 4 = Reading of the pressure gauge on the delivery side.

Then H_ =H_,-H_.



L_osses and Efficiencies

1. Hydraulic Efficiency
Hydraulic losses are the losses the occur between the suction
and the delivery ends of a pump.
Hydraulic efficiency varies from 0.6 to 0.9.

2. Manometric Efficiency
Manometric efficiency is defined as the hydraulic efficiency of
an ideal pump.



L_osses and Efficiencies

3. Volumetric Efficiency

The pressure at the outlet of the impeller is higher than at the
inlet. Thus there is always a tendency on the part of water to
slip back or leak back through the clearance between the
impeller and the casing. There can also be some leakage
from the seals. These are called volumetric losses.

Volumetric efficiency is the ratio of the actual discharge to the
total discharge.

Q = Amount of discharge

Let AQ = Amount of leakage.

n,=Q/(Q+ AQ)

Its value lies between 0.97 and 0.98.



L_osses and Efficiencies

4. Mechanical Efficiency

Mechanical losses in case of a pump are due to

(a) Friction in bearings

(b) Disc friction as the impeller rotates in liquid.
Mechanical efficiency is the ratio of the actual power input to

the impeller and the power given to the shaft.

Let P = Total power input to the shaft

A P = Mechanical losses

Nm = (P - A P) / P

Its value lies between 95% - 98%.



L_osses and Efficiencies

5. Overall Efficiency
It is the ratio of the total head developed by a pump to the
total power input to the shaft.
n, = (pQgH) / P
Range of overall efficiency is between 0.71 to 0.86.



Problem: A centrifugal pumps delivers 50 liters of water per
second to a height of 15m through a 20 m long pipe. Diameter
of the pipe Is 14 cm. Overall efficiency iIs 72 %, and the
coefficient of friction 0.015. Determine the power needed to

drive the pump.
Solution:

H, = 15m
Q=0.05 m3/s
|=20m

f=0.015

d=0.14m

N, = 72%

We have,

N, = (PQgH) / P

H =H+ H; + Vd?/(2g)



Problem:

Solution:

For which V is given by,

Q=mn/4d?V,

0.05=m/4(0.14)? V,

V,=3.25m/s

And h, = (4fIV %) / (2gd)
h; = (4x0.015x20x3.252)/(2x9.81x0.14)
hf=4.61m
H=15+4.61+ 3.25%/(2x9.81)= 20.15m
Power to drive pump can be calculated as follows:
n, = (pQgH) / P
0.72 = (1000x0.05x9.81x20.15) / P

Or P=13726 W =13.726 k W.



Multistage Pumps

To develop a high head, the tangential speed p, has to be
increased. However an increase in the speed also increases the
stresses in the impeller material. This implies that centrifugal
pump with one impeller cannot be used to raise high heads.

More than one pump is needed to develop a high head. The
discharge of one pump is delivered to the next to further
augment the head.

However, a better way is to mount two or more impellers on
the same shaft and enclose them in the same cashing. All the
impellers are put in series so that the water coming out of one
impeller is directed to the next impeller and so on (Fig.10.22).
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Main Parts of the Kaplan Turbine
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Main component; of Kaplan turbine.
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