SCHEME OF VALUATION

(Scoring Indicators)

Revision: 2015 Course Code: 6022

Course Title: Hydraulic Machines

Spl|S | T
st it |u|ot
No Scoring Indicator i ,l}. 8l

$Co

re (Ot

al
PART A
I Water jet mean the liquid comes out in the form of a jet from the outlet of a | 2 2
1 | nozzle, which is fitted to a pipe through which the liquid is flowing under
pressure. It will have maximum kinetic energy.
2 | Gross Head. The difference between the head race level and tail race level | 1 2
when no water is flowing is known as Gross Head. It is denoted by H,
Net Head. It is the head effective head available at the inlet of the turbine. A
loss of head is occurred in penstock. It is denoted by H. 1
H=H g hf
3 | The specific speed of a turbine is defined as the speed of a turbine which is | 2 2
identical in shape, geometrical dimensions, blade angles, gate opening etc with
the actual turbine but of such a size that it will develop unit power when
working under unit head. It is denoted by Nis.
4 | NPSH is defined as the total head required to make the liquid flow through the | 2 2
suction pipe to the pump impeller.
It is also defined as the absolute pressure head at the inlet to the pump minus the
vapour pressure head plus the velocity head.
5 | Fx=pAV? 2 2
p = density
A = area of cross section
V = velocity of jet
PART B
I | When a jet issues from a nozzle and strikes on a fixed vertical flat plate exerts a | 2 6

1 force on the plate which is equal to the momentum of the jet. The jet gives a
reaction to the nozzle and is equal to the momentum of the 1ssuing jet and will
act opposite to the direction of the issuing jet. Jet propulsion is a principle used
to utilize the reaction of a jet to propel the bodies such as ships, air crafts,
rockets etc.

Principle of jet propulsion is applied to propulsion of ships. The ship carries
pumps, which take water from its surroundings. This water is discharged by

Page 1 of 21



forcing through the orifice at the back of the ship. The efficiency of ship
depends upon the direction of the inlet orifice. In general a ship may have;

1. Inlet orifices at right angles to the direction of its motion as shown in Fig
below. ( known as AMID ship which means water is damn at the middle
of the ship )

Inlet orifice  Centrifugal Pump

Stern or
Back of ship

f

Inlet orifice

(a) Inlet orifices are at right angles.

2. Inlet orifices faces the direction of motion as shown in Fig below. A ship
is steered through the water due to reaction of the force of the jet.

Inlet orifice

Inlet orifice

(b) Inlet orifices facing the direction of ship-
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Diameter of nozzle, d=100mm=0.1m
Head of water, H=100m
Co-efficient of velocity,  C,=0.95

Area of nozzle, a= g— (.1)? = .007854 m?

Theoretical velocity of jet of water is given as

Vi = 28H = [2x9.81x100 =44:294 m/s’

Actual velocity
Theoretical velocity
Actual velocity of jet of water, V= C, x Vy =0.95 X 44.294 = 42.08 m/s.

Force on a ﬁxed vertical plate is given by equation (17.1) as
F = paV? = 1000 x .007854 x 42.08

= 13907.2 N = 139 kN. Ans.

But ' Cv -

The following are the important efficiencies of a turbine.
(1) Hydraulic Efficiency, 0 (2) Mechanical Efficiency, N,
(3) Volumetric Efficiency, nyand (4) Overall Efficiency, 1,

(1) Hydraulic Efficiency (n). It is defined as the ratio of power given by
water to the runner of a turbine to the power supplied by the water at the
inlet of the turbine. The power at the inlet of the turbine is more and this
power goes on decreasing as the water flows over the vanes of the
turbine due to hydraulic Losses as the vanes are not smooth. Hence the
power delivered to the runner of the turbine will be less than the power
available at the inlet of the turbine. Thus, mathematically, the hydraulic
efficiency of a turbine is written as

Power delivered to runner _ R.P.

Power supplied atinlet  W.P.

fl=

(2) Volumetric efficiency (7). It is possible some water flows out through
the clearance between the runner and casing without passing through the
runner. Volumetric efficiency is defined as the ratio between the volume
of water flowing through the runner and the total volume of water
supplied to the turbine. Indicating O as the volume flow and AQ as the
volume of water passing out without flowing through the runner.

_Q-AQ
rly Q
(3) Mechanical efficiency (M.). The power produced by the runner is
always greater than the power available at the turbine shaft. This is due

to mechanical losses at the bearings, windage losses and other frictional
losses.

_ Power available at the turbine shaft
M = Power produced by the runner

1.5

1.5

1.5
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(4) Overall efficiency (n,). This is the ratio of power output at the shaft

and power input by the water at the turbine inlet. L5
__ Power available at the turbine shaft
s = Water power
Classification of turbines:
Hydraulic turbines may be classified according to the following factors:
(i) According to the nature of energy possessed by water at inlet 1
(a) Impulse turbines, and  (b) Reaction turbines
(ii) According to the direction of flow of water through runner
(a) Tangential flow turbines  (b) Radial flow turbines 1
(c) Axial flow turbines, and  (d) Mixed flow turbines,
(iii) According to the head and quantity of water available at the inlet
(a) High head turbine (b) Medium head turbines, and 1
(c) Low head turbines
(iv) According to the orientation of shaft
(a) Horizontal shaft turbine, and (b) Vertical shaft turbine
( v) According to the name of the originator 1
(a) Pelton wheel (b) Francis turbine (c) Kaplan turbine, etc. 1
(vi) According to the specific speed of the turbine
(a) Low specific speed turbine 1
(b) Medium specific speed turbine, and
(c) High specific speed turbine.
Draft tube reduces the pressure loss as the pressure at the turbine outlet will be | 2
below atmospheric due to the arrangement. The loss in effective head is reduced
by this arrangement. Also because of the diverging section of the tube the
kinetic energy is converted to pressure energy which adds to the effective head.
The draft tube thus helps to regain the lost static head due to higher level
installation of the turbine and helps to recover part of the kinetic energy that
otherwise may be lost at the turbine outlet.
Different types of draft tubes is shown in figure below.
Ea
ch
typ
e
1
Ma
rk
Straight divergent tube Moody’s bell mouthed tube 3
4
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. Elbow having square
Simple elbow outlet and circular inlet

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

1, Volute casing

2. Vortex casing

3. Casing with guide blades

1. Volute casing

The figure below shows a volute casing. In this type, the impeller is surrounded
by a spiral casing which provides a gradual increase in the area of flow, thus
decreasing the velocity of water and correspondingly increasing the pressure.

2. Vortex casing or whirl pool chamber

This is an improved form of volute casing designed by Professor James
Thomson. In vortex casing, a circular chamber is introduced between the casing
and the impeller as shown in Fig below. By introducing a circular chamber, the
loss of energy due to formation of eddies is reduced to a considerable extent.
Thus the efficiency is improved than that of a volute casing pump.

IMPELLER
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3. Casing with guide blades

In this type the impeller is surrounded by a series of guide blades mounted on a
ring which is known as diffuser. Guide vanes are designed in such a way that the
fluid from the impeller enters the guide vanes without shock. Also the area of
the guide vanes increases, thus reducing the velocity of flow through guide
vanes and consequently increasing the pressure of fluid. The fluid from the
guide vanes then passes through the surrounding casing which is in most of the
case concentric with the impeller as shown in Fi g below.

GUIDE VANES

Cavitation

In any region of fluid flow, there is chance of formation of vapour bubbles.
When the pressure of the flowing fluid is less than its vapour pressure, the fluid
starts boiling and vapour bubbles are formed. When these vapour bubbles moves
towards a zone of high pressure, they condense and finally collapse. Sudden
collapsing of these vapour bubbles in a region of high pressure may create a
very high pressure, thereby a tremendous shock (pitting action)on the adjacent
wall. This may cause a local mechanical failure of the solid surface. The growth
and decay of vapour bubbles adversely affect the performance of a hydraulic
machine and the ultimate affect may be the break-down of the machine itself
due to severe pitting and erosion of blade surface in region of cavitation. This
phenomenon is called as cavitation.
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PART C

~ V=Velocty of the jet (absolute ), .
a = Area of Cross-section of the j;t
_ = Velocity of the fla¢ plate.
ihiscase, thf, Jetdoes not strike the plate with 4 velocity
y it strikes with a relative velocity, which is equal to the
eolute velocity of jet of water minus the velocity of the v

- .
Hence relative velocity of the jet with respect to plate
=(V-u)
Mass of water striking the plate per sec

=p X Area of jetx Velocity with which
jet strikes the plate

= pa X [V— u] .
;. Force exerted by the jet on the moving plate in the direction of the je,

F, =Mass of water striking per sec X [Initial velocity with which water strikes
~ Final velocity]

("+ Final velocity iq the direction of jet is zero)

= pa(V-u) [(V-u)- (]
= pa(V- u)2 7

LIE ]

Fig

Velocity of jet, V=20 m/s

Velocity of vane, u#, =10 m/s

Angle made by jet at inlet, with direction of motion of vane,

o =20°
Angle made by the leaving jet, with the direction of motion
=130°
B = 180° - 130° = 50°
In this problem, Uy =u,=10m/s
U RER

(1) Vane Angles means angle made by the relative veloci-
ties at inlet and outlet, i.e., 0 and ¢.

From Fig. in AABD, we have tan 0 = g%

Vi vy

1 i

TAD-AC Vy -u

where V; =V, sin o= 20 X sin 20 = 6.84 m/s

Fig
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y. =V, cos 0.=20xcos 20 = 18.794 nys.

i
uy = 10 m/s
6.84
tan @ =
m =.7778 or 6 = 37,875
0=37°52.5" Ans.
m, AABC, $in @ = an Vj .
From, Ty O V= =1114
n SiIn®  sin 37875
V=V, = 1114 s,
From, AEFG, applying sine rule, we have
V" 15
sin (180° - B) ~ sin (B-0)
] B oum @ (o B=50%)
sinB - sin[p-o] " sins0  sin[50°-0]
sin (50° - ¢ = 2 Tl’:‘; X 06876 = sin43.44°
50° -9 =4344° or ¢=50°-4344°=6.56°
o= 6° 33.6°, Ans.

(.i.i) Wt.)fk done per second per unit weight of the water striking the vane per second is given by

equation |
=-|-;V + V. ] uNmN (+ ve sign is taken as  is an acute angle)
x 1 i
- ity = 1114 % cos 6.56 - 10 = 1.067 m/s
where V, = 18.794 /s, ¥, = GH-GF=V, cos0-1
U =U == lUmls'
Work done per unit weight of watet

- [18.794 + 1.067] x 10 Nn/N = 20.24 No/N. Ans.
981

-
-

OR

]

Consider a jet of water striking a vertical plate at the centre which is hinged at
O. Due to the force exerted by the jet on the plate, the plate will swing through
some angle about the hinge as shown in figure.

x = distance of the centre of jet from hinge O,
0= angle of swing about hinge,
W = weight of plate acting at C.G. of the plate.

The dotted lines shows the position of the plate, before the Jet strikes the plate.
The point 4 on the Plate will be at 4’ after the jet strikes the plate.
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T 2
- "'_-"-""t__—'-L'"‘HA—’__'" _J,: .«/
" P v 4
The distance 04 = 04’ = x. Let the weight of the plate is acting at A'. When the
plate is in equilibrium after the jet strikes the plate, the moment of al] the forces
about the hinge must be zero. Two forces are acting on the plate. They are:
L. Force due to jet of water, normal to the plate,
F,=paV*sin ¢/
where "= Angle between jet and plate = (90° - §)
2. Weight of the plate, W
Moment of force F, about hinge = F, X 0B =paV* sin (90° - 6) x OB = paV* cos 0 x 0p
=paV2cosﬁx—0A— =paV’ x OA = paV* x x
cos @
Moment of weight W about hinge =WXxO0A’ sin6=Wxxxsin 8
For equilibrium of the plate, pa¥?x x = W x x x sin 0 _
2 1.5
sinf = L
%
3
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the load on the turbine decreases, speed increases correspondingly. As the
actuator is connected to the turbine shaft, its speed also increases and balls
fly off. Therefore, the sleeve moves upward, the lever rod inclined and the
bell crank lever moves downwards. When bell crank lever moves
downwards, the jet deflector will operate and divert whole or part of the
Jet away from the buckets. With the downwards movement of the bell

Diameter of jet, d=50mm=0.05m
Area, a= 7} (.05)? = 001963 m?
Angle, 8 =30°
Force in the direction of jet, F,=14715N _ ?
Force in the direction of jet is given by equation F, = paV? sin®@ )
As the force is given in Newton, the value of p should be taken equal to 1000 kg/m’
: 1471.5 = 1000 x .001963 x V* x sin® 30 = .05 1
=20 30000
05
_ V= 5477 mls 2
Dischajrge, Q = Area x Velocity
= 001963 x 54.77 = 0.1075 m*s = 107.5 liters/s. Ans, | 3
\4
a
Actuator
Ball
Sleeve __‘:Mam i ell crank lever
F uk:nl.m'tT ' Valve rod
Turhine shaft rJ C‘ 4
Distribution valve ' Fig
‘ ’ - Fulcrum
‘ Cam | ,_.Nozzle
Gear pump—afi r o /—§/- 1S_p88r
- ) S;aar rod . ﬁ.,}ﬂ
e A envomator
Ol sump Deflector
When the turbine is running at normal load, piston in the distribution
valve and actuator occupies their normal positions as shown in the figure.
In this positions as the ports 4 and B are closed the oil supplied by the
gear pump remains in the middle portion of the distribution valve and thus
gears of the pump go on rotating without developing further pressure. As | 4
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downward causing the 1
right side of the piston.

speed to come normal. In this case the deflector moves up but the
deflector plate is not able to obstruct the jet at normal speed. As soon as
the speed becomes normal, the actuator balls occupy normal position and
port 4 and B closed.
b Speed of bucket, 0=y =y =10 mls
Discharge, - ©=700litres/s = 0.7 m*s, Head of water, H =30 m
Angle of deflection = 160°
" Angle, ¢ =180~ 160 = 20°
Co-efficient of velocity, C,=098. ’
The velocity of jet, Vi=C,\2gH =0.98 [2x981x30 =23.77 ms
V.= V-1, =2377-10
=13.77 m/s
Y, =V,=23.77 mss
From outlet velocity triangle,

flow. The spear occupies its final position, jet deflector occupies its
original position and does not obstruct jet as the speed again becomes

When the load on the turbine increases, the speed reduces. This causes the
fly balls of the actuator to come down and thus sleeve also move

to move away from the nozzle and increases the area of flow, which in
turn increases the amount of water striking the buckets and brings the

Vw2_= V,, cos ¢ -,

crank lever, the roller on the cam rises. In the mean time the distribution
valve also works as follows:

ever rod to move upward and to open port 4 to the
The piston moves towards left, causing the spear

V, = V,= 1377 mls

=13.77 cos 20~ 10.0 = 2.94 m/s
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Work done by the jet per second on the runner is given by equation (18.9) as
_ = paV, [Vw, ; Vwa u
=1000x07X[2377 +2.941x10 (v gy, = 0=0.7m)
= 186970 Nm/s

ik 970
Power given to turbine © = 1%.? = 186.9’_1 kW. Ans,

The hydraulic efficiency of the turbine is given by equation (1-8. 12) as
2V, +V, ]xe 2w +2.94]x 10
A 2371 x 77

=0.9454 or 94.54%. Ans.
OR

M=

2.5

¥

-]

The main parts of the Pelton turbine are:
1. Nozzle and flow regulating arrangement (spear), 2. Runner and buckets,
3. Casing, and 4. Breaking jet.

1. Nozzle and flow Regulating Arrangement. The amount of water striking the
buckets (vanes) of runner is controlled by providing a spear in the nozzle as
shown in Fig. The spear is a conical needle which is operated either by a hand
wheel or automatically in an axial direction depending upon size of the unit.
When the spear is pushed forward into the nozzle the amount of water striking
the runner is reduced. On the other hand, if the spear is pushed back, the amount
of water sinking the runner increases,

2. Runner with Buckets: Fig shows the runner of a Pelton wheel. It consists of
a circular disc on the periphery of which a number of buckets are fixed. The
shape of buckets are of double hemispherical shape.

3. Casing. Fig. shows a Pelton turbine with a casing. The function of the casing
is to prevent the splashing of the water and to discharge water to tail race. It also
acts as safeguard against accidents. It js made of cast iron or fabricated steel
plates. The casing of the Pelton whee] does not perform any hydraulic function.

4. Breaking Jet. When the nozzle is completely closed by moving the spear in
the forward direction, the amount of water striking the runner reduces to zero.
But the runner due to inertia goes on revolving for a long time. To stop the

1.5

1.5

Fig

L5

1.5
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runner in a short time, a small nozzle is provided which directs the jet of water
| on the back of the vanes, This jet of water is called breaking jet.
b Shaft power, SP.=11,772 kW
Head , H=380m
Speed, N=750 r.m.p.
overall efficiency, Mo =86% or 0,86
: . d 1
ipof jetdia. to wheeldia, =2 _!
Rato of je D %
co<fficient of velocity, K, =C,=0985
speed ratio, K, =045
Velocity of jet, V1= C,J26H = 0.985,/2x 981 x 380 = 85.05 m/s
The velocity of wheel, U=y =y,
i =38.85 m/s
= Speed ratio x |[2gH =045 x 2x9.81x380 =38
nDN
But e 38.85= "~
Do 60 x 38.85 _ 60x3885 _ 0.989 m. Ans.
XN T x 750
gl '
B 2%
' 10989 _ :
Dia. of jet, d= s xD= e " 0.165 m. Ans
; = Krsaali ity of jet
Discharge of one jet, q = Area of jet x Velocity of j |
=X Pxv,= %(.165) x 85.05 m’s = 1.818 m™/s
4
S.p. 1M UL
Mo = " pgx0xH :
Now W.p. PEX¥xi
1000
= Ll e » where Q = Total discharge
86 = 1000 981X 0 X 380
e [P xS =3.672mYs
Total discharge, Q= 1000% 981 x 380 x 086
| ol discharge _Q _36m Ve
Number of jets ~ Discharg of onejet g 1818 iy
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Selection of turbines
The selection of turbine is generally based upon the following two factors

(1) Selection based on specific speed, and

(i1) Selection based on head of water.

(i) Selection based on specific speed.

Specific speed plays an important role for selecting the type of turbine. Selection
based on specific speed is a scientific method, arid gives precise information. By
knowing the specific speed of a turbine the performance of the turbine can also
be predicted. If a runner of high specific speed is used for given head and power
output, the overall cost of installation is lower. The runner of too high specific
speed with high available head increases the cost of turbine. The runner of too
low specific speed with low available head increases the cost of generator due to
the low turbine speed. The following table shows the specific speed ranges of
various types of turbines.

Range of specific speed !
S.No (in ST units) Type of turbine selected
L. Less than 30 Single jet pelton wheel
2. 30-50 Multi-jet pelton wheel
3. 50 - 260 Francis turbine
4. 260 - 860 Kaplan turbine
L -

(ii) Selection based on head of water.

Selection based on head of water is based on experience and observational
factors only. Following table shows the type of turbine, to be used, for
corresponding head of water.

S.No | Head of turbine in m Type of turbine selected N
L. Less than 15 Kaplan turbine
5 30-60 Kaplan turbine or Francis turbine

(Preferably Kaplan turbine)

3 60- 150 Francis turbine or Kaplan turbine
. (Preferably Francis turbine)

Francis turbine or Pelton wheel
4. 150-240 : :
(Preferably Francis turbine)
. _h
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Pelton wheel or Francis turbine

3, 240 - 300 (Preferably Pelton wheel)

| 6. Above 300 Pelton wheel turbine
Overall efficiency Mo =75%=0.75
Power produced, S.P. = 148.25 kW
Head, H=762m
Peripheral velocity, ;=026 \2gH =026 x V2X981x762 = 3.179 m/s
Velocity of flow atinlet, v, =096 3¢k =096 x FX95Ix 7.62 = 11.738 mys.
Speed, N=150r.p.m.
Hydraulic losses =22% of available energy
Discharge at dutlet = Radia] :

sz =( and ‘{fz = V2
Hydraulic efficiency is given as

n = Total head at inlet - Hydraulic Jogg
) Headatinlet

H-2H 078H
T T
Vw,ul

But Ny = gH

=0.78

Vw, "1

—— = (78

gH
le

W e Uj—f V\n _.'
o OT8X98IXT62 _ony o
3179

(i) The guide blade angle, i.e., o.. From inlet velocity triangle,
V O
=y, 1834

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

Fig

1.5
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(if) The wheel vane angle at inlet, i.e., 8 ‘
v 1L738 o774

b T TT VI T M
1

g =tan™ 774 = 37.74 or 37° 44.4". Ans. 15
(iii) Diameter of wheel at inlet (Dy).
- ON
Using the relation, “= "0
60xu _ 60X3179 _ 4 4047 m, Ans. 15
D= nxN  mx50 .
L ¢l at inlet (By)
(1v) Width of the whe T sp 18
| M= Wp WP
WH _pxgxQxH _1000x981x 0 x7.62
2 WP.=1500 = 1000 -
i 14835 148,25 1000
N, = W i 1000981 Q x7.62 1
1000 - ‘
14825x1000 " * _  14825x1000 e =264
! 0= 7000%981x 762 %1, 1000x9.81x7.62x. .
Q =D X By % Vfl
2.644 = m x .4047 x B, x 11.738
B, = 2644 =0.177 m. Ans. 1.5
X 4047 x 11.738
OR - OO AT
The inward flow reaction turbine having radial discharge at outlet is known as
Francis Turbine, after the name of J.B. Francis an American engineer who in the
beginning designed inward radial flow reaction type of turbine. In the modem | 2
Francis turbine, the water enters the runner of the turbine in the radial direction
at outlet and leaves in the axial direction at the inlet of the runner. Thus the
modern Francis Turbine is a mixed flow type turbine.
4
u
- o RV
The velocity triangle at inlet and outlet of the Francis turbine are drawn in the
Same way as in case of inward flow reaction turbine. As in case of Francis n
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turbine, the discharge is radial at outlet, the velocity of whirl at outlet (ie, Vi2) |2 ]

will be zero. Hence the work done by water on the runner per second will be
work done per second per unit weight of water striking/s

= i[VWJ |

Hydraulic efficiency will be given by
b ’ Power developed , P = 9100 kW ¥ 2
Net available head of turbine, /f =5.6m

Speed ratio, K, =2.09

Flow ratio, K ; =0.68

Overall efficiency, n, =86%=0.86

|
Boss diameter of wheel, D= 3 D,

Using the relations for speed ratio and flow ratio, i.c.,

u
2gH

Peripheral velocity ofthe wheel, i = K N2gH

=2.09%xv2x9.81x5.6 =21.91 m/s

v

i

2gH

Speed ratio, K, =

Flow ratio, KJ. =

Velocity of flow, ¥, = K, J2gH - 0.68x V2x9.81x5.6

=7.13 m/s
We know that ,overall efficiency of a turbine,

R P 1
" wQH  pgOH
Discharge of the turbine,

P 9100
= = = 192.61 mY/
© = ogkin, 1x98ix56x085 ~ 9261 mVs

\u_
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We also know that,

Discharge of the turbine, O = Area of flow x Velocity of flow

- %(Dj - D, )x¥,

- Substituting the values in the above equation , we get

3

s%xoj(l-GJ'Jx?.n

=£J<D,,2x§x?.l3
4 9

192.61 = Ex[of —(}-Da) ]x?.l3

Diameter of the turbine runner,

. ’4x9x192.6|' LI i
"V ax8x113 * (Ang

Diameter of the turbine runner boss, D, = % D,

i
=3%622  =207m (Am!
We also know that peripheral velocity of the runner,
P D N
60

x 60u ©60x2191]
Speed of the turbine runner, ;7 = =
:;'Do Tx6.22

=67.27 rpm (Ansy

&

Multistage centrifugal pump

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

1. To produce a high head, and

2. To discharge a large quantity of liquid.

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

a) Multistage centrifugal pump for high head

As discussed above, forgetting high heads, a number of impellers are mounted
on the same shaftas shown in the figure. The water from the suction pipe enters
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the first impeller at inlet and is discharged at outlet with increased pressure. The
water with increased pressure from the outlet of the first impeller is taken to the
inlet of the second impeller. At the outlet of the second impeller, the pressure of
water will be more than the pressure of water at the outlet of the first impeller.
Thus if more impellers are mounted on the same shaft, the pressure at the outlet
will be increased further.

£

l[‘ % \' E o To delivery pipe . - 2 T .'c??é, l%lg

'1 ‘J?! : ! ?’k‘a Deivery pipe-1 | |
Paamonde o Acle N s, |

(" s 0 ) ({f ) |
-ﬁ;‘:‘%\‘% ; E“:‘% Prugp-1 " | ' . / pop -2
Iﬂmclh\?%i 'E ' ! : ?i Eg Impelier-2 ! at
{ 4 1] e e
S et
Two-stage pumps with impelier in series Pumps in parallel

Let
n = the number of identical impellers mounted on the same shaft
Hpn = the head developed by each impeller measured in meter
Then total head developed = n x H,,
The discharge passing through each impeller is same.
b) Multistage centrifugal pump for high discharge
For getting high discharge, the pumps should be connected in parallel as shown 9
in figure. Each of the pumps lifts the water from a common sump and discharges
water to a common pipe to which delivery pipe of each pump is connected. Each
of the pumps working against the same head. Let n is the number of identical
pumps arranged in parallel and Q is the discharge from one pump
Then Total discharge = nxQ
Centrifugal pump:
1. Flow is smooth and even
2. Weight of the pump is less for given delivery rate (7
3. It is compact and occupies less floor space for a given delivery rate. No
4. Initial cost is less 8)
5. No air vessel is required 0.5
6. It requires priming. ma
7. It is suitable for large discharge and small head. tk
8. It can handle viscous liquids like paper pulp, muddy water eac
9. The pump can run at high speed because cavitation does not depend speed of | h

the pump.

10. Uniform torque acts on the impeller Shaft.
11. Maintenance cost is less

12. Efficiency of low head pump is high

13. Installation is easy

Reciprocating pump

1. Flow is intermittent

2. Weight of the pump is more for the same delivery rate.
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3. Floor space required is more than centrifugal pump.

4. Initial cost is more.

5. Air vessel is required.

6. It does not require priming.

7. It is suitable for low discharge high head.

8. It cannot handle viscous liquids because valves cause trouble.

9. The pump cannot run at high speed because greater the speed, greater the risk
of cavitation.

10. Torque on the pump shaft is non-uniform.

11.  Maintenance cost is more because parts like valves require constant
attention.

12. Efficiency of low head pump is low, because higher losses.

13. Installation is difficult.

(7
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0.5
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Hydraulic ram

Hydraulic ram is a pump which can be used to lift small quantity of water to a
larger height. So, it is suitable where large quantity of water available at low
head. It does not require any prime mover or any external power. It works on the
principle of water hammer.

Working

It consists of a valve box or chamber connected to a low level water source
through an inclined supply pipe. At the other end of the supply pipe is fitted
with a gate valve. The valve box is fitted with a waste valve and delivery valve.
Both valves are non-return type which allows the flow only in one direction.
The delivery valve is fitted to an air vessel.

At starting, the gate valve and the delivery valve remains closed and the waste
valve remains open. Now the gate valve is opened and the water from the source
starts flowing into the valve box through the supply pipe and the level of water
rises in the chamber and the waste valve begins to rise upward to close it, It may
be noted that some water escape through the waste valve opening. Due to
increase in pressure, at one stage, the waste valve closes suddenly. But supply
from the source is continuing. This produces water hammering due to the inertia
of flowing water. So, a thrust is produced in the valve box which is sufficient to
open the delivery valve. Now the water is forced into the air vessel through the

Fig
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delivery valve. The water entering the air vessel compresses the air already
present in the air vessel. In this way the pressure in the air vessel rises and
ultimately closes the delivery valve. Now the water in the air vessel is forced by
the compressed air to flow through the delivery pipe, Under this condition both
the delivery and waste valves are closed. When water in the chamber loses its
momentum, the waste valve opens and water from the chamber goes out through
the waste valve. Now the flow through the supply pipe begins again and the
operation repeates.

Jet pump

It is a pumping device works under the principle of Bernaulli’s theorem. The
figure below shows a line sketch of a jet pump. In this device water under high
pressure is passed through a pipe containing a nozzle at its end. The nozzle is
placed in a venturi pipe as shown in the figure.

Delvery High pressure
Waer  Steamor water

Diffaser. l
Ventur pipe
Throa (mixing nozzle) l

Jet nozzle

Water from sump or well

While passing through the nozzle, most of the pressure energy of working
medium (water or steam) is converted into kinetic energy. As a result, pressure
around the nozzle drops much below atmospheric pressure. This causes flow
water to flow through the suction pipe. The two flows meet in the throat of the
venturi pipe. This portion is known as mixing nozzle. The mixing of the two
flows in the mixing nozzle results in increase in pressure. There is further
increase in pressure in the diffuser due to the decrease in velocity in the diffuser.

Fig
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