HYDRAULIC TURBINES AND PUMPS i

out of thedrjur;nn::‘rogoiier?iesr: ey i}]fhn_our.\t Ofkinetic energy and the pressure at the runner ou tletis
Jess than tne t?u‘o }‘: ssure. This kinetic energy of water is converted into potential energy by
allowing it to flow ugha g_radually diverging tube called draft tube.

The drdft tube employed in reaction turbines have different shapes and a few of them have been

lustragéd in Fig. 14.

544 PUMPS

Iﬁ?_‘,‘)’,‘?@,‘!‘ic ‘machines which convert the mechanical energy into hydraulic energy are called
pumps- . i s L

Pumpisa mechanical device which is used to increase the pressure of a liquid. It isalso used for
raising fluid from a lower level to a higher level. Pump is used to increase the pressure energy of a
liquid. The pressure energy 1s increased by creating a region of low pressure (usually lower than the
atmqsphﬂfc pressure) near thf’- m!et (?f the pump and a higher pressure at the outlet of the pump. Due
to this low inlet pressure, the liquid rises to the pump from a low level reservoir (sump) and the high
pressure created inside the pump forces the liquid out of the pump to be delivered to the reservoir.

5.15 CLASSIFICATION OF PUMP
Pumps can be broadly classified into two categories, i.e.
1. Rotodynamic or dynamic pressure pump.
2. Positive displacement pump.
1. Rotodynamic or dynamic pressure pump
In rotodynamic or dynamic pressure pumps the liquid is subjected to whirling motion by an impeller
(a rotating disc having a finite number of blades similar to the runner of a turbine) and gain in the
kinetic energy of the liquid is converted into the pressure energy inside the pump.

In these pumps the dynamic pressure is developed to lift the liquids from a lower to a higher
level. The basic principle is based on centrifugal force developed during rotation of a liquid by an
external force. Since, these pumps perform the lifting of the liquid mainly due to centrifugal force.

These are also called as centrifugal pumps.

2. Positive displacement pump
In a positive displacement pumps

forced out of the pump under pressure.
The liquid inside a positive displacement pump may be subjected either to a reciprocating

motion (a reciprocating pump)ortoa rotary/ cireutar motion (gear pump, screw pump etc.)
Rotodynamic pumps (centrifugal pumps) may be classified as:

. On the basis of working head

. On the basis of type of casing

On the basis of direction of flow 0

On the basis of specific speed

On the basis of entrance of the impeller

- On the basis of shaft position

. On the basis of number of stages

- On the basis of Impeller,

L. On the basis of working head: On the basis of work

(@) Low lift pump (b) Medium lift pump (c) Highlift pump

(é.i) Lowlift pump: These pumps are capable of working upto 15 m of total head. These are generally

Single stage pumps. Such pumps use volute ca sing without guide vanes.

(b) Medium lift pump: These pumps are capable of working between 15 to 45 m of total head. These

PUmps are generally provided with guide vanes.

the liquid is sucked or taken inside the pump and displaced or

f water through impeller.

0N U R WN

ing head, pumps may be classified as:
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0 High lift pump: These pumps are capabl "
: anerally multistage pumps with guide l\)rane::.of working above 45 m of total head. These pumps are
2, On the basis of type of casing: On the basis of ;
@ Volute chamber pump (b) Vortex chamb:r l;{'F;\‘ :f(z)asa%, h;::emp may be classified as:
T pump

hamber pump: It has iral fo

(a) Volute ¢ ' . a spiral form and its cross-secti :

! rgueto | e lellfve i ."I?he increasing c l- . ;; asf;:m;r?al area uniformly increases from

and more quantity of water coming out of the impeller vanes, so thatF:l::vm’ ean t‘c:;ccom ocity mwm: anm
» 34

Cmsg,.g;ection is the same. The casing has to be g
to change in velocity. A volute casing is shownri)rl\‘%};;.r i)é e 0t St s e ione olhand cue

Discharge
Impeller
Tongue
Vanes
Vortex casing
Impeller
Eye (chamber) Vortex Chamber

Fig. 15 Volute casing Fig. 16 Vortex chamber
(b) Vortex chamber pump: It is a pump of vortex chamber with volute casing. Vortex or whirlpool

chamber means Annular space is provided between

the volute and Impeller. This arrangement reduces
the formation of eddies and gives the improved
performance. A vertex chamber is shown in Fig. 16.

(©) Diffuser pump: In a diffuser pump, guide vanes
are provided at the outlet of impeller vanes. The water

coming out of the impeller vanes flows through the

guide vanes, its velocity decreases and pressure
ngle at inlet coin-

energy increases. The guide vane a
cides with the direction of absolute velocity at the
impeller outlet,

A collecting volute of uniform or varying Cross-
Sectional area is provided outside the guide vanes.
?unde vanes provide better guidance t0 flow, eddy
osses are reduced which increase the efficiency.

A diffuser pump is shown in Fig. 17-

Fig. 17 Diffuser pump
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3. On the basis of direction of flow of water through impeller: On the basis of dj
water, pumps may be classified as:

(a)Radial flow (b) Mixed flow (¢) Axial flow
(@) Radial flow: In radial flow pump, liquid flows through the impeller is in the radial

This type of pump is most suitable for high head and low dischar

centrifugal pumps are manufactured with radial flow impeller. A radial flo
Fig. 18(a).
(b) Mixed flow: In mixed flow pump, liquid flows through the im

is there is a combination of radial and axial flows, These
purpose where a medium quantity of water is required ata

shown in Fig. 18(b)
(©) Axial flow: In axial flow pumps, liquid flows throu

axial flow pump is not a centrifugal force pump because there is no any centrifugal force in their

operation. These pumps are usually designed to deliver very large quantity of liquid at low head.
A axial flow impeller is shown in Fig. 18(c).

rection of flow of

ge. Ordinarily all the
w impeller is shown jp

peller axially as well as radially that
pumps are most suitable for irrigation
medium head. A mixed flow impeller is

gh the impeller in the axial direction only. The
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Impeller

(a) Radial (b) Mixed () Axial

Fig. 18 Differentimpeller shapes
4. On the basis of specific speed: The specific speed of a pump is defined as the speed of a
geometrically similar pump that delivers units discharge under units head

Thus the specific speed, N sisgivenas N, = N__*[Q-.

H/4
Where N is the speed of the pump in r.p.m.
Qisdischargeinm?®/sand H is head in metres.
Table 5 gives the values of specific speed of different types of pump.

Table 5: Specific speed of centrifugal pump

Sr No. Pump Speed Specific speed
1. Radial flow Slow 10 - 30
Medium 30 -50
High 50 - 80
2. Mixed flow 80 - 160
3. Axial flow L 160 - 425

5. On the basis of entrance of Impeller;: On the basis of entrance of impeller pumps may be

c::)ssgilr‘:gl:{:uction pump (b) Double suction pump
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ingle suction pump: Pumps whj
(a) Singles : Ps which have suction n:
single suction pump- Itisshown in Fig. 19(a), On pipe only on one side of the impeller are called

ps are suitable f. -
ges that there is no axial thrust.e of pumping large

Casing
Impeller
P Iy hﬁ
P S 0 Axis
' (®)

Fig. 19 Single and double entry impeller
6. On the basis of shaft position: On thebasis of shaft position, pumps may be classified as:
(a) Horizontal shaft (b) Vertical shaft
(a) Horizontal shaft Pump: Centrifugal pumps are used with horizontal shafts.
(b) Vertical shaft Pump: Vertical shaft pumps are used where there is space limitation i.e. deep well,
mines etc.
7. Onthe basis of number of stages: On the basis of number of stages, pumps may be classified as:
(@) Single stage pump (b) Multistage pump

(@) Singlestage pump: It has one impeller keyed to the shaft. , .
(b) Multistage pump: It has two or more impellers keyed to a single shaft enclosed in the same casing.

Pressure is built up in steps.
8. On the basis of impeller: On thebasis of impeller, pumps may })e classified as:
(@) Closed impeller (b) Semi-openimpeller  (c) Openimpeller

% G

@ =) \J

impeller
Open impeller Semi-open {mpe

Closed impeller
Fig. 20
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(a) Closed impeller: An ordinary centrifugal pump is equip?ed witl.'\ a closed impeller in whiFh the
vanes are covered with shrouds (covere) on both sides. This type.ls me.ant to handle r\or‘a-wscous
liquid such as ordinary water, hot water, hot oils and chemicals like 'acu‘i etc. The material of the
impeller should be selected according to the chemical properties of liquid used. For hot water at
temperature exceeding 150°C Cast steel impeller is recommended.

(b) Semi-open impeller: The impeller is provided with shroud on one side only. This pump is used for
viscous liquid such as sewage, paper pulp etc.

(c) Open impeller pump: The impeller is not provided with any shroud, such pumps are used in to
handle slurries, mixture of water and clay etc. Open impeller generally made of forged steel. Figure 20
shows the impellers.

Reciprocating pump may be classified as:

1. Onthe basis of piston side: On the basis of piston sides, pumps may be classified as:

(@) Singleacting pump (b) Double acting pump
(a) Singleacting pump: If these is only one suction and one delivery pipe and the liquid is filled only
one side of the piston, it is called single acting reciprocating pump (Fig. 22).
(®) Double acting pump: A double acting reciprocating pump has two suction and two delivery
pipes. Liquid is received on both sides of the piston in the cylinder and is delivered into the respective
delivery pipes. (Fig. 23).
2. Onthebasis of number of cylinder: On the basis of number of cylinder, pumps may be classified
as:
(a) Single cylinder pump (b) Double cylinder pump

(c) Multi-cylinder pump
(@) Singlecylinder pump: A reciprocating pump having only one cylinder is known as single cylinder
pump. It may be either single acting or double acting pump.
(b) Double cylinder pump: A double cylinder pump consists of two cylinders connected to the same
shaft. Each cylinder has its own suction and delivery pipes. Each piston is connected by cranks
which are set at 180° to each other. Thus, when there is suction stroke in one pump in the other it is
delivery stroke. So liquid is delivered to the delivery pipe during each stroke of the piston.

(c) Multi-cylinder pump: Pumps having more than one cylinder are known as multi

> %7 AP
.16 CENTRIFUGAL PU_MP

A centrifugal pump is a rotodynamic or dynamic pressure pump where the working fluid or liquid is
subjected to whirling motion by means of backward curved blades mounted on a wheel called
impeller. A centrifugal pump is named so, because the energy added by the  impeller to the fluid is
largely due fo centrifugal effects, The liquid enters the impeller atits céntre called the eye of the pump

 and the impeller discharges the liquid into the casing surrounding the impeller. The developed
pressure head is purely due to the whirling motion of the liquid imparted by the rotating im peller
and is not due to any displace-ment or impact.

A layout of a centrifugal pump is shown in Fig, 21.

The main components of a centrifugal pump are;

1. Strainer and foot valve 2. Suction pipe

3. Pump (a) Impeller (b) Casing 4. Delivery valve
5. Delivery pipe

~cylinder pumps.



