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8 
AIR COMPRESSORSS 

A compressor is a device which take in gas or vapour, increases its pressure and deliver it at a high pressure. 
81 USES OF COMPRESSED AIR: 

(1) Operating pneumatic drills, hammers, spanner 
(2) Operating hoist, lift gates and pneumatic tools in mines 
(3) Operating blast furnaces and sand blasting 
(4) Spray painting 

(5) Air brakes used in buses and trucks 
6) To drive air motors 

(7) Filling air in automobile tyres 
18) Glass blowing 

(9) Air compression is a major factor in performance of I.C. engines and gas turbines 

8.2 CLASSIFICATION OF AIR COMPRESSORS:
Air compressors are classified based on various catagories.

According to Principle of Working: 
(1) Positive displacement

(2) 

(a) 

Dynamic 
(6) According to Number of Stages: 

()Single stage - upto pressure ratio 5 to 6 

(2) Multi stage - pressure ratio more than 6 

) According to Acting of Piston : 

(1) Single acting 
2) Double acting 

a According to Number of Cylinder: 
)Single cylinder 
2) Multi cylinder 
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(e) According to Pressure Ratio : 
)Fan pressure ratio up to 1.1 

2Blower pressure ratio 1.I to 2.5 
3) Compressor pressure ratio more than 2.5 

(f) According to the Arrangement of Cylinder 
() Vertical 
(2) Horizontal 

(3) V-ype 

(4) Radial 

According to Method of Cooling 
(1) Air cooled 

(g) 

(2) Water cooled 

Compressors 

Dynamic Positive displacement 

Reciprocating Rotary Centrifugal Axial Radial 

Single stage Multistage 

Single acting Double acting 

Roots Vane Scroll Screw 
Blower Compressor Compressor Compressor 

As seen from Fig. 8.1 below, centrifugal compressors in general are used for low pressure applications, whie rotary and reciprocating compressor can produce medium and high pressures. 
200 

Multistage 
Reciprocating 

20 

Myltistage 
cehtrifugal Rotary 

compressors 
Multistage 

Axial 

Single stage 
centrifugal 

103 10 104 10 10 
Flow range (CFM) 

Fig. 8.1 



8.3 ir Compressors 

3 
AIR COMPRESSOR TERMINOLOGY 
Single Acting (Compressor: Compressor in which suction, compression and delivery of air takes place 

only on one side of piston is called single acting compressor. 
(2) Double Acting Compressor: Compressor in which suction, compression and delivery of air takes place 

on both sides of piston is called double acting compressor. 
(3) Single Stage Compressor: Compressor in which compression of air from suction pressure to delivery 

pressure takes place only in one cylinder is called single stage compressor. 

Multi Stage Compressor : Compressor in which compression of air from suction pressure to delivery 4) 
pressure takes place in more than one cylinder is called multi stage compressor. 

(5) Compression Ratio : It is defined as ratio of absolute discharge pressure to absolute suction pressure. 

6) Volumetric Eficiency: It is defined as ratio of actual volume of air taken in the compressor to the 

Swept volume of the compressor. 

(7) Compressor Capacity: It is volume of air delivered by the compressor. It is expressed in m'/min or m's. 

8) Free Air Delivery: It is actual volume of air delivered by a compressor when reduced to the normal 
temperature and pressure condition. The capacity of a compressor is generally given in terms of free ar 

delivery. 
(9)Swept Volume : Swept volume or displacement volume of a single acting air compressor is given by 

V, = DL 

D = diameter of cylinder 

L stroke length 

84 WORKING OF SINGLE STAGE RECIPROCATING AIR COMPRESSOR : 

D.V. As shownin Fig. 8.2 a single stage reciprocating air 

compressor consists of piston which reciprocates in a 

cylinder, driven through connecting rod and crank. It 

also consists of inlet (suction) valve (.V.) and delivery 
valve (D.V.). These valves are pressure differential type. 

They operate due to pressure difference across it. 

D.V. 

Cylinder 
1.V. .V. 

Piston+ 

When piston moves downward during suction stroke, 
the compressed air left in the cylinder expands. Due 
to expansion of air, pressure inside the cylinder falls 

below atmospheric pressure. As result of this pressure 
difference the inlet valve opens and fresh air is sucked 
into the cylinder. During this stroke the delivery valve 
remain closed since the compressed air on outside of 

the valve (in the reciever) is at a higher pressure. 

(a) Suction stroke (b) Delivery stroke 

Fig. 8.2 Single stage reciprocating air compressor

slight increase in pressure will close the inlet valve. Now both inlet At the beginning of the upward stro 

and delivery valves are closed and hence pressure of air increases rapidly. When pressure inside the cylinder 
increases slightly above the compressed air pressure on outside of delivery valve, the delivery valve opens and 

compressed air is delivered into the reciever. At the end of this stroke piston once again moves downward 
and as pressure decreases delivery valve will be closed. When pressure falls below atmospheric once again 
inlet valve opens and thus the cycle is repeated.

85 NEED FOR MULTI STAGINGG 

)As shown in Fig. 8.3 if delivery pressure is too high. then only clearance volume will be compressed 
and expanded and there will be no delivery of air. 

(2) Also temperature is very high. If high temperature is not required it is loss of energy. 

(3)Heavier parts are required due to high pressure. This will lead to balancing problems 
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Due to high temperature ubricating oil looses its lubricating properies 
and triction inereases 

The size of cylinder will be tow large. 
Due to above problems maximum pressure compression ratio in sing stage is generally limited to 7. 

Advantages of Multistage C'ompression 
e to intercooling hetween two stages work required per kg of air 

reduces. 
2) ror agiven pressure ratio volumetric efficiency increases. 
3lt reduces the leakage loss considerably. V (4) 

5sion 
es more unitom torque and so a smaller size flywheel is required. Fig. 8.3 Multistage compresei 

(S)Lubrneation is more etfective due to lower temperature range. 
6) I reduces the cost of compressor. 

8.6 CENTRIFUGAL COPRESSOR 

A Centrilugal conmpressor consists of an impeller (rotor) usually rotates at high speed (some time at 200 to 0,00M) pm) in an air tight volute casing (Refer Fig. 8.4). The impeller consists of disc to which a numh of curved vanes are filled symmetrically. The vanes breaks up air into cells. When the impeller is rotated th cells of air will also rotate. Due to centrifugal force, the air in the cell moves out from the outside edge e the impeller. This will create partial vacuum at the centre of the impeller (which is also known as eye o impeller) 
This cause more air to move into centre of the impeller. The air 
move away from the outside edge of impeller passes into a diffuser 
which helps to direct the air into volute casing. Also in the diffuser 
the air is deccelerated due to which pressure of air will increase. 
The volule casing is a collecting device for the compressor. It has 
increased cross section area round the compressor. This is because 
a grealer section is required to pass the increasing quantity of air 
round the volute. Also increase in cross section area helps to convert 
kinetie energy of air into pressure energy before it leaves the casing. 
Centrifugal compressor is a steady flow device and we can have 
continuous flow of ain. lt deals with large quantity of air with 
moderale pressure range. Pressure ratio acheived by such 
compressor ranges 4 to 6. 

Diffuser 

Volute 
casing 

mpeler 

Fig. 8.4 Centrifugal compressor 

8.7 AXIAL. FLOW COMPRESSOR 

In axial tlow conmpressor there are alternate rows of fixed and moving blades. The fixed blades are atta to inner side of outer casing. The moving blades are attached to a central drum which is rotated by ex means, The moving blades are seen as a set O1 Tans in series. When mechanical energy is provided to the 

em 

shafi, the drum will rotate. The ar enters the compressor as shown in Fig. 8.5. As the drum rotates. u 

tan 

flows through the alternately arranged fixed and moving blades. As the air flows from one set of i moving hlade to another. il gets compressec Thus there is a succesive compressi
reM ed by suitable duct at ihe end o1 he compressor. This type of compressor are high speed 

gh 

and 

pressure 

e 

aur 

arge quantity ol at. Pressure ratio upto 10 is obtained by such compressors. This type of com 

Ssion of air in all sets f fi 
and moving blades. The air passes axially along the 

compressor hence it is named. The high eals wal 

USed in air crall pas urbnes. 
mpressor is ger 



8.5 
ngresso 

Fixed blades in casing Casing 

UNununÚNunL Compressed 
air delivery 

Air intake 

Drive shaft 

IOUNNUnU 
Moving blades on 

rotating drum 

Fig. 8.5 Axial flow compressor 
erence between tween Centrifugal and Axial Flow Compressors 

Centrifugal Compressor 
Axial Flow Compressor 

The flow of air is perpendicular to the axis of 
(1) The flow of air is parallel to axis of 

compressor. 
cOmpressor. 

i requires low starting torque. 
(2) It requires high starting torque. has low manufacturing and running cost. (3) It has high manufacturing and running cost. 

his not suitable for multi staging. (4) It is suitable for multi staging.i requires large frontal area. 
(5) It requires less frontal area. 

ROOTS BLOWER 
Outlet P2 

A Dots blower consists of two rotors with 
es rotating in a air tight casing. The casing 
mlet and outlet ports on opposite sides. 
S Dlower has generally two or three lobes 

shown in Fig. 8.6. The lobes are so 
gied that they provide an air tight joint be point of their contact. 

Receiver 

High 
pressure 

V 
Une rotors is rotated by external means. 
T 1gear driven by the first one. When Rotor-1 
OTS rotate, the air at atmospheric ure is trapped in 

Low 
pressure 

'A/ Rotor-2 

wer 
haolor and casing. The rotory motion 

xiver. Thu more and more air is delivered 

the pockets formed 
(a) 

(b) lobes deliver the ntrapped air into the Fig. 8.6 Roots blower compressor 

er.This increases the pressure of air in the receiver. Finally the air is used at required pressure the receiver. 
en TOtating o0 

known as backflow process. The back flow of air from receiver to pocket. continues untill "San POcket and receiver become equal. Thus the pressure of entrapped: 

ame by the backflow of air. 

process is known 1Obes uncovers the outlet port, some high pressure air tlows back into pocket from re 

the 
es 
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8.9 VANE BLOWER: 

wer consists of a rotor rotating eccentricaly in an air tignt 

g Refer fig. 8,7). The casing has inlet and outlet ports on opposine 

ues. T he otor has 4 t N slots. The slots contain vanes which Can 

ate in the slots. The vanes are generally made from non-1metalne 

Ca like fibre. When the rotor rotates. the vanes are pressed against 

dsng due to centrifugal force and fornn air tigh pockets. 

he rotor is rotated by external source, the air is trapped between 

Snd casing. Rotary motion of the rotor causes reduction of thne 

ne between the vanes and casing. Thus the initial compression of air 1s due to reduction in vo 

Fig. 8.7 Vane blower com 

space bety 

and casing. Thus further increase in pressure is due to back flow. Finally the air is delivered to i 

This compressed air is used from the receiver. 

the 

" nes uncovers the outlet port high pressure air from the receiver flows back in to the UMe rece 

.10COMPARISON BETWEEN RECIPROCATING AND ROTARY AIR COMPRESSOR : 

Rotary compressor 
Reciprocating Compressor 

Maximum delivery pressure may be as high as 1000| (1) Maximum delivery pressure is 10 bar 

bar. 

only. 

(2) 
Maximum air discharge is round 3000 m 

2)Maximum air discharge is around 300 m'/min. 

(3) Used for low discharge-high pressure applications. 
(3) Used for high discharge-low pressure apli 

(4) Rotates at low speed. (4) Rotates at high speed. 

5) Air discharge is intermittent. (5) Air discharge is continuous. 

(6) 
(6) For given discharge, size is smaller than reciproce For given discharge. size is larger than rotory 

compressor. compressor. 

(7) Balancing is main problem due to reciprocating mass. (7) No or less balancing problem due to rotory 

(8) lubrication system is complicated. (8) Lubrication system is simple. 

(9) As air does not come in contact with lubricatin 
it is more clean. 

(9 As air comes in contact with lubricating oil, it is 

less clean. 

(10) For calculation, Isothermal process is taken as ideal (10) For calculation, isentropic process is taken as 

process. process. 

| EXERCISES 

1. Define air compressor. 

2. What are the uses of compressed air ? 

Classify air compressor. 

With neat sketch explain (a) centrifugal compressor (b) axial flow compressor (c) roots blower (d) vane 3. 

4. 

OBJECTIVE TYPE QUESTIONS 

Compressor in which compresslOn ol air Irom suction pressure to delivery pressure takes place im 
1. 

one cylinder is called 

(a) single acting 

aressor in which compression ot ar lakes place on both sides of piston is called 

compressor. 

(b) double acting (c) single stage (d) multi stage 

CO 

2. (b) double acting (c) single stage (d) multi stage 
(a) single acting 

Compressor. 
Scroll compressor 

is a 

3. (b) rotary (c) dynamic (d) radial 
(a) reciproacting



8.7 MrESsOs 
called compressor if pressure ratio is 

(b) between 1.1 and 2.5 (c)> 1.5 

devue 1s calle 

(d)>2.55 
used in reciprocating air compressor ? 

of valves are 

/ cam operated 

ne 
1d 

multa 

staging 

(b) pressure differential (c) crank operated umetric efficiency of a compressor 

hih 
ype 

of 
vaBves 

(d) piston operated 

(b) decreases (c) remain unaffected (d) can't say 
hantage otf using 

work input increases 

eakage losS increasees 

stage compression is 
aimTeases 

of using multi 

(b) small size flywheel is required 

(d) amount of lubricant required increases 
sure ratio volumetric efficiency of a compressor Hidh increase 

(b) remains constant (c) decreases (d) can't say ncreases 

cross section area ilute casing has 

(b) decreased 
inereased 

ratio acheived 

(c) samne 
by axial flow compressor is upto 

sure 

(b) 10 (c) 20 (d) 30 

4n 2xial flow compressor is a 

g positive displacement 

C 2xial flow dynamic 

Rots blower is a_ 

wpositive displacement reciprocating

compressor.

(b) radial flow dynamic 

(d) positive displacement rotary 
compressor. 

(b) radial flow dynamic 

(C Lial flow dynamic 

ha rotary compressor, maximum delivery pressure may be around 

(d) positive displacement rotary 
(Jan. 2011) 

(b) 100 bar u 1000 bar 

The volume of air delivered by compressor is called 

(c) 2 bar (d) 10 bar 

(Jan. 2013) 
Swept Volume 

Gi Compressor Capacity 
Canurfugal compressor is suitable for producing? 

ai High pressure 

(b) Free Air Delivery 

(d) Efficiency 

(Winter 2015) 
(b) medium pressure (c) low pressure (d) all of the above 

ik work done on compressor is least when the compression is 

a Isothermal 
(Summer 2016) 

(d) None of the above (b) Adiabatic (c) Polytropic 
Oling in multi-stage compression is used to 

3 Cool air 
Summer 2016) 

(b) minimize the work done 

reduce volume of air (d) none of the above. 

naximum delivery pressure in a rotary air compressor is 

10 bar 
(Winter 2016) 

(b) 20 bar (c) 30 bar (d) 50 bar 

ATOl compressor is a 

reciprocating 
Compressor. (Summer 2017) 

(b) rotary (c) dynamic (d) radial 

Ompressor used in aircrafts is 
ANial flow 

(Winter 2017) 
(d) Reciprocating compressor (b) Roots blower (c) Vane blower 

ANSWERS 

2. (b) 3. (b) 4. (d) 5. (b) 6. (a) 7. (b) 8. (c) 9. (a) 10. (b) 

12. (d) 13. (d) 
18. (a) 

14. (a) 15. (c) 16. (a) 17. (b) 19. (b) 20. (a) 



9 
PUMP 

9.1 INTRODUCTION: 
Pump has been used to lift water for a long time. Today also it is used to lift water in our houses, in 

Works and agricultural purpose. The application of pump has now diversified to different fields and ind 
Ma 

It is an indispensable part of power plants, steel and mining industry, fertilizer and chemical industries, cen 

enen 
and paper industries. The pump basically increases the energy level of the fluid which it handles. This en 
can be used to increase potential energy as in water pumping, create a water jet (convert to kinetic ene 

in fire-fighting pumps or supply fluid on high pressure side as in power plants. The pump may be driven 

an electric motor, an I.C. engine, a gas or steam turbine or a wind mill. 

9.1.1 Terminology for Pumps 
Head (H) : In case of pumps, different forms of energy are expressed in terms of height (in meter), wh 

is called 'Head'. The pump imparts energy to the liquid which is the sum of () Energy required » 
the liquid from sump to pump (Suction Head). (2) Energy required to lift the liquid from pump to 

of delivery pipe with required delivery pressure (Delivery Head). (3) Kinetic energy carried by the liuu 
at the end of delivery pipe (Velocity Head). (4) Energy consumed to overcome friction in pipes and wi 

the pumnp. 

(1) 

Static head is the sum of suction and delivery heads (H, = h, + ha), refer Fig. 9.1 

Manometric Head is the total head developed by the pump. 

H= h, + ha + hra + hts + hp +hy 

Here, h, = suction head, ha = derivery head, ha = friction head loss in delivery pipe, hs = fricton 

y2 
loss in suction pipe. hrp = friction head loss inside the pump, h, = velocity head = a where V= e 

of fluid in pipe. 

Eficiency: The efficiency of a pump can be determined if its power output (Power delivered to 
(2) 

hydraulic power P and the power input (Power supplied to pump shaft) P, are known. Thus 

n x100% 

The overall efficiency. No of an installation consisting of a pump, a prime mover (say a moto or and 

intermediate drive (say a coupling) can be expressed as 

no = np X Nmotor Ucouplingg

Hydraulic power x 100% 
Power input to motor 
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9gQHm 
(9.3) 

Power input to motor T00% 

9 density of liquid (kg/m') 
g = gravitational acceleration (m/s*) 

Q = discharge (m/s) 

H = Manometric head (in m) 

Here 

input to motor is measured in Watts (W). Power 

CLAS 

sSIFICATION OF PUMPS 

be classified as shown in the chart below: Pumps may 

Pumps 

Positive Displacement Rotodynamic pumps Impulse pump 
pumps 

Hydraulic Hand 
Reciprocating pumps Rotary pump pump pump 

Vane Cam Screw 
O 

Plunger Diaphragm Gear 

pump pump pump pump pump pump 

Radial Mixed flow Axial flow 

(Centrifugal) ype (Propeller type) 

Single stage Multi stage 
CENTRIFUGAL PUMPS: 

Fig.9.1 shows typical installation of 

a centrifugal pump and other 

components in pipe-line. The foot 

valve and non-return valves are used 
Storage Tank to prevent reverse flow when the pump 

is idle and to protect the pump from 

excessive pressure on delivery side 
when the pump is running. A Gate 

valve is opened before or after starting 

the pump as per requirement or 

characterstic of pump. 

Gate valve 
Non-return valve 

The centrifugal pump has an impeller 
revolving at high speed in a casing. 

A mpeller is a circular metallic disc 

passages for the flow of fluid. 
Refer Fig. 9.5) 

Delivery 
gauge 

Suction 
gauge 

Pump 
LMquid enters the impeller axially 
irough the 'eye' of casing. It is caught 

n the impeller blades and is whirled 
gentially and radially outward. The 
liquid leaves the mpeller at its 

cumference and enters into the 

- Foot valve 

passin through the mpeller. The cross 

ha port of casing. The liquid gains both Sump 
pressure and velocity while 

Fig. 9.1 Installation of centrifugal pump 
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Basic Mechanic Engi 

ngineer Onal area of casing inereases along the direction of flow of liquid. This decelarates the 
increases pressure. low and uY 

the liquid passes through the blade passages in the impeller as well as through the expanding area cae 

The conversion of inetie energy imparted by rotating impeller is dynamically converte rted to press sure energ a casing. There this type of pump is also called 'rotodynamic pump. 9.3.1 Priming of Centrifugal Pumps : 

When a centrifugal pump stops. there is a 

tendency for the liquid to run out of the 
suction pipe. If this occurs and the pump has Priming 

chamber 
to restart under this condition. it has to handle 

Pump y 
the air pocket in the suction line. The pump 
1s not able to suck and push air out to bring 
liquid back in suction line and pump casing. 
The entrapped air is vented out through 
a valve by filling suction line, casing and 
a part of delivery line. This process is called 

priming. 

A positive displacement pump works on the 

principle of rapping certain amount of liquid 
and pushing it out by reducing the volume 

inside the pump. So, it is able to prime itself 

and no external priming process is required. 

Fig. 9.2 Centrifugal pump with priming chamber 

Centrifugal pumps can also be self-priming. 

These pumps have a suction reservoir cast 

integrally with the pump casing to retain a Priming 
tank certain volume of liquid even when suction 

line is drained by gravity. When the pump 

restarts. it recirculates that same liquid through 

the priming chamber until all the air has been 

passed through and normal pumping is 

reestablished (Refer Fig. 9.2). This 

Pump 

arrangement usually locates a foot valve at 

the bottom end of suction line to prevent the 

liquid draining back into the sump. 

Unfortunately. the simple design of these foot 

valves is susceptible to sticking in the open 

position and allowing the pipe to empty. 

tank 
Sometines a priming tank is put on upstream 

Fig. 9.3 Centrifugal pump with priming 
of pump. 

When the pump starts and the tank 

liquid in suction 
line. The suction line 

hecomes 
full of liquid betore the priming tank 

is emptied, 
vacuum is created, which draws 

is emptied. 
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tor System can be used to automate 

ration (Refer Fig. 9.4). Compressed 

create vacuum in the pump to 

ion line before the pump 

Air 
Ejector An 

air 

ejector 

syste 

pnung 

sit 1s used 

saw the liqui 

Air 

hils, the pump starts in fully primed 

To Sump 
mdituon 

Pump 

Fig. 9.4 Air ejector priming system 
(lasification based on the Type of Casing 

e primary purpose of providing a casing over the impeller is to contain the liquid coming out of the impeller 

si o convert its kinetic energy (energy associated with velocity) into pressure energy. The casing may be volute,

rex or diffuser type. (Fig. 9.5) 

Volute Casing: This is used very commonly due to the simplicity in construction. The spiral shaped casing 
is called volute chamber. The sectional area of flow of discharged water gradually increases from its throat 
to the discharge pipe. This is necessary for effective conversion of kinetic energy of water coming out 
d impeller into pressure energy. The main drawback of the pump is that the water coming out of impeller 
gets choked and whirls are formed. 

ortex (Whirlpool) Chamber: In this pump, a vortex chamber is provided in form of an annular ring. 
eannular ring behaves as a diffuser without guide vanes. This is an improved design of pump which 
gives higher efficiency. 

urDine (Diffuser) Pump : Like water-turbines, these pumps are provided with a stationary diffuser ring 

und the impeller for flow-guidance and conversion of kinetic energy into pressure energy. The liquid. 

eaving the impeller, passes through the guide vanes which have gradually enlarging passages. The 

Ily of water gets reduced and pressure increases. Afier passing through the vanes the liquid diffuses velocity 
OUt in the 

s 

asing and then discharges out. 
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Volute- 

Vortex 
Discharge 
Nozzle 

Volute 

Vortex 
chamber 

Volute 
casing 

Suction 
Impeller 

Volute casing Impeller 

E-Eye 

(b) Vortex chamber type pump casing (a) Volute type pump casing8 

Impeller 

Diffuser 

Volute 

(c) Diffuser type pump casing 

Fig. 9.5 Various type of pump casingg 

9.3.3 Classification based on Type of Blade 

(a) Backward curved blades (b) Radial blades (c) Forward curves blades 

Fig. 9.6 Types of impeller blades of centrifugal pump 
o6 shows impeller of centritugal pump with blades curved in different fashion. The direction 

rota 

of impellers is also shown. 

curved in direction opposite to the direction of rotation of impeller., they are cal bl If the blades are cur 

curved. If the blades are curved in the direction of rotation of impeller, they are called 'forward 

The 'radial blades are Without curvature 
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wrforniance Curves 

ya Centrifugal pump 

whul oft 
(no 

flow) 

ine Teases. (Refer 

Centrifugal Pump : urves for 

pump, the head developed is maximum Efficiency 
decreases continuously as flow 

(Refer Fig 9.7). Input shaft power is 
10 flow and increases as delivered flow 

Head BEP 

vuimun 

at 
no 

flow ano 

efticiency incre ency increases with capacity until the "best 

(BEP) is reached, then decreases as flow 
*nY pon 
is icreased. For 

N/able 

to 
erate as close 

optimum power consumption, it is 

Shaft power 

to BEP as possible. 

Volume flow rate Q 

Fig. 9.7 Performance curves of a centrifugal pump 
ging and Cavitation 

perating point whict 

-curs predominantly in forward curved blade pumps at low flow rate. The pump *hunts" for proper 
Mint which leads to unstable (rough) operation of the pump. 

liquid of any point in pump falls below its vapour pressure, it flashes into vapour locally. 
fthe static 

pressure of 

nduves 

N may become unsteady causing the entire flow to oscillate and machine to vibrate. Cavitation not only 

s pump efficiency but causes damage to the impeller. To avoid cavitation, some Net Positive Suction Head 

NPSH) is recommended at pump suction. 

Maltistage Pumps: 
Mi-saging is done by adding impellers of identical construction in series on the same shaft. They run at 
sume speed and deals the same quantity of liquid per unit time, The exit of one impeller is fed directly 
m the eye of next impeller. The pressure in each stage gets multiplied of its previous value and thus very 

gh heads can be produced. 

RECTPROCATING PUMPS 
keciprocating pump is a positive 
splacement type of pump. In this 
Pimp. all the amount of liquid sucked 
frst half of cycle of operation is Delivery pipe 
ompletely displaced to discharge side 
athe next half of cycle. Reciprocating Air vessel- 
Pumps have to and fro motion 
ackward and forward motion) as 
nguished from circular motion of 
aitugal and rotary pumps. 

Delivery tank 

Air vessel 90 

180° 

Suction pipe 
270 

Sump 

Acting Piston Pump: 
acting pump, any one side of piston act upon the fluid. In its simplest form. reciprocating pump consists ingle acting pump. any 

Snge Fig. 9.8 Single acting reciprocating pump 

the following parts 
Piston is the component, s the component, which reciprocates inside the cylinder. 

Thes 
Act on pipe is a connecting passage between the source of fluid and the cylinder. It 
Suction valve. 

contains a hinged 

he fluid is discharged int 
s discharged into the delivery pipe through delivery valve. 
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vessel (Air Chamber) : For a single acting pump, the flow in the delivery pipe 

not continous (Refer Fig. 9.8). For double acting or multi-cylinder pump, ihe nel 
but still velocity vary in suction as well as delivery pipe 

as 

(low Aue is Contin 

(4) 

an opening at its base through which. the liquid may flow into or out of it. It contai ch has an 

as well as very pipe, at a point very close to cylinder (as shown in Fig. 9.8). This"ed 
obtain continuous supply of flow and uniform velocity in pipes, a large äir vessel is fi. 

Vamb ns compre "at top. which will be compressed further when the liquid enters and expands when tho 

out. qud 
e air vessels store water from the supply or delivery pipe when the velocity in the pipes 

Cn velocity and deliver water when the velocity is less than the mean value. nore 

During the suction stroke. the piston P moves towards right (Crank moves from (" to 180', Refer 
Icuum in the cylinder on the left side of piston causing the suction valve to open, Tho g 

he 

the cylinder and fills it. During the reverse stroke (delivery stroke). the piston moves towards left (Cr 
This creates vacu 

from 180° to 360"). This causes increase of pressure in the cylinder. The delivery valve D opens and 
is forced to delivery pipe. 

Delivery 9.4.2 Double Acting Piston Pump: 
Here. suction and delivery take place 
simultaneously on opposite sides of 
piston. When piston moves towards right 
side of cylinder, the liquid is sucked from 

DAClosed Open Ds sump through suction valve Sa. (as shown 
in Fig. 9.9) At this moment, the fluid on 

right side of piston is compressed, the 

delivery valve Ds opens and liquid is 

discharged through this valve. During the 

Closed|SB 
reverse stroke. fluid is sucked from valve 

SAOpen S. The fluid on left side of piston is 

compressed and delivered through valve 

DA. The double acting pump give more 

uniform discharge than single acting 

pump. as fluid is delivered in both strokes 

Suction 
of piston. 

Fig. 9.9 Double acting reciprocating pump 

360 0 180 
(a) Single acting pump- Flow pattern 

0° 180 360 

(D) Double acting pump - Flow pattern 
punp 

Fig. 9.10 Flow patterns of ingle and double acting 
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ns for Piston Pumps 
yteulations

nie 
tharge 

and 
Power 

single Acting Pump: 

ype of of pump has one suction and one delivery stroke during one cycle of crank. This 

me 

ow rate (Discharge rate) through pump. 
volume displaced in delivery stroke x No. of cycles (delivery strokes) per second. 

N 
- (LA) X 60 

L = Length of stroke 

A Cross sectional area of piston 
N Speed of pump (in r.p.m.) 

Here. 

Power required to drive the pump (in Watt). 

p = discharge rate x pressure to be developed 

= Q x 9gHm 

9 density of fluid (in kg/m) 
g gravitational accelaration (in m/s) 

Hm Manometric head 

Here. 

H is approximately equal to ha + h, neglecting frictional losses and velocity head 

On account of frictional losses and leakage losses, the power required by pump will be more. If n, is 
the efficiency of pump, 

9gQHm 
P 

pX 1000 (P in kW) 

Power required to drive pump motor 

98QHm P = 
noX 1000 

where no overall efficiency 

= np X ncoupling X Tmotor 

Let us say a pump has to lift water from a sump 4 m below it and lift it to delivery heat of 25 m. 
In that case, total (menometric) head would be 29 m (Hm = hs + ha = = 4 + 25 = 29 m). If this pump 

gives a flow rate of 227 m/h (0.063 m /s), the ideal power consumption (hydraulic power) would be 

P = pgQHm = 1000 x 9.81 x 0.063 x 29 17923 W or 17.923 kW. 

25 2.5 kW power to pump shaft. So, pump efficiency would be 

If a motor with 25 kW rating is employed and it has 90% efficiency. then the motor provides 0.9 x 

p P,/P, = 17.923/ 22.5 0.7964 or 79.64% 

b) Double Acting Pump:
h are two delivery strokes per cycle. So discharge will be double. 

e, = 2LAN 

Further caleulations will be similar to single acting pump. 

Slip: Ih i 

60 

here, Q = theoritical discharge. Q. = actual discharge 

s the measure of return of liquid through valves and leakage. 

Cntage slip = x x 100 
Q 

of Discharge : It is the ratio of actual volume or mass discharged to theoritical value. velficien 

C Q 
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Electric motor 

9.4.4 Diaphragm Pump: 
A diaphragm pump is a positive displacement pump that 
uses a combination of the reciprocating action of a 
rubber, thermoplastic or teflon diaphragm and suitable 
non-returm check valves to pump a fluid. Sometimes 
this type of pump is also called a membrane pump. Diaphragm 

Fig.9.11 shows the schematic diagram of the diaphragm 
type pump. The motor shaft is coupled with an eccentric 
rotor. When the rotor rotates, the diaphragnm moves upP 
and down. When the volume of a chamber of a 

diaphragm type of pump is increased (the diaphragm 
moving up), the pressure decreases and fluid is drawn 
into the chamber. When the chamber pressure increases 

from decreased volume (the diaphragm moving down), 

Pumping chamber 

Outlet valve Inlet valve 

Fig. 9.11 A diaphragm pump 

the fluid previously drawn in is forced out. Finally, the diaphragm moving up once again draws fluid into the 

chamber, completing the cycle. This action is similar to that of the piston moving in a cylinder. 

9.4.5 Plunger Pump: 

Plunger 

Plunger L 
Stuffing box 

Vacuum 
Inlet 
valve 

Inlet 
valve 

closed 
Atmospherig 

open 
Atmospheric 
pressure 

pressure Discharge 
valve closed 

Discharge 
valve open 

(a) Intake stroke (b) Discharge stroke 

Fig. 9.12 Two stroke working cycle of a single acting plunger type pump 

It consists of an inlet valve, a discharge valve and a plunger. When the plunger moves up. vacuum is crealed 
in the cylinder. So the atmospheric pressure forces water into the cylinder through inlet valve. This is called 

intake stroke. During the downward (discharge) stroke, the plunger forces the discharge valve to open. The watct 

flows out of the cylinder. The stuffing box prevent leakage from the pump. 

9.4.6 Bucket pump: 
A bucket pump consists of an open cylinder and a piston with bucket type valve. (Refer Fig. 9.13) This pum 
is used to lift water. When the piston moves down, the bucket valve opens and when the piston moves up 

the valve closes. 

When the pump is put into operation, and the piston moves down for the first time, the air below piston move 

ahove it. The bucket valve is open during this stroke. In the next stroke, the piston moves up, the air abo 

it is pushed out of cylinder and water is sucked from suction pipe. 

ln the third stroke, the piston moves down. During this stroke (transfer stroke) the bucket valve is open wh 

he niston moves up. The bucket valve is closed and the water above the piston is lifted and delivered out 

linder from the opening. At this time, inlet valve is open and volume below piston is filled with water. Afe 

inlet valve is closed. The water below the piston is transferred above it. In the fourth stroke (discharge stroke 
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Drimed and it is in operation, the working cycle is completed in two strokes-transfer stroR 
/NI1) has been 

harge stroke. 

Closed 

Outlet 

Open Bucket 
valve Closed Open Inlet 

valve 

b) intaka and 

Discharg 
stroke 

Piston (a) Transfer 
stroke 

3 Basic 
construction of a single acting Fig. 9.14 Two stroke working cycle (after priming) 

for a single acting lift pump lift pump 

PARISON BETWEEN RECIPROCATING PUMPS AND CENTRIFUGAL PUMPS: 

Reciprocating Pump Centrifugal Pump 
(1) They can be directly coupled to high speed diese! 

engines and electric motors. 
Te un at slow speed. They are often run by steam, 

etrvl or diesel engines. 

The discharge quantity does not vary with variation 

delivery head. The delivery head may rise 

dangerously if the delivery pipe is choked. 

(2) The discharge decreases with increase in delivery 
head. They can develop definite maximum head for 

perticular speed. 

Loses due to slip or leakage in passages may occure. (3) No losses due to slip or leakage in passage. 

The water flow is pulsating. (4) The flow of liquid is continuous. 

The initial and maintenance cost is high. (5) Low initial and maintenance cost. 

They can produce high heads but low flow (6) They are efficient for heads upto 60 m in single 

raLes stage. 
iy are effective in handling viscous fluids. (7) Their efficiency reduces as visco-sity of fluid 

handled increases. 

ROTARY PUMPS 
ay pumps consist of a fixed casing with a rotor which may be in the form of gears, vanes, lobes, screws, Runary 

eic.Both rotodynamic and rotary pumps have cireular motion of their rotors, but the rotary pumps are 
thrsplacement pumps. A rotodynamic pump causes the increase in the velocity and pressure of liquid 

he o out centrifugally where as the rotary pump traps the liquid and pushes it around a closed casing 
Pusitive 

"continuous and smooth unlike a reciprocating positive displacement pump. 

Mary pumps can ore lc Can handle visuous fluids like vegetable oil, lubricating oil, alcohol etc. Rotary pumps develop 
WIith increasing delivery pressure. They are much more restricted in practical sizes and flow rates 

pared to centrifugal pumps. will now study 

es 

here some of the rotary pumps 
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9.6.1 Gear Pump: 

Iwo gears of the same size and form, mounted on 

separate shafts are housed in a closed fitting casing 
as shown in Fig. 9.15. One gear shaft is driven in Suction- 

the direction of arow as shown. It moves the other 

in opposite direction. 

Discharn 

A negative pressure is created on the suction side due 

to rotation of gears. So atmospheric pressure in fluid 
tank causes the fluid to run from tank to pump. This 
Is how suction in this pump takes place. 

Fig. 9.15 Gear pump 

entra PPed TIuid is pushed to pressure side and then ultimately out of gear chambers. 
ent, thi C Tuid fills the gear spaces, forming closed chambers with the housing. During further movement 

9.6.2 Vane Pump : 

These pumps have a slotted rotor mounted on drive 

shaft. The rotor rotates inside a cam ring in pump 
casing. Vanes are fitted to the rotor slots and are radially 
movable. (Fig. 9.16) 

S Camring 

During the rotation of the rotor, the centrifugal force Rotor 
pushes vanes towards outside. Thus the external edge 
of the vanes is always touching the internal area of camn 

ring. Pumping chambers are thus formed between the 

vanes. At the suction side, negative pressure is created 

as the space between the rotor and ring increases. Liquid 

entering at inlet is trapped in pumping chambers and 

then pushed to the outlet as the space decreases. 

Vane S: shaft 

Fig. 9.16 Vane pump 

9.6.3 Screw Pump: 
Screw pump are a special type of rotary positive 
displacement pump in which flow through the pumping 

element is truely axial. 

There are two rotors male and female, as shown in 

Fig. 9.17. The male rotor shown on the right drives 

the female rotor in a stationary housing. At the suction 

position of the pump, a void is created into which the 

inlet fluid flows. The fluid is trapped in cavity and 

moved circumferentially around the housing of the 

Dump. Further rotation results in meshing of lobe and the female gully. decreasing volume in the cavty 
compressing the fluid. Then the discharge part is uncovered and compressed fluid is discharged. 

Fig. 9.17 Screw pump 

LOw internal velocity and axial flow have number of advantages in many applications where liquid chu 
is objectionable. Screw pump is used in chemical industries, oil handling etc. 

EXERCISES 
ump Classify the pumps. based on their principle of working construction and fluid flow direction in pu 

1. 
ienc) 

Fxnlain with neat sketcn, he working or c.r. pump. What are various methods of increasing efne 

2. 
of C.F pump ? 

int: Vortex and Diffuser ype casings have more efficiency than the simple volute type C.F: Pe 
pumf 

ork 

the What is the function of a pump ? Classify the centrifugal pumps and describe with a neat sketen 
3. 

of a volute type of centrifugal pump. 
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plain the ollo 

aead Manometerichea 

ollowing 
terms for pumps: 

Punp etticiency 

Overall etthcIency 

Ciettic 

ficient Of discharge. 

sketch the working of single acting piston pump. 

Slp 

lain Wath neat 

Why is it required for a centrifugal pump ? 

Nhat 
s 

rnng 

? Wh 

about the construction and working of a double acting piston type reciprocating pump. 

ghite 
m 

Snort 

about 

single acting prunger pump. 

in short: A bucket pump. 

hat is the 
effect of air Lo effect of air vessels on the flow rate of liquid from reciprocating pump? Show the location 

air vessels in the elivery and suction line of the pump. 

the performance of a reciprocating pump and a centrifugal pump. 
(ompare the 

entiate between rotary positive displacement pump and rotodynamic pumps. Name the different type 
f rolary pumps. 

slin with a neat sketch: Vane pump. 

esnde in short: 

Gear pump (2) Screw pump 

OBJECTIVE TYPE QUESTIONS 

Pap can not be driven by (Summer 2017) 

3 electric motor (b) LC. Engine 6) steam turbine (d) compressor 

e pump is a of pump. 

pANtive displacement type (b) Rotodynamic type (c) lmpulse type (d) Reciprocations type 

Rction of foot valve is 

prevent reverse flow when pump 1s stoppea 

protect pump from excessive pressure 
Control flow rate through pump 
ncTease pressure of liquid 

oT Tilling liquid up to delivery valve in casing of pump is called process of fillins 
Aling 

(Winter 2017) 

(c) priming (d) charging (b) pre-starting
on of volute asing is to 

TNert ure energy of water in to kinetic energy 

umvert 
SAvert Cenergy of water in to pressure enerEy 

nical work in to kinetic energy of water 

vert mecha 
chanical work in to pressure energy of water 
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neern 

6. 
Dased on the type of blade unps can he classitieu as (a) Backward curved blade 

(b) Radial blade C) Forward curved hlade 
(dall of above 7 

Toget almost continuous supply from reciprocating pump is provided. (a) foot valve 

(b) pressure gauge (c) air chamber 

(d) fly wheel 8. Priming is necessary in 

Jan. 21 
(a) Centrifugal pump 

(b) Vapour Compression refrigeration system m 
(c) 4-Stroke Diesel Engine (d) Babcock Wilcox boiler 

nergy 

which of the following part of centrifugal pump converts kinetic energy of pump into pressure en 
(June 2 (a) Foot valve 

(b) Casing 
(c) Suction pipe 

(d) Impeller 10. Bucket pump is a type of 
pump. 

(b) Centrifugal 
(a) rotaty 

(d) axial 
(c) reciprocating 

. The operatiion of filling passage-ways with liquid from outside source before staring pumps is knowa 
(b) cleaning 

(a) cavitation 

(d) chocking 
(C) priming 

12. Gear pump and Vane pump are types of 

(b) Reciprocating pump 
(a) Rotary pump 

(d) None of the above. 
(c) Centrifugal pump 

(Winter 2 
13. The impeller of a centrifugal pump may have 

(b) volute casing with guide blades 
(a) volute casing 

(d) any one of these (c) vortex casing 

ANSWERS 

10. ( 7. (c) 8. (a) 9. (b). 
4. (c) 5. (b) 6. (d) 3. (a) 2. (a) 1. (d) 

13. (d) 12. (a) 11. (c) 
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