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Hydraulic Turbines 
The hydraulic turbine is a prime mover that uses the energy of flowing water and converts is into the 
mechanical energy in the form of rotation of the runner. ( A prime mover is a machine which uses the 
raw energy of a substance and converts it into the mechanical energy.) Since the fluid medium is water, 
these turbines are also known as the ‘ water turbines’ . Hydraulic turbines coupled with hydro — 
generators form the so —called ‘ hydrounits’ which are widely used now a days for generating electrical 
power. 

CLASSIFICATION OF TURBINES 

 Hydraulic turbines may be classified in the following ways: 

 i) According to the type of energy at inlet. a) Impulse turbine b) Reaction turbine. 

 ii) According to the direction of flow through runners. a) Tangential flow b) Radial flow c) Axial flow d) 
Mixed flow turbines. 

 iii) According to the head and quantity of water a) High head turbines —which work under high heads 
(above 250m) but with less 

 

Classification of Hydraulic Turbines: Based on flow 
path 
Water can pass through the Hydraulic Turbines in different flow paths. Based on the flow 
path of the liquid Hydraulic Turbines can be categorized into three types. 

1. Axial Flow Hydraulic Turbines: This category of Hydraulic Turbines has the flow path 
of the liquid mainly parallel to the axis of rotation. Kaplan Turbines has liquid flow 
mainly in axial direction. 

2. Radial Flow Hydraulic Turbines: Such Hydraulic Turbines has the liquid flowing mainly 
in a plane perpendicular to the axis of rotation. 

3. Mixed Flow Hydraulic Turbines: For most of the Hydraulic Turbines used there is a 
significant component of both axial and radial flows. Such types of Hydraulic Turbines 
are called as Mixed Flow Turbines. Francis Turbine is an example of mixed  flow type, 
in Francis Turbine water enters in radial direction and exits in axial direction. 

 

Classification of Hydraulic Turbines: Based on 
pressure change 



One more important criterion for classification of Hydraulic Turbines is whether the pressure 
of liquid changes or not while it flows through the rotor of the Hydraulic Turbines. Based on 
the pressure change Hydraulic Turbines can be classified as of two types. 

1. Impulse Turbine: The pressure of liquid does not change while flowing through the 
rotor of the machine. In Impulse Turbines pressure change occur only in the nozzles of 
the machine. One such example of impulse turbine is Pelton Wheel. 

2. Reaction Turbine: The pressure of liquid changes while it flows through the rotor of the 
machine. The change in fluid velocity and reduction in its pressure causes a reaction 
on the turbine blades; this is where from the name Reaction Turbine may have been 
derived. Francis and Kaplan Turbines fall in the category of Reaction Turbines. 

 

Design of Pelton Wheel Turbine 
The Pelton Turbine has a circular disk mounted on the rotating shaft or rotor. This circular 
disk has cup shaped blades, called as buckets, placed at equal spacing around its 
circumference. Nozzles are arranged around the wheel such that the water jet emerging 
from a nozzle is tangential to the circumference of the wheel of Pelton Turbine. According to 
the available water head (pressure of water) and the operating requirements the shape and 
number of nozzles placed around the Pelton Wheel can vary. 

Working Principle of Pelton Turbine 
The high speed water jets emerging form the nozzles strike the buckets at splitters, placed 
at the middle of a bucket, from where jets are divided into two equal streams. These stream 
flow along the inner curve of the bucket and leave it in the direction opposite to that of 
incoming jet. The high speed water jets running the Pelton Wheel Turbine are obtained by 
expanding the high pressure water through nozzles to the atmospheric pressure. The high 
pressure water can be obtained from any water body situated at some height or streams of 
water flowing down the hills. 

The change in momentum (direction as well as speed) of water stream produces an 
impulse on the blades of the wheel of Pelton Turbine. This impulse generates the 
torque and rotation in the shaft of Pelton Turbine. To obtain the optimum output from 
the Pelton Turbine the impulse received by the blades should be maximum. For that, 
change in momentum of the water stream should be maximum possible. That is 
obtained when the water stream is deflected in the direction opposite to which it 
strikes the buckets and with the same speed relative to the buckets. 

 



 

 

 

 



 

Francis Turbine 
Francis Turbine is the first hydraulic turbine with radial inflow. It was designed by American 
scientist James Francis. Francis Turbine is a reaction turbine. Reaction Turbines have 
some primary features which differentiate them from Impulse Turbines. The major part of 
pressure drop occurs in the turbine itself, unlike the impulse turbine where complete 
pressure drop takes place up to the entry point and the turbine passage is completely filled 
by the water flow during the operation. 

Working of Francis Turbine 
Francis Turbines are generally installed with their axis vertical. Water with high head 
(pressure) enters the turbine through the spiral casing surrounding the guide vanes. The 



water looses a part of its pressure in the volute (spiral casing) to maintain its speed. Then 
water passes through guide vanes where it is directed to strike the blades on the runner at 
optimum angles. As the water flows through the runner its pressure and angular momentum 
reduces. This reduction imparts reaction on the runner and power is transferred to the 
turbine shaft. 

 

For power generation using Francis Turbine the turbine is supplied with high pressure water 
which enters the turbine with radial inflow and leaves the turbine axially through the draft 
tube. The energy from water flow is transferred to the shaft of the turbine in form of torque 
and rotation. The turbine shaft is coupled with dynamos or alternators for power generation. 
For quality power generation speed of turbine should be maintained constant despite the 
changing loads. To maintain the runner speed constant even in reduced load condition the 
water flow rate is reduced by changing the guide vanes angle. 



Kaplan Turbine 

To generate substantial amount of power from small heads of water using Kaplan Turbine it 
is necessary to have large flow rates through the turbine. Kaplan Turbine is designed to 
accommodate the required large flow rates. Except the alignment of the blades the 
construction of the Kaplan Turbine is very much similar to that of the Francis Turbine. The 
overall path of flow of water through the Kaplan Turbine is from radial at the entrance to 
axial at the exit. Similar to the Francis Turbine, Kaplan Turbine also has a ring of fixed guide 
vanes at the inlet to the turbine. 

Unlike the Francis Turbine which has guide vanes at the periphery of the turbine rotor 
(called as runner in the case of Francis Turbine), there is a passage between the guide 
vanes and the rotor of the Kaplan Turbine. The shape of the passage is such that the flow 
which enters the passage in the radial direction is forced to flow in axial direction. The rotor 
of the Kaplan Turbine is similar to the propeller of a ship. The rotor blades are attached to 
the central shaft of the turbine. The blades are connected to the shaft with moveable joints 
such that the blades can be swiveled according to the flow rate and water head available. 

The blades of the Kaplan Turbine are not planer as any other axial flow turbine; instead they 
are designed with twist along the length so as to allow swirling flow at entry and axial flow at 
exit. 

Working of the Kaplan Turbine 
The working head of water is low so large flow rates are allowed in the Kaplan Turbine. The 
water enters the turbine through the guide vanes which are aligned such as to give the flow 
a suitable degree of swirl determined according to the rotor of the turbine. The flow from 
guide vanes pass through the curved passage which forces the radial flow to axial direction 
with the initial swirl imparted by the inlet guide vanes which is now in the form of free vortex. 

The axial flow of water with a component of swirl applies force on the blades of the rotor 
and looses its momentum, both linear and angular, producing torque and rotation (their 
product is power) in the shaft. The scheme for production of hydroelectricity by Kaplan 
Turbine is same as that for Francis Turbine. 

 

 

 

 

 

 



 

 

 

  



 

 



 



 



 



 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 



TURBINES 

  
  
  
1.  Define hydraulic machines. 

Hydraulic machines which convert the energy of flowing water into mechanical 
energy. 

  
2.   Give example for a low head, medium head and high head turbine. 

Low head turbine – Kaplan turbine 

  
Medium head turbine – Modern Francis turbine High head turbine – Pelton 
wheel 

  
3.   What is impulse turbine? Give example. 
  

In impulse turbine all the energy converted into kinetic energy. From 
these the turbine will develop high kinetic energy power. This turbine is called 
impulse turbine. Example: Pelton turbine 

  
4.  What is reaction turbine? Give example. 
  

In a reaction turbine, the runner utilizes both potential and kinetic 
energies. Here portion of potential energy is converted into kinetic energy 
before entering into the turbine. 

  
Example: Francis and Kaplan turbine. 

  
5.  What is axial flow turbine? 

  
In axial flow turbine water flows parallel to the axis of the turbine shaft. 

Example: Kaplan turbine 

  
6.  What is mixed flow turbine? 

  
In mixed flow water enters the blades radially and comes out axially, parallel to 
the turbine shaft. Example: Modern Francis turbine. 

  
7.  What is the function of spear and nozzle? 

  



The nozzle is used to convert whole hydraulic energy into kinetic energy. Thus 
the nozzle delivers high speed jet. To regulate the water flow through the nozzle 
and to obtain a good jet of water spear or nozzle is arranged. 

  
8.  Define gross head and net or effective head. 
  

Gross Head: The gross head is the difference between the water level at the 
reservoir and the level at the tailstock. 

  
Effective Head: The head available at the inlet of the turbine. 
9.  Define hydraulic efficiency. 

It is defined as the ratio of power developed by the runner to the power 
supplied by the water 

  
jet. 
  
10. Define mechanical efficiency. 
  

It is defined as the ratio of power available at the turbine shaft to the power 
developed by the turbine runner. 
  
11. Define volumetric efficiency. 
  

It is defied as the volume of water actually striking the buckets to the total 
water supplied by the jet. 
  
12. Define over all efficiency. 
  

It is defined as the ratio of power available at the turbine shaft to the 
power available from the water jet. 

  
13. Define the terms 

  
(a) Hydraulic machines (b) Turbines (c) Pumps. a. Hydraulic machines: 

  
Hydraulic machines are defined as those machines which convert either 

hydraulic energy into mechanical energy or mechanical energy into hydraulic 
energy. 
  



b. Turbines; 

  
The hydraulic machines which convert hydraulic energy into mechanical 

energy are called turbines. 
  
c. Pumps: 

The hydraulic Machines which convert mechanical energy into hydraulic 
energy are called 

pumps. 
  
14. What do you mean by gross head? 

  
The difference between the head race level and tail race level when no water 

is flowing is known as gross head. It is denoted by Hg. 
  
15. What do you mean by net head? 

  
Net head is also known as effective head and is defined as the head available 

at the inlet of te turbine. It is denoted as H 

  
16. What is draft tube? why it is used in reaction turbine? 

  
The pressure at exit of runner of a reaction turbine is generally less than the 

atmospheric pressure. The water at exit cannot be directly discharged to tail race. A 
tube or pipe of gradually increasing area is used for discharging water from exit of 
turbine to tail race. This tube of increasing area is called draft tube. 
  
17. What is the significance of specific speed? 

  
Specific speed plays an important role for selecting the type of turbine. Also 

the performance of turbine can be predicted by knowing the specific speed of 
turbine. 
  
18.. What are unit quantities? 

  
Unit quantities are the quantities which are obtained when the head on the 

turbine is unity. They are unit speed, unit power unit discharge. 
  
19. Why unit quantities are important 



If a turbine is working under different heads, the behavior of turbine can be 
easily known from the values of unit quantities. 
  
20. What do you understand by characteristic curves of turbine? 

  
Characteristic curves of a hydraulic turbine are the curves, with the help of 

which the exact behavior and performance of turbine under different working 
conditions can be known. 
  
  
21. Define the term 'governing of turbine'. 
  

Governing of turbine is defined as the operation by which the speed of the 
turbine is kept constant under all conditions of working. It is done by oil pressure 
governor. 
  
22. What are the types of draft tubes? 

The following are the important types of draft tubes which are commonly 
used. 

  
a. Conical draft tubes 

b. Simple elbow tubes 

c. Moody spreading tubes and 

d.Elbow draft tubes with circular inlet and rectangular outlet. 
  
 
 

 

 

 

 

 

 

 

 



 

 

           Centrifugal Pump: 
 

INTRODUCTION 

While a turbine is a device to convert hydraulic energy into mechanical energy, a 
pump is a device to convert mechanical energy into hydraulic energy. 
A centrifugal pump acts as a reversed turbine except that in this device special 
modifications are made to increase the efficiency. Centrifugal pumps are all of the 
outward flow type, where the radial velocity of water is increased by centrifugal 
action caused by the rotating vanes. It is necessary that the pump has to be full of 
water when starting it and hence, it should not be left to drain. External power is 
used to turn the vanes which gives a centrifugal head to the water collected in the 
pump. 
 

This water is forced to leave the moving vanes at the outer periphery at a high 
velocity and pressure. This creates a partial vacuum in the centre of the pump and 
accordingly, the water from the suction pipe flows into it. It is the high pressure of 
the water leaving the vanes, which is utilized to overcome the delivery head of the 
pump. In the pumps made in the earlier years, the kinetic energy of the water 
leaving the vanes was not utilized and there used to be considerable loss of energy 
in the formation of eddies in the surrounding circular chamber. 
 

 

In the later models, this defect has been rectified by converting the kinetic energy into pressure energy by 

making the water leaving the vanes, flow through a passage of gradually increasing area. The increase in the 

pressure head brought about in this manner is utilized in increasing the delivery head to the pump, thereby the 

efficiency of the pump is increased. 

Generally, centrifugal pumps are made of the radial flow type only. But there are also axial flow or propeller pumps 

which are particularly adopted for low heads 

https://www.engineeringenotes.com/wp-content/uploads/2018/06/clip_image002-51.png
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A Centrifugal Pump is a hydraulic machine used to raise the liquids from a lower to a higher level by creating 
a required pressure by means of centrifugal action. These are the machines which increases the pressure 
energy of a fluid. These may either lift the fluid or just boost the pressure in a pipe line. 

Component Parts of Centrifugal Pump: 

• Impeller 
• Casing 
• Vortex 
• Suction Pipe 
• Delivery Pipe 
• Delivery Pipe 

Working of Centrifugal Pump: 

• Before starting pump, priming is done. In priming water is filled in suction pipe, casing and into a 
portion of delivery pipe up to delivery valve. This is done for the removal of air. 

• If impeller is run in air, no liquid will be lifted by the pump. 

• It should be noted that during priming, delivery valve is kept closed. 

• After priming, the delivery valve is still kept closed and prime mover is started to rotate the impeller. 

• The rotation of impeller in the casing full of liquid produces centrifugal head in the liquid and thus 
pressure in the whole of liquid is increased. 

• After a short period, when pump attains a constant speed delivery valve is gradually opened and thus 
liquid is allowed to flow in a radially outward direction through the impeller vanes and attains higher 
velocity. 

• The water at high pressure rises through the delivery pipe into a desired height. 

• At the same time centrifugal action creates partial vacuum at the centre of impeller, known as 'EYE'. 

• The partial vacuum cause the water to rush through the suction pipe towards the impeller eye, to take 
the place of water which has left the impeller vanes from the sump. 

 

The following are the methods used to convert the kinetic energy of the water leaving the vanes into 

pressure energy: 

(i) The Volute Chamber: 

The volute chamber is a spiral casing surrounding the wheel which is also called the impeller. The water which leaves 

the vanes is directed to move in the volute chamber circumferentially. The area of the volute chamber increases 

gradually and hence, the velocity gets decreased accompanied by corresponding increase of pressure. 

As the water reaches the delivery pipe, a considerable part of kinetic energy is converted into pressure energy. 

Observations however have shown that in this arrangement the efficiency of the pump is increased only slightly. This 

means eddies are not completely avoided and some loss of energy takes place in the eddies due to the continually 

increasing quantity of water passing through the volute chamber. 
 

 



 

 

 

Vortex or Whirlpool Chamber: 

This is an improvement over the ordinary volute chamber. In this case, the impeller is surrounded by a chamber by 

combining a circular chamber and a spiral chamber. See Fig. 24.2. In this arrangement the efficiency is increased 

considerably. 
 

 



 

Guide Blades: 

These are fixed vanes which receive the water leaving the moving vanes. The guide vanes provide a gradually 
increasing area of flow leading to decrease of kinetic energy and increase of pressure energy. A pump with such 
receiving guide vanes is called a turbine pump. The angles of the guide vanes at their receiving tips are such that the 
water enters the guides without shock. The guides are fixed over a circular ring. The ring with the guide blades is 
called a diffuser. The pump is also provided with a volute chamber which directs the water to the delivery pipe. 

The Suction Pipe: 

This is a pipe connecting the pump and the inlet of the pump. A non-return valve is provided at the lower end of this 

pipe. This valve does not allow the water to drain out of the pipe, when the pump is not running. By containing the 

water in the suction pipe, it assists in priming. 

Generally, the lower end of the pipe is also provided with a strainer which allows only clear water into the pipe. The 

upper end of this pipe is connected to the inlet of the impeller and this section is called the eye of the pump. This pipe 

is called the suction pipe since the pressure in this pipe is below the atmospheric pressure. 

To avoid cavitation the negative pressure at the pump inlet is maintained within limits. Obviously, from this 

consideration, the height of the suction pipe above the sump water level is kept as small as possible. Again, from this 

consideration the diameter of the suction pipe is made large. To prevent pressure drops bends should be avoided in 

the suction pipe. Due to larger diameter provided, the velocity in the suction pipe is lowered and accordingly, the loss 

of head due to friction in the pipe is minimized. 

ii. The Delivery Pipe: 

This is a pipe connecting the pump outlet to the delivery end or delivery reservoir. A delivery valve is provided with 

strainer near the outlet of the pump, in order to regulate the flow into the delivery pipe.  
 



 

 

Priming of the Pump: 

The centrifugal head generated in the pump is proportional to the specific weight of the fluid which fills the passage. If 

the impeller contains only air, the rotation of the-air mass can produce only a small centrifugal head. Hence, in order 

to operate the pump it is necessary that the pump should be filled with the liquid to be pumped. After the pump is 

filled with the liquid, the impeller should be rotated. 

This process is called priming of the pump. Generally, priming is done by introducing the liquid into the impeller 

through a funnel provided. As the liquid fills the impeller, the air present in it will escape through the airvent valve. 

After all the air in the impeller and the casing is removed, the airvent valve is closed and the pump can be run. 
 

 

The Analysis of the Pump: 

The analysis of the pump is made similar to that of a radial flow turbine. The inlet and outlet diagrams are drawn as 

usual. 



 

 
 



There are two ways of arranging the impellers in a multistage pump as explained below: 

(i) Impellers in Series: 

In this case, a number of impellers are mounted over a common shaft. The discharge from the first impeller is guided 

into the inlet of the second impeller. The discharge from the second impeller is guided into the inlet of the third 

impeller and so on and finally, the discharge from the last impeller is directed to the delivery pipe. 

As the liquid flows through each impeller, the head Hm is impressed on it. Suppose there are n impellers. The total 

head developed = Ht = n Hm. The same discharge Q passes through all the impellers and is finally delivered to the 

delivery pipe. 

(ii) Impellers in Parallel: 

This arrangement is meant for discharging a high rate of flow at a given small head Hm. The impellers in this case are 

mounted on separate shafts. The discharges from the various delivery pipes are collected in a collecting pipe which 

communicates to the final delivery pipe. 
 

 

 

We can determine the pressure of water at any section of the stream in the pump by using Bernoulli’s equation. Fig. 2 

shows a centrifugal pump with its suction and delivery pipes. Let A and B be points at inlet and outlet edges of the 

impeller at the level of the centre of the pump. 

Let C be a point on the water surface of the sump. Let D a point just at the outlet of the delivery pipe. 
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EFFICIENCY OF A CENTRIFUGAL PUMP 
 
 
Efficiency of a centrifugal pump is three types. 
 
 
   1) Manometric efficiency ( ηman ) 
 
 
   2)Mechanical efficiency ( ηm ) 
 
 
   3)Overall efficiency ( ηo ) 
 

In a centrifugal pump, Power is transmitted from the shaft of the electric motor to the shaft of the 
pump and then to the Impeller and from the Impeller the power is given to the water. So power 
is decreasing from the shaft of the pump to the ImpELler and then to the water. Read work done 
by a centrifugal pump on water. In this page, we will discuss the three types of efficiency of a 
centrifugal pump. 
 
 
 
 
 

https://www.mechanicaltutorial.com/different-types-and-application-of-centrifugal-pump
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1)    Manometric efficiency ( ηman ): 
 
 
The power at the Impeller of the pump is more then the power given to the water at outlet of the 
pump. The ratio of the power given to water at outlet of the pump to the power available at the 
impeller is known as manometric efficiency. Mathematically, manometric efficiency formula is 
written as: 

 

The power at the Impeller of the pump is more then the power given to the water at outlet of the 
pump. The ratio of the power given to water at outlet of the pump to the power available at the 
impeller is known as manometric efficiency. 
 
 
The power given to water at outlet of the pump 

 

2)    Mechanical efficiency ( ηm ): 
 
 
Mechanical efficiency of a centrifugal pump is the ratio of the power available at the impeller to 
the power at the shaft of the centrifugal pump. The power at the shaft of the centrifugal pump is 
more than the power available at the impeller of the pump. Mathematically, mechanical  
efficiency formula is written as: 
 
 



 

The power at the 
impeller in kW 

 

3)    Overall efficiency ( ηo ): 
 
 
Overall efficiency of a centrifugal pump is the ratio of the power output of the pump to the power 
input to the pump. The power output of the pump in kW 

 

 

Power input to the pump = Power supplied to the electric motor = S.P. of the pump 

 

 

 



                 Reciprocating Pump: 
Reciprocating Pump is a Positive Displacement type pump that works on the principle of movement of the 
piston in forwarding and backward directions whereas the Centrifugal pump uses the kinetic energy of the 
impeller to supply the liquid from one place to another place. 

Reciprocating Pump Diagram: 
The diagram of Reciprocating Pump was displayed below. 

 

Parts of Reciprocating Pump: 
The Parts of Reciprocating Pump are as follows. 

• Water Sump 

• Strainer 

• Suction Pipe 

• Suction Valve 

• Cylinder 

• Piston and Piston rod 

• Crank and Connecting rod 

• Delivery valve 

 

 

https://whatispiping.com/strainers


Parts of Reciprocating Pump: 
The Parts of Reciprocating Pump are as follows. 

• Water Sump 

• Strainer 

• Suction Pipe 

• Suction Valve 

• Cylinder 

• Piston and Piston rod 

• Crank and Connecting rod 

• Delivery valve 

• Delivery pipe 

 

An Explanation for the parts of Reciprocating Pump: 
The explanation for the parts of Reciprocating pump are as follows. 

Water Sump: 
It is the source of water. From the sump, water is to be transported to the delivery pipes by the usage of the 
piston. 

Strainer: 
It acts as a mesh that can screen all the dirt, dust particles, etc. from the sump. If there is no strainer, then the 
dirt or dust also enters into the cylinder which can jam the region 

and affects the working of the pump. 

Suction Pipe: 
The main function of the suction pipe is to collect the water from the sump and send it to the 
cylinder via a suction valve. The suction pipe connects the water sump and the cylinder. 

Suction Valve: 
It is a non-return valve which means it can take the fluid from the suction pipe and send it to the 
cylinder but cannot reverse the water back to it. In the sense, the flow is unidirectional. 

This valve opens only during the suction of fluid and closes when there is a discharge of fluid to 
outside. 

Cylinder: 
It is a hollow cylinder made of cast iron or steel alloy and it consists of the arrangement of piston 
and piston rod. 

Piston and Piston rod: 
For suction, the piston moves back inside the cylinder and for discharging of fluid, the piston 
moves in the forward direction. 

https://whatispiping.com/strainers
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The Piston rod helps the piston to move in a linear direction i.e. either the forward or the 
backward directions. 

Crank and Connecting rod: 
For rotation, the crank is connected to the power source like engine, motor, etc. whereas the 
connecting rod acts as an intermediate between the crank and piston for the conversion of rotary 
motion into linear motion. 

Delivery Pipe: 
The function of the delivery pipe is to deliver the water to the desired location from the cylinder. 

Delivery valve: 
Similar to the suction valve, a delivery valve is also a Non-return valve. During suction, the 
delivery valve closes because the suction valve is in opening condition and during Discharge, the 
suction valve is closed and the delivery valve Is opened to transfer the fluid. 

These are the various components of Reciprocating pump. Let’s understand the working 
principle of it. 

By Ben Franske,Reciprocating Pump 

Working Principle of Reciprocating Pump: 
When the power supply is given to the reciprocating pump, the crank rotates through an electric 
motor. 

The angle made by the crank is responsible for the movement of the piston inside the cylinder. 
By referring to the above diagram, the piston moves towards the extreme left of the cylinder 
when the crank meets position A i.e. θ=0. 

Similarly, the piston moves towards the extreme right of the cylinder when the crank meets the 
position C i.e. θ=180. 

A partial vacuum in the cylinder takes place when the piston movement is towards the right 
extreme position i.e. (θ=0 to θ=180.) and that makes the liquid enter into the suction pipe. 

This is due to the presence of atmospheric pressure on the sump liquid which is quite less than 
the pressure inside the cylinder. Therefore, due to the difference in pressure, the water enters into 
the cylinder through a non-return valve. 

The water which stays in the volume of the cylinder has to be sent to the discharge pipe via 
discharge valve and this can be done when the crank is rotating from C to A i.e. (θ=180 to 
θ=360) which moves the piston in the forward direction. 

Due to the movement of the piston in a forward direction, the pressure increases inside the 
cylinder which is greater than the atmospheric pressure. 

This results in the opening of the delivery valve and closing of the suction valve. 



Once the water comes into the delivery valve, it cannot move back to the cylinder because it is a 
unidirectional valve or non-return valve. 

From there, it enters into the delivery pipe so that it can be sent to the required position. 

Therefore, in this way, the water is sucked and discharged from the sump to the desired location 
through the piston inside the cylinder. 

Reciprocating Pump Advantages: 
The advantages of Reciprocating Pump are as follows. 

• No priming is needed in the Reciprocating pump compared to the Centrifugal pump. 

• It can deliver liquid at high pressure from the sump to the desired height. 

• It exhibits a continuous rate of discharge. 

• It can work due to the linear movement of piston whereas the centrifugal pump works on the rotary 
velocity of the impeller. 

Reciprocating Pump Disadvantages: 
The disadvantages of Reciprocating Pump are as follows. 

• The maintenance cost is very high due to the presence of a large number of parts. 

• The initial cost of this pump is high. 

• Flow rate is less 

• Viscous fluids are difficult to pump. 

Applications of Reciprocating Pump: 
The applications of Reciprocating Pump are as follows. 

• Gas industries 

• Petrochemical industries 

• Oil refineries 

• Vehicle water servicing centers etc. 

Working 
Single Acting Reciprocating pump 
 



 
During suction stroke, the piston moves backward and this opens the suction valve making the water enter into the cylinder. 
During suction the delivery valve remains closed and no water is discharged through it. 
After suction stroke, the piston moves forward, delivery valve gets open and suction valve come into close position. As the piston 
moves forward it exerts thrust force on the liquid and it starts escaping out of the cylinder through delivery pipe. The water from 
the delivery pipes reaches to its required destination. 

 

Double Acting Reciprocating Pump 

 

As the piston moves to the right hand side as shown in the fig above. The 
following process takes place at left and right side. 

At left side: 
The suction valve opens and delivery valve gets closed. The water from the water 
reservoir is sucked into the cylinder. 



At right side: 
The suction valve is gets closed and delivery valve gets open. the water sucked in 
the previous stroke is discharges out of the cylinder. 

In the same way as the piston moves to left hand side, the discharge of the liquid 
takes place at left side and suction takes at the right side. And in each stroke of the 
piston, both suction and discharge of liquid takes place at the same time. If suction 
is taking place at right side than discharge takes place at left and vice-versa 

Slip of pump 

Slip in reciprocating pump is the measure of difference between theoretical 
discharge and actual discharge. 

Slip = Qth - Qact 

When actual discharge delivered by reciprocating pump is less then 
theoretical discharge then that difference is called as Positive Slip. 

Actual discharge becomes less than theoretical discharge due to leakages 
while operation. 

And when actual discharge delivered by reciprocating pump is more then 
theoretical discharge then that difference is called as Negative Slip. 
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	Hydraulic Turbines
	The hydraulic turbine is a prime mover that uses the energy of flowing water and converts is into the mechanical energy in the form of rotation of the runner. ( A prime mover is a machine which uses the raw energy of a substance and converts it into t...
	CLASSIFICATION OF TURBINES
	Hydraulic turbines may be classified in the following ways:
	i) According to the type of energy at inlet. a) Impulse turbine b) Reaction turbine.
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	Classification of Hydraulic Turbines: Based on flow path
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	Working Principle of Pelton Turbine
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	Working of the Kaplan Turbine
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	EFFICIENCY OF A CENTRIFUGAL PUMP
	1)    Manometric efficiency ( ηman ):
	2)    Mechanical efficiency ( ηm ):
	/ 3)    Overall efficiency ( ηo ):
	Reciprocating Pump:
	Reciprocating Pump is a Positive Displacement type pump that works on the principle of movement of the piston in forwarding and backward directions whereas the Centrifugal pump uses the kinetic energy of the impeller to supply the liquid from one plac...
	Reciprocating Pump Diagram:
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	An Explanation for the parts of Reciprocating Pump:
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	Suction Valve:
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	Piston and Piston rod:
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	Delivery Pipe:
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