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CHAPTER – 1 ( HYDRAULIC TURBINES) 

Introduction to Hydraulic machines: 

▪ These are the machines in which force is transmitted by means of motion of fluid under 

pressure. 

▪ These can convert hydraulic energy to mechanical energy or mechanical energy to hydraulic 

energy. 

▪ The hydraulic system works on the principle of Pascal's law. This law states that, the pressure 

in an enclosed fluid is uniform in all the directions. 

▪ Examples: Hydraulic turbines, Pumps, cranes, forklifts, bulldozers 

Hydraulic turbine: 

▪ It is a hydraulic machine. 

▪ It uses energy of flowing water (hydraulic energy) and converts it into mechanical energy (in 

the form of rotation of runner) 

▪ Shaft power available at the shaft of the Turbine is utilized to run Generator to produce 

electricity. 

Classification of turbine: 

▪ According to the type of energy at inlet 

• Impulse turbine 

➢ An impulse turbine is a turbine in which the water entering the runner 

possesses kinetic energy only. In this, the rotation of the runner occurs due to 

the impulse action of water. (Pelton Turbine) 

• Reaction turbine 

➢ A reaction turbine is a turbine in which the water entering the runner possesses 

pressure as well as kinetic energy. In this, the rotation of runner occurs due to 

the pressure difference between the inlet and outlet of the runner. (Francis and 

Kaplan Turbine) 

▪ According to the direction of flow through runner 

• Tangential flow turbine 

➢ When the flow of water is tangential to the wheel circle, the turbine is called 

tangential flow turbine. (Pelton Turbine) 

• Radial flow turbine 

➢ When the water moves along the vanes towards the axis of rotation of the 

runner or away from it, the turbine is called radial flow turbine. When the flow 

is towards the axis of rotation, the turbine is called an inward flow turbine. 

When the flow is away from the axis of rotation, the turbine is called an 

outward flow turbine. (Francis Turbine) 

• Axial flow turbine 

➢ When the water flows parallel to the axis of rotation, the turbine is called an 

axial or parallel flow turbine. (Kaplan Turbine/Propeller Turbine) 



 

 

• Mixed flow turbine 

➢ When the water enters radially inwards at inlet and discharge at outlet in a 

direction parallel to the axis of rotation of the runner, the turbine is called 

mixed flow turbine. (Moden Francis Turbine) 

▪ According to the head at the inlet of turbine 

• High head turbine 

➢ When a turbine works under a head of more than 250 m. (Pelton Turbine) 

• Medium head turbine 

➢ When a turbine works under a head of 45 m – 250 m. (Francis Turbine) 

• Low head turbine 

➢ When a turbine works under a head of less than 45 m. (Kaplan Turbine) 

▪ According to the specific speed of the turbine 

• Low specific speed turbine 

➢ The specific speed up to 30 (Pelton Turbine) 

• Medium specific speed turbine 

➢ The specific speed varies from 50 to 250 (Francis Turbine) 

• High specific head turbine 

➢ specific speed is more than 250 (Kaplan Turbine) 

 

Impulse Turbine – Pelton Wheel: 

▪ Pelton turbine is a tangential flow impulse turbine. 

▪ It works at high head and requires low flow of water. 

▪ It converts pressure energy into kinetic energy in in one or more nozzles. 

▪ It is driven by high velocity jets of water coming out from a nozzle directed on to vanes or 

buckets attached to a wheel. 

▪ The impulse provided by the jets is used to spins the turbine wheel and removes kinetic energy 

from the fluid flow. 

▪ Pressure of water remains atmospheric inside the turbine. 

 
 

Construction of Pelton Wheel: 

Major Components component of Pelton wheel are described below. 

▪ Casing: 

➢ Casing prevents the splashing of water and helps in discharge of water from the nozzle 

to the tailrace. It protects the turbine from dust and dirt. 

▪ Nozzle and Spear Mechanism: 

➢ Nozzle produces high velocity jets of water and converts pressure energy into 

kinetic energy. 



 

 

➢ The spear mechanism controls the water flow into the turbine and control the 

turbine speed according to load. It minimizes energy loss at inlet and provides 

smooth flow. 

▪ Break Nozzle: 

➢ It is used to produce and supply breaking jet of water. It directs the water on 

the bucket to stop the runner to rest in a short time 

▪ Runner/Rotor: 

➢ It is a circular disc mounted by a number of equally spaced buckets which are 

fixed on its periphery. Each bucket consists of two symmetrical halves 

having shape of semi-ellipsoidal cup. 

➢ It provides rotational energy when jet of water having kinetic energy strike the 

buckets. 

▪ Penstock: 

➢ It is the channel or pipeline that connect the high head source water to the 

power station 

▪ Governing Mechanism: 

➢ It controls the speed and power output of the turbine by controlling the flow of 

water 

 

 

Working Principle: 

▪ Water is coming from the storage reservoir through a penstock to the inlet of the nozzle. 

▪ Nozzle converts the hydraulic energy of the water into kinetic energy and produces high 

velocity of jet. 

▪ The jet of water released from the nozzle strikes on the buckets mounted on the runner. 

▪ Water jet strikes over the runner bucket and imparts a very high impulsive force on the buckets 

for a small amount of time to rotate the runner and so mechanical energy develops. 

▪ Pressure of water remains atmospheric inside the turbine. 



 

 

Velocity triangle of Impulse turbine: 

 

Consider the following terms for understanding the velocity triangle. 
 

At inlet velocity triangle: At outlet velocity triangle: 

V1 = absolute velocity of water V2 = absolute velocity of water 

u1 = peripheral velocity of runner (bucket speed) u2 = peripheral velocity of runner (bucket speed) 

Vr1 = relative velocity of water Vr2 = relative velocity of water 

Vw1 = velocity of whirl Vw2 = velocity of whirl 

Vf1 = velocity of flow Vf2 = velocity of flow 

α = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

β = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

θ = angle made by the relative velocity Vr1 with 

the direction of motion (vane angle) 
φ = angle made by the relative velocity Vr2 with 

the direction of motion (vane angle) 

From inlet velocity triangle we obtain: From outlet velocity triangle we obtain: 

α = 0, θ =0, Vf1 =0 

V1 = Vw1 = u1 + Vr1 and Vr1 = V1 - u1 

Vr2 = Vr1 

Vw2 = Vr2 cos φ – u2 

u = u1 = u2 = πDN/60, where D = diameter of wheel, N = speed in r.p.m 

 

 

(Velocity triangle of Pelton turbine) 



 

 

V 

Work done and power developed of a Pelton wheel: 

 

Let, F = force exerted by the jet of water in the direction of motion 

= mass x change in velocity in the direction of force 

= m x (Vw1 + Vw2) = ρaV1 x (Vw1 + Vw2) 

Where: ρ = density of water; 

a = area of jet = 𝜋 × 𝑑2 
4 

d = diameter of jet 

Let, W = Net work done by the jet on runner per second = F x u 

= ρaV1 x (Vw1 + Vw2) x u 

Work done per second per unit weight of water striking = 
𝝆𝒂𝑽𝟏×(𝑽𝒘𝟏 

+𝑽𝒘𝟐)×𝒖 
= 

(𝑽𝒘𝟏+𝑽𝒘𝟐)×𝒖
 

𝝆𝒂𝑽𝟏×𝒈 𝒈 

 

NOTE: 

Gross head (Hg): - Difference between the water level at head race and tail race 

Net head (H): - Head available at the inlet (Effective head) 

Absolute velocity can be obtained as: 𝑉1 = 𝐶𝑉 √2𝑔𝐻 

Cv = coefficient of velocity of the nozzle 
 

Velocity of wheel (bucket speed) = 𝑢 = ∅ × √2𝑔𝐻 

∅ is the speed ratio  

 

Efficiencies of turbine: 

 

1) Hydraulic efficiency (𝜼𝒉): 

 

 = 
Work done per sec ond 

= 
aV1  (Vw1   Vw2 ) u  

=  
2  (Vw1   Vw2 ) u 

  

h Kinetic energy 
1 

 (aV )V 2
 1 

 

 
It can also be obtained as: 

2 
1 1 

     aV   
(Vw1   Vw2 ) u  

kW
 

 
 

  (  )  

 = 
Runner Power 

= 
1

 1000 
= 

Q Vw1 Vw2 u 
h Water Power 

 

= 
(Vw1   Vw2 ) u 

g H 

g Q H 
kW

 

1000 

g Q H 

2 



 

 

2) Mechanical efficiency (𝜼𝒎): 

 = 
  Shaft Power   

= 
( 

P 

)
 

 

m Runner Power aV  Vw  Vw  u 
1 1 2 

 

3) Volumetric efficiency (𝜂𝑚): 
 
 

 = 
volumeof water actually striking the runner 

= 
Qa 

  

V 

 

 

4) Overall efficiency (𝜂𝑚): 

total water givenbythe jet to theturbine Q 

 

 

 
Relationship between efficiencies: 

 
h   = 

Shaft Power 

Water Power 
= 

P 

g Q H 

 O 

Problem from Pelton Turbine: 

=h   m   v 

 

 
 

 



 

 

 

 
 

 

 

 

 

 
 



 

 

Reaction Turbine – Francis Turbine: 

▪ Francis turbine is a medium head inward radial flow reaction turbine. 

▪ Modern Francis turbine is an inward mixed flow reaction turbine. In this turbine, the water 

under pressure enters radially to the impeller blades while exits axially. 

▪ When water flows radially from outward to inward, the turbine is called inward radial flow 

turbine 

▪ When water flows radially from inward to outward, the turbine is called Outward radial flow 

turbine. 

▪ An inward mixed flow reaction turbine, is a combination of impulse and reaction turbine 

where blades rotate using both reaction and impulse force of water flowing through them. 

Construction of Francis Turbine: 

Major Components component of Francis turbine are described below. 

▪ Spiral/Scroll Casing: 

➢ Its cross-sectional area is maximum at inlet and minimum at exit. 

➢ It encloses the turbine runner completely and prevents the splashing of water. 

➢ It maintains constant velocity throughout the circumference. 

▪ Runner with fixed blades: 

➢ It is a circular wheel with a series of radially curved vanes which are fixed on its 

periphery. 

➢ It provides rotational energy due to impulse and reaction effects on runner. 

▪ Penstock: 

➢ It is the channels or pipelines which conveys water from source to the power station 

▪ Governing Mechanism: 

➢ It controls the speed and power output of the turbine by changing the position of guide 

blades to vary the water flow rate at variation of loads. 
 

 



 

 

 

 

 

 

 

 

 
(FRANCIS TURBINE) 

 

 

Working Principle: 

▪ In modern Francis turbine; water enters into the turbine with both pressure and kinetic energy. 

▪ When water flows through the stationary parts, a part of its pressure energy is converted into 

kinetic energy. When water flows over the moving parts, there is change in pressure, absolute 

velocity and direction. 

▪ The pressure difference between the blade and runner is known as the reaction pressure. This 

pressure results the motion of the runner. 

Velocity triangle of Francis turbine: 

Consider the following terms for understanding the velocity triangle. 
 

At inlet velocity triangle: At outlet velocity triangle: 

V1 = absolute velocity of water V2 = absolute velocity of water 

u1 = peripheral velocity of runner (bucket speed) u2 = peripheral velocity of runner (bucket speed) 

Vr1 = relative velocity of water Vr2 = relative velocity of water 

Vw1 = velocity of whirl Vw2 = velocity of whirl 

Vf1 = velocity of flow Vf2 = velocity of flow 

α = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

β = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

θ = angle made by the relative velocity Vr1 with 

the direction of motion (vane angle) 
φ = angle made by the relative velocity Vr2 with 

the direction of motion (vane angle) 



 

 

 

 

 

(Velocity triangle of Francis turbine) 
 

 

From inlet velocity triangle we obtain: From outlet velocity triangle we obtain: 

u1 = πD1N1/60 u2 = πD2N2/60 

where D = diameter of wheel, N = speed in r.p.m 

 
 

Work done and power developed of a Pelton wheel: 

Let, F = force exerted by the jet of water in the direction of motion 

= mass x change in velocity in the direction of force 

= m x (Vw1 + Vw2) = ρaV1 x (Vw1 + Vw2) 

Where: ρ = density of water; 

a = area of jet = 𝜋 × 𝑑2 
4 

d = diameter of jet 

Let, W = Net work done by the jet on runner per second 

= ρaV1 x (Vw1 x u1 + Vw2 x u2) 

Work done per second per unit weight of water striking = 
𝝆𝒂𝑽𝟏×(𝑽𝒘𝟏 

𝒖𝟏+𝑽𝒘𝟐𝒖𝟐) 
= 

(𝑽𝒘𝟏𝒖𝟏+𝑽𝒘𝟐𝒖𝟐)
 

𝝆𝒂𝑽𝟏×𝒈 𝒈 

For radial discharge: β = 900 and Vw2 = 0; Output is maximum 

Therefore: Work done per second per unit weight of water striking = 
𝑉𝑤1𝑢1

 

𝑔 



 

 

2 g H 

2 g H 

f 

Hydraulic efficiency: 

 

  =  
Runner Power  

= 
aV1  (Vw1 u1   Vw2  u2 ) = 

Vw1 u1   Vw2  u2 
  

h Water Power g Q H g H 
 

 

For radial discharge: when Vw2 = 0;  
 = 

Vw1 u1 
 

 

NOTE: 

speed ratio = 
u

1
 

h g H 

 

flow ratio = 
V 

1
 

 

Discharge of the turbine = Q = π x D1 x B1 x Vf1 = π x D2 x B2 x Vf2 

D1 and D2 are the diameter of runner at inlet and outlet respectively 

B1 and B2 are the width of runner at inlet and outlet respectively 

Vf1 and Vf2 are the velocity of flow at the inlet and outlet respectively 

 

 
Problems from Francis Turbine 

 



 

 

 

 
 

 

 

 



 

 

 

 
 

 



 

 

 

 

 
 
 

 



 

 

 

 
 
 

 

Axial flow reaction Turbine: 

▪ In an axial flow reaction turbine water flows parallel to the axis of rotation of the shaft of the 

turbine. 

▪ It has a vertical shaft with larger lower end known as hub/boss. 

▪ Vanes are fixed on the hub and so the hub works like a runner. 

▪ It requires large quantity of water at low head 

Classification of Axial flow reaction Turbine: 

Axial flow reactions are classified as: 

▪ Propellor turbine 

• Propeller turbine is the axial flow reaction turbine which has not adjustable fixed 

vanes. 

▪ Kaplan turbine 

• Kaplan turbine is the axial flow reaction turbine which has adjustable vanes. 

Kaplan Turbine: 

▪ It is an axial flow reaction turbine in which water flows parallel to the axis of rotation of the 

shaft of the turbine. The water enters the runner of turbine in an axial direction and leaves 

the runner axially. 

▪ It has a vertical shaft with larger lower end known as hub/boss. 

▪ Vanes are fixed on the hub and so the hub works like a runner. 

▪ It requires large quantity of water at low head 



 

 

Construction of Kaplan Turbine: 

It consists of the following major parts. 

▪ Scroll Casing: 

➢ It encloses the turbine runner completely and prevents the splashing of water. 

➢ Cross-section of scroll casing decreases uniformly to maintain the pressure of water 

such that the flow pressure is not lost. 

➢ From the scroll casing the guide vanes direct the water to the runner. 

▪ Guide vanes mechanism: 

➢ The guide vanes are adjustable and can be adjusted to meet the required flow rate. 

➢ Guide vanes also control the swirl of the water flow. 

▪ Hub with vanes: 
➢ The vanes are fixed on the hub and hence hub acts as a runner for the axial flow reaction 

turbine. 

▪ Draft tube: 

➢ The draft tube is a connecting pipe whose inlet is fitted at the outlet of the turbine. 

➢ The diameter of the draft tube is small near its inlet and large near its outlet. The 

outlet of the draft tube is always submerged in water. 

➢ It converts the kinetic energy of the water to static pressure at the outlet of the 

turbine. So pressure of the exit fluid increases. This helps to avoid the dissipation of 

the kinetic energy of the exit water. It improves the capacity of the turbine. 
 

 
 

 

 

 

 (KAPLAN TURBINE) 



 

 

Key points for Kaplan Turbine: 

1. Discharge through the runner: 𝑄 = 
𝜋 

× (𝐷2 − 𝐷2) × 𝑉 
 

4 𝑜 𝑏 

Where:Do = diameter of the runner 

Db = diameter of the hub/boss 

Vf1 = velocity of flow at inlet 

𝑓1 

2. Area of flow at inlet = Area of flow at outlet = 𝐴 = 
𝜋 

× (𝐷2 − 𝐷2) 
 

4 𝑜 𝑏 

3. Peripheral velocity at inlet and outlet are equal: 𝑢1 = 𝑢2 =  
𝜋𝐷𝑜𝑁 

60 

4. Velocity of flow at inlet (Vf1) = Velocity of flow at outlet (Vf2) 

5. Speed ratio = 𝑢1  
√2𝑔𝐻 

 

6. Flow ratio = 
𝑉𝑓1

 

√2𝑔𝐻 

 
7. Water power = 𝜌𝑔𝑄𝐻 

1000 

8. Runner Power = 1 × 
𝑉𝑤1𝑢1 + 𝑉𝑤1𝑢2

 

𝑔 1000 

9. Hydraulic efficiency = 
𝑉𝑤1 𝑢1

 

𝑔𝐻 

 

(for radial discharge) 

10. Overall efficiency = 𝑆𝑃 
𝑊𝑃 

 

11. Specific speed pf turbine = 𝑁𝑠 

 
 

 

= 
𝑁√𝑃 

𝐻
5⁄4 

Problems from Kaplan Turbine: 
 



 

 

 

 

 

 

 



 

 

 

 
 

 

 
 

 

 

 



 

 

 

 

 
 

 

 



 

 

Difference between Impulse and Reaction turbine: 
 

 
 

Impulse Turbine Reaction Turbine 

The water flows through the nozzles and 

impinges on the moving blades 

The water flows first through guide mechanism 

and then through the moving blades 

The water impinges on the buckets with kinetic 

energy 

The water glides over the moving vanes with 

pressure and kinetic energy 

The water may or may not be admitted over the 

whole circumference. 

The water must be admitted over the whole 

circumference 

The water pressure remains constant during its 

flow through the moving blades. 

The water pressure is reduced during its flow 

through the moving blades. 

The relative velocity of water while gliding over 

the blades remains constant. 

The relative velocity of water while gliding over 

the moving blades increase 

The blades are symmetrical The blades are not symmetrical 

The number of stages required is less for the 

same power developed. 

The number of stages required is more for the 

same power developed 



 

 

 

CHAPTER  -2  (CENTRIFUGAL PUMPS) 
 

 

Introduction: 

▪ It is a hydraulic machine in which force is transmitted by means of motion of fluid under 

pressure. 

▪ In this machine, mechanical energy is converted into hydraulic energy in the form of pressure 

energy by the action of centrifugal force on the fluid. 

▪ Its main purpose is to transfer fluids through an increase in pressure. 

▪ It acts as a reverse of an inward flow reaction turbine. 

▪ It is used in the field of agriculture, municipality, industries, power plants, 

petrochemicals, mining etc. 

Construction: 

Major components of Centrifugal pump are: 

▪ Casing: 

It is an air tight passage which surrounds the impeller. It converts kinetic energy of water into 

pressure energy with its special design. It is classified as: 

• Volute casing 

➢ Volute casing is the spiral casing in which the area of flow increases from inlet 

to outlet. This gradual increase in area helps to reduce the velocity of flow and 

increase the pressure at outlet. Due to formation of eddies, there is a limitation 

of energy loss. 

• Vortex casing 

➢ In Vortex casing a circular chamber is provided in between the impeller and 

casing. This decreases the energy loss formation of eddies. It helps to increase 

the efficiency of the pump. 

• Casing with guide blades 

➢ In Casing with guide blades a series of guide blades mounted on a ring 

surrounds the impeller. This helps to control the velocity and pressure of water 

by adjusting the guide blades. 

▪ Impeller: 

It is a wheel or rotor which is provided with a series of backward curved blades or vanes. It is 

mounted on the shaft powered by motor. 

▪ Suction pipe with foot valve and strainer: 

It’s one end connects the inlet of the impeller and the other end is dipped into the sump of 

water. The foot valve fitted to the bottom of suction pipe is a one way valve that opens in the 

upward direction. The strainer fitted to the bottom of suction pipe is used to filter the unwanted 

particle present in the water to prevent the centrifugal pump from blockage. 

▪ Delivery pipe and delivery valve: 

It’s one end connects the outlet of the pump and other end connects the point where water is 

delivered. A delivery valve is fitted with the outlet controls the flow from the pump into 

delivery pipe. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Working of Centrifugal Pump: 
 



 

 

▪ When the electric motor starts, the shaft of the pump coupled with the motor shaft rotates. It 

gives rotational motion to the impeller mounted on the shaft. 

▪ The rotating impeller drives the water inside it and produce centrifugal force. This creates 

velocity difference between the inlet and outlet. 

▪ It causes the rising of water from sump through suction pipe to eye of the impeller. 

▪ When water gets pressurized, the delivery valve opens to discharge water to desired height. 

▪ Priming is the operation in which water is feed into the casing and suction pipeline keeping 

the delivery valve closed, so that all the air from the pump is driven out and no air is left. 

 
 

Velocity triangle of Centrifugal pump: 

Consider the following terms for understanding the velocity triangle. 
 

At inlet velocity triangle: At outlet velocity triangle: 

V1 = absolute velocity of water V2 = absolute velocity of water 

u1 = peripheral velocity of runner (bucket speed) u2 = peripheral velocity of runner (bucket speed) 

Vr1 = relative velocity of water Vr2 = relative velocity of water 

Vw1 = velocity of whirl Vw2 = velocity of whirl 

Vf1 = velocity of flow Vf2 = velocity of flow 

α = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

β = angle between the direction of the jet and the 

direction of motion of the vane (guide blade 

angle) 

θ = angle made by the relative velocity Vr1 with 

the direction of motion (vane angle) 
φ = angle made by the relative velocity Vr2 with 

the direction of motion (vane angle) 
 

 



 

 

When water enters the impeller radially. at inlet 

α = 900 , Vw1 =0, Vf1 = V1 

u = 
D1 N1 

1 
60

 
and u   = 

D2 N2 

2 
60

 

𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑤𝑎𝑡𝑒𝑟 𝑝𝑒𝑟 (𝑄) = 𝜋𝐷1𝑁1𝑉𝑓1 
= 𝜋𝐷2𝑁2𝑉𝑓2

 

 
Let, W = Net work done by the jet on runner per second = ρaV1 x (Vw2 x u2) 

Work done per second per unit weight of water striking = (Vw2 x u2)/g 

 
Heads of Centrifugal pump: 

Suction head (hs) 

It is the vertical distance between the centre line of pump and the water surface at sump level. 

Delivery head (hd) 

It is the vertical distance between the centre line of pump and the water surface at the discharge 

tank. 

Static head (H) 

It is the sum of suction and delivery head. 

Manometric head (Hm) 

It is the working head of the centrifugal pump. 

It is given by: 

Hm = (Head imparted by impeller to the water – loss of head in the pump) 

H = 
(Vw

2  
 u

2 
) 

− loss  of 
m 

g
 

 
head 

 

If loss of head is neglected 

H   = 
(Vw2  u2 ) 

m 
g
 

 

Efficiencies of Centrifugal pump: 

Manometric efficiency (ηman) 

It is the ratio between manometric head and the head imparted by the impeller to the water. 
 

 = 
H

m
 

= 
g Hm 

 m an  Vw  u  Vw  u 

 2 2  2 2 

 g  



 

 

Mechanical efficiency (ηm) 

It is the ratio between the power at the impeller and the power at the shaft. 

 

 

 
Overall efficiency (ηo) 

 = 
 Q Vw2  u2 

m S.P 

It is the ratio between the power output of the pump and the power input of the pump. 
 

o    = 

 

S.P 
g H  

 

 
Relation between ηman, ηm & ηo 

 

 

Problem from Pelton Turbine: 

 m  

 Vw2  u2   

 

o    =m a n 

 
 

 
 

 

 

 

 



 

 

 

 
 

 

 
 

  

 
 

 

 



 

 

 

 
 
 

 

 

 
 

 
 

 

 

 

 

 



 

 

 

 

 



 

 

CHAPTER-3 (RECIPROCATING PUMPS) 
 

Introduction: 

▪ It is a hydraulic machine which converts mechanical energy into hydraulic energy (pressure 

energy). 

▪ It is a type of positive displacement pump. 

▪ It is suitable where small amount of water is to be delivered at higher pressure. 

▪ While working, it sucks water at low pressure into a cylinder containing a reciprocating 

piston. The piston exerts a thrust force on the water and increases its pressure. 

Advantages: 

▪ It can deliver the required flow rate very precisely. 

▪ It gives a continuous rate of discharge. 

▪ It can deliver fluid at very high pressure. 

▪ It provides high suction lift. 

▪ No priming is needed. 

Disadvantages: 

▪ It requires high maintenance 

▪ It gives low flow rate i.e. it discharges low amount of water.. 

▪ These are heavy and bulky in size. 

▪ It has high initial cost. 

Classification of Reciprocating pump: 

▪ According to sides in contact with water: 

• Single acting reciprocating pump 

➢ In single acting reciprocating pump water comes in contact of only one side 

of the piston. Suction and delivery of water occurs at one side. 

• Double acting reciprocating pump 

➢ In double acting reciprocating pump water comes in contact of both sides of 

the piston. Suction and delivery of water occurs at both sides. 

▪ According to number of cylinders used: 

• Single cylinder pump 

• Double cylinder pump 

• Multi cylinder pump 



 

 

Construction of Reciprocating pump: 

Major components of Reciprocating pump are: 

▪ A cylinder with piston, piston rod, connecting rod, crank and crank shaft 

▪ Suction pipe 

▪ Suction valve 

▪ Delivery pipe 

▪ Delivery valve 
 

 
 

 
 

Working of Single acting reciprocating pump: 

▪ The above figure shows the single acting reciprocating pump. 

▪ It works in two strokes such as suction and delivery strokes. 

▪ During suction stroke, the piston moves backward and suction valve opens. So, water enter 

into the cylinder. During suction the delivery valve remains closed. 

▪ During delivery stroke, the piston moves forward and delivery valve opens. Suction valve 

remains closed. Piston exerts thrust on the water and increases water pressure. 

▪ Water with pressure energy escapes out of the cylinder through delivery pipe to the delivery 

point. 



 

 

Work done of Single acting reciprocating pump: 

Consider the following terms: 

D = diameter of the cylinder 

A = cross-sectional area of the piston = (π/4) × D2 

r = radius of crank 

N =speed of crank in r.p.m 

L = length of stroke = 2 × r 

Hs = suction head 

Hd = delivery head 

H = Hs + Hd = total head 

Q = discharge of pump per second 

ρ = density of water 

Discharge of water in one revolution of crank = Volume of water delivered in one second = A × L 

If, number of revolutions per sec = N/60 

Discharge of pump per second, Q = A × L × (N/60) 

➢ Weight of water delivered /sec, 

W = ρ × g × A × L × (N/60) 

➢ Work done by the pump /sec, 

W × (Hs + Hd) 

 
 

Working of Double acting reciprocating pump: 
 

 

 

▪ When the piston moves right the suction 

valve of left side opens and suction valve 

of right side remains closed. The water is 

sucked into the cylinder at left side of 

piston. 

▪ At this stroke delivery valve of left side 

remains closed and delivery valve of right 

side remains open. So, piston displaces the 

water with pressure energy at its right. 

▪ Thus, suction occurs at left end of piston 

and discharge occurs at the right end. 

▪ Similarly, when piston moves towards 

left, suction occurs at the right end and 

discharge occurs at the left end.  



 

 

Work done of Double acting reciprocating pump: 

Consider the following terms: 

D = diameter of the cylinder 

A = cross-sectional area of the piston = (π/4) × D2 

r = radius of crank 

N =speed of crank in r.p.m 

L = length of stroke = 2 × r 

Hs = suction head 

Hd = delivery head 

H = Hs + Hd = total head 

Q = discharge of pump per second 

ρ = density of water 

Discharge of water in one revolution of crank = Volume of water delivered in one second = 2×A.L 

If, number of revolutions per sec = N/60 

Discharge of pump per second, Q = 2×A × L × (N/60) 

➢ Weight of water delivered /sec, 

W = 2×ρ × g × A × L × (N/60) 

➢ Work done by the pump /sec, 

W × (Hs + Hd) = 2×ρ × g × A × L × (N/60) × (Hs + Hd) 

 
 

Slip & Percentage of Slip: 

Slip is the difference between the theoretical discharge (Qth) and actual discharge (Qact). 

Slip = Qth – Qact 

This is known as positive slip when, Qth > Qact. 

This is known as negative slip when, Qth < Qact 

𝑄𝑡ℎ − 𝑄𝑎𝑐𝑡 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑙𝑖𝑝 = 
𝑄𝑡ℎ 

× 100 



 

 

Problem (1) A single acting reciprocating pump, running at 50 r.p.m delivers 0.01 m3/s of water. 

The diameter of the piston is 200 mm and stroke length 400 mm. Determine: (i) the theoretical 

discharge of the pump, (ii) coefficient of discharge, (iii) slip and the percentage of slip of the pump. 

Solution: Given 

Speed pf the pump, N = 50 r.p.m 

Actual discharge, Qa = 0.01 m3/s 

Diameter of piston, D = 200 mm = 0.2 m 

Stroke length, L = 400 mm = 0.4 m 

Cross-sectional area of piston, A = 𝜋 × 𝐷2 = 𝜋 × 0.22 = 0.031416 m2 
4 4 

(i) Theoretical discharge of the pump, Qth = 
A × L × N 

= 
0.031416 × 0.4 × 50 

= 0.01047 𝑚3/𝑠 

 
(ii) Coefficient of discharge, 𝐶 

 
= 

𝑄𝑎𝑐𝑡  = 
0.01 

60 60 
 

= 0.955 
𝑑 𝑄𝑡ℎ 

 

0.01047 

(iii) slip of the pump, 𝑄𝑡ℎ − 𝑄𝑎𝑐𝑡 = 0.01047 − 0.01 = 0.00047 𝑚3/𝑠 

Percentage of slip of the pump = 
𝑄𝑡ℎ−𝑄𝑎𝑐𝑡 × 100 = 

0.01047−0.01 
× 100 = 4.489% 

𝑄𝑡ℎ 0.01047 

Problem (2) A double acting reciprocating pump, running at 40 r.p.m delivers 1 m3 of water per 

minute. The diameter of the piston is 200 mm and stroke length 400 mm. The delivery and suction 

head are 20 m and 5 m respectively. Find the slip of the pump and power required to drive the 

pump. 

Solution: Given 

Speed of the pump,   N = 40 r.p.m 

Actual discharge,  
𝑄𝑎𝑐𝑡 

= 1𝑚3/𝑚𝑖𝑛 = 
1 
𝑚3/𝑠 = 0.01666 𝑚3/𝑠 

60 

Stroke length, L = 400 mm = 0.4 m 

Diameter of piston, D = 200 mm = 0.2 m 

Suction head, Hs = 5 m 

Delivery head, Hd = 20 m 

Cross-sectional area of piston, A = 𝜋 × 𝐷2 = 𝜋 × 0.22 = 0.031416 m2 
4 4 

Theoretical discharge of the pump, Qth = 
2×A × L × N 

= 
2×0.031416 × 0.4 ×40 

= 0.01675 𝑚3/𝑠 
60 60 

Slip of the pump, 𝑄𝑡ℎ − 𝑄𝑎𝑐𝑡 = 0.01675 − 0.01666 = 0.00009 𝑚3/𝑠 

Power required to drive the pump, 

𝑃 = 
2×ρ × g × A × L×N× (𝐻𝑠 + H𝑑) 

= 
2×1000 × 9.81 × 0.031416 × 0.4×40× (5 + 20) 

= 4.109 𝑘𝑊
 

60000 60000 



 

 

Difference between Centrifugal pump and Reciprocating pump: 
 

 
 

Centrifugal pump Reciprocating pump 

1. Simple in construction 1. Complicated in construction 

2. Total weight of pump is less for a given 

discharge 

2. Total weight of pump is more for a given 

discharge 

3. Suitable for large discharge and smaller 

heads 

3. Suitable for less discharge and higher heads 

4. Required less floor area and simple 

foundation 

4. Required more floor area and heavy 

foundation 

5. Less wear and tear 5. More wear and tear 

6. Maintenance cost is less 6. Maintenance cost is high 

7. Can run at higher speeds 7. Can’t run at higher speeds 

8. Its delivery is continuous 8. Its delivery is pulsating 

9.Needs priming 9. Doesn’t need priming 

10. It has less efficiency 10. It has more efficiency 

 



(CHAPTER -4) PNEUMATIC CONTROL SYSTEM 

Elements –filter-regulator-lubrication unit 

FRL Unit: Filter, Regulator, & Lubricator - How They Work 

Filter, regulator, and lubricator (FRL) compressed air systems are used to deliver clean air, at 

a fixed pressure, and lubricated (if needed) to ensure the proper pneumatic component 

operation and increase their operational lifetime.  

The air supplied by compressors is oftentimes contaminated, over-pressurized, and non-

lubricated meaning that an FRL unit is required to prevent damage to equipment. Filters, 

regulators, and lubricators can be bought individually or as a package (as seen in Figure 1) 

depending on what is needed to ensure the proper air specifications are being met for 

downstream equipment. 

 It is recommended to install these devices if you: 

• Use pneumatic tools and equipment; 

• Are installing an HVAC system; 

• Require clean air to be delivered to your facility or workplace; 

• Require compliance to ISO, OSHA, ASHRA or other air quality standards; 

• Want to improve the service life, safety and reliability of your air system. 

 

What do FRL units do? 

An FRL unit is comprised of a filter (F), regulator (R), and a lubricator (L). They are often 

used as one unit to ensure clean air in a pneumatic system but can also be used individually. 

Having a proper FRL unit installed in a pneumatic system provides higher reliability of the 

components downstream, reduced power waste due to over pressurization, and increased 

component lifetime. The three components work together to do the following: 

• Filters remove water, dirt and other harmful debris from an air system. This is often the first 

step in improving the air quality. 



• Regulators adjust and control the air pressure of a system to ensure that down-line 

components do not exceed their maximum operating pressures. This is the second step in 

the FRL system. 

• Lubricators reduce the internal friction in tools or equipment by releasing a controlled mist 

of oil into the compressed air. This is often done last and/or right before the component 

needs lubrication. 

Pneumatic filter selection 

 

Pneumatic filter 

➢ Filters remove water, dirt and other harmful debris from an air system (Figure 2). The 

type and size of contaminants present in the system and the air requirements for 

components will ultimately affect what micron size and bowl material is needed for 

the filter.  

➢ Common applications generally only require a filter rated between 5-40 microns. 

However, ISO 8157 goes down to 0.1 micron and for special applications, like 

medical or pharmaceutical the specifications can be as low as .001 micron.  

➢ The rating means that it doesn’t allow bigger particles through. For example, if you 

have a 20 micron filter it will allow particles smaller than 20 microns to pass through. 

It should be noted that filters experience a small pressure drop across the inlet and 

outlet ports because of the flow restriction.  

➢ A 0.1 micron filter will create a larger pressure drop than a 40 micron filter and will 

require more regular maintenance due to the easy build-up of contaminants. 

Therefore, do not oversize your filter by selecting the finest possible micron size. 

➢ It will lead toto higher cost for the component, a larger pressure drop, and more 

maintenance time. Instead, select a filter that will remove only the smallest 

contaminant specific to your system. 

➢ The bowl material and drainage type are also important. The bowl comes into contact 

with the contaminants and houses the filtered particles. The pressure, temperature, and 

chemicals present affect the bowl material selection.  

➢ Filters also require drainage, which can be either accomplished by the filter as an 

automatic, semi-automatic, or manual drainage system or a condensate drain can be 

attached to the outlet to remove the filtered contaminants. 

• Automatic: An automatic drain is a 2/2-way valve that closes when the system is 

pressurized. It has a float system in it that rises when the system is de-pressurized or when 

https://tameson.com/condensate-drain-install.html


liquid accumulates, and this rise in the float causes the drain to open. Advised when the 

equipment is in continual use, requires frequent drainage, or in a hard to reach location. 

• Semi-automatic: A semi-automatic drain automatically drains the system upon de-

pressurization. It can drain the system when pressurized, but only by a manual process. If 

the system is not always under pressure, it is recommended to have a semi-automatic 

drainage filter. 

• Manual: The filter can be manually drained when the system is depressurized. Not advised 

for a hard-to-reach location, if it requires frequent drainage, and if the system isn’t regularly 

depressurized. 

• Condensate Drain: A condensate drain can be attached to the outlet of the filter to 

accomplish the drainage. However, proper timing of the open/closing needs to be set. 

PRESSURE CONTROL VALVE 

• The valves enable the regulation of system pressure to adjust the force on a hydraulic 

piston rod or the torque on a hydraulic motor shaft. Pressure relief valves are used to 

set the maximum pressure in the circuit and protect it from overloading. 

 
 

Pressure Relief Valves 

➢ Most pneumatic and hydraulic power systems are designed to operate within a defined 

pressure range. This range is a function of the forces the actuators in the system must 

generate to do the required work.  

➢ Without controlling these forces, the power components and expensive equipment 

could get damaged. Relief valves make it possible to avoid this hazard.  

➢ They are the safeguards that limit maximum pressure in a system by diverting excess 

gases when pressure gets too high. The pressure at which a relief valve first opens to 

allow fluid to flow through is known as cracking pressure.  

➢ When the valve is bypassing its full rated flow, it is in a state of full-flow pressure.  

https://tameson.com/condensate-drain.html


➢ The difference between full-flow and cracking pressure is sometimes known as the 

pressure differential, or the pressure override. 

➢ In some cases, this pressure override is not objectionable. It can be a disadvantage if it 

wastes power via gas lost through the valve prior to reaching the maximum setting.  

➢ This can allow maximum system pressure to exceed the ratings of the other 

components. 

 

Pressure-Reducing Valves 

The most practical components for maintaining lower pressure in a pneumatic system 

are pressure-reducing valves. Pressure-reducing valves are usually open two-way valves that 

close when subjected to sufficient downstream pressure. There are subcategories of pressure-

reducing valves: direct acting and pilot operated.  

Direct-acting valves are pressure-reducing valves that limit the maximum pressure available 

in the secondary circuit regardless of pressure changes in the main circuit.  

➢ This assumes the workload generates no backflow into the reducing valve port, in 

which case the valve will close.  

➢ The pressure-sensing signal comes from the secondary circuit. The valve operates in 

reverse from a relief valve because they are normally closed and sense the pressure 

from the inlet.  

➢ When outlet pressure reaches the valve setting, the valve closes except for a small 

quantity of gas that bleeds from the low-pressure side of the valve, usually through an 

orifice in the spool.  

➢ The spool in a pilot-operated, pressure-reducing valve is balanced hydraulically by 

downstream pressure at both ends. The pilot valve relieves enough gas to position the 

spool so that flow through the main valve equals the requirements of the reduced-

pressure circuit.  



➢ If no flow is required during the cycle, the main valve closes. Leakage of high-pressure 

gas into the reduced-pressure section of the valve then returns to the reservoir through 

the pilot-operated relief valve.  

➢ This type of valve generally has a wider range of spring adjustments than direct-acting 

valves and provides better repetitive accuracy. However, in hydraulic applications, oil 

contamination can block flow to the pilot valve, and the main valve will fail to close 

properly. 

 

DIRECTIONAL CONTROL VALVES 

Directional control valves perform only three functions: 

• stop fluid flow 

• allow fluid flow, and 

• change direction of fluid flow. 

 

These three functions usually operate in combination. 

• The simplest directional control valve is the 2-way valve. A 2-way valve stops flow or 

allows flow. A water faucet is a good example of a 2-way valve. A water faucet 

allows flow or stops flow by manual control. 

• A single-acting cylinder needs supply to and exhaust from its port to operate. This 

requires a 3-way valve. A 3-way valve allows fluid flow to an actuator in one position 

and exhausts the fluid from it in the other position. Some 3-way valves have a third 

position that blocks flow at all ports. 

• A double-acting actuator requires a 4-way valve. A 4-way valve pressurizes and 

exhausts two ports interdependently. A 3-position, 4-way valve stops an actuator or 

allows it to float. The 4-way function is a common type of directional control valve 

for both air and hydraulic circuits. A 3-position, 4-way valve is more common in 

hydraulic circuits. 

 



3/2-Way Pneumatic Valve - How They Work 

 

➢ A 3/2-way valve has three ports and two positions that can be driven pneumatically, 

mechanically, manually or electrically via a solenoid valve. 

➢ They are used, for example, to control a single-action cylinder, driving pneumatic 

actuators, blow-off, pressure release and vacuum applications.  

➢ A valve is used to fill the cylinder, and also to exhaust it afterwards, so that a new 

working stroke can be realized. Therefore, a valve with two ports would not be 

adequate. Venting requires a third port.  

➢ There are two kinds of 3/2 valves: mono-stable and bi-stable. Mono-stable 3/2-way 

valves can also be normally closed or normally open, just like 2/2-way valves. 

Circuit function of 3 way air valves 

The 3/2-way pneumatic valve has three connection ports and two states. The three ports are: 

• inlet (P, 1), 

• outlet (A, 2) 

• exhaust (R, 3) 

The two states of the valve are open and closed. When the valve is open, air flows from the 

inlet (P, 1) to the outlet (A, 2). When the valve is closed, air flows from the outlet (A, 2) to the 

exhaust (R, 3). A valve that is closed in a non-actuated state is normally closed (N.C.), the 

opposite is called normally open (N.O.). 

 



Circuit function 0f a monostable, normally closed 3/2 way valve 

➢ Most valves are mono-stable and return to their default position when not actuated, 

this is achieved with a spring mechanism. Bi-stable 3/2-way valves retain their 

position during power loss and require a separate action to switch the valve state.  

➢ Therefore, they cannot be designated as Normally Closed or Normally Open. Bi-

stable pneumatic solenoid valves typically have a coil at each position and are pulse 

operated.  

Summarized, the different functions of the 3/2-way valve are: 

• 3/2-way mono-stable NC 

• 3/2-way mono-stable NO 

• 3/2-way bi-stable 

The circuit functions can be shown with valve symbols. For the three above-mentioned 

functions, the symbol of an indirectly operated solenoid valve is shown below. You can find 

detailed information about other pneumatic valve symbols and their explanation in our valve 

symbol article. 

 

Figure 3: Symbols of 3/2-way pneumatic solenoid valves, from left to right: normally open, 

monostable (left), normally closed, monostable (center), bi-stable (right). 

3/2-way valves can be actuated by different means such as: 

• pneumatically 

• manually 

• mechanically 

• electrically (solenoid valve) 

Furthermore, the valves can be directly operated or indirect operated. With the indirect 

operation, the valve uses the inlet pressure to help switching the valve state. 

3/2-way valves are available in several designs. The sealing mechanism of the valves can be a 

poppet or a spool. The valve’s main parts are the following: housing, seals, poppet (or spool) 

and an actuator 

With direct operated valves, the spool or poppet is moved directly by the actuator. Several 

types of actuators are possible: 

• Solenoid (coil) 

• Push button 

https://tameson.com/valve-symbols.html
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• Lever 

• Foot pedal, etc. 

 

5/2 DCV 

5 Port 2 Position Valve Working Principle 

 
A valve is a device that regulates the flow of fluid (gases, liquids, fluidized solids, or slurries) 

by opening and closing or partially obstructing passageways. 

A 5/2 way directional valve from the name itself has 5 ports equally spaced and 2 flow 

positions. It can be used to isolate and simultaneously bypass a passageway for the fluid which 

for example should retract or extend a double-acting cylinder. 

There are a variety of ways to have this valve actuated. A solenoid valve is commonly used, a 

lever can be manually twisted or pinched to actuate the valve, an internal or external hydraulic 

or pneumatic pilot to move the shaft inside, sometimes with a spring return on the other end so 

it will go back to its original position when pressure is gone or a combination of any of the 

mention above. 

In the Illustration given, a single solenoid is used and a spring return is installed in the other 

end. The inlet pressure is connected to (P)1. (A)2 could possibly be connected to one end of 

the double-acting cylinder where the piston will retract while (B)4 is connected to the other 

end that will make the piston extend. 

The normal position when the solenoid is de-energized is that the piston rod is blocking (B)4 

and pressure coming from (P)1 passes through (A)2 that will make the cylinder normally 

retracted. 

When the solenoid is energized, the rod blocks (A)2 and pressure from (P)1 passes through 

(B)4 and will extend the cylinder and when the solenoid is de-energized, the rod bounces back 

to its original position because of the spring return. (E)3 and (E)5 is condemned or used as 

exhaust. 

 

 

https://instrumentationtools.com/short-notes-different-valve-types/
https://instrumentationtools.com/how-to-select-a-directional-valves/
https://instrumentationtools.com/types-of-check-valves/
https://instrumentationtools.com/pneumatic-cylinder-air-flow-calculation/
https://instrumentationtools.com/solenoid-valve-functional-testing/
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5/3 DCV 

What is a 5 Way 3 Position Pneumatic Valve? 

The 5/3 or 4/3 series are directional-control valves. The 5/3 and 4/3 body designs allow 

compressed air to flow to one port of a double-acting air actuator while simultaneously 

allowing air to exhaust from the other port on the same air actuator at the same time. 

By shifting the internal flow paths of the valve, the 5/3 and 4/3 air valve sends compressed air 

alternatively to each of the two actuator ports and exhaust from the other, thus allowing the 

double-acting air cylinder to function. 

The valve shown in the following image has 5 airports. It may be a 5/3, or it may be a 5/2 

configuration. You cannot tell the difference from looking at the valve body. The valve 

schematic, which is typically shown on the side of the valve, is the only way you can 

determine if the spool is two-position (a 5/2) or three-position, (a 5/3) unless it is identified as 

such by the vendor. 

 
What is a 3 Position Valve? 

The “extra” position inside a 5/3 or 4/3 air valve means that the internal spool can be shifted 

to a center position. The typical spool movement is end to end inside the valve. With a two-

position valve, the spool shifts from the end, across the middle, and to the other end. In the 

three-position body style, the spool can be positioned to stop in the middle location to 

accomplish a specific goal. 

Each of the three spool positions is selected to accomplish the desired result in the action of 

the air cylinder. 

Since valves with three-position spools are more expensive than their two-position 

counterparts, the selection of a three-position valve will be deliberate. The circuit designer 



will have a particular scenario in mind for the action of the air cylinder when the valve that 

controls it is shifted, and that circuit will require the selection of a specific three-position 

valve to accomplish the goal. 

A 5/3 or 4/3 valve will normally have two internal spring actuators that, when the valve is not 

being operated by an external valve actuator, shift that valve spool to the center position 

automatically. It is normally when the 5/3 or 4/3 valve is “at rest” that the third of the three 

positions come into play. 

 

Flow-Control Valves 

1. Flow-control valves include simple orifices to sophisticated closed-loop 

electrohydraulic valves that automatically adjust to variations in pressure and 

temperature. 

2. The purpose of flow control in a hydraulic system is to regulate speed. All the devices 

discussed here control the speed of an actuator by regulating the flow rate. Flow rate 

also determines rate of energy transfer at any given pressure.  

3. The two are related in that the actuator force multiplied by the distance through which 

it moves (stroke) equals the work done on the load. The energy transferred must also 

equal the work done. Actuator speed determines the rate of energy transfer (i.e., 

horsepower), and speed is thus a function of flow rate. 

4. Directional control, on the other hand, does not deal primarily with energy control, but 

rather with directing the energy transfer system to the proper place in the system at the 

proper time. Directional control valves can be thought of as fluid switches that make 

the desired "contacts." That is, they direct the high-energy input stream to the actuator 

inlet and provide a return path for the lower-energy oil. 

5. It is of little consequence to control the energy transfer of the system through pressure 

and flow controls if the flow stream does not arrive at the right place at the right time.  

6. Thus, a secondary function of directional control devices might be defined as the timing 

of cycle events. Because fluid flow often can be throttled in directional-control valves, 

some measure of flow rate or pressure control can also be achieved with them. 

PNEUMATIC THROTTLE VALVE 

Pneumatic speed controller/Pneumatic throttle valve is used for controlling the operation 

speed of a driving device and the movement of machines such as cylinder, pneumatic finger, 

etc. The flow rate of air from A side to B side can be control, whereas air entering from B 

side to A side is not under control.  

 



FEATURES 

• Mainly installed in the air actuator. 

• Working Pressure: 0-150 Psi. 

• Working Temperature: 32 -140°F / 0-60℃. 

CASE IN USE 

 

METER OUT: 

The flow rate of air entering from the thread side can be controlled, whereas air entering from 

joint side comes out from the thread side at the same flow rate (not controlled). 

METER IN: 

The flow rate of air entering from the joint side can be controlled, whereas air entering from 

thread side come out from joint side at the same speed (not controlled). 

FLAT TYPE: 

The way to control of flow or control flow upon piping in accordance with, the signal on the 

body. Air flows from each side of valve. 

 

 

 



 

 

 

Pneumatic circuits 

A pneumatic circuit is an interconnected set of components that convert compressed gas 

(usually air) into mechanical work. In the normal sense of the term, the circuit must include a 

compressor or compressor-fed tank. 

4 Basic Pneumatic Circuits 

The following four pneumatic circuits can be used for air preparation, double-acting cylinders, 

continuous cycling and hand control applications. They can also be subsystems in larger 

circuits. 

Air Preparation 

Before compressed air is used in a pneumatic device, it must be properly prepared so that it 

does not damage components. Here is a schematic (below) for a pneumatic device that 

prepares compressed air coming from a single source. 



 
➢ Putting the manual shut-off valve or pneumatic isolation/lockout valve first makes it 

easier to maintain the FRL and it protects downstream equipment when depressurizing 

the system for maintenance.  

➢ For safety, operators should be able to lock the valve in the off position. If it is necessary 

to have clean, dry air flowing through the valve, the valve can be mounted after the 

FRL. 

 

Double-Acting Cylinder 

The schematic below shows a common automation application: using a 4-way solenoid valve 

(SOL01) to extend and retract a double-acting cylinder (CYL01). Triangles at each side of 

the symbol indicate it is a pilot-activated, single-solenoid, spring-return valve. 



Double-acting cylinder circuits are common on PLC-controlled machines. 

➢ Filtered air feeds the solenoid valve, which is usually energized by a 24 V dc PLC 

output. This activates the valve and lets air leave through port B and flow freely 

through the flow control to extend the cylinder rod and plunger to the left. 

➢ Air on the left side of the cylinder is forced out through its flow control to the valve’s 

port A, and then goes to port R and exits through a muffler to reduce exhaust noise. 

➢ Pilot valves need only a small amount of air to efficiently move a large valve spool. 

However, valves require a minimum operating pressure, typically about 20 psi, to 

move the spool.  

➢ A spring on the left side pushes the valve spool to the right to maintain its normal off 

or resting state. With the valve off, air flows out of port A and freely through the 

adjustable flow control to the left side of the cylinder (CYL01), making it retract. 

➢ As the cylinder retracts, air on the right-side leaves through an adjustable flow-control 

device. As the device’s check valve closes, air in the flow section can be adjusted to 

throttle the cylinder retraction.  

➢ The flow-controlled air then goes through the valve’s port B and leaves at port S 

through a muffler. 

 

 

 

 



Direct Control of Single Acting Cylinder 

 

➢ Pneumatic cylinders can be directly actuated by actuation of final control valve, 

manually or electrically in small cylinders as well as cylinders which operates at low 

speeds where the flow rate requirements are less.  

➢ When the directional control valve is actuated by push button, the valve switches over 

to the open position, communicating working source to the cylinder volume.  

➢ This results in the forward motion of the piston. When the push button is released, the 

reset spring of the valve restores the valve to the initial position [closed].  

➢ The cylinder space is connected to the exhaust port thereby piston retracts either due to 

spring or supply pressure applied from the other port. 

Indirect Control of Single Acting Cylinder 

 

➢ Large cylinders as well as cylinders operating at high speed are generally actuated 

indirectly as the final control valve is required to handle large quantity of air. In the 

case of pilot operated valves, a signal input valve [3/2 way N.C type, 1S1] either 

actuated manually or mechanically is used to generate the pilot signal for the final 

control valve.  

➢ The signal pressure required can be around 1-1.5 bar. The working pressure passing 

through the final control valve depends on the force requirement [4-6 bar].  

➢ Indirect control permits the processing of input signals. Single piloted valves are 

rarely used in applications where the piston has to retract immediately on taking out 

the set pilot signal. suitable for large single-acting cylinders. 



CHAPTER – 5 (HYDRAULIC CONTROL SYSTEM) 

Hydraulic system 

A hydraulic system is a drive technology where a fluid is used to move the energy from e.g. an 

electric motor to an actuator, such as a hydraulic cylinder. The fluid is theoretically 

uncompressible and the fluid path can be flexible in the same way as an electric cable. 

Advantages of the hydraulic system 

Talking about the advantages and disadvantages of hydraulic systems, let's first discuss the 

advantages. Even though it seems that the hydraulic system only relies on fluid and pressure 

to be distributed in all directions, this working principle is proven to be able to lift heavy 

materials. Here are ten advantages of a hydraulic system: 

1. Any hydraulic motion is independent of the load as long as the fluid is not subject to 

resistance and a flow control valve can be used. 

2. Precision and flexible. 

3. Can move large power using only relatively small components. 

4. Can move freely when lifting large loads. 

5. Easy to use and friendly control system. Beginners who are just learning to operate heavy 

equipment with a hydraulic system will find it easy to understand. 

6. The operation is smooth, does not cause unnecessary noise and vibration on the machine. 

7. The design and design is simple. 

8. Can be rotated in the reverse direction (reversible). 

9. Make it easy to move heavy material, one lift, or move goods up to tons of weight. 

10. The service life is quite long so it can save the cost of purchasing new equipment. 

Weaknesses of the hydraulic system 

It is incomplete to discuss the advantages and disadvantages of hydraulic systems without 

showing the shortcomings of the working principle of this system. After the advantages, now 

we will describe the weaknesses of the hydraulic system. Even though there are 

shortcomings, it doesn't mean that this hydraulic system is bad. It's just that, every working 

principle on heavy equipment must have advantages and limitations. 

1. Hydraulic systems require intensive and periodic maintenance. 

2. Systems frequently require parts with a very high degree of precision. 

3. A small leak in the hydraulic pipeline will be fatal to the transfer of power. This causes 

4. the risk of accidents increases. 

5. The high pressure received by the fluid can also cause work accidents if the power is too 

high and the pipeline is unable to withstand the power delivered by the fluid. 

 

Hydraulic accumulators- 

➢ A hydraulic accumulator is a pressure storage reservoir in which 

an incompressible hydraulic fluid is held under pressure that is applied by an 

external source of mechanical energy.  

https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Incompressible
https://en.wikipedia.org/wiki/Hydraulic_fluid
https://en.wikipedia.org/wiki/Prime_mover_(engine)


➢ The external source can be an engine, a spring, a raised weight, or a 

compressed gas.[note 1] An accumulator enables a hydraulic system to cope with 

extremes of demand using a less powerful pump, to respond more quickly to a 

temporary demand, and to smooth out pulsations.  

➢ It is a type of energy storage device. 

➢ Compressed gas accumulators, also called hydro-pneumatic accumulators, are by far 

the most common type. 

Pressure control valves 

The valves enable the regulation of system pressure to adjust the force on a hydraulic piston 

rod or the torque on a hydraulic motor shaft. Pressure relief valves are used to set the maximum 

pressure in the circuit and protect it from overloading. 

Pressure-control valves are found in virtually every hydraulic system, and they assist in a 

variety of functions, from keeping system pressures safely below a desired upper limit to 

maintaining a set pressure in part of a circuit. Types include relief, reducing, sequence, 

counterbalance, and unloading. All of these are normally closed valves, except for reducing 

valves, which are normally open. For most of these valves, a restriction is necessary to 

produce the required pressure control. One exception is the externally piloted unloading 

valve, which depends on an external signal for its actuation. 

Relief valves 

Most fluid power systems are designed to operate within a present pressure range. This range 

is a function of the forces the actuators in the system must generate to do the required work. 

Without controlling or limiting these forces, the fluid power components (and expensive 

equipment) could be damaged. Relief valves avoid this hazard. They are the safeguards 

which limit maximum pressure in a system by diverting excess oil when pressures get too 

high. 

Cracking pressure and pressure override —The pressure at which a relief valve first opens 

to allow fluid to flow through is known as cracking pressure. When the valve is bypassing its 

full rated flow, it is in a state of full-flow pressure. The difference between full-flow and 

cracking pressure is sometimes known as pressure differential, also known as pressure 

override. 

 

Pressure-reducing valves 

The most practical components for maintaining secondary, lower pressure in a hydraulic 

system are pressure-reducing valves. Pressure-reducing valves are normally open, 2-way 

valves that close when subjected to sufficient downstream pressure. There are two types: 

direct acting and pilot operated. 

Fluid Power Pump- 

https://en.wikipedia.org/wiki/Spring_(device)
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Fluid power is the use of fluids under pressure to generate, control, and transmit power. Fluid 

power is subdivided into hydraulics using a liquid such as mineral oil or water, 

and pneumatics using a gas such as air or other gases. Compressed-air and water-pressure 

systems were once used to transmit power from a central source to industrial users over 

extended geographic areas; fluid power systems today are usually within a single building or 

mobile machine. 

What is a gear pump? 

A gear pump is a type of positive displacement (PD) pump.  It moves a fluid by repeatedly 

enclosing a fixed volume using interlocking cogs or gears, transferring it mechanically using a 

cyclic pumping action.  It delivers a smooth pulse-free flow proportional to the rotational speed 

of its gears. 

How does a gear pump work? 

Gear pumps use the actions of rotating cogs or gears to transfer fluids.  The rotating element 

develops a liquid seal with the pump casing and creates suction at the pump inlet.  Fluid, 

drawn into the pump, is enclosed within the cavities of its rotating gears and transferred to the 

discharge.  There are two basic designs of gear pump: external and internal (Figure 1). 

External Gear Pump 

An external gear pump consists of two identical, interlocking gears supported by separate 

shafts. Generally, one gear is driven by a motor and this drives the other gear (the idler).  In 

some cases, both shafts may be driven by motors.  The shafts are supported by bearings on 

each side of the casing. 

1. As the gears come out of mesh on the inlet side of the pump, they create an expanded 

volume.  Liquid flows into the cavities and is trapped by the gear teeth as the gears 

continue to rotate against the pump casing. 

2. The trapped fluid is moved from the inlet, to the discharge, around the casing. 

3. As the teeth of the gears become interlocked on the discharge side of the pump, the 

volume is reduced and the fluid is forced out under pressure. 

No fluid is transferred back through the centre, between the gears, because they are 

interlocked.  Close tolerances between the gears and the casing allow the pump to develop 

suction at the inlet and prevent fluid from leaking back from the discharge side (although 

leakage is more likely with low viscosity liquids). 

External gear pump designs can utilise spur, helical or herringbone gears. 

Internal gear pump 

An internal gear pump operates on the same principle but the two interlocking gears are of 

different sizes with one rotating inside the other.  The larger gear (the rotor) is an internal 

gear i.e. it has the teeth projecting on the inside.  Within this is a smaller external gear 

(the idler – only the rotor is driven) mounted off-centre.  This is designed to interlock with 

https://en.wikipedia.org/wiki/Hydraulics
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https://www.michael-smith-engineers.co.uk/pumps/gear-pumps
https://www.michael-smith-engineers.co.uk/pumps/positive-displacement-pump
https://www.michael-smith-engineers.co.uk/resources/useful-info/external-gear-pumps
https://www.michael-smith-engineers.co.uk/resources/useful-info/internal-gear-pumps


the rotor such that the gear teeth engage at one point.  A pinion and bushing attached to the 

pump casing holds the idler in position.  A fixed crescent-shaped partition or spacer fills the 

void created by the off-centre mounting position of the idler and acts as a seal between the 

inlet and outlet ports. 

1. As the gears come out of mesh on the inlet side of the pump, they create an expanded 

volume.  Liquid flows into the cavities and is trapped by the gear teeth as the gears 

continue to rotate against the pump casing and partition. 

2. The trapped fluid is moved from the inlet, to the discharge, around the casing. 

3. As the teeth of the gears become interlocked on the discharge side of the pump, the 

volume is reduced and the fluid is forced out under pressure. 

Internal gear pump designs only use spur gears. 

 

What is a vane  pump? 
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Vanes or blades fit within the slots of the impeller. As the rotor rotates (yellow arrow) and 

fluid enters the pump, centrifugal force, hydraulic pressure, and/or pushrods push the vanes to 

the walls of the housing. 

Radial piston pumps 

A radial piston pump is a form of hydraulic pump. The working pistons extend in a radial 

direction symmetrically around the drive shaft, in contrast to the axial piston pump. 

 

 

These kinds of piston pumps are characterized by the following advantages: 

• high efficiency 

• high pressure (up to 1,000 bar or 14000psi) 

• low flow and pressure ripple (due to the small dead volume in the workspace of 

the pumping piston) 

• low noise level 

• very high load at lowest speed due to the hydrostatically balanced parts possible 

• no axial internal forces at the drive shaft bearing 

• high reliability 

 

These kinds of piston pumps are characterized by the following advantages: 

• high efficiency 

• high pressure (up to 1,000 bar or 14000psi) 

• low flow and pressure ripple (due to the small dead volume in the workspace of 

the pumping piston) 

• low noise level 

• very high load at lowest speed due to the hydrostatically balanced parts possible 

• no axial internal forces at the drive shaft bearing 

• high reliability 
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ISO Symbols for hydraulic components 

 

 



 

 

Hydraulic circuits 

Hydraulic circuits transmit and control power from a mechanical input to a mechanical output 

by means of liquids, mostly oils. Power is transmitted hydrostatically, where high pressures 

make static forces dominate over dynamic forces, and energy is transmitted mostly through 

static pressure at low flow velocities. 

 

Direct control of single acting cylinder  

The single-acting cylinder is normally controlled by a three-port valve, for example a 

pneumatic solenoid valve. One port connects to the source of compressed air, the second port 

is used to supply/vent air to the cylinder and the third port is an exhaust port. 

 
DOUBLE ACTING CYLINDERS 



 

➢ Double-acting cylinders have a port at each end and move the piston forward and 

back by alternating the port that receives the high-pressure air, necessary when a load 

must be moved in both directions such as opening and closing a gate.  

➢ Air pressure is applied alternately to the opposite ends of the piston. 

What is meter in and meter out circuit in hydraulics? 

 

 

Meter-in flow control circuit represents the controlling of fluid flow just before fluid enters to 

the actuator with the help of flow control valve. ... We can see here the bypass check valve 

that will force the fluid to flow through the adjustable orifice before fluid enters to the 

actuator i.e. hydraulic cylinder here. 

Comparison of hydraulic and pneumatic system 

Hydraulic System –  

➢ Fluid is used for working of system. 

➢ Produce more power. 

➢ Pressure produce from 100 bar up to 700 bar or even more. 

➢ Working fluid is costly as compared to pneumatic system. 
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➢ Process is not Clean. 

➢ System with high pressure is difficult to operate. 

➢ Maintenance is not easier. 

➢ Higher initial and operating cost. 

Pneumatic system –  

➢ Air or gas is used for working of system. 

➢ Produce less power. 

➢ Pressure limited upto 10 bar 

➢ Working Fluid available in cheap rate 

➢ This process is clean. 

➢ Easy to operate. 

➢ Maintenance is easier and quicker. 

➢ Low initial and operating costs 

 

 

 


