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PART A 
 
1. The liquid comes out in the form of a jet from the outlet of a nozzle, which is fitted 

to a pipe through which the liquid is flowing under pressure If some plate, which may 

be fixed or moving, is placed in the path of the jet, a force is exerted by the jet on the 

plate. This force is obtained from Newton's second law of motion or from impulse-

momentum equation. Thus impact of jet means the force exerted by the jet on a plate 

which may be stationary or moving                              

 
2. Hydraulic machines are defined as those machines which convert either hydraulic 

energy (energy possessed by water) into mechanical energy or mechanical energy 

into hydraulic energy.                                                                     

3. The governing of a turbine is defined as the operation by which the speed of the 

turbine is kept constant under all conditions of working. It is done automatically by 

means of a governor, which regulates the rate of flow through the turbines according 

to the changing load conditions on the turbine. 

4. a) Radial flow turbine-inward flow, outward flow 

     b) Axial flow reaction turbine  

5.   a) TURBINE- Turbine is hydraulic machines which convert hydraulic energy    

In to mechanical energy. 
b)PUMP- Pump is hydraulic machines which convert mechanical energy into hydraulic 

energy.                                                                                     
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PART-B 
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3. Main components 

1. Nozzle and flow regulating arrangement 

2. Runner and buckets 

3. Watertight casing 

4. Hydraulic brake/brake nozzle 

5. Governor                                                                                                         

 

 The Pelton wheel or Pelton wheel turbine is a tangential flow impulse turbine 

used for high heads of water. 

 The energy available at the inlet of the turbine is only kinetic energy. The 

pressure energy at the inlet and outlet of the turbine is atmospheric. 

PARTS 

1. Nozzle: 

 The amount of water striking the buckets of the runner is controlled by 

providing a spear in the nozzle. 

 The speed is a conical needle which is operated either by a hand wheel or 

automatically in an axial direction depending upon the size of the unit. 
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 When the spear is pushed forward into the nozzle and the amount of water 

striking the runner is reduced. On the other hand, if the sphere is pushed back, 

the amount of water striking the runner increases. 

2. Runner and buckets: 

 The runner or blade consists of a circular disc on the Periphery of which several 

buckets evenly spaced are fixed. The Shape of the bucket is of a double 

hemispherical cup or bowl.  

 Each bucket is divided into two symmetrical parts by a dividing wall which is 

known as a splitter. 

3. Casing: 

 The function of the casing is to prevent the splashing of the water and to 

discharge water to the tailrace.  

 It also acts as a safe ground against accidents.  

4. Breaking jet: 

 When the nozzle is completely closed by moving the spear in the forward 

direction, the amount of water striking the runner reduces to zero. But the 

runner due to inertia goes on revolving for a long time. To stop the runner in a 

short time, a small nozzle is provided which directs the jet of water on the back 

of the vanes. This jet of water is called breaking jet. 
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4. 

 
 

5. 

 In a double acting pump fluid acts on both sides of the pistons. It has two 

suction pipes and two delivery pipe.  

 Each suction and delivery pipe has one corresponding valve. Here suction and 

delivery occurs simultaneously.  

 When the crank rotates from I. DC in clockwise direction, a vacuum is created 

on the left side of the piston and the liquid is sucked from the sump through 

the Suction valve so open.  

 At the same time, the liquid in the right side of the piston is pressed and a high 

pressure causes the delivery Valve D2 to open and the liquid is passed on to the 

discharge Side. 

 This operation continues till the crank reaches 0 .D. C 
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 With further rotation of the crank, the liquid is sucked from the sump through 

the suction Valve S2 open and on the left side the liquid is forced through the 

delivery Valve D1 opens. 

  When the crank reaches ID C; the piston is in the extreme left position thus 

one cycle is completed and as the crank further rotates, cycle is repeated. 

 

 

 

6. 

 It is a pumping device works under the principle of Bernoulli's theorem. 

  It is used for feeding water under high pressure is passed through a pipe 

containing a nozzle at its end. The nozzle is placed in a venturi pipe. 

 While passing through the nozzle, most of the pressure energy of working 

medium (i.e., water or steam) is converted into kinetic energy.  

 As a result, pressure around the nozzle drops much below atmospheric 

pressure. This causes flow water to be delivered) to flow through the suction 

pipe.  

 The two flows meet in the throat of the venturi pipe. This portion is known as 

mixing nozzle. The mixing of the two flows in the mixing nozzle results in 

increase in pressure.                                                                                      
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7. 

 Kaplan turbine is an axial flow reaction turbine. It works under a low head of 

water and very high discharge.  

 The Kaplan turbine can also be called a parallel flow turbine, since the flow 

from the inlet to the outlet is perfectly parallel to the shaft of the turbine. 

Kaplan Turbine 

 Kaplan Turbine works on the principle of axial flow reaction. In axial flow 

turbines, the water flows through the runner along the direction parallel to the 

axis of rotation of the runner.  

 The water at the inlet of the turbine possesses both kinetic energy as well as 

pressure energy 

 The main parts of Kaplan Turbine are, 

1. Scroll Casing 

 It is a spiral type of casing that has decreasing cross section area.  

 The water from the penstocks enters the scroll casing and then moves to the 

guide vanes where the water turns through 90° and flows axially through the 

runner. 
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  It protects the runner, runner blades guide vanes and other internal parts of 

the turbine from an external damage. 

2. Guide Vane  

 It is the only controlling part of the whole turbine, which opens and closes 

depending upon the demand of power requirement.  

 It also guide the water from penstock to runner vane 

3. Draft Tube 

 The pressure at the exit of the runner of Reaction Turbine is generally less than 

atmospheric pressure.  

 The water at exit cannot be directly discharged to the tail race. A tube or pipe 

of gradually increasing area is used for discharging water from the exit of 

turbine to the tail race. This tube of increasing area is called Draft Tube. 

 One end of the tube is connected to the outlet of runner while the other end is 

sub-merged below the level of water in the tail-race. 

4. Runner Blades 

 The heart of the component in kaplan turbine are its runner blades, as it the 

rotating part which is connected to turbine shaft. 

 The turbine shaft is further connected to generator shaft which produces 

electricity. 

 Working 

 The water coming from the pen-stock is made to enter the scroll casing. 

 The guide vanes direct the water to the runner blades. The vanes are adjustable 

and can adjust itself according to the requirement of flow rate. 

 The water takes a 90 degree turn, so the direction of the water is axial to that 

of runner blades. 
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 The runner blades start to rotate as the water strikes due to reaction force of 

the water.  

 From the runner blades, the water enters into the draft tube where its pressure 

energy and kinetic energy decreases. Kinetic energy is gets converted into 

pressure energy results in increased pressure of the water. 

 The rotation of the turbine is used to rotate the shaft of generator for 

electricity production. 
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(b) 

 Principle of Jet propulsion is applied to propulsion of ships. The ship carries 

pumps which take water from its surroundings. 

  This water is discharged by forcing through the orifice at the back of the ship. 

The efficiency of ship depends upon the direction of the inlet orifice. 

The Ship may have 
1. The Ship may have Inlet orifice at right angles to the direction of its motion. 

2. Inlet orifices face the direction of motion 
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 When the load on the generator decreases, the speed of the generator 

increases. This increases the speed of the turbine beyond the normal speed. 

 The centrifugal governor, which is connected to the turbine main shaft, will be 

rotating at an increased speed.  

 Due to increase in the speed of the centrifugal governor, the fly-balls move 

upward due to the increased centrifugal force on them.  

 Due to the upward movement supported over of the fly-balls, the sleeve will 

also move upward. A horizontal lever, a fulcrum, connects the sleeve and the 

piston rod of the control valve.  

 As the sleeve moves up, the lever turns about the fulcrum and the piston rod of 

the control valve moves downward. This Closes the Valve V1 and opens the 

valve V2. 
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OR 

 

VI (a). 

Water power-power possessed by water at inlet--WP=wQH=PgQH 

Brake power-power developed by the turbine due to its running                        

Shaft power-actual power available at the shaft of the turbine runner as output 

Overall efficiency-ratio of power available at the turbine shaft to the power supplied 

by the water at the inlet of the turbine. 
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UNIT III 

VII (a) 

Conical draft tube, spreading draft tubes, simple elbow draft tubes, elbow draught 

tube with circular inlet and rectangular outlet. 

 
DRAFT TUBE 

 Draft Tube is an important component of a reaction turbine. 

 The component is like a pipe in which area increasing gradually that connects 
the outlet of the runner to the tail-race.  

 There are two ends in which one end is connected to the runner outlet and the 
other end is submerged below the level of water in the tail-race. 

 It converts excess of kinetic energy into static pressure. 
Types of Draft Tube: 
Draft tubes are mainly classified in 4 types, and those are: 
1. Simple Elbow draft tube: 

 This type is used for the low head. The Efficiency of this tube is about 60 
percent which is moderate. 

 The area of inlet and outlet are the same. A little bit the outlet section is 
changed. 

2. Elbow with varying cross section: 

 It is used in the Kaplan Turbine. 

 In this tube the upper section is circular and the outlet is a rectangular 
Section. 
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3. Moody Spreading Tube: 

 This reducing the whirling speed of the water. 

 The efficiency around 88 percent. 

 It has two passage one inlet and 2 outlets. 

 it's having central solid core where it distributes two parts of an outlet. 
 
4. Conical Diffuser or Straight Divergent: 

 The cone angle less than 10 degrees if the angle is high cavitation will come. 

 Having efficiency is about 90 percent. 
 
 

(b). 

Radial flow reaction turbine-water flows in radial direction.  

 If the flow is towards the axis of rotation-inward flow reaction turbine. 

 If the flow is away from the axis of rotation outward flow reaction turbine 
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OR 

VIII.a) 
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 Francis Turbine is a combination of both impulse and reaction turbine, where 

the blades rotate using both reaction and impulse force of water flowing 

through them. 

Components of Francis Turbine 

1. Spiral Casing 

 Spiral casing is the inlet medium of water to the turbine. The water flowing 

from the reservoir or dam is made to pass through this pipe with high pressure.  

 The blades of the turbines are circularly placed, which mean the water striking 

the turbines blades should flow in the circular axis for efficient striking.  

 So the spiral casing is used, but due to circular movement of the water, it loses 

its pressure. 

2. Guide Vanes 

 Guide vanes are not stationary; they change their angle as per the requirement 

to control the angle of striking of water to turbine blades to increase the 

efficiency. 

  They also regulate the flow rate of water into the runner blades thus 

controlling the power output of a turbine according to the load on the turbine. 

3. Runner Blades 

 In a Francis turbine, runner blades are divided into 2 parts. The lower half is 

made in the shape of small bucket so that it uses the impulse action of water to 

rotate the turbine. 

 The upper part of the blades uses the reaction force of water flowing through 

it. These two forces together make the runner to rotate. 

5. Draft Tube 
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 The pressure at the exit of the runner of Reaction Turbine is generally less than 

atmospheric pressure. The water at exit cannot be directly discharged to the 

tail race. 

  A tube or pipe of gradually increasing area is used for discharging water from 

the exit of turbine to the tail race. 

 This tube of increasing area is called Draft Tube.  

 One end of the tube is connected to the outlet of runner while the other end is 

sub-merged below the level of water in the tail-race. 

Working 

 The water is allowed to enter the spiral casing of the turbine, which lead the 

water through the guide vanes.  

 The spiral case is kept in decreasing diameter so as to maintain the flow 

pressure. 

 The guide vane guides the water from penstock to the runner blades. 

 The water strike the runner at high pressure and runner starts rotating due to 

reaction pressure. 

 The turbine shaft starts rotating due to the rotation of runner. The turbine 

shaft is connected to the generator shaft. 
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 Then the water is discharged to the atmosphere through the draft tubes.

 
IX 

 
Centrifugal pump 

 Centrifugal pump is a hydraulic machine which converts mechanical energy into 
hydraulic energy by the use of centrifugal force acting on the fluid.  

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

 It is mounded on the shaft which is coupled to an external source of energy 
which imparts the liquid energy to the impeller there by making it to rotate. 

Impellers are divided into 3 types, 

 Open Impeller 

 Semi enclosed Impeller 

 Enclosed Impeller 
2. Casing 

 It is a gradually increasing area section which is used to increase the delivery 
pressure of water. 

 It also provide protection for the pump 
Commonly three types of casing are used in centrifugal pump, 

 Volute Casing 

 Vortex Casing 

 Casing with Guide Blades 
3. Delivery Pipe 

 It is a pipe which is connected at its lower end to the out let of the pump and it 
delivers the liquid to the required height.  

 Near the outlet of the pump on the delivery pipe, a valve is provided which 
controls the flow from the pump into delivery pipe. 

4. Suction Pipe with Foot Valve and Strainer 

 Suction pipe is connected with the inlet of the impeller and the other end is 
dipped into the sump of water.  

 At the water end, it consists of foot value and strainer. The foot valve is a one 
way valve that opens in the upward direction.  

 The strainer is used to filter the unwanted particle present in the water to 
prevent the centrifugal pump from blockage. 

 
Working 

 As the electric motor starts rotating, it also rotates the impeller. The rotation of 
the impeller creates suction at the suction pipe.  

 Due to suction created the water from the sump starts coming to the casing 
through the eye of the impeller. 

 From the eye of the impeller, due to the centrifugal force acting on the water, 
the water starts moving radially outward and towards the outer of casing. 
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 Since the impeller is rotating at high velocity it also rotates the water around it 
in the casing.  

 The area of the casing increasing gradually in the direction of rotation, so the 
velocity of the water keeps on decreasing and the pressure increases, at the 
outlet of the pump, the pressure is maximum. 

 Now form the outlet of the pump, the water goes to its desired location 
through delivery pipe. 

 

 

 
 
X.a) 
Priming 

 The entire operation of completely filling suction pipe, casing and a portion of 
delivery pipe up to delivery valve with liquid to be pumped is called priming. 

 It is done to remove the entrapped air in the pump. 
Cavitation 

 In any region of fluid flow, there is chance of formation of vapour bubbles. 

 When the pressure of the flowing fluid is less than its Vapour pressure, the fluid 

starts boiling and vapour bubbles are formed. 

 When these vapour bubbles moves towards a zone of high pressure, they 

condense and finally collapse. 
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  sudden collapsing of these vapour bubbles in a region of high pressure may, 

create a very high pressure as high as 101 bar thereby a tremendous shock 

(pitting action) on the adjacent wall This may cause a local mechanical failure of 

the solid surface.                                                                          

 
 An air lift pump is a simple pumping device used to lift water from a deep well 

or sump by utilizing the compressed air. 

 It consists of an air compressor and an air pipe line fitted with nozzle at the one 

end, and an open vertical delivery pipe or raising main encloses the nozzle.  

 The nozzle is located h meter below the water level surface as shown in Figure. 

The compressed air is introduced at the bottom of the rising main and it issues 

from a set of air nozzles in the form a line spray.  

 The air mixes with the rising main and reduces the density of air-water mixture. 

As soon as the pressure of the column of air-water mixture in the rising main of 

height 'H' becomes less than the pressure due to the height of water column h 

in the deep well, the water begins to flow at the outlet of the rising main.  
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 The flow rate depends upon the density of mixture in the raising main / delivery 

pipe.                                                                                                        
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