MODULE 2
PELTON TURBINE

INTRODUCTION: –
In the Pelton wheel to a rotor or rotating shaft circular disk is mounted. The circular disk consists of cup shaped blades. The cup blades are known as buckets. Those are placed at the circumference with equal spacing. To the wheel nozzles are arranged so the water jet ejects from the nozzle. The nozzles are tangential to the wheel circumference. No of nozzles depends upon the available water head and the operating requirement of the shape. The nozzles placed around the wheel are varying.
Pelton Wheel or Pelton Turbine is a Tangential Flow Impulse Turbine. This Turbine is used for High Heads and is named after L.A.Pelton. The water strikes the bucket along the tangent of the tangent of the runner. The energy available at the inlet of the turbine is only Kinetic Energy. The pressure at the inlet and outlet is atmospheric pressure. The nozzle increases the kinetic energy of the water flowing through the penstock. At the outlet of the nozzle, the water comes out in the form of a jet and strikes the buckets (vanes) of the runner. Pelton Wheel Turbine is used for High Heads. Pelton Wheel Turbine has a Specific Speed less than 30(S.I) for single jet and between 30 and 60 (S.I) for multi-jet.
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The main parts of Pelton Turbine are:
1. NOZZLE AND FLOW REGULATING ARRANGEMENT
The amount of water striking the buckets is controlled by providing a spear in the nozzle. The spear is a conical needle operated in the axial direction depending up on the size of the unit. When the spear is pushed forward, the amount of water striking the runner is reduced and when the spear is pushed back, the amount of water striking the runner increases.
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2. RUNNER AND BUCKETS
Runner consists of a circular disc on the periphery of which a number of buckets evenly spaced are fixed. The space of the buckets is of a double hemispherical cup or bowl. Each bucket is divided into two symmetrical parts by dividing wall which is known as Splitter. The Splitter divides the jet into two equal parts. The buckets are shaped in such a way that the jet gets deflected through 160° or 170°. The buckets are made of cast iron, cast steel bronze or stainless steel depending upon the head at the inlet of the turbine.
3. CASING 
The function of water is to prevent the splashing of water and to discharge water to tail race. The casing of Pelton Wheel does not perform any Hydraulic function.


4. BRAKING 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 vanes. This jet of water is called Breaking Jet.
5. GOVERNOR
The speed of the turbine runner must always be kept constant at all times of its running in order to have high efficiency at different loads.
Points to remember for Pelton Turbine:
(i) The velocity of the jet at inlet is given by
Where = co-efficient of velocity =0.98 or 0.99.
H= Net head on turbine
(ii) The velocity of when (u) is given by
Where = speed ratio. The value of speed ratio varies from 0.43 to 0.48
(iii) The angle of deflection of the jet through the buckets is taken at 1650 if no angle of deflection is given.(iv) The mean diameter or the pitch diameter D of the pelton turbine is given by
(v) Jet Ratio: it is defined as the ratio of the pitch diameter (D) of the pelton turbine to the diameter of the jet (d). It is denoted by m and is given as
m = D/d (=12 for most cases)
(vi) Number of bucket on a runner is given by
Where m = jet ratio
(vii) Number of jets: it is obtained by dividing total rate of flow through the turbine by the rate of flow of water through a single jet.


Different Efficiencies:

Hydraulic efficiency:
Hydraulic efficiency is defined as the ration of power developed by the runner to the power supplied at the inlet of the turbine
Mechanical Efficiency:
Mechanical efficiency is defined as the ratio of the power available at the turbine shafts to the available power at the turbine runner.
Volumetric Efficiency:
Volumetric efficiency is defined as the ratio of the volume of the water strikes the runner to the total water supplied by the jet to the turbine.
Overall efficiency:
Overall efficiency is defined as the ratio of the power available at the shaft of the turbine to power available from the jet.
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 A servomotor governor (also known as oil pressure governor) is shown in above Figure. 

It consists of (l) a servomotor, (2) relay valve or control valve, (3) actuator (centrifugal governor), (4) oil sump, (5) oil pump and (6) oil supply pipes. 
Working
 The centrifugal governor (actuator) is driven by the turbine shaft through a belt or gear. When the load on the generator reduces, the turbine speed increases. It causes the following actions to take place one after another. 
1. Fly ball of the governor moves upward, 
2. Sleeve moves upward, 
3. Left hand end of main lever rises, 
4.  Bell crank lever moves down and simultaneously the piston of the control valve moves down in the cylinder. The movement of bell crank lever brings the deflector in front of the jet. The deflector diverts a portion of the water jet away from the runner buckets. Thus, rapid closure of the nozzle opening is eliminated and at the same time the quantity of water striking the runner is reduced. The rapid closing of the nozzle increases the pressure of water which may result in water hammer problems. The downward movement of the piston in the control valve forces oil under pressure from the control valve to the left side of the piston in the servomotor. The piston of the servomotor moves to the right pushing the spear forward. The oil in the right side is returned to the oil sump. The forward motion of the spear reduces the opening of the nozzle. Consequently, the rate of flow is decreased and normal speed is restored. Once the normal turbine speed is restored, the main lever returns to its initial position. The deflector is brought to its original position by means of cam arrangement.
























MODULE 3
FRANCIS AND KAPLAN TURBINE
FRANCIS TURBINE
· The Francis turbine is a reaction turbine or This is a type of water turbine that was developed byJames B Francis.
· It is an inward flow reaction turbine that combines radial and axial flow concepts.
· The Francis turbine is the most common water turbine used in todays.
· The Francis turbine operates a head range of 10 meters to several hundred meters and is primarily used for electrical power production.


Francis Turbine has a circular plate fixed to the rotating shaft perpendicular to its surface and passing through its center. This circular plate has curved channels on it; the plate with channels is collectively called as runner. The runner is encircled by a ring of stationary channels called as guide vanes. Guide vanes are housed in a spiral casing called as volute. The exit of the Francis turbine is at the center of the runner plate. There is a draft tube attached to the central exit of the runner. The design parameters such as, radius of the runner, curvature of channel, angle of vanes and the size of the turbine as whole depend on the available head and type of application altogether.
Components
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 Francis turbine consists of the following main parts:
Spiral casing: The spiral casing around the runner of the turbine is known as the volute casing or scroll case. Throughout its length, it has numerous openings at regular intervals to allow the working fluid to impinge on the blades of the runner. These openings convert the pressure energy of the fluid into momentum energy just before the fluid impinges on the blades. This maintains a constant velocity despite the fact that numerous openings have been provided for the fluid to enter the blades, as the cross-sectional area of this casing decreases uniformly along the circumference.
Guide and stay vanes: The primary function of the guide and stay vanes is to convert the pressure energy of the fluid into the momentum energy. It also serves to direct the flow at design angles to the runner blades.
Runner blades:Runner blades are the heart of any turbine. These are the centers where the fluid strikes and the tangential force of the impact causes the shaft of the turbine to rotate, producing torque. Close attention in design of blade angles at inlet and outlet is necessary, as these are major parameters affecting power production.
Draft tube: The draft tube is a conduit that connects the runner exit to the tail race where the water is discharged from the turbine. Its primary function is to reduce the velocity of discharged water to minimize the loss of kinetic energy at the outlet. This permits the turbine to be set above the tail water without appreciable drop of available head.

Working
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.




The Efficiency of Francis Turbine:
Hydraulic efficiency:
It is the ratio of work done on the wheel to the head of water (or energy) actually supplied to the turbine.
Mechanical efficiency:
It is a ratio of actual work available at the turbine to the energy imparted to the wheel.
Overall efficiency:
It is the measure of the performance of a turbine and the ratio of power produced by the turbine to the energy actually supplied to the turbine.
Advantages and Disadvantages of Francis Turbine:
Advantages:
· No head failure occurs still at the low discharge of water.
· Francis turbine variation in operating head can be more simply controlled.
· Mechanical efficiency of Pelton wheel turbine decreases faster than Francis turbine.
· The difference in operating head can be extra simply controlled in Francis turbine than in               Pelton wheel turbine.
· Runner size is small.
· Changing the head is easily controlled.
Disadvantages:
· The water which is not durt free can cause extremely rapid wear in a high head Francis turbine.
· As a spiral casing is stranded, the runner is not simply available. Therefore dismantle is hard.
· The repair and inspection are much harder reasonably.
· Cavitation is an ever-present hazard.
· Current losses are certain.

Application:
1. This is the most efficient hydraulic turbine.
2. Large Francis turbine is individually designed for the site to operate at the highest possible efficiency, typically over 90%. 
Francis type units cover a wide head range, from 20 to 700 M and their output varies from a few kilowatts 200 megawatt.
3. In addition to electrical products and they may also be used for pumped storage;  Where is Reservoir is filled by the turbine (acting as a pump) during low power demand, and then reversed and used to generate power during peak demand.
4. Francis turbine may be designed for a wide range of heads and flows. This, along with their high efficiency, has made them the most widely used turbine in the world.
















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 for effective rotation the blades in a hydro-power station.
[image: IMG_256]
In 1913, an Austrian professor Viktor Kaplan who developed this turbine combined automatically adjusted propeller blades with automatically adjusted wicket gates to achieve efficiency over a wide range of flow and water level. It is also called as propeller turbine and evolved from the Francis Turbine. It is capable of working at low head and high flow rates very efficiently which is impossible with Francis turbine.
The working procedure, main components and its application is discussed in this article.



Main Components of Kaplan Turbine
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. It protects the runner, runner blades guide vanes and other internal parts of the turbine from an external damage.
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Fig 2: Main components of kaplan turbine.



2. Guide Vane Mechanism
It is the only controlling part of the whole turbine, which opens and closes depending upon the demand of power requirement. In case of more power output requirements, it opens wider to allow more water to hit the blades of the rotor and when low power output requires it closes itself to cease the flow of water. If guide vanes is absent than the turbine can not work efficiently and its efficiency decreases.
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 helps in production of electricity.Its shaft is connected to the shaft of the generator. The runner of the this turbine has a large boss on which its blades are attached and the the blades of the  runner is adjustable to an optimum angle of attack for maximum power output. The blades of the Kaplan turbine has twist along its length..
Working Procedure of Kaplan Turbine
The water coming from the pen-stock is made to enter the scroll casing. The scroll casing is made in the required shape that the flow pressure is not lost. 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.
The runner blades start to rotate as the water strikes due to reaction force of the water. The runner blades has twist along its length in order to have always optimum angle of attack for all cross section of blades to achieve greater efficiency.
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.


Application of Kaplan Turbine
1. Kaplan turbines are widely used throughout the world for electrical power production.
2. It can work more efficiently at low water head and high flow rates as compared with other types of turbines.
3. It is smaller in size and easy to construct.
4. The efficiency of Kaplan turbine is very high as compares with other hydraulic turbine.
Disadvantage of Kaplan Turbine
1. The only disadvantage of kaplan turbine is cavitation, which occurs due to pressure drop in draft tube. Use of draft tube and proper material generally stainless steel for the runner blades may reduce the cavitation problem to a greater extent.
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