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• Hydraulic energy power generation (hydropower) has been used since ancient times to grind flour and 
perform other tasks. Today hydropower is the most widely used form of renewable energy accounting for 
about 16 percent of global electricity generation. Modern hydraulic power plants use the potential 
energy of water to operate turbines driving electric generators. 

• If 1 and 2 designate the extremity inlet (upper) and outlet (lower) sections of the plant layout, the work 
exchange (per unit mass) in the open system is: 

W12  = (h1 –  h2) + (c1
2/2 – c2

2/2) + g (z1 – z2)  

• Since enthalpy (h) and kinetic energy (c2/2) variations are generally negligible, the work can be written: 

W12  = W = g (z1 – z2)  = g H’ 

where H’ is the geodetic head, i.e., the difference in height between the source and the water outflow 

• Actual power P is given by: 
P = M   W    =   Q  g  H’   

where: 

 = water density = 1000 kg/m3 

Q  = volume flow rate 

   = overall efficiency (taking account of circuit pipes and turbine losses) 
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Specific work and power of hydraulic plants   
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• There are three main types of hydropower facilities: 

• reservoir (impoundment) plants: they mainly use the position energy of the water collected (naturally 
or by a dam) in a basin or lake, at high elevation in the mountains. 

• water flowing (run-of-river) plants: they channels a portion of a river through a canal or penstock. 
They may not require the use of a dam. The water coming from upstream must be used for generation 
at that moment, or must be allowed to bypass the plant. 

• pumped-storage plants: they are similar in structure to reservoir plants and move water between 
reservoirs at different elevations. At times of low electrical demand, the excess generation capacity of 
the grid is used to pump water from a lower reservoir to an upper reservoir. During periods of high 
electrical demand, the water is released back to the lower reservoir and turns a turbine, generating 
electricity. Pumped-storage schemes currently provide the most commercially important means of 
large-scale grid energy storage.  

• The hydraulic turbines are power generating fluid machines that convert the energy of water supplied 
by a hydraulic plant into mechanical work. 

• Hydraulic turbines may be classified into: 

• impulse turbines (Pelton), where the pressure of the fluid along the rotor channels is constant 

• reaction turbines (Francis, Kaplan), where the pressure of the fluid drops along the rotor channels 
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Types of hydraulic plants and turbines    
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The energy equations for open systems 
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Mechanical form 
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• The level differentials available are normally high (H’ = 500-1500 m), while the water volume flow 
rates are usually quite low (Q = 0.5-50 m3/s). 

• Pelton and Francis type hydraulic turbines are generally used in this type of plant. 
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Reservoir plants   
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• In this case the geodetic heads are normally low (H’ = 5-50 m) while the water flow rate range is 
extensive (Q = 5-500 m3/s). 

• Different hydraulic turbines can be used, mainly depending on the water flow rate. 

• A portion of the river flow rate is diverted to an artificial canal with lower loss coefficient (’) than the 
natural one (). 
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Water flowing (run-of-river) plants   

H’ 

MARUEEB Project M. Capobianco, Basics of Systems and Machines for Energy Conversion  – University of Genoa, October 12-13, 2016 



• Pumped-storage plants store energy in the form of gravitational potential energy of water, pumped 
from a lower elevation reservoir to a higher elevation. Low-cost off-peak electric power is used to run 
the pumps. During periods of high electrical demand, the stored water is released through turbines to 
produce electric power.  

• Although the losses of the pumping process make the plant a net consumer of energy overall, the 
system is economically profitable since it allows to sell more electricity during periods of peak demand, 
when electricity prices are highest. 
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Pumped-storage plants  
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• The Pelton is an impulse type turbine. The Pelton wheel consists 
of a rotor, with double-spoon buckets mounted at its periphery. 

• The water is transferred from a high head source through 
penstock pipes. 

• Each branch duct from the penstock pipe ends in a nozzle, 
through which the water flows, controlled by a moving needle. 

• All the available energy is converted into kinetic energy in the 
nozzle. 

• The water kinetic energy is converted into mechanical work in the 
rotor 
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Pelton turbine (1/2)   
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Pelton turbine (2/2)   
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• Reaction turbines (mainly Francis and Kaplan) are used when the geodetic heads are relatively low 
(H’ < 150-300 m) and the water flow rates are high (Q > 10-30 m3/s).   

• The Francis turbine is a radial inflow turbine in which a spiral casing provides a uniform distribution 
of water around the distributor (stator) circumference. The water, from the spiral casing, is guided 
into the runner (turbine rotor) by a number of distributor blades. 

15 

Francis turbine (1/2)   

MARUEEB Project M. Capobianco, Basics of Systems and Machines for Energy Conversion  – University of Genoa, October 12-13, 2016 



• Flowing through the distributor vanes, the water is accelerated transforming part of its pressure 
energy in kinetic energy and reaching a correct velocity directed tangentially to the rotor blades. 

• The distributor blades can be rotated about fixed pivots by a servo-mechanism, so that the volume 
flow rate can be controlled. At any load, the distributor blades are turned at the best angle, so that the 
flow enters the runner without any impact.  
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Francis turbine (2/2)   
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• Increasing the volume flow rate and decreasing the geodetic head, the shape of Francis turbine rotor  
changes: the radial development of the rotor blades decreases while their axial extent increases, in 
order to handle higher flow rates. 

• For the highest water flow rates, Kaplan reaction turbines are used. In this case, not only the distributor 
blades are rotating , but also the rotor blades are adjustable and can be turned about pivots fixed to the 
runner, so that the triangles of fluid velocity are optimised at any turbine load. 
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Kaplan turbine (1/2)   
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Kaplan turbine (2/2)   

• Kaplan turbines are used for small geodetic heads  (H’ = 5-40 m) and very high water flow rates (up 
to 50 m3/s). Power output ranges from 5 to 200 MW.  
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September ,,, 2013 Footer text here 29 
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