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ENERGY TRANSFER IN PELTON TURBINES 

Hydropower is a renewable and reliable energy source which uses the flow of water. As 

the interest to reduce the fossil fuel use increases,  many researchers have been 

interested in improving the hydropower technology in use today. The main components 

of a typical hydropower plant are hydraulic turbines and generators. There are two types 

of hydraulic turbines: reaction and impulse. In this module, we will examine the transfer 

of energy in impulse turbines. The predominant type of impulse machine is the Pelton 

wheel. The Pelton turbine is typically used for applications with low specific speed 

(which is associated with the existence of large head or elevation differences and small 

flowrates). 

Figure 1 shows the components of a typical Pelton turbine. The runner consists of a 

large wheel with spoon shaped buckets. The wheel operates in air and is driven by jets 

of water impinging on it. At the center of each bucket, there is a splitter ridge which 

basically divides the water jet into two equal streams. 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 1: Components of a Pelton turbine. 
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In turbomachinery analysis, the absolute velocity is composed of three components: the 

component of velocity in the axial direction, the tangential component of the velocity 

which is always parallel to tangential rotor velocity (Vu), and the radial component. 

To study the energy transfer analysis of a Pelton Wheel, we should form and examine 

the velocity triangles at the inlet and exit: 

 Plane of wheel 
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Inlet:    Exit:  

  Vu2 

 Vr1 V1 = Vu1 V2 

   Vr2 U2 

U1             

 

 

: angle of buckets 

V1 and V2 : absolute jet velocity at the inlet and the exit respectively. 

U1 and U2 : velocity of the bucket due to rotation of wheel at the inlet and the exit. 

Vr1 and Vr2 : relative velocity at the inlet and the exit. (It can be defined with the following 

vector equations: V1=U1+Vr1 and V2=U2+Vr2) 
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Vu1 and Vu2 : the component of absolute velocity in the direction of the plane of wheel.  

 

The power extracted from the fluid can be written as 

                             (1) 

 

   is the mass flow rate. 

By using velocity triangles, Vu1 and Vu2 can be calculated as 

 

                        (2) 

 

                                                                       (3) 

 

To simplify Equation (1), let’s consider the calculation of the change in head.  

The change in head =            (4) 

In Equation (4),   

  is representing the dynamic effects. 

   corresponds to the static effects. 

For a Pelton turbine, the energy transfer is mainly due to dynamic effects. Hence, we 

can assume that the static effect on energy transfer is negligible compared to dynamic 

effect.  

The bucket velocity at the inlet and the exit is the same.  

                                                             (5) 
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Since the change in head due to static effects is zero, the remaining part of the equation 

yields                                                                                        

                                                             

                                                                                           (6) 

 

The power extracted from the fluid becomes, 

   

                

                                       (7) 

 

Note that cos (180 – ) = -cos( ) 

 

                                    (8) 

 

 

The maximum power extracted can be found by taking derivative of Equation (8) with 

respect to bucket velocity U. 
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Equation (9) yields that the bucket velocity U should be equal to V1 / 2 for the maximum 

power extraction.  
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Example: An engineer is designing a Pelton turbine to produce electricity. According to 

his calculations, the diameter of the wheel is 3m, and velocity of the fluid exiting the 10 

cm diameter nozzle is 100 m/s. If the exit angle  is 160°, 

a) Sketch the inlet and outlet velocity triangles.  

b) Calculate the flow rate. 

c) Determine the speed in rpm for maximum power extraction. 

 

Solution:  

a)  

Inlet velocity triangle:    Exit velocity triangle:  

  Vu2 

 Vr1 V1 = Vu1 V2 

   Vr2 U2 

U1                  20° 

 

 

b) Flow rate = V1 x A nozzle = (100m/s) . π/4. (0.1m)2 = 0.785m3/s 

c) ω =?    

 U= (Dwheel / 2).ω 

 For maximum power extraction: U = V1 / 2 = 50 m/s 

 ω = (50m/s) / (1.5m) = 33.3rad/s = 318.3rpm 
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