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HYDRAULIC TURBINES



List of the various advantages and disadvantages of hydropower plants



9.2 HYDRAULIC TURBINES

The efficiency of a hydraulic turbine can be defined as the work developed by the rotor in unit time

divided by the difference in hydraulic energy between inlet and outlet of the turbine in unit time.

The efficiencies of the three principal types of hydraulic turbine just mentioned are shown in Figure as 

functions of the power specific speed

where P is the power delivered by the shaft, ρ is
the density of water, HE is the effective head at

turbine entry, and Ω is the rotational speed in
radians per second.



Table 9.3 summarizes the normal operating ranges for the specific speed, the effective head, the 

maximum power and best efficiency for each type of turbine.



9.3 THE PELTON TURBINE

This is the only hydraulic turbine of the impulse type now

in common use. It is an efficient machine and it is

particularly suited to high head applications. The rotor

consists of a circular disc with a number of blades (usually

called buckets) spaced around the periphery. One or more

nozzles are mounted in such a way that each nozzle

directs its jet along a tangent to the circle through the

centers of the buckets. A “splitter” or ridge splits the

oncoming jet into two equal streams so that, after flowing

round the inner surface of the bucket, the two streams

depart from the bucket in a direction nearly opposite to

that of the incoming jet. Figure 9.3 shows the runner of a

Pelton turbine and Figure 9.4 shows a six-jet vertical axis

Pelton turbine.



Considering one jet impinging on a bucket, the appropriate

velocity diagram is shown in Figure 9.5. The jet velocity at

entry is c1 and the blade speed is U so that the relative velocity

at entry is w1 = c1-U. At exit from the bucket one half of the jet

stream flows as shown in the velocity diagram, leaving with a

relative velocity w2 and at an angle β2 to the original direction of

flow. From the velocity diagram the much smaller absolute exit

velocity c2 can be determined. From Euler’s turbine equation,

eqn. (1.18c), the specific work done by the water is





The effective head, HE (or delivered head), at entry to

the turbine is the gross head minus the friction head loss,

Hf,

Energy Losses in the Pelton Turbine




















