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Prepared by Dr. Assim Al-Daraje 



INTRODUCTION 
The Pelton turbine is ideal for high-head and 
low-discharge situations. The number of jets 
in a turbine is usually one. However, where 
additional power is needed and adequately 
large water supply is available; multiple jets 
ranging from one to six are used. As multijet 
units are expensive in view of additional 
components and control mechanisms, the 
choice between more units of single-jet 
turbine and smaller 
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units of multi-jet units is based on 
economic considerations. Generally, 
vertical axis mountings are used when 
more than two jets are employed. 
4-1 Definitions and Working Ratios 
1. Diameter of the Wheel 
In a Pelton turbine, the diameter D that is 
used in equations and calculations is the 
diameter of the pitch circle (Fig. 4.2). Pitch 
circle is the center line of the circle of 
buckets to which the jet axis is tangential. 
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The nozzle is considered as the integral part of 
the turbine. Consider Fig. 4.1. Here, net head 

Where: 𝐻𝑔𝑔𝑔𝑔𝑔 = Gross head = Difference in water 
surface elevation of upstream reservoir and tail 
water level. 
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2. Net Head 
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•  
𝑃𝑏
ɣ

= Pressure head at the base of the nozzle 

and 𝑉
2
𝑏

2𝑔
  =Velocity head at the base of the 

nozzle. If 𝐻𝑔  = turbine setting height= 
Difference in elevation of the center of wheel 
and tail water level  

• For Pelton turbines mounted on a vertical 
axis. 𝐻𝑔𝑠 = 𝐻𝑔. 

• For Pelton turbines mounted. on a horizontal-
axis, 𝐻𝑔𝑠  < 𝐻𝑔,  and the difference between 
these tow terms may not be significant in 
most of the installations 7 



The net or effective head is the head available at 
the base of the nozzle (Fig. 4. 1). 
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Basic geometrical dimensions of the Pelton 
bucket 

The number of buckets, Z is another important parameter 
of the wheel. It depends on the jet ratio m (= D/A) and the 
following empirical relationship has been arrived at 
through experimental observations: 



3-Kinetic Energy of Jet 
Let the nozzle of Fig. 4.1 produce a jet of 
area 𝐴1, diameter d and velocity 𝑉1 at vena 
contracta. Ideally, if there were no losses, 
the entire net head H would be converted 
to kinetic energy of the jet. However, there 
are three kinds of losses in this energy. 
(a) Loss in the Nozzle: If 𝐶𝑣, is the velocity 
coefficient of the nozzle then the velocity 
of the jet is given by 
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(b) Loss of Energy in the Bucket During the transit 
of the jet over the bucket, from inlet to the exit, 
there is a certain amount of loss of energy 
𝐻𝐿𝐿,which could be described by 
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(c) Kinetic Energy not used in Momentum 
Change in the Bucket 
The kinetic energy of the jet is reduced to a 
minimum after passing through the bucket. 
However the water that leaves the bucket and 
goes to the tail water will still have some 
residual energy that is going waste, so far as the 
turbine is concerned. This is equivalent to the 
energy thrown to the tail water in the draft tube 
of the reaction turbines. This part of energy, 𝐻𝐿𝐿, 
is represented as: 
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where 𝑉2 , is the absolute velocity of water 
leaving the bucket. If 𝐻𝐿 is the actual energy 
head transmitted to the buckets of the turbine 
then 

The shaft power P developed by the interaction of a jet 
with the buckets in the Pelton wheel is given by 
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where η𝑔 is the overall efficiency, .H = Net 
head, and Q = Discharge through the nozzle, 

The ratio of the peripheral velocity of the 
buckets at the pitch circle, u , to the spouting 
velocity is known as speed ratio, 𝐾𝑢. Thus, 

where 𝐾𝑢, is a coefficient with a value which is 
less than 0.5 and usually lying in the range 0.43 
to 0.47 . 14 
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Buckets 
The shape of the buckets used in present-day 
Pelton turbines can be described as a 
combination of two semi-ellipsoidal shaped 
cups joined at the sides. The joining edge is 
shaped so that it acts as a splitter of the 
impinging jet (see attached Figure). The 
splitter is of sharp-ridge type and splits the 
impinging jet into two halves. This helps avoid 
the formation of any dead spots in the centre of 
the cups and aids lateral flow of the jet. 
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Nozzle: The nozzle (also known as injector) is 
one of the very important components in Pelton-
turbine system and forms an integral part of the 
turbine system. The jet of water necessary to 
drive the Pelton wheel is produced in the nozzle 
that is connected to the end of the penstock 
through suitable connecting pipes. When the 
needle is fully withdrawn, the nozzle is fully 
open and emits the maximum discharge as a free 
jet. A small advance of the needle from its fully 
withdrawn position closes the opening partially 
and correspondingly the discharge of the jet 



18 Typical nozzle assembly of a Pelton turbine 

from the nozzle is reduced. 
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Deflectors 
A deflector is a device provided at the tip of the 
nozzle to deflect the path of a part or the full jet 
issuing from the nozzle in such a manner that 
the deflected part of the jet does not impact the 
bucket and falls away from the runner. The 
deflector serves another purpose of protecting 
the jet from the exit water spray from the runner, 
to some extent. The deflector servomechanism is 
connected by link mechanisms with the control 
valve of the needle servomotor. 



20 Deflectors 
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Basic Theory of Pelton Wheel 
The basic one-dimensional flow analysis of 
the energy transfer by the water jet to the 
buckets is the adoption of the principle of jet 
impingement on a series of vanes mounted on 
a wheel described in chapter 1 part 2. 
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T'EEXAMPLE 4.10 
A Pelton turbine has jet velocity of 90 m/s and 
peripheral velocity of 40 m/s. If the deflection 
angle of the jet in the bucket is 160", find the 
(a) head loss due to bucket friction, and (b) 
kinetic energy head of exit discharge from the 
buckets. Take bucket friction coefficient K = 
0.9. 
Solution: 
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EXAMPLE 2.1 
The water jet in a Pelton wheel is 8 cm in 
diameter and has a velocity of 93 m/s. The 
rotational speed of the wheel is 600 rpm and 
the deflection angle of the jet at the bucket 
is 170°. If the ratio of bucket velocity to jet 
velocity is 0.47, determine the (a) diameter 
of the wheel, and (b) power transfer to the 
wheel by the jet? Take bucket  friction 
coefficient K = 0.96 
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The total mass of fluid undergoing momentum 
change per second in the buckets is (ρQ). 
Hence, by linear momentum equation, the force 
on the bucket in the initial direction of the jet 
(i.e. in the {+ x} direction), is 
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EXAMPLE 2.2 A Pelton turbine has a net head 
of 425 m. Assuming: Cv = 0.97, speed ratio Ku 
= 0.46, jet deflection angle at the bucket 165" 
and bucket friction coefficient K = 0.9, 
calculate the (a) hydraulic efficiency (b) wheel 
efficiency, and (c) nozzle efficiency of the 
turbine. Solution: 

ηℎ = 42 88.58−42  ( 1+0.9 cos 15)
𝑔 𝑥 425

 = 0.879 or 87.9% 

Since β̇= 180 - β 
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EXAMPLE 2.3 
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Solution: Power transmitted by the jet to the wheel 
(Euler power) is given by 
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A Pelton turbine is to produce 20 MW under 
a head of 480 m and speed of 500 rpm. If the 
jet ratio (D/d) is to be in the range 9 to 12, 
determine the number of jets required. Take 
overall efficiency = 85%, coefficient of 
velocity = 0.97 and speed ratio = 0.46. 
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A Pelton turbine has the following data: When 
the turbine is operating at the theoretical 
condition of maximum efficiency, find the 
head required at the base of the nozzle. Also, if 
the specific speed of the turbine is 9.2, 
estimate the maximum overall efficiency. 
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