
TURBINES

Hydraulic machines are defined as those machines which convert either hydraulic energy

(energy possessed by water) into mechanical energy (which is further converted into

electrical energy) or mechanical energy into hydraulic energy. The hydraulic machines,

which convert the hydraulic energy into mechanical energy, are called turbines while the

hydraulic machines which convert the mechanical energy into hydraulic energy. The study of

hydraulic machines consists of turbines and pumps.

Turbines are defined as the hydraulic machines which convert hydraulic energy into

mechanical energy. This, mechanical energy is used in running an electric generator which is

directly coupled to the shaft of the turbine. Thus the mechanical energy is converted into

electrical energy. The electric power which is obtained from the hydraulic energy (energy of

water) is known as Hydroelectric power. At present the generation of hydroelectric power is

the cheapest as compared by the power generated by other sources such as oil, coal etc.

General Layout of a Hydroelectric Power Plant

1. A dam constructed across a river to store water.

2. Pipes of large diameters called penstocks, which carry water under pressure from the 

storage reservoir to the turbines. These pipes are made of steel or reinforced concrete.
3. Turbines having different types of vanes fitted to the wheels.

4. Tail race, which is a channel which carries water away from the turbines after the water

has worked on the turbines. The surface of water in the tail race channel is also known as

tail race.

Fig. Layout of hydroelectric power plant

Definitions of Heads and Efficiencies of a Turbine

1. Gross Head. The difference between the head race level and tail race level when no water

is flowing is known as Gross Head. It is denoted by 'Hg".

2. Net Head. It is also called effective head and is defined as the head available at the inlet

of the turbine, when water is flowing from head race to the turbine, a loss of head due to

friction between water and penstock occurs. Though there are other losses also such as

loss due to bend, Pipes, fittings, loss at the entrance of penstock etc., yet they are having

small magnitude as compared to head loss due to friction. In ‘hf’ is the head loss due to

friction between penstocks and water then net heat on turbine is given by

H = Hg - hf

2



3



4



Main parts of Pelton Wheel
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FRANCIS TURBINE

The Francis turbine is a mixed flow reaction turbine. This turbine is used for medium

heads with medium discharge. Water enters the runner and flows towards the center of the

wheel in the radial direction and leaves parallel to the axis of the turbine.

Turbines are subdivided into impulse and reaction machines. In the impulse turbines,

the total head available is converted into the kinetic energy. In the reaction turbines, only

some part of the available total head of the fluid is converted into kinetic energy so that the

fluid entering the runner has pressure energy as well as kinetic energy. The pressure energy is

then converted into kinetic energy in the runner.

The Francis turbine is a type of reaction turbine that was developed by James B.

Francis. Francis turbines are the most common water turbine in use today. They operate in a

water head from 40 to 600 m and are primarily used for electrical power production. The

electric generators which most often use this type of turbine have a power output which

generally ranges just a few kilowatts up to 800 MW.

Main components of Francis turbine

1. Spiral Casing

The water flowing from the reservoir or dam is made to pass through this pipe with

high pressure. The blades of the turbines are circularly placed, which means the water

striking the blades of the turbine should flow in the circular axis for efficient striking. So, the

spiral casing is used, but due to the circular movement of the water, it loses its pressure.

To maintain the same pressure, the diameter of the casing is gradually reduced, to

maintain the pressure uniformly, thus uniform momentum or velocity striking the runner

blades.
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2. Stay Vanes

This guides the water to the runner blades. Stay vanes remain stationary at their 

position and reduces the swirling of water due to radial flow and as it enters the runner

blades. Hence, makes the turbine more efficient.

3. Guide Vanes

Guide vanes are also known as wicket gates. The main function or usages of the guide 

vanes are to guide the water towards the runner and it also regulates the quantity of water 

supplied to runner. It also guides the water to flow at an angle and that is appropriate for the

design.

4. Runner Blades:

Absorbs the energy from the water and converts it to rotational motion of the main

shaft. The runner blades design decides how effectively a turbine is going to perform. The

runner blades are divided into two parts. The lower half is made in the shape of a small

bucket so that it uses the impulse action of water to rotate the turbine.

The upper part of the blades uses the reaction force of water flowing through it. These

two forces together make the runner rotate.

Draft Tube

The draft tube is an expanding tube which is used to discharge the water through the

runner and next to the tailrace. The main function of the draft tube is to reduce the water

velocity at the time of discharge. Its cross-section area increases along its length, as the water

coming out of runner blades, is at considerably low pressure, so its expanding cross-section

area helps it to recover the pressure as it flows towards the tailrace.
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Working principles of Francis turbine

➢ The water is admitted to the runner through guide vanes or wicket gates. The opening

between the vanes can be adjusted to vary the quantity of water admitted to the turbine.

This is done to suit the load conditions.

➢ The water enters the runner with a low velocity but with a considerable pressure. As the

water flows over the vanes the pressure head is gradually converted into velocity head.

➢ This kinetic energy is utilized in rotating the wheel Thus the hydraulic energy is

converted into mechanical energy.

➢ The outgoing water enters the tailrace after passing through the draft tube. The draft tube 

enlarges gradually and the enlarged end is submerged deeply in the tailrace water.

➢ Due to this arrangement a suction head is created at the exit of the runner.

Velocity Triangle
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