
UNIT -4 

HYDRAULIC TURBINE



TURBINES

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

layout of a hydroelectric power plant which consists of:

(i) A dam constructed across a river to store water.

(ii) 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.

(iii) Turbines having different types of vanes fitted to the wheels.

(iv) 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.





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 'H' 



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 the water and penstocks occurs.

Though there are other losses also such as loss due to bend, pipe fittings, loss at the entrance of

penstock etc., yet they are having small magnitude as compared to head loss due to friction.

If '𝒉𝒇’ is the head loss due to friction between penstocks and water then net heat on turbine is

given by



3. Efficiencies of a Turbine.

The following are the important efficiencies of a turbine.

(a) Hydraulic Efficiency,

(b) Mechanical Efficiency,

(c) Volumetric Efficiency,

(d) Overall Efficiency,



(a) Hydraulic Efficiency (η𝒉).

It is defined as the ratio of power given by water to the runner of a turbine (runner is a

rotating part of a turbine and on the runner vanes are fixed) to the power supplied by the

water at the inlet of the turbine.

Thus, mathematically, the hydraulic efficiency of a turbine is written as







(b) Mechanical Efficiency (η𝒎).

The power delivered by water to the runner of a turbine is transmitted to the shaft of

the turbine.

Due to mechanical losses, the power available at the shaft of the turbine is less than the

power delivered to the runner of a turbine.

The ratio of the power available at the shaft of the turbine (known as S.P. or B.P.) to the

power delivered to the runner is defined as mechanical efficiency. Hence, mathematically,

it is written as



(c) Volumetric Efficiency (η𝒗).

The volume of the water striking the runner of a turbine is slightly less than the volume of

the water supplied to the turbine.

Some of the volume of the water is discharged to the tail race without striking the runner of

the turbine. Thus the ratio of the volume of the water actually striking the runner to the

volume of water supplied to the turbine is defined as volumetric efficiency. It is written as



(d) Overall Efficiency (η𝟎). It is defined as the ratio of power available at the shaft of 

the turbine to the power supplied by the water at the inlet of the turbine. It is written as :





Topics

1. Classification of Turbines

2. Selection of Turbines

3. Design of Turbines - Pelton, Francis, Kaplan 4. Draft Tube

5. Surge Tanks

6. Governing of Turbines

7. Unit Speed, Unit Discharge, Unit Power 

8. Characteristic Curves of Hydraulic Turbines 

9. Similitude or Model Analysis

10. Cavitations



Classification of Turbines

1. According to type of energy at Inlet

a) Impulse Turbine

Pelton Wheel : Requires High Head and Low Rate of Flow

b) Reaction Turbine

Francis, Kaplan :Requires Low Head and High Rate of Flow

2. According to direction of flow through runner

a) Tangential Flow Turbine - Pelton Wheel

b) Radial Flow Turbine - Francis Turbine

c) Axial Flow Turbine - Kaplan Turbine

d) Mixed Flow Turbine - Modern Francis Turbine





Impulse Turbine : If at the inlet of the turbine, the energy available is only kinetic energy, 

the turbine is known as impulse turbine. As the water flows over the vanes, the pressure is 

atmospheric from inlet to outlet of the turbine. 

Reaction Turbine :If at the inlet of the turbine, the water possesses kinetic energy as well

as pressure energy, the turbine is known as reaction turbine.

As the waters flows through the runner, the water is under pressure and the pressure energy

goes on changing into kinetic energy. The runner is completely enclosed in an air-tight

casing and the runner and casing is completely full of water.



If the water flows along the tangent of the runner, the turbine is known as tangential flow

turbine.

If the water flows in the radial direction through the runner, the turbine is called radial flow

turbine.

If the water flows from outwards to inwards, radially, the turbine is known as inward radial

flow turbine, on the other hand,

If water flows radially from inwards to outwards, the turbine is known as outward radial

flow turbine.



If the water flows through the runner along the direction parallel to the axis of rotation of

the runner, the turbine is called axial flow turbine.

If the water flows through the runner in the radial direction but leaves in the direction

parallel to axis of rotation of the runner, the turbine is called mixed flow turbine.



Classification of Turbines

3. According to Head at Inlet of turbine

a) High Head Turbine - Pelton Wheel

b) Medium Head Turbine – Francis Turbine

c) Low Head Turbine - Kaplan Turbine

4. According to Specific Speed of Turbine 

a) Low Specific Speed Turbine – Pelton Wheel 

b) Medium Specific Speed Turbine -Francis Turbine 

c) High Specific Speed Turbine - Kaplan Turbine





Classification of Turbines

5. According to Disposition of Turbine Shaft

a) Horizontal Shaft - Pelton Wheel

b) Vertical Shaft - Francis & Kaplan Turbines
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PELTON WHEEL (OR TURBINE)

• The Pelton wheel or Pelton turbine is a tangential flow impulse turbine.

• The water strikes the bucket along the tangent of the runner.

• The energy available at the inlet of the turbine is only kinetic energy.

• The pressure at the inlet and outlet of the turbine is atmospheric.

• This turbine is used for high heads and is named after L.A. Pelton, an

American Engineer.



Figure shows the layout of a hydroelectric power plant in which the turbine is Pelton wheel.

The water from the reservoir flows through the penstocks at the outlet of which a nozzle is

fitted. The nozzle increases the kinetic energy of the water flowing through the penstock. At the

outlet of the nozzle, the water comes out in the form of a jet and strikes the buckets (vanes) of

the runner.



The main parts of the Pelton turbine are:

1. Nozzle and flow regulating arrangement (spear),

2. Casing, and

3. Runner and buckets,

4. Breaking jet.



1. Nozzle and Flow Regulating Arrangement:

▪ The amount of water striking the buckets (vanes)

of the runner is controlled by providing a spear in

the nozzle as shown in Figure.

▪ The spear is a conical needle which is operated

either by a hand wheel or automatically in an axial

direction depending upon the size of the unit.

▪ When the spear is pushed forward into the nozzle

the amount of water striking the runner is reduced.

▪ On the other hand, if the spear is pushed back, the

amount of water striking the runner increases.



2. Runner with Buckets :

Figure shows the runner of a Pelton wheel. It consists of a

circular disc on the periphery of which a number of buckets

evenly spaced are fixed.

The shape of the buckets is of a double hemispherical cup

or bowl.

Each bucket is divided into two symmetrical parts by a

dividing wall which is known as splitter.



The jet of water strikes on the splitter.

The splitter divides the jet into two equal parts and the jet

comes out at the outer edge of the bucket. The buckets are

shaped in such a way that the jet gets deflected through

160° or 170°.

The buckets are made of cast iron, cast steel bronze or

stainless steel depending upon the head at the inlet of the

turbine.

2. Runner with Buckets :



3. Casing. Figure shows a Pelton turbine with a casing.

The function of the casing is to prevent the splashing of

the water and to discharge water to tail race.

It also acts as safeguard against accidents.

It is made of cast iron or fabricated steel plates.

The casing of the Pelton wheel does not perform any

hydraulic function.



4. Breaking Jet.

When the nozzle is completely closed by moving the spear in the forward direction,

the amount of water striking the runner reduces to zero.

But the runner due to inertia goes on revolving for a long time.

To stop the runner in a short time, a small nozzle is provided which directs the jet of

water on the back of the vanes. This jet of water is called breaking jet.



Velocity Triangles and Work done for Pelton Wheel. Figure shows the shape of the

vanes or buckets of the Pelton wheel.

The jet of water from the nozzle strikes the bucket at the splitter, which splits up the jet

into two parts.

These parts of the jet, glides over the inner surfaces and comes out at the outer edge.

Fig. 18.5 (b) shows the section of the bucket at Z-Z.

The splitter is the inlet tip and outer edge of the bucket is the outlet tip of the bucket.

The inlet velocity triangle is drawn at the splitter and outlet velocity triangle is drawn at

the outer edge of the bucket.
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RADIAL FLOW REACTION TURBINES

Radial flow turbines are those turbines in which the water flows in the radial direction. 

The water may flow radially from outwards to inwards (i.e., towards the axis of rotation) 

or from inwards to outwards.

• If the water flows from outwards to inwards through the runner, the turbine is 

known as inward radial flow turbine.

• if the water flows from inwards to outwards, the turbine is known as outward radial 

flow turbine.

Reaction turbine means that the water at the inlet of the turbine possesses kinetic energy 

as well as pressure energy. As the water flows through the runner, a part of pressure 

energy goes on changing into kinetic energy.



Thus the water through the runner is under pressure. The runner is completely enclosed 

in an air-tight casing and casing and the runner is always full of water.

Main Parts of a Radial Flow Reaction Turbine. 

The main parts of a radial flow reaction turbine are :

1. Casing, 

2. Guide mechanism

3. Runner, and 

4. Draft-tube.





1. Casing:

• As mentioned above that in case of reaction turbine, casing and runner are always 

full of water. 

• The water from the penstocks enters the casing which is of spiral shape in which area 

of cross-section of the casing goes on decreasing gradually. The casing completely 

surrounds the runner of the turbine. 

• The casing is made of spiral shape, so that the water may enter the runner at 

constant velocity throughout the circumference of the runner.

• The casing is made of concrete, cast steel or plate steel.



2. Guide Mechanism

• It consists of a stationary circular wheel all 

round the runner of the turbine.

• The stationary guide vanes are fixed on the 

guide mechanism.

• The guide vanes allow the water to strike the

vanes fixed on the runner without shock at

inlet. Also by a suitable arrangement, the

width between two adjacent vanes of guide

mechanism can be altered so that the amount

of water striking the runner can be varied.



3. Runner :

• It is a circular wheel on which a series of radial curved vanes are fixed.

• The surface of the vanes are made very smooth. The radial curved vanes are so 

shaped that the water enters and leaves the runner without shock.

• The runners are made of cast steel, cast iron or stainless steel. They 

are keyed to the shaft.



4. Draft-tube:

• The pressure at the exit of the runner of a reaction turbine is generally less than

atmospheric pressure.

• The water at exit cannot be directly discharged to the tail race. A tube or pipe of

gradually increasing area is used for discharging water from the exit of the turbine to

the tail race.

• This tube of increasing area is called draft tube.



Inward Radial Flow Turbine: Figure shows inward radial flow turbine, in which case the 

water from the casing enters the stationary guiding wheel. 

• The guiding wheel consists of guide vanes which direct the water to enter the runner 

which consists of moving vanes.

• The water flows over the moving vanes in the inward radial direction and is discharged at 

the inner diameter of the runner. 

• The outer diameter of the runner is the inlet and the inner diameter is the outlet.
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t

Water flows in in circumference in area 

𝐴𝐹 = π.D.B 

𝐴𝐹 = π.𝐷1.𝐵1

𝐴𝐹 = π.𝐷2.𝐵2

1

2

1
2

Actual water flow in circumference area 

𝐴𝐹 = (π.D-nt )B 
𝐴𝐹 =K. π.D.B 



t

𝐴𝐹 = π.D.B 

𝐴𝐹 = π.𝐷1.𝐵1

𝐴𝐹 = π.𝐷2.𝐵2

1
2

Discharge Q =𝐴𝐹. 𝑉𝐹.

Discharge Q =𝐴𝐹1. 𝑉𝐹1.= 𝐴𝐹2. 𝑉𝐹2

Discharge Q = π.𝐷1.𝐵1𝑉𝐹.= π.𝐷2.𝐵2𝑉𝐹.

to get 𝐹𝑦 = 0 (No radial force on the runner ) 

𝑉𝐹1= 𝑉𝐹2

𝐴𝐹. 𝑉𝐹1.= 𝐴𝐹. 𝑉𝐹2

π.𝐷1.𝐵1.= π.𝐷2.𝐵2

𝐷1 > 𝐷2

𝐵2 > 𝐵1

If given 

𝐵1 = 𝐵2

𝑉𝐹1≠ 𝑉𝐹2

𝐹𝑦 ≠ 0



to get 𝐹𝑦 = 0 (No radial force on the runner ) 

𝑉𝐹1= 𝑉𝐹2

𝐴𝐹. 𝑉𝐹1.= 𝐴𝐹. 𝑉𝐹2

π.𝐷1.𝐵1.= π.𝐷2.𝐵2

𝐷1 > 𝐷2

𝐵2 > 𝐵1

If given 

𝐵1 = 𝐵2

𝑉𝐹1≠ 𝑉𝐹2

𝐹𝑦 ≠ 0

t

1
2 𝐵2 𝐵1

𝐵2 𝐵1𝐹𝑦 = 0 

𝐹𝑦 ≠ 0

TO Avoid radial force acts on the runner
𝐵1 > 𝐵2 is maintained in design 
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Degree of Reaction (R):

R =
Contribution of Pressure energy Head into (Runner power)

Contribution of Kinetic energy +Contribution of Pressure energy Head into (Runner power)

𝑹 =
𝑪𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒊𝒏𝒔𝒊𝒅𝒆 𝒕𝒉𝒆 𝒓𝒖𝒏𝒏𝒆𝒓

𝑪𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝒕𝒐𝒕𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 𝒊𝒏𝒔𝒊𝒅𝒆 𝒕𝒉𝒆 𝒓𝒖𝒏𝒏𝒆𝒓

Fundamental equation for hydrodynamic machines 

Or 

Energy transfers per unit weight to the runner 

Or

Total energy change inside the runner per unit weight 
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1
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𝑉𝑟1

𝑉1

B C

𝑉𝑤1
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𝑉𝑤 2

Ø β

U2

𝑉2
𝑉𝑟2

𝑉𝑓2

From outlet velocity triangle:

𝑉𝑤2
+ 𝑈2 = 𝑉𝑟2 cos ϴ
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2 − 𝑉𝑓2

2 -𝑈2

𝑉𝑤2 = 𝑉𝑟2
2 − (𝑉2 − 𝑉𝑤2)2 -𝑈2
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He =
1

g
VW1

U1 ± VW2
U2
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2g
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Change in kinetic energy 

per unit weight inside the 

runner 

Change in energy 

per unit weight 

due to 

centrifugal action 

+ +
Change in static 

pressure energy 

per unit weight 
= He



Change in pressure inside the runner (𝑈1
2−𝑈2

2)

2𝑔
+

(𝑉𝑟2
2−𝑉𝑟1

2)
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(𝑼𝟏
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(𝑽𝒓𝟐
𝟐−𝑽𝒓𝟏
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(𝑼𝟏

𝟐−𝑼𝟐
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𝟐−𝑽𝒓𝟏
𝟐)

𝑽𝟏
𝟐−𝑽𝟐
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𝟐−𝑼𝟐

𝟐)+(𝑽𝒓𝟐
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𝟐−𝑽𝟐
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𝟐−𝑼𝟐
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2gHe = 𝑽𝟏
𝟐 − 𝑽𝟐

𝟐 + (𝑼𝟏
𝟐 − 𝑼𝟐

𝟐) + (𝑽𝒓𝟐
𝟐− 𝑽𝒓𝟏

𝟐)

Based on He =
1

2g
𝑈1

2 − 𝑉𝑟1
2 + 𝑉1

2 ± 𝑉𝑟2
2 − 𝑉2

2 − 𝑈2
2

R= 1-
𝑽𝟏

𝟐−𝑽𝟐
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1)Pelton wheel (Degree of reaction)

U1=U2 𝑉𝑟1
= 𝑉𝑟2

R = 1-
𝑽𝟏

𝟐−𝑽𝟐
𝟐

𝑽𝟏
𝟐−𝑽𝟐

𝟐

R = 1-1 = 0 



2 ) Actual reaction turbine 

Radial distance β = 90 ; 𝑉𝑤2
= 0 ; 𝑉2 = 𝑉𝑓2

𝑉𝑓1
= 𝑉𝑓2

He =
1

g
VW1

U1

Tan α =
𝑉𝑓1

VW1
Cot α = 

VW1

𝑉𝑓1

VW1
= 𝑉𝑓1

Cot α

U1 =  VW1
-BC

U1 =  VW1
-𝑉𝑓1

Cot α

U1 = 𝑉𝑓1
Cot α − 𝑉𝑓1

Cot ϴ

He =
1

g
VW1

U1

He =
1

g
ቁ𝑉𝑓1

Cot α (𝑉𝑓1
Cot α − 𝑉𝑓1

Cot ϴ

He =
1

g
𝑉𝑓1

Cot2 α − Cot α. Cot ϴ )

𝑽𝟏
𝟐 − 𝑽𝟐

𝟐 = 𝑉𝑓1
Cosec2 α -𝑉𝑓2

2

𝑽𝟏
𝟐 − 𝑽𝟐

𝟐 = 𝑉𝑓1

2(Cosec2 α − 1 )

𝑽𝟏
𝟐 − 𝑽𝟐

𝟐 = 𝑉𝑓1

2(Cot2 α)

R = 1-
𝑉𝑓1

2(Cot2 α)

1

g
𝑉𝑓1

Cot α (𝑉𝑓1
Cot α −𝑉𝑓1

Cot ϴ )

R = 1-
(Cot2 α)

Cot α (Cot α −Cot ϴ )

U1

α θ

𝑉𝑟1

𝑉1

B C

𝑽𝒘 𝟏

𝑉𝑓1





PART –V



AXIAL FLOW REACTION TURBINE :

If the water flows parallel to the axis of the rotation of

the shaft, the turbine is known as axial flow turbine.

And if the head at the inlet of the turbine is the sum of

pressure energy and kinetic energy and during the

flow of water through runner a part of pressure

energy is converted into Kinetic energy, the turbine is

known as reaction turbine.



AXIAL FLOW REACTION 

TURBINE

1. Propeller Turbine

2. Kaplan Turbine

▪ When the vanes are fixed to the hub and they are not adjustable, the turbine is known 

as propeller turbine

▪ if the vanes on the hub are adjustable, the turbine is known as a Kaplan Turbine

• This turbine is suitable where a large quantity of water at low head is available. 

▪ The runner of Kaplan turbine resembles with propeller of ship , That is why Kaplan 

turbine is also called as Propeller Turbine. 



The propeller turbines have the following favorable characteristics:

• Relatively small dimensions combined with high rotational speed

• large overloading capacity.

• The comparatively high efficiencies at partial loads and the ability of overloading is

obtained by a coordinated regulation of the guide vanes and the runner blades to obtain

optimal efficiency for all operations.

• Kaplan turbines have adjustable runner blades, that offers significant advantage to give high

efficiency even in the range of partial load, and there is little drop in efficiency due to head

variation or load



Kaplan turbine

• Kaplan turbine is an axial flow reaction turbine.

The water flows through the runner of the turbine

in an axial direction and the energy at the inlet of

the turbine is the sum of kinetic and pressure

energy .

• In an axial flow reaction turbine the shaft is

vertical. The lower end of the shaft is larger and

is known as ‘hub’ or ‘boss’. It is on this hub that

the vanes are attached.



• Kaplan turbine is best suited where large quantity of low head water is available. 

Kaplan Turbine is named after V. Kaplan, the Australian Engineer. 

• Kaplan turbines are now widely used throughout the world in high-flow, low-head 

power production.

The main parts of a Kaplan Turbine are:

1. Scroll Casing 

2. Guide vane Mechanism 

3. Hub with Vanes 

4. Draft Tube 



Working principle :

• The water enters the turbine through the guide vanes which are aligned such as to give

the flow a suitable degree of swirl. The flow from guide vanes pass through the

curved passage which forces the radial flow to axial direction.

• The axial flow of water with a component of swirl applies force on the blades of the

rotar and looses its momentum, both linear and angular, producing torque and

rotation (their product is power) in the shaft. The scheme for production of

hydroelectricity by Kaplan Turbine is same as that for Francis Turbine.











Pelton Francis Kaplan 

Energy at inlet Impulse Reaction Reaction 

Head High Medium Low 

Flow Direction Tangentially Mixed flow (Radial 

entry axial Outlet )

Axial flow 

Discharge 

required 

Low Medium High 

Specific Speed Low Medium High 

Comparison of the turbines  





𝑄 =
𝜋

4
(𝐷0

2- 𝐷𝑏
2 ) ×𝑉𝑓1

𝐷0 = Outer diameter of the runner 

Db = Diameter of hub 

𝑉𝑓1
= velocity of flow at the inlet 

Some important points for the Kaplan or propeller turbine 

1. The Peripheral velocity at the inlet and outlet 

Discharge = 

𝑼𝟏 = 𝑼𝟐 =
𝛑𝑫𝟎𝑵

𝟔𝟎

2. Velocity of flow at the inlet and outlet are equal

𝑽𝒇𝟏
=𝑽𝒇𝟐

3. Area of the flow at inlet = Area of the flow at the outlet 

𝜋

4
(𝐷0

2- 𝐷0
2 )



Types of Draft tube :

It is conical diverging tube fitted at

runner exit to convert the Kinetic

energy into pressure energy .it always

increases the efficiency of turbine .



Draft Tube :

• The draft-tube is a pipe of gradually increasing area

which connects the outlet of the runner to the tailrace.

• It is used for discharging water from the exit of the

turbine to the tail race. This pipe of gradually increasing

area is called a draft-tube.

• One end of the draft-tube is connected to the outlet of

the runner while the other end is sub-merged below the

level of water in the tail race



The draft-tube, in addition to serve a passage for water discharge, has the following 

two purposes also :

1. It permits a negative head to be established at the outlet of the runner and thereby increase the

net head on the turbine. The turbine may be placed above the tail race without any loss of net

head and hence turbine may be inspected properly.

2. It converts a large proportion of the kinetic energy (𝑽𝟐
𝟐/2g) rejected at the outlet of the turbine

into useful pressure energy. Without the draft tube, the kinetic energy rejected at the outlet of the

turbine will go waste to the tail race.

3. Increase Net head on turbine

4. Turbine can placed above the tail race

5. Converts Large portion of the Kinetic energy into pressure energy



• If a reaction turbine is not fitted with a draft-tube, the pressure at the outlet of the runner will

be equal to atmospheric pressure. The water from the outlet of the runner will discharge freely

into the tail race. The net head on the turbine will be less than that of a reaction turbine fitted

with a draft-tube.

• Also without a draft-tube, the Kinetic energy &) rejected at the outlet of the runner will go waste to the tail 

race.



Conical draft turbine Most efficient (90 %) Low Specific speed turbine 

Simple Elbow Tube Efficiency 60 % Take less space 

Moody sprating tube More efficient (85%) Reduce Whirl velocity 

(𝑉𝑊2
= 0)

Draft tube with Circular

inlet and rectangular

outlet

Efficiency (80 %) Takes Less space 



1 Turbine Casing

2
2
2
2

Z

Tail Race 

y

Datum 𝑽𝟑

2
2
2
3

Applying Bernoulli's equation between 2 and  3  

𝑃2

𝜌𝑔
+ 

𝑉 2
2

2𝑔
+Z + y = 

𝑃3

𝜌𝑔
+ 

𝑉 3
2

2𝑔
+ 0 + ℎ𝑠

𝑃2

𝜌𝑔
+ 

𝑉 2
2

2𝑔
+Z + y = 

𝑃3

𝜌𝑔
+ 

𝑉 3
2

2𝑔
+ 0 + ℎ𝑠

𝑃2

𝜌𝑔
+ 

𝑉 2
2

2𝑔
+Z + y = 

𝑃𝑎

𝜌𝑔
+ y + 

𝑉 3
2

2𝑔
+ 0 + ℎ𝑓

𝑃2

𝜌𝑔
+ 

𝑉 2
2

2𝑔
+Z + y = 

𝑃𝑎

𝜌𝑔
+ y + 

𝑉 3
2

2𝑔
+ 0 + ℎ𝑓

𝑃2

𝜌𝑔
=

𝑃𝑎

𝜌𝑔
+ 

𝑉 3
2

2𝑔
-

𝑉 2
2

2𝑔
- Z +ℎ𝑓

𝑷𝟐

𝝆𝒈
=

𝑃𝑎

𝜌𝑔
- 𝑍 +

𝑉2
2− 𝑉3

2

2𝑔
− ℎ𝑓 Absolute 

pressure Less than atmospheric pressure 



Gauge pressure 

𝑷𝟐

𝝆𝒈
= - 𝑍 +

𝑉2
2− 𝑉3

2

2𝑔
− ℎ𝑓

To avoid cavitation 𝑉3 <  𝑉2
To compensate pressure increase 

Efficiency of the Draft tube 

ηd =
Net gain in pressure head

Velocity head at the enterence of the draft tube

ηd =

𝑉2
2 − 𝑉3

2

2𝑔
− ℎ𝑓

𝑉 2
2

2𝑔

Angle of convergence ---- 30 𝑡𝑜 50



PART –VI



Specific speed      

It is defined as the speed of a turbine which is identical in shape, geometrical dimensions, blade

angles, gate opening etc., with the actual turbine but of such a size that it will develop unit

power when working under unit head. It is denoted by the symbol N,.

The specific speed is used in comparing the different types of turbines as every type of turbine

has different specific speed.

In M.K.S. units, unit power is taken as one horse power and unit head as one meter.

But in S.I. units, unit power is taken as one kilowatt and unit head as one meter.



𝛈𝟎 = Overall Efficiency  = 
Shaft Power

Runner Power

= 
𝐏𝐨𝐰𝐞𝐫𝐭 𝐃𝐞𝐯𝐞𝐥𝐨𝐩𝐞𝐝

𝝆 ×𝒈 ×𝑸 ×𝑯

𝟏𝟎𝟎𝟎

= 
𝑷

𝝆 ×𝒈 ×𝑸 ×𝑯

𝟏𝟎𝟎𝟎

H = Head under which the turbine is working 

Q = Discharge through turbine 

P =Power developed or Shaft power 

Power developed or shaft power (p)  = 𝛈𝟎 ×
𝝆 ×𝒈 ×𝑸 ×𝑯

𝟏𝟎𝟎𝟎



P  ∝ Q  × H 

p  = 𝛈𝟎 ×
𝝆 ×𝒈 ×𝑸 ×𝑯

𝟏𝟎𝟎𝟎
D = Diameter of the actual turbine 

N = Speed of the actual turbine 

U = Tangential velocity of the turbine 

𝑁𝑠 = Specific speed of the turbine 

V = Absolute velocity of  water 

The absolute velocity and tangential velocity and Head on

the turbine are related as

U ∝ V Where V ∝ 𝑯

So   U ∝ 𝑯

But tangential velocity is given as 

U = 
𝝅𝑫𝑵

𝟔𝟎

U ∝ DN

𝐻 ∝ DN or D ∝
𝑯

𝑵



The discharge through turbine is given by 

Q = Area × Velocity

Area ∝ B × D 

∝ 𝑫𝟐

B =Width 

Velocity   ∝ 𝐻

Q     ∝   𝑫𝟐 × 𝑯

D ∝ 
𝑯

𝑵 From this Q  ∝ 
𝑯

𝑵

𝟐

× 𝑯

∝
𝑯

𝑵𝟐 × 𝑯

Q ∝  
𝐻

3
2

𝑁2



P  ∝ Q  × H 

Q ∝
𝑯

𝟑
𝟐

𝑵𝟐

P ∝
𝑯

𝟓
𝟐

𝑵𝟐

P = K
𝐻

5
2

𝑁2

Where k is proportionality constant 

If p =1, H =1, the speed N= specific speed 𝑁𝑆 ,Substituting 

these values in the above equation we get 

P = K
𝐻

5
2

𝑁𝑠
2

1 = K
𝟏

𝟓
𝟐

𝑵𝒔
𝟐 or K = 𝑵𝒔

𝟐

P = 𝑵𝒔
𝟐 𝑯

𝟓
𝟐

𝑵𝟐

𝑵𝒔 =
𝑵 𝟐 𝑷

𝑯
𝟓
𝟐

or    
𝑵 𝑷

𝑯
𝟓
𝟒



Significance of specific speed: 

Specific speed plays an important role for selecting the type of the turbine. Also, performance of a

turbine can be predicted by the by knowing the specific speed of a turbine. The type of turbine for

different specific speed

S. No Specific speed Types of turbine 

(M.K.S) (S.I)

1. 10 to 35 8.5 to 30 Pelton wheel with single jet 

2. 35 to 60 30 to 51 Pelton wheel with two or more jets 

3. 60 to 300 51 to 225 Francis turbine 

4. 300 to 1000 255 to 860 Kaplan & Propeller turbine 



S. 

No

Specific speed Types of turbine 

(M.K.S) (S.I)

1. 10 to 35 8.5 to 30 Pelton wheel with single jet 

2. 35 to 60 30 to 51 Pelton wheel with two or more jets 

3. 60 to 300 51 to 225 Francis turbine 

4. 300 to 1000 255 to 860 Kaplan & Propeller turbine 



Unit Quantity:

Unit Quantity defines when turbine operated under unit head 

This parameter will help us to find out speed (N)

Discharge (Q), Power (P) for the turbine same turbine at the different, different head conditions 

Unit Speed:(𝑵𝑼)

U α D.N D can be taken as a constant 

N α 𝐻

N

𝐻
=K = constant 

Definition – H= 1 m; N = NU

NU

1
= k  ; K = NU

𝑵𝟏

𝑯𝟏
= 𝑵𝑼 =

𝑵𝟐

𝑯𝟐



Unit Discharge (𝑸𝑼):

𝑄𝑈 α 𝐷2 𝐻

Q α 𝐻

Q

𝐻
= k = constant 

Definition H = 1 meter 

Q = 𝑄𝑈

𝑸𝟏

𝑯 𝟏
= 𝑸𝑼 = 

𝑸𝟐

𝑯 𝟐



Unit power: (𝑷𝑼)

𝑃𝑈 α Q.H 

𝑃𝑈 α 𝐻 .H

𝑃

𝐻 3/2 =K

Definition H = 1 meter ,P =𝑃𝑈

𝑷𝟏

𝑯𝟏
𝟑/𝟐 = 𝑷𝑼 = 

𝑷𝟐

𝑯𝟐
𝟑/𝟐



Model Prototype 

Head Co efficient 

U α D.N α 𝐻

𝐻 𝛼 D.N

H 𝛼 𝐷2𝑁2

𝑯

𝑫𝟐𝑵𝟐
𝑴𝒐𝒅𝒆𝒍 = 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕 =

𝐇

𝑫𝟐𝑵𝟐
𝑷𝒓𝒐𝒕𝒐𝒕𝒚𝒑𝒆



Discharge co-officiant:

Q α 𝑫𝟐 𝑯

Q α 𝐷2 . 𝐷 . 𝑁

Q α 𝐷3N

(
Q

𝐷3N
)Model = Constant = (

Q

𝐷3N
)  Prototype 



Power Co officiant:

P α Q.H

P α 𝐷3N.𝐷2𝑁2

P α 𝐷5𝑁3

[
P

𝐷5𝑁3 ]model = constant = [
P

𝐷5𝑁3] prototype 

Specific speed:

𝑁 𝑃

𝐻5/4 𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =
𝑁 𝑃

𝐻5/4 𝑚𝑜𝑑𝑒𝑙



Characteristics curves of Hydraulic turbines 

The important parameters which are varied during a test on a turbine are :

1. Speed (N)

2. Power (P)

3. Head (H)

4. Discharge (Q)

5. Overall efficiency (η0) and 

6. Gate opening.

Characteristic curves of a hydraulic turbine are the curves, with the help of which the exact

behavior and performance of the turbine under different working conditions, can be known.

These curves are plotted from the results of the tests performed on the turbine under different

working conditions.



Out of the above six parameters,

Three parameters namely speed (N), head (H) and discharge (Q) are

independent parameters.

Out of the three independent parameters, (N, H, Q) one of the parameter is kept constant (say

H) and the variation of the other four parameters with respect to any one of the remaining two

independent variables (say N and Q) are plotted and various curves are obtained.

These curves are called characteristic curves.



The following are the important characteristic curves of a turbine.

1. Main Characteristic Curves or Constant Head Curves.

2. Operating Characteristic Curves or Constant Speed Curves.

3. Muschel Curves or Constant Efficiency Curves.



1. Main Characteristic Curves or Constant Head Curves.

• From these readings the values of unit speed (N), unit power (P) and unit discharge (Q) 

are determined. 

• Main characteristic curves are obtained by maintaining a constant head and a constant gate 

opening (G.O.) on the turbine. 

• The speed of the turbine is varied by changing load on the turbine. 

• For each value of the speed, the corresponding values of the power (P) and discharge (Q) 

are obtained. Then the overall efficiency (η0) for each value of the speed is calculated. 



Main Characteristic curves for a Pelton wheel 





Operating Characteristic Curves or Constant Speed Curves.

Operating characteristic curves are plotted when the speed on the turbine is constant.

In case of turbines, the head s generally constant.

There are three independent parameters namely N, H and Q.

For operating characteristics N and H are constant and

hence the variation of power and efficiency with respect

to discharge Q are plotted.



The power curve for turbines shall not pass through

the origin because certain amount of discharge is

needed to produce power to overcome initial

friction.

Hence the power and efficiency curves will be

slightly away from the origin on the x-axis, as to

overcome initial friction certain amount of discharge

will be required. Figure shows the variation of

power and efficiency with respect to discharge.



Constant Efficiency Curves or Muschel Curves or Iso-Efficiency Curves.

• These curves are obtained from the speed vs. efficiency and speed vs. discharge

curves for different gate openings.

• For a given efficiency from the 𝑵𝒖 vs. 𝜼𝟎, curves, there are two speeds.

• From the 𝑵𝒖 vs. Qu curves, corresponding to two values of speeds there are two values

of discharge.

• Hence for a given efficiency there are two values of discharge for a particular gate

opening. This means for a given efficiency there are two values of speeds and two

values of the discharge for a given gate opening.



If the efficiency is maximum there is only one value.

These two values of speed and two values of discharge

corresponding to a particular gate opening are plotted as

shown in Fig.

• The procedure is repeated for different gate openings

and the curves Q vs. N are plotted. The points having

the same efficiencies are joined. The curves having

same efficiency are called iso- efficiency curves. These

curves are helpful for determining the zone of constant

efficiency and for predicating the performance of the

turbine at various efficiencies.

Constant Efficiency Curves or Muschel Curves or Iso-Efficiency Curves. 



For plotting the iso-efficiency curves, horizontal lines

representing the same efficiency are drawn on the

𝜼𝟎 - speed curves.

The points at which these lines cut the efficiency

curves at various gate 0.2 openings are transferred to

the corresponding Q~ speed curves.

The points having the same efficiency are then joined

by a smooth curves. These smooth curves represents

the Iso-efficiency curve.


