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UNIT 4 TURBINES 

 
2 MARK QUESTIONS AND ANSWERS 

 
1. What do you mean by turbine? 

 

The hydraulic machine which convert the hydraulic energy in to mechanical energy is 

called turbine 

2. Define pump: 
 

It is defined as the hydraulic machine which converts mechanical energy in to 

hydraulic energy 

3. Explain net head 
 

It is defined as the head available at the inlet of turbine .If Hf is the loss due to friction 

between water and penstock then net head 

H=Hg-Hf 
 

4. Define Hydraulic Efficiency: 
 

It is defined as the ratio of power delivered to the runner to the power supplied at the 

inlet. 

5. Define mechanical efficiency 
 

It is defined as the ratio of power at the shaft of the turbine to the power delivered by 

the water to runner. 

6. Define volumetric efficiency 
 

It is defined as the ratio of volume of water actually striking the runner to the Volume of 
water supplied to the runner. 

 

7. Define over all efficiency 
 

It is defined as the ratio of shaft power by water power 
 

8. Explain impulse turbine 
 

If at the inlet of the turbine the energy available is only kinetic energy  the turbine is 

known as impulse turbine. 

9. Explain 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. 
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10. Explain tangential flow turbine 
 

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

tangential flow turbine. 

11. Explain radial flow turbine 

 
If the water flows in the radial direction through the runner the turbine I called 

radial flow turbine. 

12. Explain inward flow radial turbine 
 

If the water flows from outwards to inwards radially the turbine is called inward radial 

flow turbine. 

13. Explain outward flow radial turbine 
 

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

outward radial flow turbine. 

14. Define axial 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. 

15. What is Pelton wheel: 
 

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. This turbine is used for high heads. 

16. What is breaking jet? 
 

When  the nozzle  is  completely  closed, 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 direct the jet of water on the back 

of vanes .This jet of water is called breaking jet. 

17. What is jet ratio? 
 

It is the ratio of pitch diameter (D) to the diameter of jet (d). 
 

 

18. What is Draft tube? 
 

A tube or pipe of gradually increasing area is used for discharging water from the 

exit of the turbine to the tail race is called draft tube. 

19. Define Degree of Reaction (R) 

It is defined as the ratio of change of pressure energy inside the runner to the 

change of total energy out side the runner. 
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20.  What is radial discharge? 
 

This means the angle made by absolute velocity with the tangent on the wheel is and 

the component of whirl velocity is zero. 

21. Radial vane: 

 
The liquid which leaves the vane with relative velocity in radial direction 

 
22. Define Francis turbine: 

 

Inward flow reaction turbine having radial discharge at outlet is known as Francis 
 

Turbine 
 

23. Define propeller turbine: 
 

This is an example of axial flow reaction turbine . Here the vanes are fixed to the hub 

and are not adjustable. 

24. Define Kaplan turbine: 
 

This is an example of axial flow reaction turbine. Here the vanes are not fixed to the 

hub and are adjustable. 

25. What are the uses of draft tube? 
 

1. The net head on the turbine increases. 
 

2. Due to increase in net head the power and efficiency of the turbine also 

increases. 

3. The large amount of rejected kinetic energy is converted in to useful pressure 

energy 

26. What are types of draft tube? 
 

1. Conical draft tube 
 

2. Simple elbow tube 
 

3. Mood y spreading tube 
 

4. Draft tube with circular inlet and rectangular outlet. 
 

27. What are the types of characteristic curves? 
 

1. Main characteristic curves 
 

2. Operating characteristic curve 
 

3. Muschel characteristic curves 
28. What is specific speed of the turbine? 

 
It is defined as the speed of a turbine which will develop unit power under unit head. 
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29. Define unit quantities; 
 

Unit quantities are the quantities which are obtained when the head on the turbine are 

unity. 

30. Explain about characteristic curves of a hydraulic turbine 
 

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. 

31. What are the main parts of pelton wheel turbine? 
 

1.  Nozzle and flow regulating arrangement 
 

2.  Runner with buckets 
 

3.  Casing 
 

4.  Breaking jet 
 

32. What are the main mechanisms of Radial flow reaction turbine? 
 

1. Casing 
 

2. Guide mechanism 
 

3. Runner 

 
4. Draft tube 

 
33. What are the classifications of hydraulic turbine according to the type of energy at 

inlet? 

(a)  Impulse turbine and 
 

(b)  Reaction turbine 
 

34. What are the types of turbine according to direction of flow through runner? 
 

(a)  Tangential flow turbine 
 

(b)  Radial flow turbine 

(c)  Axial flow turbine 

(d)  Mixed flow turbine 

 

35. What are the types of turbine according to the head at the inlet of the turbine? 
 

(a)  High head turbine 
 

(b)  Medium head turbine 
 

(c)  low head turbine 
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36. What do you know about Hub or Boss? 
 

It is the core part of the axial flow turbine where the vanes are attached. 
 

 
 

37. Under what head the propeller turbine take water? 
 

About 100 m head the propeller turbine take water. When the vanes are fixed to the 
hub and they are not adjustable the turbine is Called propeller turbine. 

 
38. What are the uses of Kaplan turbine? 

 

1. To produce more out put. 
 

2. The efficiency of the turbine is more 
 
39.What do you mean by turbine? 

The hydraulic machine which convert the hydraulic energy in to mechanical 
energy is called turbine 

 

40.What is known by governing of a turbine? 

Governing of a turbine is defined as the operation by which the speed of the turbine 
is kept constant under all conditions of working . It is done by oilpressure generator. 

 
41.Explain net head 

It is defined as the head available at the inlet of turbine .If Hf is the loss due to friction 
between water and penstock then net head 

 

42.Explain impulse turbine 

If at the inlet of the turbine the energy available is only kinetic energy the 
turbine is known as impulse turbine. 

 

 

43.Explain 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. 

 

 

44.Explian tangential flow turbine 

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

 

 

45.Expain radial flow turbine 

If the water flows in the radial direction through the runner the turbine I called 
radial flow turbine. 

 

46.Explain inward flow radial turbine 
 

If the water flows from outwards to inwards radially the turbine is called inward radial 
flow turbine. 

47.Explain outward flow radial turbine 

If the water flows radially from inwards to outwards the turbine is known as outward 
radial flow turbine. 
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48.Define axial 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. 

 
49.what is Pelton wheel: 

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. This turbine is used for high heads. 

 
50.Define Francis turbine: 

Inward flow reaction turbine having radial discharge at outlet is known as Francis 
turbine 

 

 

51.Define propeller turbine: 

This is an example of axial flow reaction turbine . Here the vanes are fixed to the hub 
and are not adjustable. 

 

 

52.Define Kaplan turbine: 

This is an example of axial flow reaction turbine. Here the vanes are not fixed to the 
hub and are adjustable. 

 

 

53.What are the use of draft tube? 

 
1.the net head on the turbine increases. 

2.due to increase in net head the power and efficiency of the  turbine also 
increases. 

3.the large amount of rejected kinetic energy is converted in to usefull pressure 
Energy 

 
54.What is specific speed of the turbine? 

It is defined as the speed of a turbine which will develop unit power under unit 
head. 

 

 

55.Define unit quantities; 

Unit quantities are the quantities which are obtained when the head on the turbine 
are unity. 

 
 
56.Explain about characteristic curves of a hydraulic turbine 

 
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. 

57.What is speed ratio? 
 

U1=φ√(2gH) 
 

 
Where U1 – tangential velocity of wheel at inlet φ -speed ratio 

H – Head of the turbine 
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58.What do you mean by coefficient of velocity? 
 

V1=Cv (2gH) 
 

V1 = velocity of jet 
 

Cv = coefficient of velocity 
 

H = head of the turbine. 
 

59.What are the main parts of Pelton wheel turbine? 

1. nozzle and flow regulating arrangement 
2. runner with buckets 
3. casing 
4. breaking jet 

 

 

60.What are the main mechanism of Radial flow reaction turbine? 

 
1.casing 

2.guide mechanism 
3.runner 
4.draft tube 

 
61.What are the types of turbine according to the head at the inlet of the turbine? 

 
(a) high head turbine 
(b)medium head turbine 
(c) low head turbine 

 
 
62.What are the types of turbine according to the specific speed of the turbine? 

 
(a) Low specific speed turbine 
(b)Medium specific speed turbine 
(c) High specific speed turbine. 

 

 

63.What do you know about Hub or Boss? 

It is the core part of the axial flow turbine where the vanes are attached. 
 
64.Under what head the propeller turbine take water? 

 

About 100 m head the propeller turbine take water. 

When the vanes are fixed to the hub and they are not adjustable the turbine is called 
propeller turbine. 

 
65.What are the uses of Kaplan turbine? 

 

1.To produce more out put. 
2.The efficiency of the turbine is more 
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66.Define unit speed: 

It is defined as the speed of the turbine under unit head 
 

Nu = N/√H 

Where  
Nu –unit speed 
N –number of rotations 
H- head of the turbine 

 

 

67.Define unit discharge 

It is defined as the discharge passing through the turbine which is working under 
unit head. 

 

 
Where 

 

Qu = Q/ √H 
 

 
Qu – unit discharge 
Q – Total discharge 
H- head of the turbine 

 

 

68.Define unit power: 

 
It is defined as the power developed by the turbine working under 

unit head 
Pu = P/H3/2 Where 
Pu - unit power. 
P  - Total power. 
H- head of the turbine. 

 
 
69.What are the main parts of centrifugal pump? 

 

1.Suction pipe with foot valve and strainer 
 

2.Impeller 

 
3.casing 

 

4.delivery pipe 
 

70.What are fluid machines? 

The machines which use the liquid or gas for the transfer of energy from fluid to rotor or 
from rotor to fluid, are known as fluid machines. 

 

 

71. What are hydraulic machines and thermal turbo machines? 

If liquid is used for the transfer of energy, then machines are known as hydraulic 
machines whereas if gas is used then machines are known as thermal turbo machines. 

72. Pump: 
 

A pump is device which converts mechanical energy into hydraulic energy. 
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73.Priming: 
 

The delivery valve is closed and the suction pipe, casing and portion of the delivery pipe 

up to delivery valve are completely filled with the liquid so that no air pocket is left. 

74. Manometric head: 
 

It is the head against which a centrifugal pump works. 
 

75. Mechanical efficiency: 
 

It is defined as the ratio of the power actually delivered by the impeller to the power 

supplied to the shaft. 

76. Overall efficiency: 
 

It is the ratio of power output of the pump to the power input to the 

pump 

77. Speed ratio: 
 

It is the ratio of peripheral speed at outlet to the theoretical velocity of jet corresponding 

to manometric head. 

78. Flow ratio: 
 

It is the ratio of the velocity of flow at exit to the theoretical velocity of jet corresponding 

to manometric head. 

79. Indicator diagram: 
 

Indicator diagram is nothing but a graph plotted between the pressure head in the 

cylinder and the distance traveled by the piston from inner dead center for one complete 

revolution of the crank. 

80. Cavitations: 
 

It is defined phenomenon of formation of vapor bubbles of a flowing liquid in are gion 

where the pressure of the liquid falls below its vapor pressure and the sudden co llapsing of 

theses vapor bubbles in a region of high pressure. 

81. Surge tank: 
 

A surge tank is a small reservoir or tank in which the water level rise or falls to reduce. 
 

82. Draft tube: 
 

The tubes which increase the outlet velocity of turbines is known as draft tube. 
 
. 
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16 MARK QUESTIONS AND ANSWERS 

 
1. Find the force Exerted by a jet of water of diameter 7.5 cm on a stationary flat plate 

with a velocity of 20 m/sec 

(i) normally and 

(ii) At an angle 
 

 

Solution 

 
Step i. Case 1 
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Then we can get 

 
 

 

This the required work done of the water..hence solved 
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Problem 5.28. 
 

A Pelton turbine running at 720 Rpm uses 300 kg of water per second. If the head available is 

425 m determine the hydraulic efficiency. The bucket deflect the jet by 65°. Also find the 
 

diameter of the runner and jet. Assume Cv = 0.97 and φ = 0.46, Blade velocity coefficient is 0.9. 
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Problem 5.29 
 

The jet velocity in a pelton turbine is 65 m/s. The peripheral velocity of the runner is 25 m/s. The 

jet is deflected by 160° by the bucket. Determine the power developed and hydraulic efficiency 

of the turbine for a flow rate of 0.9 m3/s. The blade friction coefficient is 0.9. 
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Problem 5.30. 
 

The outer diameter of a Francis runner is 1.4 m. The flow velocity at inlet is 9.5 m/s. The 

absolute velocity at the exit is 7 m/s. The speed of operation is 430 rpm. The power developed 

is 12.25 MW, with a flow rate of 12 m3/s. Total head is 115 m. For shockless entry determine 

the angle of the inlet guide vane. Also find the absolute velocity at entrance, the runner blade 

angle at inlet and the loss of head in the unit. Assume zero whirl at exit. Also fluid the specific 

speed. 
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Problem 5. 31. 
 

A Francis turbine developing 16120 kW under an a head of 260 m runs at 600 rpm. The runner 

outside diameter is 1500 mm and the width is 135 mm. The flow rate is 7 m3/s. The exit velocity 

at the draft tube outlet is 16 m/s. assuming zero whirl velocity at exit and neglecting blade 

thickness determine the overall and hydraulic efficiency and rotor blade angle at inlet. Also find 

the guide vane outlet angle: 
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The shape of the velocity triangle is as given. β is the angle taken with the direction of blade 
 

velocity. 
 

 

 
 

Problem 5.32. 
 
A small Francis turbine develops 2555 kW working under a head of 25 m. The overall efficiency 

is 0.9. The diameter and width at inlet are 1310 mm and 380 mm. At the outlet these are 1100 

mm and 730 mm. The runner blade angle at inlet is 135° along the direction of the blade 

velocity. The whirl is zero at exit. Determine the runner speed, whirl velocity at inlet, the guid e 

blade outlet angle and the flow velocity at outlet. Assume ηv = 0.98, ηm = 0.97. 
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This the required solution for this problem 
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Problem 5. 33. 
 

A Kaplan turbine plant develops 3000 kW under a head of 10 m. While running at 62.5 rpm. 

The discharge is 350 m3/s. The tip diameter of the runner is 7.5 m and the hub to tip ratio is 

0.43. Calculate the specific speed, turbine efficiency, the speed ratio and flow ratio. 
 
 

Speed ratio is based on tip speed. 

Hub diameter = 0.43 × 7.5 = 3.225 m 

Turbine efficiency = P / ρ Q H g 

 

 
Problem 5.34 

 
A Kaplan turbine delivering 40 MW works under a head of 35 m and runs at 167 rpm. 

The hub diameter is 2.5 m and runner tip diameter is 5 m. The overall efficiency is 87%. 

Determine the blade angles at the hub and tip and also at a diameter of 3.75 m. Also find the 

speed ratio and flow ratio based on tip velocity. Assume ηH = 90%. 

 

 

Solution: 
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Problem 5.35 
 
A Kaplan turbine delivers 30 MW and runs at 175 rpm. Overall efficiency is 85% and hydraulic 

efficiency is 91%. The tip diameter 5 m and the hub diameter is 2 m. Determine the head and 

the blade angles at the mid radius. The flow rate is 140 m3/s. 
 

 

ρ Q g H ηo = power delivered 

∴ H = 30 × 106 / 1000 × 9.81 × 140 × 0.85 = 25.7 m
 

Power developed = Power available from fluid × ηH 
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Problem 5.36. 
 

A Kaplan turbine works under a head of 26.5 m, the flow rate of water being 170 m3/s. The 

overall efficiency is 90%. Determine the power and specific speed. The turbine speed is 150 

rpm. 

 

Solution: 
 

Power developed = 0.9 × 170 × 103 × 9.81 × 26.5 

W = 39.77 × 106 W or 39.77 MW 

 
Dimensionless specific speed 

 
 
Dimensional specific speed 

 

Problem 5.37. 
 

A Kaplan turbine delivers 10 MW under a head of 25 m. The hub and tip diameters are 

1.2 m and 3 m. Hydraulic and overall efficiencies are 0.90 and 0.85. If both velocity triangles are 

right angled triangles, determine the speed, guide blade outlet angle and blade outlet angle. 

 
The inlet velocity diagram is shown in the figure. 
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38.Explain the classification of Turbines .Give all in detail 
( AUC Nov/Dec  2010) 

 

 

They all use turbines—machines that capture energy from a moving liquid or gas. In a 

sandcastle windmill, the curved blades are designed to catch the wind's energy so they flutter 

and spin. In an ocean liner or a jet, hot burning gas is used to spin metal blades at high speed— 

capturing energy that's used to power the ship's propeller or push the plane through the sky. 

Turbines also help us make the vast majority of our electricity: turbines driven by steam are 

used in virtually every major power plant, while wind and water turbines help us to produce 

renewable energy. Wherever energy's being harnessed for human needs, turbines are usually 

somewhere nearby. 

A turbine is a rotary engine that extracts energy from a fluid flow and converts it into 

useful work. The simplest turbines have one moving part, a rotor assembly, which is a shaft or 

drum with blades attached. Moving fluid acts on the blades, or the blades react to the flow, so 

that they move and impart rotational energy to the rotor. Early turbine examples are windmills 

and water wheels. 

Gas, steam, and water turbines usually have a casing around the blades that contains 

and controls the working fluid. Credit for invention of the steam turbine is given both to the 

British Engineer Sir Charles Parsons (1854–1931), for invention of the reaction turbine and to 

Swedish Engineer Gustaf de Laval (1845–1913), for invention of the impulse turbine. Modern 

steam turbines frequently employ both reaction and impulse in the same unit, typically varying 

the degree of reaction and impulse from the blade root to its periphery. 
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Impulse and reaction turbines 
 

Turbines work in two different ways described as impulse and reaction—terms that are 

often very confusingly described (and sometimes completely muddled up) when people try to 

explain them. So what's the difference? 

Impulse turbines 
 

In an impulse turbine, a fast-moving fluid is fired through a narrow nozzle at the turbine 

blades to make them spin around. The blades of an impulse turbine are usually buck et-shaped 

so they catch the fluid and direct it off at an angle or sometimes even back the way it came 

(because that gives the most efficient transfer of energy from the fluid to the turbine). In an 

impulse turbine, the fluid is forced to hit the turbine at high speed. Imagine trying to make a 

wheel like this turn around by kicking soccer balls into its paddles. You'd need the balls to hit 

hard and bounce back well to get the wheel spinning—and those constant energy impulses are 

the key to how it works. 

 
 

Fig.5.1.impulse turbine 
 

Reaction turbines 
 

In a reaction turbine, the blades sit in a much larger volume of fluid and turn around as 

the fluid flows past them. A reaction turbine doesn't change the direction of the fluid flow as 

drastically as an impulse turbine: it simply spins as the fluid pushes through and past its blades 

If an impulse turbine is a bit like kicking soccer balls, a reaction turbine is more like 

swimming—in reverse. Let me explain! Think of how you do freestyle (front crawl) by hauling 

your arms through the water, starting with each hand as far in front as you can reach and 

ending with a "follow through" that throws your arm well behind you. What you're trying to 

achieve is 

to keep your hand and forearm pushing against the  water for as long as possible, so you 
 

transfer as much energy as you can in each stroke. A reaction turbine is using the same idea in 
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reverse: imagine fast-flowing water moving past you so it makes your arms and legs move and 

supplies energy to your body! With a reaction turbine, you want the water to touch the blades 

smoothly, for as long as it can, so it gives up as much energy as possible. The water isn't hitting 

the blades and bouncing off, as it does in an impulse turbine: instead, the blades are movin g 

more smoothly, "going with the flow". 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5.2. reaction turbine 
 
 

Turbines in action 
 

Broadly speaking, we divide turbines into four kinds according to the type of fluid that 

drives them: water, wind, steam, and gas. Although all four types work in essentially the same 

way— spinning around as the fluid moves against them—they are subtly different and have to 

be engineered in very different ways. Steam turbines, for example, turn  incredibly quickly 

because  steam  is  produced  under  high-pressure. Wind  turbines  that  make  electricity  turn 

relatively slowly (mainly for safety reasons), so they need to be huge to capture decent amounts 

of energy. Gas turbines need to be made from specially resilient alloys because they work at 

such high temperatures. Water turbines are often very big because they have to extract energy 

from an entire river, dammed and diverted to flow past them. 
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39.Explain  in detail about  Steam Turbine, Water turbines , Gas turbines with all the 
details 

 
Water turbines 

 
Water wheels, which date back over 2000 years to the time of the ancient Greeks, were 

the original water turbines. Today, the same principle is used to make electricity in hydroelectric 

power plants. The basic idea of hydroelectric power is that you dam a river to harness its 

energy. Instead of the river flowing freely downhill from its hill or mountain source toward the 

sea, you make it fall through a height (called a head) so it picks up speed (in other words, so its 

potential energy is converted to kinetic energy), then channel it through a pipe called a penstock 

past a turbine and generator. Hydroelectricity is effectively a three-step energy conversion: 
 
 

   The river's original potential energy (which it has because it starts from high 

ground) is turned into kinetic energy when the water falls through a height. 

   The kinetic energy in the moving water is converted into mechanical energy by 

a water turbine. 

   The spinning water turbine drives a generator that turns the mechanical 

energy into electrical energy. 
 

 

Different kinds of water turbine are used depending on the geography of the area, how much 

water is available (the flow), and the distance over which it can be made to fall (the head). Some 

hydroelectric  plants  use  bucket-like  impulse  turbines  (typically  Pelton  wheels);  others  use 

Francis, Kaplan, or Deriaz reaction turbines. The type of turbine is chosen carefully to extract 

the maximum amount of energy from the water. 

Steam turbines 
 

Steam turbines evolved from the steam engines that changed the world in the 18th and 
 

19th centuries. A steam engine burns coal on an open fire to release the heat it contains. The 

heat is used to boil water and make steam, which pushes a piston in a cylinder to power a 

machine such as a railroad locomotive. This is quite inefficient (it wastes energy) for a whole 

variety of reasons. A much better design takes the steam and channels it past the blades of a 

turbine, which spins around like a propeller and drives the machine as it goes. 

Steam turbines were pioneered by British engineer Charles Parsons (1854–1931), who 

used them to power a famously speedy motorboat called Turbinia in 1889. Since then, they've 

been used in many different ways. Virtually all power plants generate electricity using steam 

turbines. In a coal-fired plant, coal is burned in a furnace and used to heat water to make steam 

that spins high-speed turbines connected to electricity generators. In a nuclear power plant, the 

heat that makes the steam comes from atomic reactions. 
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Unlike water and wind turbines, which place a single rotating turbine in the flow of liquid 

or gas, steam turbines have a whole series of turbines (each of which is known as a stage) 

arranged in a sequence inside what is effectively a closed pipe. As the steam enters the pipe, 

it's channelled past each stage in turn so progressively more of its energy is extracted. If you've 

ever watched a kettle boiling, you'll know that steam expands and moves very quickly if it's 

directed through a nozzle. For that reason, steam turbines turn at very high speeds—many 

times faster than wind or water turbines. 

Gas turbines 
 

Airplane jet engines are a bit like steam turbines in that they have multiple stages. 

Instead of steam, they're driven by a mixture of the air sucked in at the front of the en gine and 

the incredibly hot gases made by burning huge quantities of kerosene (petroleum-based fuel). 

Somewhat less powerful gas turbine engines are also used in modern railroad locomotives and 

industrial machines. See our article on jet engines for more details. 

 

 
 

 
 
 

A device similar to a turbine but operating in reverse, i.e., driven, is a compressor or 

pump. The axial compressor in many gas turbine engines is a common example. Here again, 

both reaction and impulse are employed and again, in modern axial compressors, the degree of 

reaction and impulse will typically vary from the blade root to its periphery. 
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Claude  Burdin  coined  the  term  from  the  Latin  turbo,  or  vortex,  during  an  1828 

engineering competition. Benoit Fourneyron, a student of Claude Burdin, built the first practical 

water turbine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A working fluid contains potential energy (pressure head) and kinetic energy (velocity head). 

The fluid may be compressible or incompressible. Several physical principles are employed by 

turbines to collect this energy: 

40.Distinguish   between   Impulse   turbines   and   reaction   turbine   with   neat   sketch 
( AUC APR/MAY 2011) 

Impulse turbines 

These turbines change the direction of flow of a high velocity fluid or gas jet. The resulting 
 

impulse spins the turbine and leaves the fluid flow with diminished kinetic energy. There is no 

pressure change of the fluid or gas in the turbine rotor blades (the moving blades), as in the 

case of a steam or gas turbine, all the pressure drop takes place in the stationary blades (the 

nozzles). 

Before  reaching the  turbine,  the fluid's pressure  head  is  changed  to  velocity  head  by 

accelerating the fluid with a nozzle. Pelton wheels and de Laval turbines use this process 

exclusively. Impulse turbines do not require a pressure casement around the rotor since the 

fluid jet is created by the nozzle prior to reaching the blading on the rotor. Newton's second law 

describes the transfer of energy for impulse turbines. 

 
Reaction turbines 

 

These turbines develop torque by reacting to the gas or fluid's pressure or mass. The 

pressure of the gas or fluid changes as it passes through the turbine rotor blades. A pressure 

casement is needed to contain the working fluid as it acts on the turbine stage(s) or the turbine 
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must be fully immersed in the fluid flow (such as with wind turbines). The casing contains and 

directs the working fluid and, for water turbines, maintains the suction imparted by the d raft 

tube. Francis turbines and most steam turbines use this concept. For compressible working 

fluids,  multiple  turbine  stages  are  usually  used  to  harness  the  expanding  gas  efficiently. 

Newton's third law describes the transfer of energy for reaction turbines. 

 
In the case of steam turbines, such as would be used for marine applications or for land - 

based  electricity  generation,  a  Parsons  type  reaction  turbine  would  require  approximately 

double the number of blade rows as a de Laval type impulse turbine, for the same degree of 

thermal energy conversion. Whilst this makes the Parsons turbine much longer and heavier, the 

overall efficiency of a reaction turbine is slightly higher than the equivalent impulse turbine for 

the same thermal energy conversion. 

 
Steam turbines and later, gas turbines developed continually during the 20th Century, 

continue to do so and in practice, modern turbine designs will use both reaction and impulse 

concepts to varying degrees whenever possible. Wind turbines use an airfoil to generate lift 

from the moving fluid and impart it to the rotor (this is a form of reaction). Wind turbines also 

gain some energy from the impulse of the wind, by deflecting it at an angle. Crossflow turbines 

are designed as an impulse machine, with a nozzle, but in low head applications maintain some 

efficiency through reaction, like a traditional water wheel. Turbines with multiple stages may 

utilize either reaction or impulse blading at high pressure. 

Steam Turbines were traditionally more impulse but continue to move towards reaction 

designs similar to thoseused in Gas Turbines. At low pressure the operating fluid medium 

expands  in volume for  small  reductions  in pressure.  Under  these  conditions  (termed  Low 

Pressure Turbines) blading becomes 

strictly a reaction type design with the base of the blade solely impulse. The reason is due to the 

effect of the rotation speed for each blade. As the volume increases, the blade height increases, 

and the base of the blade spins at a slower speed relative to the tip. Th is change in speed 

forces a designer to change from impulse at the base, to a high reaction style tip. 

 

 

Classical turbine design methods were developed in the mid 19th century. Vector analysis 

related the fluid flow with turbine shape and rotation. Graphical calculation methods were used 

at first. Formulae for the basic dimensions of turbine parts are well documented and a highly 

efficient machine can be reliably designed for any fluid flow condition. Some of the calculations 

are empirical or 'rule of thumb' formulae, and others are based on classical mechanics. As with 

most engineering calculations, simplifying assumptions were made. 
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Velocity triangles can be used to calculate the basic performance of a turbine stage. Gas exits 

the stationary turbine nozzle guide vanes at absolute velocity Va1. The rotor rotates at velocity 

U. Relative to the rotor, the velocity of the gas as it impinges on the rotor entrance is Vr1. The 

gas is turned by the rotor and exits, relative to the rotor, at velocity Vr2. However, in absolute 

terms the rotor exit velocity is Va2. The velocity triangles are constructed using these various 

velocity vectors. Velocity triangles can be constructed at any section through the blading (for 

example: hub , tip, midsection and so on) but are usually shown at the mean stage radius. Mean 

performance for the stage can be calculated from the velocity triangles, at this radius, using the 

Euler equation: 

 
41. What are all the  Specific types of turbines. Enumerate all in detail 

 
Steam turbines are used for the generation of electricity in thermal power plants, such as 

plants  using  coal,  fuel  oil  or  nuclear  power.  They  were  once  used  to  directly  drive 

mechanical devices such as ships' propellors (eg the Turbinia), but most such applications 

now use reduction gears or an intermediate electrical step, where the turbine is used to 

generate electricity, which then powers an electric motor connected to the mechanical load. 

Turbo electric ship machinery was particularly popular in the period immediately befo re and 

during WWII,  primarily  due  to  a  lack  of  sufficient gear-cutting  facilities  in  US  and  UK 

shipyards 
 

 

Gas turbines are sometimes referred to as turbine engines. Such engines usually feature 

an inlet, fan, compressor, combustor and nozzle (possibly other assemblies) in addition to 

one or more turbines. 
 

Transonic turbine. The gas flow in most turbines employed in gas turbine engines remains 

subsonic throughout the expansion process. In a transonic turbine the gas flow becomes 

supersonic as it exits the nozzle guide vanes, although the downstream velocities normally 

become subsonic. Transonic turbines operate at a higher pressure ratio than normal but are 

usually less efficient and uncommon. 

Contra-rotating turbines. With axial turbines, some efficiency advantage can be obtained 
 

if a downstream turbine rotates in the opposite direction to an upstream unit. However, the 

complication can be counter-productive. A contra-rotating steam turbine, usually known as 

the Ljungström turbine, was originally invented by Swedish Engineer Fredrik Ljungström 

(1875–1964),  in  Stockholm  and  in  partnership  with  his  brother  Berger  Ljungström  he 

obtained a patent in 1894. The design is essentially a multi-stage radial turbine (or pair of 

'nested' turbine rotors) offering great efficiency, four times as large heat drop per stage as in 
 

the  reaction  (Parsons)  turbine,  extremely  compact  design  and  the  type  met  particular 
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success in backpressure power plants. However, contrary to other designs, large steam 

volumes are handled with difficulty and only a combination with axial flow turbines (DUREX) 

admits the turbine to be built for power greater than ca 50 MW. In marine applications only 

about 50 turbo-electric units were ordered (of which a considerable amount were finally sold 

to  land  plants)  during  1917-19,  and  during  1920-22  a  few  turbo-mechanic  not  very 

successful units were sold [1]. Only a few turbo-electric marine plants were still in 

use in the late 1960s while most land plants remain in use 2010. 
 

Stator less turbine.Multi-stage turbines have a set of static (meaning stationary)  inlet 

guide vanes that direct the gas flow onto the rotating rotor blades. In a stator less turbine the 

gas  flow  exiting  an  upstream  rotor  impinges  onto  a  downstream  rotor  without  an 

intermediate set of stator vanes (that rearrange the pressure/velocity energy levels of the 

flow) encountered. 

Ceramic turbine. Conventional high-pressure turbine blades (and vanes) are made from 
 

nickel based alloys and often utilize intricate internal air-cooling passages to prevent the 

metal from overheating. In recent years, experimental ceramic blades have been 

manufactured and tested in gas turbines, with a view to increasing Rotor Inlet Temperatures 

and/or, possibly, eliminating air-cooling. Ceramic blades are more brittle than their metallic 

counterparts, and carry a greater risk of catastrophic blade failure. This has tended to limit 

their use in jet engines and gas turbines, to the stator (stationary) blades. Shrouded turbine. 

Many turbine rotor blades have shrouding at the top, which interlocks with that of adjacent 

blades, to increase damping and thereby reduce blade flutter. In large land -based electricity 

generation steam turbines, the shrouding is often complemented, especially in the long 

blades of a 

low-pressure turbine, with lacing wires. These are wires which pass through holes drilled in 

the blades at suitable distances from the blade root and the wires are usually brazed to the 

blades at the point where they pass through. The lacing wires are designed to reduce blade 

flutter in the central part of the blades. The introduction of lacing wires substantially reduces 

the instances of blade failure in large or low-pressure turbines. 

Shroudless turbine.Modernpractice is, wherever possible, to eliminate the rotor shrouding, 
thus reducing the centrifugal load on the blade and the cooling requirements. 
Bladeless turbine uses the boundary layer effect and not a fluid impinging upon the blades 

as in a conventional turbine. 
 

Water turbines 

 
    Pelton turbine, a type of impulse water turbine. 

    Francis turbine, a type of widely used water turbine. 

    Kaplan turbine, a variation of the Francis Turbine. 
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Wind   turbine.   These   normally   operate   as   a   single   stage   without   nozzle   and 

interstageguide vanes. An exception is the Éolienne Bollée, which has a stator and a rotor, 

thus being a true turbine. 

 
 

42.What is meant by Kaplan turbine. Discuss in detail about the characteristics and 
working of Kaplan turbine with all the details about Kaplan turbine 

 
The Kaplan turbine is a propeller-type water turbine which has adjustable blades. It was 

developed  in  1913  by  the  Austrian  professor  Viktor  Kaplan,  who  combined  automatically - 

adjusted propeller blades with automatically-adjusted wicket gates to achieve efficiency over a 

wide range of flow and water level. 
 

 

The Kaplan turbine was an evolution of the Francis turbine. Its invention allowed efficient 

power production in low- head applications that was not possible with Francis turbines. 
 

 

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

production. The Kaplan turbine is an inward flow reaction turbine, which means that the working 

fluid changes pressure as it moves through the turbine and gives up its energy. The design 

combines radial and axial features. 

 
The inlet is a scroll-shaped tube that wraps around the turbine's wicket gate. Water is 

directed tangentially through the wicket gate and spirals on to a propeller shaped  runner, 

causing it to The outlet is a specially shaped draft tube that helps decelerate the water and 

recover kinetic energy. 
 

The turbine does not need to be at the lowest point of water flow as long as the draft 

tube remains full of water. A higher turbine location, however, increases the suction that is 

imparted on the turbine blades by the draft tube. The resulting pressure drop may lead to 

cavitation. 

Variable geometry of the wicket gate and turbine blades allow efficient operation for a range of 

flow conditions. Kaplan turbine efficiencies are typically over 90%, but may be lower in very low 

head applications. 

Current areas of research include CFD driven efficiency improvements and new designs 

that raise survival rates of fish passing through. 
 
 
 
 
 
 
 
 

 
I 



Applications 
 
Kaplan turbines are widely used throughout the world for electrical power production. They 

cover the lowest head hydro sites and are especially suited for high flow conditions. Inexpensive 

micro turbines are manufactured for individual power production with as little as two feet of 

head.Kaplan turbine is low head turbine. Large Kaplan turbines are individually designed for 

each  site to operate at the highest possible efficiency, typically over 90%. They are  very 

expensive to design, manufacture and install, but operate for decades. 

Variations 
 

The Kaplan turbine is the most widely used of the propeller-type turbines, but several 

other variations exist: 
 

 

Propeller turbines have non-adjustable propeller vanes. They are used in where the range 

ofhead is not large. Commercial products exist for producing several hundred watts from only a 

few feet of head. Larger propeller turbines produce more than 100 MW. 

 

 

Bulb or Tubular turbines are designed into the water delivery tube. A large bulb is centered 

inthe water pipe which holds the generator, wicket gate and runner. Tubular turbines are a fully 

axial design, whereas Kaplan turbines have a radial wicket gate. 

 
Pit turbines are bulb turbines with a gear box. This allows for a smaller generator and bulb. 

 

Straflo turbines are axial turbines with the generator outside of the water channel, con nected 

tothe periphery of the runner. 
 

 

S- turbineseliminate the need for a bulb housing by placing the generator outside of  the 

waterchannel. This is accomplished with a jog in the water channel and a shaft connecting the 

runner and generator. 

 

 

Tyson  turbines  are  a fixed propeller  turbine designed  to  be  immersed  in  a  fast flowing 

river,either permanently anchored in the river bed, or attached to a boat or barge. 
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43.Explain in detail about the working Principle of Pelton wheel. Give all in detail with 
neat Sketch 

 
The Pelton wheel is among the most efficient types of water turbines. It was invented by 

Lester Allan Pelton in the 1870s. The Pelton wheel extracts energy from the impulse ( 

momentum) of moving water, as opposed to its weight like traditional overshot water wheel. 

Although many variations of impulse turbines existed prior to Pelton's design, they were less 

efficient than Pelton's design; the water leaving these wheels typically still had high speed, and 

carried away much of the energy. Pelton' paddle geometry was designed so that when the rim 

runs at ½ the speed of the water jet, the water leaves the wheel with very little speed, extracting 

almost all of its energy, and allowing for a very efficient turbine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The water flows along the tangent to the path of the runner. Nozzles direct forceful 

streams of water against a series of spoon-shaped buckets mounted around the edge of a 

wheel. As water 

flows into the bucket, the direction of the water velocity changes to follow the c ontour of the 
 

bucket. When the water-jet contacts the bucket, the water exerts pressure on the bucket and the 

water is decelerated as it does a "u-turn" and flows out the other side of the bucket at low 

velocity. 

In the process, the water's momentum is transferred to the turbine. This " impulse" does 

work on the turbine. For maximum power and efficiency, the turbine system is designed such 

that the water-jet velocity is twice the velocity of the bucket. A very small percentage of the 

water's original kinetic energy will still remain in the water; however, this allows the bucket to be 

emptied at the same rate it is filled, (see conservation of mass), thus allowing the water flow to 

continue uninterrupted. Often two buckets are mounted side-by-side, thus splitting the water jet 

in half (see photo). 

This balances the side-load forces on the wheel, and helps to ensure smooth, efficient 
 

momentum transfer of the fluid jet to the turbine wheel. 
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Because water and most liquids are nearly incompressible, almost all of the available energy is 

extracted in the first stage of the hydraulic turbine. Therefore, Pelton wheels have only one 

turbine stage, unlike gas turbines that operate with compressible fluid. 

 

 
Applications 

 

Pelton  wheels  are  the preferred turbine for hydro-power,  when  the  available  water 

source has relatively high hydraulic head at low flow rates. Pelton wheels are made in all sizes. 

There exist multi-ton Pelton wheels mounted on vertical oil pad bearings in hydroelectric plants. 

The largest units can be up to 200 megawatts. The smallest Pelton wheels are only a few 

inches across, and can be used to tap power from mountain streams having flows of a few 

gallons  per  minute.  Some  of  these  systems  utilize  household  plumbing  fixtures  for  water 

delivery. These small units are recommended for use with thirty meters or more of head, in 

order to generate significant power levels. Depending on water flow and design, Pelton wheels 

operate best with heads from 15 meters to 1,800 meters, although there is no theoretical limit. 

 
The Pelton wheel is most efficient in high head applications (see the "Design Rules" 

section). Thus, more power can be extracted from a water source with high -pressure and low- 

flow than from a source with low-pressure and high-flow, even though the two flows theoretically 

contain 

the same power. Also a comparable amount of pipe material is required for each of the two 

sources, one requiring a long thin pipe, and the other a short wide pipe. 

44.Discuss about the various  Design rules involved regarding Turbines 
 

1.Specific speed 
 

Main article:  Specific speed 

The specific speed ns of a turbine dictates the turbine's shape in a way that is not related 

to its size. This allows a new turbine design to be scaled from an existing design of known 

performance. The specific speed is also the main criterion for matching a specific hydro -electric 

site with the correct turbine type. 

The formula suggests that the Pelton turbine  is most suitable for applications with 

relatively high hydraulic head, due to the 5/4 exponent being greater than unity, and given the 

characteristically low specific speed of the Pelton 

 

 

2.Energy and initial jet velocity 
 

 

In the ideal ( frictionless) case, all of the hydraulic potential energy (Ep   = mgh) is 

converted  into  kinetic  energy  (Ek   =  mv2/2)  (see  Bernoulli's  principle).  Equating  these  two 
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equations and solving for the initial jet velocity (Vi) indicates that the theoretical (maximum) jet 

velocity is Vi =√(2gh) . 

For simplicity, assume that all of the velocity vectors are parallel to each other. Defining 

the velocity of the wheel runner as: (u), then as the jet approaches the runner, the initial jet 

velocity relative to the runner is: (Vi − u) 
 

 

3.Final jet velocity 
 

Assuming that the jet velocity is higher than the runner velocity, if the water is not to 

become backed-up in runner, then due to conservation of mass, the mass entering the runner 

must equal the mass leaving the runner. The fluid is assumed to be incompressible (an accurate 

assumption for most liquids). Also it is assumed that the cross-sectional area of the jet is 

constant. 

The jet speedremains constant relative to the runner. So as the jet recedes from the 

runner, the jetvelocity relative to the runner is: −(Vi  − u) =−Vi  + u. In the standard reference 

frame (relative to 

the earth), the final velocity is then: Vf = (−Vi + u) + u = −Vi + 2u. 
 

4.Torque 
 

By Newton’s second and third laws, the force F imposed by the jet on the runner is equal 

but opposite to the rate of momentum change of the fluid, so: 

F = −m( Vf− Vi) = −ρQ[(−Vi+ 2u) − Vi] = −ρQ(−2Vi+ 2u) = 2ρQ(Vi− u) 
 
 
 

where (ρ) is the density and (Q) is the volume rate of flow of fluid. If (D) is the wheel 

diameter, the torque on the runner is: T = F(D/2) = ρQD(Vi  − u). The torque is at a maximum 

when the runner is stopped (i.e. when u = 0, T = ρQDVi ). When the speed of the runner is equal 

to the initial jet velocity, the torque is zero (i.e. when u = Vi, then T = 0). On a plot of torque 

versus runner speed, the torque curve is straight between these two points, (0, pQDVi) and (Vi, 

0) .
[1]

 

 
5.Power 

 

The power P = Fu = Tω, where ω is the angular velocity of the wheel. Substituting for F, 

we have P = 2ρQ(Vi − u)u. To find the runner speed at maximum power, take the derivative of P 

with respect to u and set it equal to zero, [dP/du = 2ρQ(Vi − 2u)]. Maximum power occurs when 

u =Vi/2. Pmax= ρQVi
2/2. Substituting the initial jet power Vi= √(2gh), this simplifies to Pmax= ρghQ. 

This quantity exactly equals the kinetic power of the jet, so in this ideal case, theefficiency is 

100%, since all the energy in the jet is converted to shaft output 
 

 

6.Efficiency 

A wheel power divided by the initial jet power, is the turbine efficiency, η = 4u(Vi − u)/Vi
2. 

It is zero for u = 0 and for u = Vi. As the equations indicate, when a real Pelton wheel is working 
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close to maximum efficiency, the fluid flows off the wheel with very little residual velocity. [1] 

Apparently, this basic theory does not suggest that efficiency will vary with hydraulic head, and 

further theory is required to show this. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

45.What is meant by Francis Turbine .Discuss the Working principle ,Function and 
applications involved in Francis turbine with neat Sketch 

 

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

in Lowell, MA. It is an inward-flow  reaction turbine that combines radial and axial flow concepts. 
 

Francis turbines are the most common water turbine in use today. They operate in a  head 
range of ten meters to several hundred meters and are primarily used for electrical power 
production. 

 

.          The inlet is spiral shaped. Guide vanes direct the water tangentially to the turbine wheel, 

known as a runner. This radial flow acts on the runner's vanes, causing the runner to spi n. The 

guide vanes (or wicket gate) may be adjustable to allow efficient turbine operation for a range of 

water flow conditions. 

As the water moves through the runner, its spinning radius decreases, further acting on 

the runner. For an analogy, imagine swinging a ball on a string around in a circle; if the string is 

pulled short, the ball spins faster due to the conservation of angular momentum. This property, 

in addition to the water's pressure, helps Francis and other inward-flow turbines harness water 

energy efficiently. 

Water wheels have been used historically to power mills of all types, but they are 
inefficient. 

 

Nineteenth-century efficiency improvements of  water turbines allowed them to compete with 

steam engines (wherever water was available). 

In  1826  Benoit  Fourneyron  developed  a  high  efficiency  (80%)  outward-flow  water 

turbine. Water was directed tangentially through the turbine runner, causing it to spin. Jean - 

Victor Poncelet designed an inward-flow turbine in about 1820 that used the same principles. S. 
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In 1848 James B. Francis, while working as head engineer of the Locks and Canals 

company  in  the  water-powered  factory  city  of  Lowell,  Massachusetts,  improved  on  these 

designs to create a turbine with 90% efficiency. He applied scientific principles and testing 

methods to produce a very efficient turbine design. More importantly, his mathematical and 

graphical calculation methods improved turbine design and engineering. His analytical methods 

allowed confident design of high efficiency turbines to exactly match a site's flow conditions. 

The Francis turbine is a reaction turbine, which means that the working fluid changes 

pressure as it moves through the turbine, giving up its energy. A casement is needed to contain 

the water flow. The turbine is located between the high-pressure water source and the low- 

pressure water exit, usually at the base of a dam. 

The inlet is spiral shaped. Guide vanes direct the water tangentially to the turbine wheel, 

known as a runner. This radial flow acts on the runner's vanes, causing the runner to spin. The 

guide vanes (or wicket gate) may be adjustable to allow efficient turbine operation for a range of 

water flow conditions. 

As the water moves through the runner, its spinning radius decreases, further acting on 

the runner. For an analogy, imagine swinging a ball on a string around in a circle; if the string is 

pulled short, the ball spins faster due to the conservation of angular momentum. This property, 

in addition to the water's pressure, helps Francis and other inward-flow turbines harness water 

energy efficiently. 

46.What is meant by centrifugal pumps. Give the working principle and applications and 
Characteristics of an Centrifugal pumps 

 

A centrifugal pump is a roto dynamic pump that uses a rotating impeller to increase the 

pressure of a fluid. Centrifugal pumps are commonly used to move liquids through a piping 

system. The fluid enters the pump impeller along or near to the rotating axis and is accelerated 

by the impeller, flowing radially outward into a diffuser or volute chamber (casing), from where it 

exits  into the  downstream piping  system.  Centrifugal pumps are  used  for  large  discharge 

through smaller heads. 
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Modern process plants use powerful centrifugal pumps, primarily because of the 
following factors 

 

1.  The low initial cost. 
 

2.  Low maintenance costs. 
 

3.  Simple in operation. 
 

4.  Ability to operate under a wide variety of conditions. 
 

5.  Give a smooth, continuous flow, free from pulsation. 
 
 
CENTRIFUGAL FORCE 

 
 

The word, ' centrifugal ' is derived from the latin language and is formed from 

two words 'centri' meaning 'centre' and 'fugal' meaning 'to fly away from'. 
 

Centrifugal - 'to fly away from the centre'. 

 
This is the force developed due to the rotation of a body - solid, liquid or gas. The force 
of rotation causes a body, or a fluid, to move away from the centre of rotation. 

 

A centrifugal pump is built up of two main parts: 

 
1.  THE ROTOR (or Rotating Element). 

 

2.  THE CASING (or Housing or Body). 
The Rotor 

 
 

One of the greatest advantages of a centrifugal pump is that it has very few 

moving parts which minimises mechanical problems and energy losses due to 

friction. 

 

Other than the bearings, (and of course the driver), the only moving part in a 

centrifugal pump is the Rotor. 
 

The Rotor (Rotating Element), is made up of the following main components : 

 
1.  THE IMPELLER(S) -Often called the 'Wheel(s)'. (In the centre of an impeller, is 

the 'EYE' which receives the inlet flow of liquid into the 'Vanes' of the impeller). 
 

2.  THE SHAFT -The impeller(s) is/are mounted on the shaft and enclosed by a casing. 
 

The Impellers 
 
These consist of wheel shaped elements containing 'Curved Vanes' at the centre of which 

is the liquid inlet called the 'EYE' of the impeller. 
 

 
 

The wheel(s) is/are mounted on the shaft, (together called 'the Rotating Element' which is 

rotated at high speed. The liquid is thrown off the outer edge of the vanes, and more liquid 
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flows into the eye to take its place. The speed of rotation of the wheel imparts kinetic energy to 

the liquid in the form of velocity which will be converted to pressure (potential) energy. 

 

 
There are various types of impeller depending on the duty to be performed by the pump. 

 
1.  The Open Impeller : This type consists of vanes attached to a central hub with no 

side wall or 'shroud'. It is used for pumping highly contaminated slurry type liquids. 
 

2.  Semi-Open Impeller : This type has the vanes attached to a wall or shroud on one side. 

It is used mainly for lightly contaminated and abrasive liquids and slurries. 
 

3.  Closed Impeller : This impeller has the vanes enclosed on both sides by a shroud and 

is the most efficient impeller, used for clean or very slightly contaminated  liquids. 

Impellers can also be classified according to the vane curvature 

 

Types of Impeller 

 
High power, high volume pumps are fitted with more than one impeller. This type is called a 

 

'Multi-stage' pump and is actually a series of pumps mounted on the shaft within a single casing. 

The liquid leaving each impeller rim, is fed into the eye of the next wheel. In this way, the 

pressure is built up in stages through the pump. The more stages, the higher the discharge 

pressure. As liquids cannot be compressed and therefore no change in volume takes place, the 

impellers of a multi-stage pump are all the same size – (unlike those of a compressor). How the 

liquid is passed from stage to stage is discussed later in the notes on the casing. 

 

How the liquid is passed from stage to stage is discussed later in the notes on the casing. 
 
 

The Shaft 

The Impeller(s) are mounted on this part of the pump which is then referred to as the 'Rotor' 

or rotating element which is coupled (connected) to the pump driver. The driver imparts the 

rotation to the rotor that is housed in the casing, supported by the bearings. 
 

The shaft, due to the high speed of rotation, will tend to move 

:-Radially -movement across the shaft (Vibration) and, 

Axially -movement along the shaft (Thrust). 

In order to minimise and control these movements, bearings are fitted (as discussed earlier). 
 

 
The Casing 

 

This is the stationary part of the pump and includes the : 
 

1.  Suction Nozzle(s) (or Port(s)). 
 

2.  Discharge Nozzle (or Port). 
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3.  Bearings. 
 

4.  Seals. 
5.  The casing of a multi-stage centrifugal pump is very similar to that of a multi-stage 

 

compressor having diaphragms with diffusers & return passages. However, as liquids 

are non-compressible, the stages do not become progressively narrower.The 'Volute' 

casing. This is named from the spiral shape of the casing which is so constructed to act 

as a collector for the liquid as it leaves the outer edge of the impeller vanes. The liquid at 

this point is at high velocity. As the liquid enters the volute, the velocity is decreased. 

This causes an increase in pressure which is the objective of the pump. (Increased 

pressure is increased energy). 

 

 
 
 

 
 

 
Prime Movers 

 
 

The prime movers for pumps are the devices used to drive them - whether they are 

rotating machines or otherwise. 
 

The types of prime mover used for modern pumps are : 
 

1.  Electric Motor. 
 

2.  Diesel (or petrol) engine. 
 

3.  Gas Turbine. 
 

4.  Steam Turbine. 
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CHARACTERISTICS OF CENTRIFUGAL PUMPS 

 
Centrifugal pumps are specified by four characteristics. 

 

 
 

Capacity: 
 

This is defined as the quantity of liquid which is discharged from the pump in a given 

time. Capacity is expressed in 'm3/hr', 'gal/min', ..etc. The capacity of a pump is governed by 

the 'Head', the 'Speed' and the 'Size' of the pump. 

Total Head: 
 

The total head of a pump is the difference between the pump suction and discharge 

pressures - expressed in terms of metres or feet head : 

 
Suction Head : 

 

This is the vertical distance, in feet or metres, from the centreline of the pump to the 

level of liquid in the vessel from which the liquid is being pumped. 

 

Discharge Head: 
 

Is the discharge pressure of the pump, expressed in feet or metres of liquid. 
 

Total Head: = Discharge head -Suction head 
 

Power: 
 

This is the energy used by the pump in a given time. Its unit is 'Horsepower' 

(HP). 1 HP is equivalent to 0.746 kilowatt. (kW). 

Efficiency: 
 

This is a percentage measure of the pump's effectiveness in transferring the 

power used into energy added to the pumped liquid. 
 

The formula for calculation of efficiency Efficiency = (Output power)/(Inputpower)X 

100% Pumps in industry, usually operate at 70% to 80% efficiency. 
 
 
 

The pump is taking suction from Tank 'A' and discharging to Tank 'B'. The Head (or 

height) of water in 'A' to the centre-line of the pump is 23 feet. This is called the 'SUCTION 

HEAD'. 
 

The discharge line inlet to 'B' is 50 feet above the pump centre-line. This is the 

'DISCHARGE HEAD'. The 'TOTAL HEAD' is the difference between the two figures. 
 

This is 50 -23 = 27 feet. 
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If the suction vessel is BELOW the pump centre line, the suction head will be a 

NEGATIVE figure. Using the formula for Static Head Pressure, we can find the suction 

and discharge pressures of the pump. (Both tanks are at atmospheric pressure). 

Suction pressure = 23 x 0.433 = 10 Psig. Discharge pressure = 50 x 0.433 = 21.7 Psig 
 

If a liquid other than water is used, the Specific Gravity of the liquid must be included in 

the above formula to obtain the pressures. 
 

 
 

47.Explain in detail about the net positive suction head required 
 

The pump manufacturer's specified margin of suction pressure above the boiling point 

of the liquid being pumped, is required to prevent cavitation. This pressure is called the 'Net 

Positive Suction Head' pressure (NPSH). 

In order to ensure that a NPSH pressure is maintained, the Available NPSH should 

be higher than that required. The NPSH depends on the height and density of the liquid and 

the pressure above it. 

The Valves of a Centrifugal Pump 
 

The suction and discharge piping of a centrifugal pump, will generally have 

the following valve arrangements : 

 
1.  Suction Valve: Allows liquid to enter the pump. 

 

 

2.  Discharge Valve: Allows liquid to flow from the pump to other parts of the system. 
 
 

3.  Check or Non-Return Valve: In the discharge line -Prevents back-flow from discharge to 

suction through the pump. 

 
4.  Vent (priming) Valve: This is used to vent off air/gases from the pump before start-up. 

 
 

5.  Gauge Isolation Valves: Allows the replacement of pressure gauges on suction and 

discharge lines, the most important being the discharge pressure. 
 

 

6.  Gland Seal Valve: (where fitted). Controls the flow of cooling media to the pump gland 

cooling fluid. 

7.  Recycle Valve: This is a flowline valve which is used to recycle pumped liquid back 

to the suction side or to the suction vessel, in order to maintain a flow through the 

pump when the discharge valve, (and/or FCV), is closed. (Prevents heat build-up). 

8.  Drain Valve: Fitted on the bottom of the pump casing and used to drain the 

pump prior to maintenance work being done. 
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Working principle 
 

A centrifugal pump works by converting kinetic energy into potential energy measurable 

as static fluid pressure at the outlet of the pump. This action is described by Bernoulli's principle. 

With the mechanical action of an electric motor or similar, the rotation of the pump 
 

impeller imparts kinetic energy to the fluid through centrifugal force. The fluid is drawn from the 

inlet piping into the impeller intake eye and is accelerated outwards through the impeller vanes 

to the volute and outlet piping. As the fluid exits the impeller, if the outlet piping is too high to 

allow flow, the fluid kinetic energy is converted into static pressure. If the outlet piping is open at 

a lower level, the fluid will be released at greater speed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CENTRIFUGAL PUMPS - FLOW & PRESSURE 

In Parallel 

where extra flow is required, two or more pumps can be operated in 'parallel'. This means 

that the pumps all take suction from a common header and discharge into another common 

header. The number of pumps in the parallel line-up, depends on the system flow 

requirements. 

In Series 
 
where extra pressure is required, pumps may be operated in 'series'. Here, a pump takes 

suction from a vessel and discharges into the suction of another pump which then discharges 

into the system. The number of pumps lined up in series depends on the system pressure 

requirements. 
 

 
 

Vertical centrifugal pumps 
 

Vertical centrifugal pumps are also referred to as cantilever pumps. They utilize a unique 

shaft and bearing support configuration that allows the volute to hang in the sump while the 

 
IV Semester CE8403 / Applied Hydraulic EngineeringPage 70 



 
 

bearings are outside of the sump. This style of pump uses no stuffing box to seal the shaft but 

instead utilizes a "throttle Bushing". A common application for this style of pump is in a parts 

washer. 

Product characteristics for Vertical Multistage Centrifugal Pump 
 

1. Low noise: Install the model number of Y2 electric motor,the circulate is steady,and low 
noise . 

2. Without  leakage:  Specially  selected  mechanical  seal  and  science  processes  a 

craft,professional technical assurance,carry out the pursue of"without leakage" 

3. Simple to demolish and install: Rigid couplings,spline shaft design,the weight ease 50% 

than the pumps,and the operability is better 

4. Install is convenient: Enter of water and out of water are on the same level,the Lower to 

the tube road request,the the and tube road the s usage is more dependable,the 

stability is higher 

5. The investment of pump - house - building is less: At the orginally foundation of vertical 

6. multistage  pump  go  forward  to  go  an  improvement,the  the  physical  volume  is 

small,covering area little 

7. Avoid the second-pollution of the fluid matter: Inducer and shaft are made of stainless 

steel,overcome the weakness of the cast-iron pump,promise the quality of the fluid 

matter 

8. Have  no  rust  eclipse  harassment:  The  use  cylinder  of  stainless  steel,better  adapt 

various environment,never rusty 

9. The life span is longer: The material hurtles of stainless steel are pressed,the weld 

impeller,the weight is light,balancegood,circulate a stability 

10. Support expenses low: The Adopt the water-lubrication-bearing design,Circulate more 

dependable,need not to lubriicate to maintain 

Multistage centrifugal pumps 
 

A centrifugal pump containing two or more impellers is called a multistage centrifugal 

pump. The impellers may be mounted on the same shaft or on different shafts.If we need higher 

pressure at the outlet we can connect impellers in series.If we need a higher flow output we can 

connect impellers in parallel.All energy added to the fluid comes from the power of the electric 

or other motor force driving the impeller. 

Pump Efficiency 

Pump efficiency may be defined as the ratio of power added to the fluid in relation to the 

power  required  to  drive  the  pump.  Efficiency  is  never  a  single  fixed  value  for  any  given 

centrifugal pump, it is a function of discharge and therefore also the operating head. The 

efficiency tends to increase with flow rate up to a point midway through the operating range 

(peak efficiency) and then declines as flow rates rise further, the resulting curve is almost 

parabolic in shape. 

It is important that the system is designed in order that the pump will be operating at or 
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close to its peak efficiency. This is particularly difficult for those systems with time variant flow 

rates, such difficulties may be overcome through the use of variable frequency drives to adjust 

the speed of the electric drive motor. Unless carefully designed, installed and monitored, pumps 

will be, or will become inefficient, wasting a lot of energy. 

The energy usage in a pumping installation is determined by the flow required, the 

height lifted and the length and friction characteristics of the pipeline. The power required to 

drive a pump (Pi), is defined simply using SI units by: 

 
Pi=ρ g H Q / η 

 

 
 

Where:  
 
Piis the input power required (W) 
 

ρ is the fluid density (kg/m3) 
 

gis the standard acceleration of gravity (9.80665 m/s2) 
 

H is the energy Head added to the flow (m) 

 
Q is the flow rate (m3/s) 
 

η is the efficiency of the pump plant as a decimal 
 

The head added by the pump (H) is a sum of the static lift, the head loss due to friction 

and any losses due to valves or pipe bends all expressed in metres of fluid. Power is more 

commonly expressed as kilowatts (103  W) or horsepower (multiply kilowatts by 0.746). The 

value for the pump efficiency η may be stated for the pump itself or as a combined efficiency of 

the  pump  and  motor  system.  The  energy usage  is  determined  by  multiplying  the  power 

requirement by the length of time the pump is operating. 
 

 

48.Define the term cavitation.Explain in detail about cavitations with neat Sketch 

Cavitations is a problem condition which may develop  while  a  centrifugal pump  is 

operating. This occurs when a liquid boils inside the pump due to insufficient suction head 

pressure. Low suction head causes a pressure below that of vaporization of the liquid, at the 

eye of  the impeller. The resultant gas which forms causes the formation and  collapse  of 

'bubbles' within the liquid. This, because gases cannot be pumped together with the liquid, 

causes violent fluctuations of pressure within the pump casing and is seen on the discharge 

gauge. 

These sudden changes in pressure cause vibrations which can result in serious damage 

to the pump and, of course, cause pumping inefficiency. 
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To overcome cavitations: 
 

1.  Increase suction pressure if possible. 
 

2.  Decrease liquid temperature if possible. 
 

3.  Throttle back on the discharge valve to decrease flow-rate. 
 

4.  Vent gases off the pump casing. 
 
49. Discuss about air binding in a centrifugal pump 

 

Air binding occurs when air is left in a pump casing due to improper venting, or, air 

collects when the pump is operating. The air, as it collects, forms a pocket around the 

impeller which forces liquid away from it. The impeller then spins in the air and heat begins to 

build up. 

Symptoms of air binding: 
 

1.  Fluctuating pressure for a short time. The pressure may then stop jumping and fall 

quickly. 

2.  Overheating of the pump may take place shortly after air binding occurs. 
3.  An air-bound pump sounds quieter than normal. 

To correct air binding: 
1.  Vent the pump during operation. 

 

2.  In some cases, the pump must be shut down and allowed to cool. The air must then be 

vented off... 
 

 
 
 
 
 
 
 

***ALL THE BEST*** 
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IMPORTANT QUESTIONS 
 

PART A 

 
1. What is a hydraulic turbine? 

 

2. How will you classify the turbine? 
 

3. Differentiate between the reaction and impulse turbine 
 

4. Define specific speed of turbine 
 

5. Give example for a low head, medium head and high head turbine. 
 

6. What is Draft tube? 
 

7. What is cavitations? How can it be avoided in reaction turbine? 
 

8. Define the term Governing of a turbine‘ 
 

9. What are the functions of Surge tank? 
 

10. Differentiate between an inward and an outward flow reaction turbines. 
 

11. List out advantages of Francis turbine 
 

12. Mention main components of Centrifugal pump 
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PART B 

 
13) i) Draw a neat sketch of Kaplan turbine, name the parts and briefly its working 

 

ii) Define specific speed of the turbine? Derive an expression for the specific speed. 
 

14) A radial flow impeller has       a  diameter 25 cm and  width 7.5 cm at exit. It  delivers 
against a head of  24  m at 1440 rpm. Assuming the 

120  liters of  water per  second vanes 
 

block the flow area by 5% and  hydraulic efficiency of  0.8, estimate the vane  angle  at exit. 

Also  calculate  the torque exerted on the driving  shaft  if the   mechanical efficiency is 95%. 

[Anna Univ.Nov’05] 
 

15). Find the power required   to drive a centrifugal    pump    which  to  drive  a  centrifugal 

pump which delivers 0.04 m3 /s of water to a height of 20 m through a 15 cm diameter 

pipe and 100 m long. The over all  efficiency of the pump is 70% [Anna Univ.Nov’04] 
 
 

14). A Centrifugal pump having outer  diameter equal  to  2  times the  inner  diameter and 

running at 1200 rpm  works   against a total head  of  75 m.  The Velocity of       flow  through 

vanes are set back at 

the impeller is  constant and  equal to 3 m/s. The an                                         angle of  30º 

at out  let. If  the outer diameter  of  impeller  is 600  mm and  width  at       outlet  is 50  mm. 

Determine  (i)  Vane angle at  inlet (ii) Work done per  second                     on     impeller (iii) 

Manometric efficiency.                                                                                                               (16) 
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