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Ideally

1) For steam boiler

 constant pressure heating process of water to form steam

2) For the turbine

 Reversible adiabatic expansion of the steam (or isentropic)

3) For the condenser

 Reversible constant pressure heat rejection as the steam condenses
till it becomes saturated liquid

4) For the Pump
 Reversible adiabatic compression of this liquid ending at the initial

pressure





At 1: dry saturated or

superheated steam 

At 2: wet steam

Assumption: 
process is adiabatic , 

reversible and isentropic 

Turbine does not absorb 

heat.



Here 1-2 represents the saturated steam 

at boiling point entering the turbine

and leaving as wet steam on B.P but on 

Different pressure at 2

As ideally process (in case of turbine)

is adiabatic so

Entropy is same

But in actual case due to friction and heat transfer

increases so that
turbine work and efficiency decreases

And the graph for process 1-2 shifts towards right (i.e. curvature

instead of straight line)

As in real case

Entropy change is positive for irreversible feasible process

And equation becomes

-heat loss



 if there is heat loss to the
surrounding , h2 will decrease,

accompanied by a decrease in
entropy. If heat loss Is large the
end state may shift towards left.



Since heat loss is generally negligible 
so entropy change is accompanied 
by zero or positive change generally



Process 2-3

Condenser

Here we say the condenser is rejecting heat at constant pressure. 
According to the graph the condenser is only absorbing the latent 
heat and at constant pressure converting wet steam into liquid 
state without change in temperature (at saturationtemperature)



losse

s• The losses in the condenser are usually small.
• These include the loss of pressure and the cooling of the 

condensate below saturation temperature.



Process 3-4

First we should know how feed water pump works

and why it is necessary.

• We know that pressure inside the boiler is very

high and so we need feed water pump

This process is to increase the pressure 
and ideally pressure at 4 is equal to 
pressure inside the boiler



• The losses in the pump are similar to those of 
the turbine and are primarily due to 
irreversibility associated with fluid friction.

• Heat transfer is usually negligible

PUMP

LOSSES



Process 4-1

Boiler

This process in thermodynamics is ideally

considered as constant pressure heat addition

Heat addition can be studied in three
parts
1) Heating till boiling point
2) Heating till saturation
3) Superheating



Piping losses

Pressure drop due to friction and heat loss to the 
surrounding are the most important piping losses.

1’ and 1 represents 
the state of the steam 
leaving and entering 
the turbine 
respectively
The dotted line 
represents the 
frictional losses and 
Other constant 
pressure heat loss to 
the surrounding



• Pressure drop in the boiler and also in the pipeline (as 
in fluid mechanics)from the pump from the boiler.

• Due to pressure drop in the boiler, water entering the 
boiler must be pumped to a much higher pressure 
than the desired steam leaving the boiler and this 
requires additional pump work.







Inlet superheated
steam Exit wet steam



S. Sreenatha Reddyr, Professor,
GNIT



The maximum temperature 

of  superheat is limited by 

metallurgical considerations 

(current state of the art 

allows about 700 OC).



Superheating improves both efficiency and the 

turbine exit quality (T↑ ↑, x↑).

However, the maximum temperature of 
superheat is limited by metallurgical 
considerations (current state of the art allows 
about 700 OC).





(Steam Generators)



Factors to be considered
fo

rselection of good boiler1) The working pressure and quality of steam required

2) Steam generation rate

3) Floor area available

4) Accessibility for repair and inspection

5) Comparative initial cost

6) Erection facilities

7) The portable load factor

8) The fuel and water available

9) Operating and maintenance costs



Requirements of an efficient

boiler
1. The boiler should generate maximum amount of steam at a required pressure and

temperature and quality with minimum fuel consumption and expenses

2. Steam production rate should be as per requirements

3. It should be absolutely reliable

4. It should be light in weight

5. It should not occupy large space.

6. It should be capable of quick starting

7. It should conform to safety regulations.

8. The boiler components should be transportable without difficulty

9. The installation of the boiler should be simple

10. It should have low initial cost, installation cost and maintenance cost.

11. It should be able to cope with fluctuating demands of steam supply.

12. All parts and components should be easily accessible for inspection, repair and

replacement.

13. The tubes of the boiler should not accumulate soot or water deposits and should be

sufficiently strong to allow for wear and corrosion

14. The water and gas circuits should be such as to allow minimum fluid velocity (for

low frictional losses)



Classification of

boilers
Relative position of hot gases and water

•Fire tube boilers (Cochran, Lancashire, Cornish, Locomotive)

•Water tube boilers (Babcock and Wilcox boiler, Stirling boiler)

Method of firing

•Internally fired boilers ( Lancashire, Locomotive)

•Externally fired boilers (Babcock and Wilcox boiler)
Pressure of steam

•High pressure boilers(>80 bars-Cochran,Lancashire,Cornish, Locomotive)

• Low pressure boilers (<=80 bars-Babcock and Wilcox boiler, Lamont

boiler)

Method of circulation of water

• Natural circulation boilers (Lancashire, Locomotive, Babcock & Wilcox

boilers)

• Forced circulation boilers (Two large fire tubes Lancashire boiler, Single

large fire tube Cornish boiler, Cochran boiler, Many small tubes Locomotive

boiler, Babcock Wilcox water tube boiler)
Nature of service to be performed

•Land boilers

•Mobile boilers (or) Portable boilers



 Once through boilers

 Position and number of drums
•

•

Single drum boilers

Multi-drum boilers(Longitudinal or crosswise)

 Design of gas passages
•

•

•

Single pass boilers

Return pass boilers

Multi-pass boilers

 Nature of draught
•

•

Natural draught boilers

Artificial draught boilers

 Heat source
•

•

•

Combustion of solid, liquid or gaseous fuels

Electrical and nuclear energy

Hot waste gases of other chemical reactions

 Fluid used
•

•

•

Steam boilers

Mercury boilers

Special boilers for heating special chemicals

 Material of construction of boiler shell
•

•

Cast iron boilers

Steel boilers





Advantages & Disadvantages of COCHRAN BOILER

Advantages

1)Cochran Boiler occupies less floor space. 

2)Construction cost of Cochran Boiler is Low.

3)Cochran boiler is semi-portable and hence easy to install 

and transport.

4)Because of self contained furnace no brick work setting is 

necessary.

Disadvantages

1)The capacity of the Cochran boiler is less because of the 

vertical design.

2)Cochran Boiler requires high head room space.

3)Because of the vertical design, it often presents difficulty in 

cleaning and inspection.



BABCOCK &WILCOX
BOILERFeatures of Babcock & Wilcox boiler: 

1)Horizontal, Straight & Stationary 

2)Externally fired

3)Natural circulation

4)Water tube boiler

5)Minimum steam pressure of 10 bar

6)Minimum evaporative capacity of 7000 kg 

of steam per hour.





BOILER MOUNTINGS

1) Pressure gauge

2) Fusible plug

3) Steam stop valve

4) Feed check valve

5) Blow off cock

6) Man and mud(sight)holes

7) Two safety valves

8) Two water level Indicators



Thank
you
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UNIT-II 

STEAM

NOZZLES



What is a steam nozzle????

A nozzle is a device designed to control the direction or characteristics of a fluid flow

(especially to increase velocity) as it exits (or enters) an enclosed chamber or pipe.

A nozzle is often a pipe or tube of varying cross sectional area, and it can be used to direct or 

modify the flow of a fluid (liquid or gas). Nozzles are frequently used to control the rate of 

flow, speed, direction, mass, shape, and/or the pressure of the stream that emerges from 

them.Finally the goal of a nozzle is to increase the kinetic energy of the flowing medium at 

the expense of its pressure and internalenergy.

INTRODUCTION

https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Pipe_(material)
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Internal_energy


Three types of nozzles:-

Convergent:- The cross section of nozzle tapers to a 

smaller section allow for changes which occur due 

changes in velocity, specific volume dryness fraction – as 

the flow expands, it has lower expansion ratio and 

hence lower outlet velocities.

Convergent-----Divergent:- The nozzle which 

converges to throat and diverges afterwards. It has 

higher expansion ratio – as addition of divergent 

portion produces steam of higher velocities.Eg- De-

Laval Nozzle

Divergent:- A nozzle whose cross section becomes 

larger in the direction of flow is known as divergent 

nozzle.

Types of nozzles

DIVERGENT NOZZLE



The flow accelerates out of the chamber through the converging section, reaching
its maximum

(subsonic) speed at the throat. The flow then decelerates through the diverging

section and exhausts into the ambient as a subsonic jet. Lowering the back

pressure in this state increases the flow speed everywhere in the nozzle.

Lower it far enough and we eventually get to the situation shown in figure 3b. The

flow pattern is exactly the same as in subsonic flow, except that the flow speed at

the throat has just reached Mach

1. Flow through the nozzle is now choked since further reductions in the back

pressure can't move the point of M=1 away from the throat. However, the flow

pattern in the diverging section does change as you lower the back pressure

further.

As pb is lowered below that needed to just choke the flow a region of supersonic 

flow forms just downstream of the throat. Unlike a subsonic flow, the supersonic 

flow accelerates as the area gets bigger. This region of supersonic acceleration is 

terminated by a normal shock wave. The shock wave produces a near-

instantaneous deceleration of the flow to subsonic speed. This subsonic flow then 

decelerates through the remainder of the diverging section and exhausts as a 

subsonic jet. In this regime if you lower or raise the back pressure you increase or 

decrease the length of supersonic flow in the diverging section before the shock 

wave.

If you lower pb enough you can extend the supersonic region all the way down the 

nozzle until the shock is sitting at the nozzle exit (figure 3d). Because you have a 

very long region of acceleration (the entire nozzle length) in this case the flow 

speed just before the shock will be very large in this case.

However, after the shock the flow in the jet will still be subsonic.

Lowering the back pressure further causes the shock to bend out into the jet (figure 

3e), and a complex pattern of shocks and reflections is set up in the jet which will 

now involve a mixture of subsonic and supersonic flow, or (if the back pressure is 

low enough) just supersonic flow. Because the shock is no longer perpendicular to 

the flow near the nozzle walls, it deflects it inward as it leaves the exit producing an

A further lowering of the back pressure changes and 

weakens the wave pattern in the jet. Eventually we will 

have lowered the back pressure enough so that it is 

now equal to the pressure at the nozzle exit. In this 

case, the waves in the jet disappear altogether (figure 

3f), and the jet will be uniformly supersonic.

This situation, since it is often desirable, is referred to 

as the

'design condition'.

Finally, if we lower the back pressure even further we 

will create a new imbalance between the exit and back 

pressures (exit pressure greater than back pressure), 

figure 3g. In this situation (called 'underexpanded') 

what we call expansion waves (that produce gradual 

turning and acceleration in the jet) form at the nozzle 

exit, initially turning the flow at the jet edges outward in 

a plume and setting up a different type of complex

wave pattern.



CRITICAL PRESSURE RATIO

The maximum gas flow through a nozzle is determined by the critical pressure.

• The critical pressure ratio is the pressure ratio which will accelerate the flow to a

velocity

equal to the local velocity of sound in the fluid.

Critical flow nozzles are also called sonic chokes. By establishing a shock wave the sonic 

choke establish a fixed flow rate unaffected by the differential pressure, any fluctuations 

or changes in downstream pressure. A sonic choke may provide a simple way to regulate 

a gas flow.

pc / pi = ( 2 / (n + 1) )n / (n (1

-T1h)e wrahtieorebetween the critical p)ressure and the initial pressure for a nozzle can expressed

apsc = critical pressure (Pa)

pi = inlet pressure (Pa)

n = index of isentropic expansion or compression - or

polytropic constant



steam transonic flows in Laval nozzles

In aeronautics, transonic refers to the condition of flight in which a range of velocities of
airflow exist

surrounding and flowing past an air vehicle or an airfoil that are concurrently below, at, and

above the speed

of sound in the range of Mach 0.8 to 1.0, i.e. 600–768 mph (965–1236 km/h) at sea level.

In large output turbines, the state path usually crosses the saturation line in the

penultimate stages.

This means that at least last two stages of the low-pressure turbine operate in the two-phase 

region, producing much more than 10% of the total power output. The liquid phase in steam 

turbines is mainly created in the process of homogeneous and heterogeneous 

condensation. The part of the hetero-geneous condensation in liquid phase formation de-

pends on steam purity. For the purposes of the prob-lems considered in this paper it was 

assumed that the steam was perfectly pure. The flow in the low-pressure steam turbine is 

com-plicated and still requires thorough experimental and numerical analysis to increase 

energy conversion ef-ficiency. Low-pressure turbine blades are key com-ponents in overall 

steam turbine design. A fully de-veloped 3-D stage flow analysis can provide an op-timum 

blade profile, capable of minimizing losses from shock waves caused by supersonic



Construction of steam nozzle

If great pressure differences exist in front and at the back of inlet nozzles of steam
turbines a

secure attachment of the nozzles is sometimes rather difficult.

The difficulties are eliminated by milling or otherwise machining the nozzles into a

complete or 

undivided solid ring.

An example is shown in the drawing affixed hereto.

The single figure of the drawing shows a cross-section through one half of the

nozzles.

Referring to this figure it will be seen that the steam flows from the channel 6 in the 

casing 1 into the nozzles 7. These nozzles are machined into a solid ring 2 which is 

inserted into the turbine casing 1. The turbine may work with full or partial steam 

admission. A particularly good attachment of the ring 2 within the casing 1 is 

attained by shrinking the nozzle ring into the casing without making use of a special 

guide wheel body. The attachment of the ring 2 in the manner specified permits, 

however, of leaks as well relative displacements. According to a further

development the nozzle ring is secured in position by a further locking ring. This ring 

is indicated in the drawing by the numeral 3, it is tightened up by cone head screws

8 and thereby forces a packing ring 5 against a shoulder on the ring 2 as well as on 

the easing 1. In order to make quite sure of a tight seal a ring 4; of soft metal is

In a steam turbine the combination of a casing, a nozzle carrier
having nozzle

grooves in its outer periphery and forming a complete solid ring 

located in the turbine casing, and having its outer periphery shrunk 

against the inner periphery of the turbine casing,which forms one 

of the nozzle sides, and a soft metal ring caulked between the inner 

ring surface and the casing so that the steam admitted to the 

nozzles can flow only substantially in the axial direction of the 

turbine.

Materials used for construction of a nozzle are : Brass , 

Stainless Steel , Zinc Aluminum Alloy, Hot Pressed Boron Carbide 

The construction of the nozzle was done with materials obtainable 

locallyand the science of operation carried out in constructing the 

nozzle was; cleaning, marking out, cutting off, drilling, folding, 

centre punching, assembling, welding, filling, testing and painting.

inserted between the adjacent surfaces of the casing 1 and the ring 2 by caulking. It 

is particularly applicable to super-pressure turbines.

The flow nozzle was constructed based on the following

specifications and dimensions; 

Throat Diameter60mm

The diameter of the duct pipe 

140mm The length of the up 

stream pipe 200mm The thickness 

of the nozzle3.8mm

The length of the down stream pipe 

200mm The height of the 

nozzle820mm

The length of the nozzle690mm

The size of the pressure valves ½ inch

Furthermore, the selection of materials for the 

construction of this flow nozzle was based on the factors 

which includes; ductility, malleability, fabricability, 

mechanical strength and stability, availability, corrosion

Varrieoussismtaondicfiecaatinondslaansdtlcyhacnogsetsfmaacytobre. made.



Effects of friction on nozzle efficiency

For stream flowing through a nozzle, its final velocity for a given pressure drop is

reduces to:

• Friction between nozzle surface and stream

• Internal friction of stream itself.

• Shock losses.

Most of the frictional losses occur between the throat and exit in nozzle, producing

following

effect.

• Expansion is no more isentropic.

• Enthalpy drop is reduced.

• Final dryness fraction of steam increases.(kinetic energy- heat, due to friction and

gets

absorbed.)

• Specific volume of steam increases.(steam becomes more dry due to friction

reheating)



Parameters of steam nozzle

 Foundation

 Rotor or shaft

 Cylinder or Casing

 Blades

 Diaphragm

 Steam Chest

 Coupling

 Bearings

 Labyrinth seal

 Front pedestal

 TSI

 D-EHC(governor)

 MSV(main steam stop value)

 CV(control value)

 IV(intercept value)

 CRV(combined reheat value)

 Turbine Turning Gear

 Turbine Bypass and Drains

 Lube oil system

 EHC oil system

 Gland steam systems

 Condenser

 Steam jet Ejector

 Vacuum Breaker



SUPER SATURATED FLOW

When dry and saturated steam is caused to expand 

in a nozzle, the actual measured steam flow is found to 

be greater than the theoretical calculated flow. This is 

due to the time lag in the condensation of steam and 

the steam remains in dry state instead of wet. Such a 

steam is called supersaturated steam. This time lag is 

caused due to the fact that, the converging part of the 

nozzle is too short and the steam velocity is too high 

that the molecules of steam have insufficient time to 

form droplets.



EFFECTS OF

SUPERSATURATE

D FLOW
 Final dryness fraction increases.

Density of supersaturated steam is more than that for 

equilibrium conditions(As no condensation during 

supersaturated expansion => supersaturation 

temperature < saturation temperature corresponding to 

the pressure).

Thus , measured discharge (=>mass) is greater than

that theoretically calculated.



MACH NUMBER

Mach number is the ratio of flow velocity passed the boundary to the local speed of

sound.

It is a dimensionless quantity:-

M=u/c Where,

M= Mach Number.

u= Local flow velocity with respect

to the boundaries.

c= Speed of the sound in the medium.

If ,

M>1, the flow is 

supersonic M<1, the flow 

is subsonic M=1, the

flow is sonic

Figure 4: Calculated Mach number distribution (top) 

and Schlieren pictures from experiment for D1



APPLICATIONS OF STEAM NOZZLE

 To rotate steam turbine.

 Thermal power plant.

 Steam nozzle are also used for cleaning

purpose.

 To produce a very fine jet spray.



THANK YOU



UNIT-3 

STEAM TURBINES



DEFINITION

A steam turbine is a prime mover in

which the potential energy of the steam

is transformed into kinetic energy and

later in its turn is transformed into the

mechanical energy of rotation of the

turbine shaft.



According to the action of steam:

 Impulse turbine: In impulse turbine, steam coming out

through a fixed nozzle at a very high velocity strikes the

blades fixed on the periphery of a rotor. The blades change

the direction of steam flow without changing its pressure. The

force due to change of momentum causes the rotation of the

turbine shaft. Ex: De-Laval, Curtis and Rateau Turbines

Reaction turbine: In reaction turbine, steam expands both in

fixed and moving blades continuously as the steam passes

over them. The pressure drop occurs continuously over both

moving and fixed blades.

Combination of impulse and reaction turbine







ACCORDING TO THE NUMBER

OF PRESSURE STAGES:
 Single stage turbines: These turbines are mostly used for

driving centrifugal compressors, blowers and other similar

machinery.

Multistage Impulse and Reaction turbines: They are made in

a wide range of power capacities varying from small to large.



According to the type of steam flow:

 Axial turbines: In these turbines, steam flows in a direction

parallel to the axis of the turbine rotor.

Radial turbines: In these turbines, steam flows in a direction

perpendicular to the axis of the turbine, one or more low

pressure stages are made axial.





ACCORDING TO THE

NUMBEROF SHAFTS:




Single shaft turbines 

Multi-shaft turbines

According to the method of governing:



Turbines with throttle governing: In these turbines, fresh steam enter through one or more (depending

on the power developed) simultaneously operated throttle valves.

Turbines with nozzle governing: In these turbines, fresh steam enters through one or more consecutively

opening regulators.

Turbines with by-pass governing: In these turbines, the steam besides being fed to the first stage is also

directly fed to one, two or even three intermediate stages of the turbine.







ACCORDING TO THE

HEATDROP PROCESS:
 Condensing turbines with generators: In these turbines, steam at a

pressure less than the atmospheric is directed to the condenser. The

steam is also extracted from intermediate stages for feed water heating).

The latent heat of exhaust steam during the process of condensation is

completely lost in these turbines.

Condensing turbines with one or more intermediate stage extractions: In

these turbines, the steam is extracted from intermediate stages for

industrial heating purposes.

Back pressure turbines: In these turbines, the exhaust steam is utilized

for industrial or heating purposes. Turbines with deteriorated vacuum

can also be used in which exhaust steam may be used for heating and

process purposes.

Topping turbines: In these turbines, the exhaust steam is utilized in

medium and low pressure condensing turbines. These turbines operate at

high initial conditions of steam pressure and temperature, and are mostly

used during extension of power station capacities, with a view to obtain

better efficiencies.









According to their usage in industry:

 Stationary turbines with constant speed of rotation: These

turbines are primarily used for driving alternators.

 Stationary turbines with variable speed of rotation: These

turbines are meant for driving turbo-blowers, air circulators,

pumps, etc.

 Non-stationary turbines with variable speed: These turbines

are usually employed in steamers, ships and railway

locomotives.



ADVANTAGES OF STEAM TURBINES

OVER STEAM ENGINES
1. The thermal efficiency is much higher.

2. As there is no reciprocating parts, perfect balancing is possible and

therefore heavy foundation is not required.

3. Higher and greater range of speed is possible.

4. The lubrication is very simple as there are no rubbing parts.

5. The power generation is at uniform rate & hence no flywheel is 

required.

6. The steam consumption rate is lesser.

7. More compact and require less attention during operation.

8. More suitable for large power plants.

9. Less maintenance cost as construction and operation is highly

simplified due to absence of parts like piston, piston rod, cross head,

connecting rod.

10. Considerable overloads can be carried at the expense of slight reduction

in overall efficiency.



METHODS OF REDUCING ROTOR 

SPEED (COMPOUNDING OF 

TURBINES)

 If high velocity of steam is allowed to flow through one row of moving blades, it

produces a rotor speed of about 30000 rpm which is too high for practical use.

 It is therefore essential to incorporate some improvements for practical use and

also to achieve high performance.

 This is possible by making use of more than one set of nozzles, and rotors, in a

series, keyed to the shaft so that either the steam pressure or the jet velocity is

absorbed by the turbine in stages. This is called compounding of turbines.

 The high rotational speed of the turbine can be reduced by the following methods

of compounding:

1)Velocity compounding

2)Pressure compounding, and 

3)Pressure-Velocity compounding



Lost velocity



 It consists of a set of nozzles and a few rows of moving blades which are fixed

to the shaft and rows of fixed blades which are attached to the casing.

 As shown in figure, the two rows of moving blades are separated by a row of

fixed blades.

 The high velocity steam first enters the first row of moving blades, where some

portion of the velocity is absorbed.

 Then it enters the ring of fixed blades where the direction of steam is changed to

suit the second ring of moving blades. There is no change in the velocity as the

steam passes over the fixed blades.

 The steam then passes on to the second row of moving blades where the

velocity is further reduced. Thus a fall in velocity occurs every time when the

steam passes over the row of moving blades. Steam thus leaves the turbine with

a low velocity.

 The variation of pressure and velocity of steam as it passes over the moving and

fixed blades is shown in the figure. It is clear from the figure that the pressure

drop takes place only in the nozzle and there is no further drop of pressure as it

passes over the moving blades.

 This method of velocity compounding is used in Curtis turbine after it was first

proposed by C.G. Curtis.







 It consists of a number of fixed nozzles which are incorporated

between the rings of moving blades. The moving blades are keyed

to the shaft.

 Here the pressure drop is done in a number of stages. Each stage

consists of a set of nozzles and a ring of moving blades.

 Steam from the boiler passes through the first set of nozzles where

it expands partially. Nearly all its velocity is absorbed when it

passes over the first set of moving blades.

 It is further passed to the second set of fixed nozzles where it is

partially expanded again and through the second set of moving

blades where the velocity of steam is almost absorbed. This process

is repeated till steam leaves at condenser pressure.

 By reducing the pressure in stages, the velocity of steam entering

the moving blades is considerably reduced. Hence the speed of the

rotor is reduced. Rateau & Zoelly turbines use this method of

compounding.



1) In this method of compounding, both pressure and

velocity compounding methods are utilized.

2) The total drop in steam pressure is carried out in two

stages and the velocity obtained in each stage is also

compounded.

3) The ring of nozzles are fixed at the beginning of each

stage and pressure remains constant during each stage.

4) This method of compounding is used in Curtis and

More turbines.



PRESSURE-VELOCITY 

COMPOUNDING



 It primarily consists of a

nozzle or a set of nozzles, a

rotor mounted on a shaft,

one set of moving blades

attached to the rotor and a

casing.

 A simple impulse turbine is

also called De-Laval

turbine, after the name of its

inventor

 This turbine is called simple

impulse turbine since the

expansion of the steam

takes place in one set of

nozzles.



 In impulse turbine, steam coming out through a fixed

nozzle at a very high velocity strikes the blades fixed on

the periphery of a rotor.

 The blades change the direction of steam flow without

changing its pressure.

 The force due to change of momentum causes the rotation

of the turbine shaft.

 Examples: De-Laval, Curtis and Rateau turbines.



 The impulse turbine consists basically of a rotor

mounted on a shaft that is free to rotate in a set of

bearings.
The outer rim of the rotor carries a set of curved

blades, and the whole assembly is enclosed in an

airtight case.

Nozzles direct steam against the blades and turn the

rotor. The energy to rotate an impulse turbine is

derived from the kinetic energy of the steam flowing

through the nozzles.

The term impulse means that the force that turns the

turbine comes from the impact of the steam on the

blades.









 The toy pinwheel can be used to study some of the basic principles of

turbines. When we blow on the rim of the wheel, it spins rapidly. The

harder we blow, the faster it turns.

 The steam turbine operates on the same principle, except it uses the

kinetic energy from the steam as it leaves a steam nozzle rather than air.

 Steam nozzles are located at the turbine inlet. As the steam passes

through a steam nozzle, potential energy is converted to kinetic energy.

 This steam is directed towards the turbine blades and turns the rotor. The 

velocity of the steam is reduced in passing over the blades.

 Some of its kinetic energy has been transferred to the blades to turn the

rotor.

 Impulse turbines may be used to drive forced draft blowers, pumps, and

main propulsion turbines.



 The uppermost portion of the diagram

shows a longitudinal section through

the upper half of the turbine.

 The middle portion shows the actual

shape of the nozzle and blading.

 The bottom portion shows the variation

of absolute velocity and absolute

pressure during the flow of steam

through passage of nozzles and blades.

 The expansion of steam from its initial

pressure (steam chest pressure) to final

pressure (condenser pressure) takes

place in one set of nozzles.

 Due to high drop in pressure in the

nozzles, the velocity of steam in the

nozzles increases.



 The steam leaves the nozzle with a very high velocity and strikes the

blades of the turbine mounted on a wheel with this high velocity.

 The loss of energy due to this higher exit velocity is commonly known as

carry over loss (or) leaving loss.

 The pressure of the steam when it moves over the blades remains constant

but the velocity decreases.

 The exit/leaving/lost velocity may amount to 3.3 percent of the nozzle

outlet velocity.

 Also since all the KE is to be absorbed by one ring of the moving blades

only, the velocity of wheel is too high (varying from 25000 to 30000

RPM).

 However, this wheel or rotor speed can be reduced by adopting the method

of compounding of turbines.



1. SINCE ALL THE KE OF THE HIGH VELOCITY STEAM

HAS TO BE ABSORBED IN ONLY ONE RING OF

MOVING BLADES, THE VELOCITY OF THE TURBINE IS

TOO HIGH I.E. UP TO 30000 RPM FOR PRACTICAL

PURPOSES.

2. The velocity of the steam at exit is sufficiently high which

means that there is a considerable loss of KE.







 mVa1  Va 2 Newtons

Force in the tangential direction Rate of change of momentum in the tangentialdirection.

 Mass per second  change in velocity Newtons

 m Vw1 Vw2 Newtons

Force in the axial direction Rate of change of momentum in the axial direction.

(axial thrust)

Work done by steam on blades  m Vw1  Vw 2 u N - m/ s

1000
Power developed by the turbine  mVw1 Vw2 u kW

1
V 2

21 mV

2 1

Blade efficiency  Work done on the blade(s)  mVw1 Vw2 u  2uVw1 Vw2 u
Energysupplied to the blade(s)

N - m/s
2

2 2
r1 r2Energy lost due to blade friction  1 mV V

mH1 H 2
Stage efficiency  Work done on the blade(s)  mVw1 Vw2 u  Vw1 Vw2 u

Hd

Hd  H1  H 2  Heat drop in the nozzle ring

Total energy supplied per stage

where



From the combined velocity triangle (diagram), we have

Vw1  V1cos1  Vr1 cos1 u and Vw2 V2 cos 2 Vr 2 cos2 u

Vr1 cos11KC


 


1 r1

r 2 2
11

V cos 
V cos

Vw1 Vw2 Vr1 cos1 Vr2 cos2 Vr1 cos

V
K  r 2

Vr1

where and C 
cos2

cos1

Vw1 Vw2  V1cos1  u1 KC(or)

Rate of doing work per kg of steam per second = V1cos1  u1 KCu

Let,   u  Bladespeed ratio
V1

Then, Diagram efficiency,

1

1 1

V 2

V cos  u1KC
b Diagram efficiency,

  2cos   2 1 KC 
b 1



 If the values of 1, K and C are assumed to be constant, then diagram

efficiency depends only on the value of blade speed ratio, 

 In order to determine the optimum value of for maximum diagram

 Then,  becomes, =

 0


b

efficiency,

1cos

2



2 4 2

CO2

S 11
1maxb 1KC

cos2 

 

1 .cos  2 1 KC    cos

aximum diagram efficiency =

u1KCu11

Work done/kg of steam/second V cos
=

Then maximum rate of doing work/kg of steam/second 2u2

Note: If the blade is symmetrical & friction is absent, then, we have

1=2 and K = C = 1

Then, maximum diagram efficiency, (b)max = cos21



2. REACTION 

TURBINE

 A turbine in which steam pressure decreases gradually while expanding

through the moving blades as well as the fixed blades is known as reaction

turbine.

 It consists of a large number of stages, each stage consisting of set of fixed and

moving blades. The heat drop takes place throughout in both fixed and moving

blades.

 No nozzles are provided in a reaction turbine. The fixed blades act both as

nozzles in which velocity of steam increased and direct the steam to enter the

ring of moving blades. As pressure drop takes place both in the fixed and

moving blades, all the blades are nozzle shaped.

 The steam expands while flowing over the moving blades and thus gives

reaction to the moving blades. Hence the turbine is called reaction turbine.

 The fixed blades are attached to the casing whereas moving blades are fixed

with the rotor.

 It is also called Parson’s reaction turbine.







Work output & power in reaction turbine

The work done per kg of steam in the stage (per pair) =

uVw1 Vw2 N m

The work done per kg of steam per second in the stage (per pair) =

muVw1 Vw2 N m / s

where, m = mass of steam flowing over blades in kg/s

1000H
Efficiency,  uVw1 Vw2 

Enthalpy drop in the stage per pair

1000

Efficiency,  work done per kg of steam in the stage per pair

muVw1 Vw2 kWPower developed (per pair) =

where, H = Enthalpy drop in the

stage

per pair in kJ/kg



DEGREE OF REACTION



WORK DONE & EFFICIENCY IN REACTION

TURBINE



WORK DONE & EFFICIENCY IN REACTION 

TURBINE





IMImPpUuLSlsEeTtUuRrbBiInNeE VS REACTIORNeTaUcRtiBoInNtEurbine
 The steam completely expands in the  The steam expands partially

nozzle and its pressure remains nozzle and further expansion

constant during its flow through the place in the rotor blades

blade passages

in the

takes

 The relative velocity of steam passing  The relative velocity of steam passing

over the blade remains constant in the

absence of friction

Blades are symmetrical

over the blade increases as the steam

expands while passing over the blade

 Blades are asymmetrical

 The pressure on both ends of the  The pressure on both ends of the

moving blade is same moving blade is different

 For the same power developed, as  For the same power developed, as

pressure drop is small, the number of

stages required are more

 The blade efficiency curve is more flat

therefore the speed of turbine is high.

pressure drop is more, the number of

stages required are less

 The blade efficiency curve is less flat

 The steam velocity is very high and  The steam velocity is not very high
and therefore the speed of turbine is 

low.





GOVERNING OF

TURBINES

Governing is the method of maintaining the speed of the

turbine constant irrespective of variation of the load on

the turbine.
A governor is used for achieving this purpose which

regulates the supply of steam to the turbine in such a way

that the speed of the turbine is maintained as far as

possible a constant under varying load conditions.
The various methods of governing of steam turbines are:

1) Throttle governing

2) Nozzle governing

3) By-pass governing

4) Combination of (1) & (2) or (2) & (3)



THROTTLE

GOVERNING



THROTTLE 

GOVERNIN

G



2. NOZZLE

GOVERNIN

G



3. BY-PASS

GOVERNING



LOSSES IN STEAM

TURBINES

 Residual velocity loss

 Losses in regulating valves

 Loss due to steam friction in nozzle

 Loss due to leakage

 Loss due to mechanical friction

 Loss due to wetness of steam

 Radiation loss



EFFECT OF BLADE FRICTION IN STEAM



OVERALL EFFICIENCY & REHEAT

FACTOR

Reheat factor:

It is defined as the ratio of cumulative heat drop to the

adiabatic heat drop in all the stages of the turbine. The

value of reheat factor depends on the type and

efficiency of the turbine, the average value being 1.05.

Reheat factor  Cumulative heat drop  A1B1A2 B2  A3B3

Adiabatic heat drop A1D

Overall efficiency:

It is defined as the ratio of total useful heat drop to the 

total heat supplied.

Overall efficiency  Total useful heat drop  A1C1 A2C2 A3C3

Total heat supplied HA1 - hD



UNIT-IV GAS

TURBINES



• Gas turbines also called combustion turbines, a 
type of IC engine in which burning of an air-fuel 
mixture produces hot gases that spin a turbine to 
produce power.

• It is the production of hot gas during fuel 
combustion, not the fuel itself that the gives gas 
turbines the name.

• Combustion occurs continuously in gas turbines,
as opposed to reciprocating IC engines, in which
combustion occurs intermittently.



They Work On Brayton Cycle.

Air is compressed(squeezed) to high pressure by a compressor.

Then fuel and compressed air are mixed in a combustion 

chamber and ignited.

Hot gases are given off, which spin the turbine wheels



General View of a Gas Turbine



Gas turbines have three main parts:

i) Air compressor

ii) Combustion chamber

iii) Turbine



The air compressor and turbine are mounted at

either end on a common shaft, with the combustion

chamber between them.

Gas turbines are not self starting. A starting motor

is used.

The air compressor sucks in air and compresses it,

thereby increasing its pressure.



In the combustion chamber, the compressed air

combines with fuel and the resulting mixture is

burnt.

The greater the pressure of air, the better the fuel

air mixture burns.

Modern gas turbines usually use liquid fuel, but

they may also use gaseous fuel, natural gas or gas

produced artificially by gasification of a solid fuel.



Hot gases move through a multistage gas turbine.

Like in steam turbine, the gas turbine also has 

stationary and moving blades.

The stationary blades

guide the moving gases to the rotor blades

adjust its velocity.

The shaft of the turbine is coupled to a generator.



• OPEN CYCLE GAS TURBINE- It consists of a 

compressor, combustion chamber and a turbine. 

The compressor takes in ambient air and raises 

its pressure. Heat is added to the air in 

combustion chamber by burning the fuel and 

raises its temperature.

• The heated gases coming out of combustion 

chamber are then passed to the turbine where it 

expands doing mechanical work.



OPEN CYCLE GAS TURBINE



• CLOSE CYCLE GAS TURBINE-It uses air as working 
medium. In closed cycle gas turbine plant, the working 
fluid (air or any other suitable gas) coming out from 
compressor is heated in a heater by an external source at 
constant pressure.

• The high temperature and high-pressure air coming out 
from the external heater is passed through the gas turbine.

• The fluid coming out from the turbine is cooled to its 
original temperature in the cooler using external cooling 
source before passing to the compressor.

• The working fluid is continuously used in the system 
without its change of phase and the required heat is given 
to the working fluid in the heat exchanger.



CLOSED CYCLE GAS TURBINE



• AERODERIVATIVE GAS TURBINES-

Aeroderivatives are also used in electrical power 

generation due to their ability to be shut down, and 

handle load changes more quickly than industrial 

machines. They are also used in the marine industry to 

reduce weight. Ex- General Electric LM2500, General 

Electric LM6000.

• SCALE JET ENGINES- Also known as miniature gas

turbines or micro-jets. Kurt Schreckling, produced one

of the world's first Micro-Turbines, the FD3/67.

• This engine can produce up to 22 newtons of thrust, 

and can be built by most mechanically minded people 

with basic engineering tools, such as a metal lathe.



AUXILLARY POWER UNIT-APUs are small gas 

turbines designed to supply auxiliary power to larger, 

mobile, machines such as an aircraft. They supply:

• compressed air for air conditioning and ventilation,

• compressed air start-up power for larger jet engines,

• mechanical (shaft) power to a gearbox to drive 

shafted accessories or to start large jet engines, and

• electrical, hydraulic and other power-transmission 

sources to consuming devices remote from the APU.



• JET ENGINES- Air breathing jet engines are

gas turbines optimized to produce thrust from

the exhaust gases, or from ducted

fans connected to the gas turbines. Jet engines 

that produce thrust from the direct impulse of 

exhaust gases are often called turbojets, 

whereas those that generate thrust with the 

addition of a ducted fan are often

called turbofans or (rarely) fan-jets.



Scale Jet Engines



 Storage of fuel requires less area and handling is easy.

 The cost of maintenance is less.

It is simple in construction. There is no need for 

boiler, condenser and other accessories as in the case 

of steam power plants.

Cheaper fuel such as kerosene , paraffin, benzene and 

powdered coal can be used which are cheaper than 

petrol and diesel.

 Gas turbine plants can be used in water scarcity areas.

 Less pollution and less water is required.



66% of the power developed is used to drive the

compressor. Therefore the gas turbine unit has a

low thermal efficiency.

The running speed of gas turbine is in the range 

of (40,000 to 100,000 rpm) and the operating 

temperature is as high as 1100 – 12600C. For this 

reason special metals and alloys have to be used 

for the various parts of the turbine.

High frequency noise from the compressor is 

objectionable.



drive pumps, compressors and high speed 
cars.

aircraft and ships.

Power generation(used for peak load and 
as stand-by unit).





JET ENGINES



INTRODUCTION

• A jet engine is a reaction engine that discharges a fast moving jet 
which generates thrust by jet propulsion in accordance with Newton's 
laws of motion. This broad definition of jet engines includes turbojets, 
turbofans, rockets, ramjets, and pulse jets. jet engine is nothing but a 
Gas Turbine.



HISTORY OF JETENGINE

• The first jet engine was built by Egyptian scientists during 100 B.C

• This device was known as Aeolipile.

• Jet propulsion only took off with the invention of the gunpowder-
powered rocket by the Chinese in the 13th century.



Heinkel He 178, the world's first aircraft to fly purely on turbojet power



H O W DOES A N AEROPLANE
FLY



PRINCIPLE OF JET ENGINE :

• Principle of jet engine is based on Newton’s second and third law of 
motion.

• Second law states that therateofchangeofmomentuminanydirectionis 
proportionaltotheforceactinginthatdirection.

• Third law states that foreveryactionthereisanequalandoppositereaction.



WORKING OF JET
ENGINE



WORKING OF JET ENGINE

• Sucks in air from front with fan

• A compressor raises the pressure of the air

• Then the compressed air is ignited

• Gas expends and comes out nozzle

• Engine/Aircraft thrusts forward





PARTS OF JET ENGINE

• Air intake (Fan)

• Compressor

• Combustion chamber

• Turbine

• Nozzle



PARTS OF JET ENGINE

Air intake

Air intake (Fan) compressor



BRAYTON CYCLE

Ideal thermodynamic cycle divided into following 
process:

• Isentropic compression process

• Isobaric heat addition process

• Isentropic expansion process

• Isobaric heat rejection process



TYPES OF JET ENGINE

• TURBOJET ENGINE

The turbojet is an airbreathing jet engine, usually used in aircraft. It 
consists of a gas turbine with a propelling nozzle. The gas turbine has 
an air inlet, a compressor, a combustion chamber, and a turbine (that 
drives the compressor).





TURBOFAN

The word "turbofan" is combination of "turbine" and "fan": the turbo
portion refers to a gas turbine engine which takes mechanical energy
from combustion, and the fan, a ducted fan that uses the mechanical
energy from the gas turbine to accelerate air rearwards.





TURBO PROP

A turboprop engine is a turbine engine that drives an aircraft propeller. 
In contrast to a turbojet, the engine's exhaust gases do not contain 
enough energy to create significant thrust, since almost all of the 
engine's power is used to drive the propeller.



RAMJET

Ramjets cannot produce thrust at zero airspeed; they cannot move an 
aircraft from a standstill. A ramjet-powered vehicle, therefore, requires 
an assisted take-off like a rocket assist to accelerate it to a speed where 
it begins to produce thrust. Ramjets work most efficiently at supersonic 
speeds around Mach 3



IT IS A FORM OF AIRBREATHING JET ENGINE THAT USES
THE ENGINE'S FORWARD MOTION TO COMPRESS
I N C OMING AIR WITHOUT A N AXIAL COMPRESSOR.



TURBO SHAFT

A turboshaft engine is a form of gas turbine which is optimized to 
produce shaft power rather than jet thrust. They are even more similar 
to turboprops, with only minor differences, and a single engine is often 
sold in both forms.



MERITS & DEMERITS

Merits of Jet engine over IC engine

 Mechanical efficiency of jet engine is high as compared to IC engine.

 Speed of jet engine per HP developed is higher than IC engine.

 Ignition and lubricating systems are much simpler in jet engine than 
IC engine.



DEMERITS OF JET ENGINES OVER
IC ENGINE

• Thermal efficiency of Jet engine is low compared to IC engine.

• Difficult to start.

• Turbine blades need a special cooling system due high temperature.



APPLICATION OF JET ENGINE

• The industry they’re most prominent in is in the transport industry, 
where they are used to propel aircraft, boats, and in some one of 
creations such as a turbojet powered truck.

• The first use of the jet engine was to power military aircraft.

• Normal type of jet engine is used for domestic purpose i.e. Traveling, 
carrying goods etc.

• As industrial gas turbine for power generation , natural gas , oil 
pumps etc.



LATEST A N D FASTEST JET ENGINE

North American X-15

This aircraft has the 
current world record for 
the fastest manned 
aircraft. Its maximum 
speed was mach 6.70 
(about 7,200 km/h) 
which it attained on the 
3rd of October 1967




