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VISION

KDKCE, Nagpur

‘Service to the Society through Quality Technical
Education’

Department of Mechanical Engineering, KDKCE, Nagpur

‘Developing technocrats in Mechanical
Engineering with computational and design
skills, leadership and industrial practices,
meeting the requirements of industry /
business and society, through Quality
Technical Education’



MISSION

KDKCE, Nagpur
• Academic Excellence in Engineering and Technology Through

Complete dedication to all round Growth of Students.
• Enable the Students to Develop Outstanding Professional with

Technical Competence and Management Skills.
• Fulfill the Expectance of the Society and Industries with Ethical

Standards for developing Sustainable Solutions

Department of Mechanical Engineering, KDKCE, Nagpur
• Developing Quality Mechanical Engineering graduates by

imparting theoretical and practical knowledge with the
exposure to work practices in Industry and Business.

• Develop graduates with over all personality, communication
skills, computational skills and managerial skills with ethics to
fulfill the expectations of the Industry and Society.

• Provide opportunities to practice industrial processes, pursue
higher studies and entrepreneurship skills for sustainable
growth.



PROGRAM 
OUTCOMES

• PO1.Engineering knowledge: Apply the knowledge of
mathematics, science, Mechanical Engineering
fundamentals, and an engineering specialization to the
solution of complex engineering problems.

• PO2.Problem analysis: Identify, formulate, review research
literature, and analyze complex engineering problems
reaching substantiated conclusions using first principles of
mathematics, natural sciences, and Mechanical Engineering
sciences.

• PO3.Design/development of solutions: Design solutions for
complex Mechanical Engineering problems and design
system components or processes that meet the specified
needs with appropriate consideration for the public health
and safety, and the cultural, societal, and environmental
considerations.

• PO4.Conduct investigations of complex problems: Use
research-based knowledge and research methods including
design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valid
conclusions in the field of Mechanical Engineering.



Contd.

PROGRAM 
OUTCOMES

• PO5.Modern tool usage: Create, select, and apply
appropriate techniques, resources, and modern engineering
and IT tools including prediction and modeling to complex
Mechanical Engineering activities with an understanding of
the limitations.

• PO6.The engineer and society: Apply reasoning informed by
the contextual knowledge to assess societal, health, safety,
legal and cultural issues and the consequent responsibilities
relevant to the professional Mechanical Engineering
practice.

• PO7.Environment and sustainability: Understand the
impact of the professional Mechanical Engineering solutions
in societal and environmental contexts, and demonstrate
the knowledge of, and need for sustainable development.

• PO8.Ethics: Apply ethical principles and commit to
professional ethics and responsibilities and norms of the
engineering practice.



Contd.

PROGRAM 
OUTCOMES

• PO9.Individual and team work: Function effectively as an
individual, and as a member or leader in diverse teams, and
in multidisciplinary settings.

• PO10.Communication: Communicate effectively on complex
Mechanical Engineering activities with the engineering
community and with society at large, such as, being able to
comprehend and write effective reports and design
documentation, make effective presentations, and give and
receive clear instructions.

• PO11.Project management and finance: Demonstrate
knowledge and understanding of the Mechanical
Engineering and management principles and apply these to
one’s own work, as a member and leader in a team, to
manage projects and in multidisciplinary environments.

• PO12.Life-long learning: Recognize the need for, and have
the preparation and ability to engage in independent and
life-long learning in the broadest context of technological
change.



PROGRAM 
EDUCATIONAL 
OBJECTIVES

Graduates of Mechanical Engineering shall

• PEO1-Have good technical competency to take up industrial
projects / responsibilities as per the national / International
requirements for enriched employability.

• PEO2-Design and develop innovative products / systems through
application of mechanical and allied engineering knowledge,
computing skills to promote research and higher studies.

• PEO3-Work successfully as leaders or as part of the team on
multidisciplinary projects and undertake consultancy and
entrepreneurship as their career option.



PROGRAM 
SPECIFIC 
OBJECTIVES

• PSO1- To acquire and apply knowledge in various domains
like Design, Thermal, Production and allied areas through
theory / practical / industrial visits.

• PSO2- To acquire Engineering knowledge, Computational,
Management, Soft skills and Entrepreneurship skills for the
betterment of Industrial and Social requirement.



GAS TURBINE

Methods to improve the thermal efficiency of gas turbine plant –
REHEATING-
Reheating methods increase turbine work.
Expansion of gasses takes place in more than one turbine, & between two turbine gasses are 
further reheated in another combustion chamber, which is shown in fig.



GAS TURBINE

Methods to improve the thermal efficiency of gas turbine plant –
REHEATING WITH REGENERATION 
Always reheating alone is not preferable because increase of heat supplied, so reheating with 
regeneration is preferred which is shown in fig. 



GAS TURBINE

Methods to improve the thermal efficiency of gas 
turbine plant –
INTERCOOLING, REHEATING & REGENERATION-
Combining all three methods together is shown in 
fig. 



GAS TURBINE

Methods to improve the thermal efficiency of gas turbine plant

INTERCOOLING, REHEATING & REGENERATION-
WC = WC1 + WC2

WT = WT1 + WT2

QS = CP (T6 – T5 ) + CP ( T8 – T7 )



GAS TURBINE

GAS TURBINE

AIR RATE - It is defined as the quantity of air required to develop 1kwh out put power.
A R = ma / WA in kwh
A R = 3600 / WA in kj/kg.



GAS TURBINE

GAS TURBINE - NUMERICAL 1

A gas turbine plant consist of a compressor, a combustion chamber in which fuel is injected at 
constant pressure and a turbine. The air is taken at 1 bar and 27 0 C and compressed to 4 bar 
with an adiabatic efficiency of 85%. Heat is added in the combustion chamber to raise the 
temperature up to 5720 C. The adiabatic efficiency of turbine is 82%. The calorific value of fuel 
is 41840 kj/kg. Find for air flow of 80 kg/min-
(i)The compressor work
(ii) The turbine work
(iii)Net available work
(iv)Thermal efficiency of plant
(v)Work ratio
(vi)Air-Fuel ratio
Given for gasses CP = 1.05 KJ/Kg & CV = 0.795 KJ/Kg.



GAS TURBINE

GAS TURBINE - NUMERICAL 1

SOLUTION-
Refer schematic diagram and T-S diagram



GAS TURBINE

GAS TURBINE - NUMERICAL 1

SOLUTION-
Refer schematic diagram and T-S diagram
T2 ‘/T1 = (P2 /P1 )(Y-1/Y)

T2 ‘= 445.8 K
Efficiency of compressor = (T2 ‘- T1 )/(T2 - T1 )

T2 = 471.87 K
Heat balance in combustion chamber-
Assuming for 1kg of air kg of fuel is required
Heat given by fuel = Heat taken by gas

mf *mf calorific value of fuel = (1+ mf )CPg (T3 - T2 )
1/ mf = 112
Air -Fuel ratio = 112



GAS TURBINE

GAS TURBINE - NUMERICAL 1

SOLUTION-
Refer schematic diagram and T-S diagram
T3/T4 ‘ = (P3 /P4 )(Yg-1/Yg)

T4‘= 604 K
Efficiency of Turbine = (T3- T4 )/(T3 - T4 ‘ )

T4 = 647 K
Compressor work WC = ma CP (T2- T1 )
Turbine work WT = ma (1+mf )CPg (T3- T4 )
Net available work Wa = WT - WC

Heat supplied QS = mf * Calorific value
Thermal efficiency  = Wa /QS

Work Ratio (WR) = ( WT - WC )/ WT

Air Rate (AR) = 3600/ Wa in KJ/Kg.



GAS TURBINE

GAS TURBINE - NUMERICAL 2

In a closed cycle gas turbine the working fluid at 40 0 C is compressed at an isentropic 
efficiency of 82%. It is then heated at constant pressure up to 1000 K. The fluid then expands 
down to initial pressure in a turbine having isentropic efficiency of 85% . After expansion the 
fluid is cooled to initial suction temperature. The pressure ratio is such that the work done per 
kg of gas is maximum. Assuming working fluid is air calculate the pressure ratio and thermal 
efficiency.



GAS TURBINE

GAS TURBINE - NUMERICAL 2

SOLUTION-
Refer schematic diagram and T-S diagram
We know
Compressor efficiency ηC =( T2 ‘ - T1 )/( T2 - T1 )
Hence actual temperature rise
=( T2 - T1 ) = ( T2 ‘ - T1 )/ ηC = T1 (RP

(Y-1)/Y - 1)/ ηC 

= 313(RP
(Y-1)/Y - 1)/0.82 = 381.7(RP

(Y-1)/Y - 1)
Work by compressor WC = CP 381.7(RP

(Y-1)/Y - 1) 



GAS TURBINE

GAS TURBINE - NUMERICAL 2

SOLUTION-
Refer schematic diagram and T-S diagram
We know
Turbine efficiency ηT =( T3 - T4 )/( T3 ‘  - T4 )
Hence actual temperature drop
=( T3 - T4 ) = ( T3 - T4 )* ηT = ηT * T3 [1- 1/( RP

(Y-1)/Y )]
= 0.85*1000 [1- 1/( RP

(Y-1)/Y )]
Work by Turbine WT = CP 850 [1- 1/( RP

(Y-1)/Y )]
Net wok out put /Kg of gas

WA = WT - WC

WA = CP 850 [1- 1/( RP
(Y-1)/Y )] - CP 381.7(RP

(Y-1)/Y - 1)



GAS TURBINE

GAS TURBINE - NUMERICAL 2

SOLUTION -
WA = CP 850 [1- 1/( RP

(Y-1)/Y )] - CP 381.7(RP
(Y-1)/Y - 1)

For maximum work out put
dWA /dRP = 0

Put (y-1)/y = m
850*m RP

-m-1 - 381.7m RP
m-1 =0

850/381.7 = RP
m-1+m+1

RP =    4.29 
Putting the value of RP we get
Compressor work WC = CP * 192.3 KJ/Kg 

and Turbine work WT = CP * 283.33 KJ/Kg
Heat supplied QS = CP [1000 -(192.3 +313)]
Thermal Efficiency of plant ηTh =(WT - Wc )/ QS = 0.184.



GAS TURBINE

GAS TURBINE - NUMERICAL 3

In a gas turbine plant air at 100 C and 1 bar is compressed to 4 bar with compression efficiency 
of 80%. The compressed air is heated in a regenerator and the combustion chamber till its 
temperature is raised to 7000 C, and during the process the pressure falls by 0.14 bar. The air is 
then expanded in the turbine and pass to a regenerator which has 75% effectiveness and 
cause a pressure drop of 0.14 bar. If the isentropic efficiency of the turbine is 85% determine 
the thermal efficiency of the plant.



GAS TURBINE

GAS TURBINE - NUMERICAL 3

SOLUTION-
Refer its T-S diagram-
T2 ‘/T1 = (P2 /P1 )(Y-1/Y)

T2 ‘ = 420.7 K
We know compressor efficiency

ηC =( T2 ‘ - T1 )/( T2 - T1 )
using this equation we get  T2 = 455.125 K

As per question P3 = 4-0.14 = 3.86 bar
and  P4 = 1+0.14 =1.14 bar

T3/T4 ‘ = (P3 /P4 )(Y-1/Y)

T4 ‘ = 686.66 K
Efficiency of Turbine ηT = (T3- T4 )/(T3 - T4 ‘ )

T4 = 729.61 K



GAS TURBINE

GAS TURBINE - NUMERICAL 3

SOLUTION -

Compressor work WC =  CP (T2- T1 )
= 1.005(455.125 - 283)
= 172.985KJ/Kg

Turbine work WT =  CP (T3- T4 )
= 1.005( 973 - 729.61)
= 244.6 KJ/Kg

Net available work WA = WT - WC

= 244.6 - 172.985
= 71.615 KJ/Kg 



GAS TURBINE

GAS TURBINE - NUMERICAL 3

SOLUTION-
The regenerator effectiveness is given by

ε = (Tx- T2 )/(T4 - T2 )
Tx = 660.988 K

Heat supplied QS = CP (T3- Tx ) 
= 1.005 ( 973 - 660.988 )
= 313.57 KJ/Kg

Thermal Efficiency of plant ηTh =(WT - Wc )/ QS

= 71.615/313.57
= 22.838%.



GAS TURBINE

POLYTROPIC EFFICIENCY (ηP )

For Compressor -
The small stage or polytropic efficiency is defined as the summation of isentropic efficiency of 
infinitesimal small stages of the compressor  which remain constant throughout the whole 
process of compression .
Polytropic efficiency (ηPC ) = ∑ Isentropic temp. rise of stages/ ∑ Actual temp. rise of stages
For Turbine -
The small stage or polytropic efficiency is defined as the summation of isentropic efficiency of 
infinitesimal small stages of the  turbine which remain constant throughout the whole process 
of  expansion.
Polytropic efficiency (ηPT ) = ∑ Actual temp. drop of stages/ ∑Isentropic temp. drop of stages



GAS TURBINE

POLYTROPIC EFFICIENCY (ηP )

DERIVATION -
We know Pvn = Constant   ----(1)
And for perfect gas Pv =RT

v = RT/P 
put it in equation no (1) we get

PT n / Pn = C
P1-n T n = C

Taking natural log on both side we get
(1-n)logP + nlog T = log C

Differentiating this equation we get
(1-n)dP/P + ndT/T   = 0
dT/T  = -(1-n)/n * dP/P

= (n-1)/n * dP/P
Actual temp. rise dT = T * (n-1)/n * dP/P



GAS TURBINE

POLYTROPIC EFFICIENCY (ηP )

In a similar way if the process is isentropic then isentropic temperature rise would have been
dT‘ = T * (y-1)/y  * dP/P

Hence polytropic efficiency of compressor is the ratio of isentropic temperature rise to the 
actual or polytropic temperature rise.

For compressor ηPc = dT‘/dT = (y-1)/y  * n/(n-1)

And polytropic efficiency of turbine is the ratio of actual or polytropic  temperature drop to 
isentropic temperature drop.

For turbine ηPT = dT/dT’  = (n-1)/n  * y/(y-1).



GAS TURBINE

NUMERICAL - 4

At design speed the following data apply to a gas turbine plant employing a separate power 
turbine and a regenerator-

Pressure ratio of compressor = 6 : 1
Polytropic efficiency of compressor and turbine = 87%

Maximum turbine temperature = 950 K
Regenerator effectiveness  = 75%

Regenerator pressure loss on each side = 0.07 bar
Combustion chamber pressure loss = 0.11 bar

Ambient temperature = 300 K
Ambient pressure  = 1.03 bar

Calorific value of fuel =43095 KJ/Kg
For gasses Cpg = 1.155 KJ/Kg K & yg = 1.33
Calculate specific out put & thermal efficiency of the plant.



GAS TURBINE
NUMERICAL - 5

At design point the following data apply to a gas turbine set employing a heat exchanger—
Total head isentropic efficiency of compressor – 83%
Total head isentropic efficiency of turbine – 85%
Mechanical transmission efficiency – 99%
Combustion efficiency – 98%
Heat exchanger effectiveness – 80%
Total head pressure ratio – 4
Maximum cycle temperature – 1100K
Heat exchanger air side pressure loss – 3% of compressor delivery pressure
Combustion chamber pressure loss – 2% of compressor delivery pressure
Heat exchanger gas side pressure loss – 0.04 bar
Ambient condition – 1 bar and 288K

For gas CP = 1.147 KJ/Kg K and Y = 1.33
Calorific value of fuel = 43100KJ/Kg

Calculate- Specific work out put, Specific fuel consumption & Cycle efficiency. 



GAS TURBINE
NUMERICAL - 6

A heat exchanger is to be designed for an open cycle gas turbine set consisting of two stage 
compressor with intercooling and two stage turbine with reheating. The turbine stages are 
mechanically independent (H.P. stage driving compressor & L.P. stage for power out put). –
Estimate the required thermal ratio of the heat exchanger and allowable gas side pressure loss 
if the unit have a specific out put of 135KW. And overall thermal efficiency is 30%. Pressure 
ratio of each compressor stages are 2.5, Isentropic efficiency of each compressor is 85%, 
turbine to compressor transmission efficiency 99%, isentropic efficiency of H.P. turbine 88%, 
isentropic efficiency of L.P. turbine 85%, Pressure loss in air side heat exchanger & combustion 
chamber is 0.28 bar, pressure loss in reheat combustion chamber 0.14 bar, pressure loss in 
intercooler 0.07 bar, temperature at inlet to both turbine stages 1100K, temperature after 
intercooler 300K, ambient temperature 288K, ambient pressure 1.03 bar.
The effect of the alteration in mass flow due to addition of fuel may be neglected.
Assume for gasses CP = 1.15 KJ/Kg K and Y= 1.33.



GAS TURBINE
NUMERICAL - 7

A closed cycle gas turbine is to be used in conjunction with a gas cooled nuclear reactor. The 
working fluid is helium having CP = 5.19KJ/KgK and RMM=4

The lay out of the plant consists of two stage compressor with inter-cooler followed by a 
heat exchanger. After leaving the cold side of the heat exchanger the helium passes through 
the reactor channels and on to the turbine, from the turbine it passes through the hot side of 
the heat exchanger and then a pre cooler before returning to the compressor inlet. The 
following data is applicable-
Compressor & turbine polytropic efficiencies = 0.88. Temperature at L.P. compressor 
inlet=310K. Pressure at L.P. compressor inlet =14 bar. Each compressor pressure ratio=2. 
Temperature at H.P. compressor inlet=300K. Mass flow of helium = 180Kg/sec. Reactor 
thermal out put (heat input to G.T.)=500MW. Pressure loss in pre cooler & enter cooler 
each=0.34 bar. Pressure loss in heat exchanger each side = 0.127 bar. Pressure loss in reactor 
channel = 1.03 bar. Helium temperature at entry to reactor channel = 700K.
Calculate power output, thermal efficiency & heat exchanger effectiveness.



GAS TURBINE
NUMERICAL - 8

In a semi closed circuit gas turbine plant, air is taken by L.P. compressor at 1 bar, 290K and is 
compressed to 2 bar and passes into H.P. compressor through an inter cooler with perfect 
intercooling and again is compressed to 4 bar.
A part of compressed air enters the turbine driving the compressor after receiving heat from 
heat exchanger and combustion chamber at 1075K and rest part of air enters the combustion 
chamber and from combustion chamber gasses at 1125K enters the power turbine. The plant 
produces 1837KW. Following efficiencies are applicable-
Effectiveness of heat exchanger=75%. Isentropic efficiency of both compressor = 84%. 
Isentropic efficiency of both turbine = 86%. Calculate following-
(a) Ratio of mass flow of air in both circuits.
(b) Overall thermal efficiency.
(c) Power required to drive the compressor.
For gases consider CP =1.127 KJ/KgK and Y =1.34.



GAS TURBINE

NUMERICAL - 4

SOLUTION-
We know  polytropic efficiency of compressor ηPc = (y-1)/y  * n/(n-1)

(n-1)/n = (y-1)/y* ηPc = 0.4/1.4*0.87
= 0.328

From T-S diagram T2 /T1 = (P2 /P1 )(n-1/n)

T2 = (6 )0.328 * 300
= 540 K

Compressor work WC =  CP (T2- T1)
= 1.005 (540-300)
= 241.2 KJ/Kg

P2 = 6* 1.03 = 6.18 bar
And P3 = 6.18 -(0.11 - 0.07)

= 6 bar



GAS TURBINE

NUMERICAL - 4

SOLUTION-
Since there is a separate power turbine , hence the purpose of first stage turbine is to drive 
the compressor only.

WT1 =   WC

CPg (T3- T4 ) = 241.2
Hence we get T4 = 741 K 
Polytropic efficiency of  turbine ηPT = (n-1)/n  * y/(y-1).

0.87 = (n-1)/n  * 1.33/0.33
n = 1.276 

From expansion process 3-4    T3 /T4 = (P3 /P4 )(n-1/n)

put the value we get P4 = 1.9 bar
P5 = 1.03 = 0.07 = 1.1 bar



GAS TURBINE

NUMERICAL - 4

SOLUTION-
From expansion process 4-5    T4 /T5 = (P4 /P5 )(n-1/n) = (1.73 )0.216

T5 = 658.3 K
Net work out put = CPg (T4- T5 )

= 1.155 ( 741-658.3 )
= 95.63 KJ/Kg

The regenerator effectiveness is given by
ε = (Tx- T2 )/(T5 - T2 )

we get Tx = 628.73 K
Heat supplied QS = CPg (T3- Tx )

= 371.2 KJ/Kg
Thermal Efficiency of plant ηTh = 95.63/371.2  = 0.2576.



JET PROPULSION

NUMERICAL - 1

The speed of a jet propulsion unit is 200m/sec. relative to still air or ground. The total pressure 
and total temperature at intake of the uncooled compressor are 0.7 bar and 273K.
The total pressure and total temperature of gasses at entry to turbine are 3.15 bar and 1033K. 
The isentropic efficiency of the compressor and turbine are 85% and 80% respectively. The 
static back pressure on the propulsion nozzle is 0.53 bar and the efficiency of nozzle based on 
the total pressure drop available is 90%. Determine the following-
(i) Power required to drive the compressor per Kg/sec.
(ii) The air-fuel ratio if the fuel has calorific value is 41840 KJ/Kg.
(iii) The total pressure of the gas leaving the turbine.
(iv) The specific thrust.
Consider for gasses in combustion chamber, turbine and jet pipe CP = 1.13KJ/Kg K & Y = 1.33. 



JET PROPULSION

NUMERICAL - 2

A jet propelled plane consuming air at a rate of 20 Kg/sec. is to fly at a Mac no. of 0.6 at an 
altitude of 5000m where the pressure is 0.55 bar and temperature is 253K. The diffuser which 
has a pressure co-efficient of 0.9 decelerate the flow to a negligible velocity. The compressor 
pressure ratio is 5 and the maximum temperature in combustion chamber is 1273K. After 
expanding in the turbine , the gasses continue to expand in the nozzle to a pressure of 0.7 bar. 
The isentropic efficiency of the compressor ,turbine and nozzle are 0.81, 0.85 and 0.92 
respectively. The calorific value of the fuel is 41840 KJ/Kg. Assuming that the product of 
combustion have the same properties as air find-
(i) The power input to the compressor.
(ii) The power output from turbine.
(iii) The fuel-air ratio.
(iv) The exit Mac no.
(v) The thrust provided by the engine and
(vi) The thrust power developed (propulsive work). 



JET PROPULSION

NUMERICAL - 3

A simple turbojet is operating with a compressor pressure ratio 8, a turbine inlet temperature 
1200K and a mass flow of air is 15 Kg/sec. when the plane is flying at 260m/sec , at an altitude 
of 7000 meter. Assuming following data , calculate the propelling nozzle area required, the net 
thrust developed and thrust specific fuel consumption(TSFC).
Polytropic efficiency of compressor & turbine = 87%
Ram efficiency = 95%
Isentropic efficiency of propelling nozzle           = 95%
Mechanical transmission efficiency                     = 99%
Combustion chamber pressure loss                     = 6% of compressor delivery pressure.
Calorific value of fuel = 43100 KJ/Kg
Combustion efficiency = 97%
Ambient condition at 7000 meter altitude are 0.405 bar & 241.7K.
Neglecting change in mass due to addition of fuel.
Consider for gasses sp. Heat at constant pressure 1.147 KJ/KgK
& Y = 1.33.



JET PROPULSION

NUMERICAL - 4

The gasses in jet pipe of engine consider in numerical no. 3 is reheated to 2000K and the 
combustion pressure loss incurred to 3% of the pressure at outlet from turbine. Calculate the 
percentage change in nozzle area and percentage change in net thrust. 



JET PROPULSION

NUMERICAL - 5

A simple turbojet unit operates with a turbine inlet temperature of 1000K, a total head 
compressor pressure ratio 4 and a mass flow of air is 25 Kg/sec. The following component 
efficiencies may be consider-
Total head isentropic efficiency of compressor = 80%, Total head isentropic efficiency of 
turbine = 85%. Combustion efficiency = 98%, Nozzle efficiency = 90% and mechanical 
transmission efficiency = 99%.
For air - CP = 1.005 KJ/KgK and Y = 1.4
For gasses - CP = 1.154 KJ/KgK and Y = 1.33
Calculate the propelling nozzle diameter, design thrust and specific fuel consumption when 
the unit is stationary at sea level where the ambient condition may be taken as 1 bar and 
300K.
The relation between combustion temperature rise and fuel-air ratio is given by-

Comb. Temp. rise 100 208 405 592 770

Fuel-Air ratio 0.00225 0.005 0.01 0.015 0.02



Nuclear (Atomic) Power Plant



Nuclear (Atomic) Power Plant

 Working principle :

 A nuclear power plant works in a similar way as a thermal  

power plant. The difference between the two is in the fuel they  

use to heat the water in the boiler(steam generator).

 Inside a nuclear power station, energy is released by nuclear  

fission in the core of the reactor.

 1 kg of Uranium U235 can produce as much energy as the  

burning of 4500 tonnes of high grade variety of coal or 2000  

tonnes of oil.



Nuclear chain reaction

 Neutrons released in fission

trigger the fissions of other nuclei

proton 

neutron

U-235 nucleus



Nuclear (Atomic) Power Plant…

 Chain Reaction…

 Uranium exists as an isotope in the form of U235 which is  

unstable.

 When the nucleus of an atom of Uranium is split, the neutrons  

released hit other atoms and split them in turn. More energy is

released each time another atom splits. This is called a chain  

reaction.



Nuclear (Atomic) Power Plant…

 Nuclear fission:



Nuclear fission…

 Nuclear fission: heavy nuclei split into two smaller  
parts in order to become more stable

proton  

neutron
Kr-92 nucleus

U-235 nucleus

Ba-141 nucleus

energy



Nuclear Fission…

• It is a process of splitting up of nucleus of fissionable material like  
uranium into two or more fragments with release of enormous

amount of energy.
•The nucleus of U235 is bombarded with high energy neutrons

U235+0n1 Ba 141+Kr92+2.50n1+200 MeV energy.

• The neutrons produced are very fast and can be made to fission  
other nuclei of U235, thus setting up a chain reaction.

• Out of 2.5 neutrons released one neutron is used to sustain the  
chain reaction.

1 eV = 1.6X10-19 joule.
1 MeV = 106 eV



Nuclear (Atomic) Power Plant…

 Nuclear fission…

U235  splits into two fragments (Ba141 &  

K92) of approximately equal size.

About 2.5 neutrons are released. 1  

neutron is used to sustain the chain  

reaction. 0.9 neutrons is absorbed by  

U238 and becomes Pu239. The remaining

0.6 neutrons escapes from the reactor.

The neutrons produced move at a very  

high velocity of 1.5 x 107 m/sec and  

fission other nucleus of U235. Thus  

fission process and release of neutrons  

take place continuously throughout the  

remaining material.

A large amount of energy(200Million  

electron volts, Mev) is produced.

 Note

from

slow down

the

: Moderators are  

to the

high

but not to absorb

provided

neutrons

velocities

them.



Nuclear (Atomic) Power Plant…

 Principal parts of a nuclear reactor:

Core : Here the nuclear fission process takes place.

Moderator : This reduces the speed of fast moving neutrons. Most moderators  

are graphite, water or heavy water.



Nuclear (Atomic) Power Plant…

 Principal parts of a nuclear reactor…

Control rods :

Coolant : They carry the intense heat generated. Water is used as a coolant,  

some reactors use liquid sodium as a coolant.

Fuel : The fuel used for nuclear fission is U235 isotope.

Radiation shield : To protect the people working from radiation and  

(thermal shielding) radiation fragments.

Control rods limit the  

number of fuel atoms that  

can split. They are made of  

boron or cadmium which  

absorbs neutrons



The chain reaction is not  

slowed down

a huge amount of

energy is

released very

quickly

the rate of  

fission increases  

rapidly

Nuclear bomb

Uncontrolled nuclear reaction



Nuclear reactors

 Nuclear power plant: Rate of fission is controlled by  

artificial means to generate electricity

The Daya Bay

Nuclear Power

Station



Nuclear (Atomic) Power Plant…

 Types of Nuclear power plant:

Main two types are :

* Pressurised Water Reactor (PWR)

* Boiling Water Reactor (BWR)



Nuclear (Atomic) Power Plant…

Pressurised Water Reactor  

(PWR)

• Heat is produced in the reactor due 

to  nuclear fission and there is a 

chain  reaction.

• The heat generated in the reactor is  

carried away by the coolant (water 

or  heavy water) circulated through 

the  core.

• The purpose of the pressure equalizer  

is to maintain a constant pressure of 

14  MN/m2. This enables water to 

carry  more heat from the reactor.

• The purpose of the coolant pump is 

to  pump coolant water under 

pressure  into the reactor core.



Nuclear (Atomic) Power Plant…
Pressurized Water Reactor (PWR)

• The steam generator is a heat exchanger  

where the heat from the coolant is  transferred 

on to the water that circulates  through the 

steam generator. As the  water passes through 

the steam generator it gets converted into

steam.

• The steam produced in the steam  

generator is sent to the turbine. The  

turbine blades rotate
.

• The turbine shaft is coupled to a  

generator and electricity is

produced.

• After the steam performing the work on  

the turbine blades by expansion, it 

comes  out of the turbine as wet steam. 

This is  converted back into water by 

circulating

• The feed pump pumps 

back  the condensed 

water into the  steam

generator.



Schematic diagram of a nuclear power plant
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uranium (U-235)
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moderator (water or graphite) to 

slow down the neutrons released.
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Nuclear (Atomic) Power Plant…

Boiling Water Reactor  

(BWR)

The water is circulated through the  

reactor where it converts to water  

steam mixture.

 The steam gets collected above the  

steam separator.

 This steam is expanded in the turbine  

which turns the turbine shaft.

The expanded steam coming out of the  

turbine is condensed and is pumped  

back as feed water by the feed water  

pump into the reactor core.

Also the down coming recirculation

water from the steam separator is fed

back to the reactor core.



Nuclear (Atomic) Power Plant…

Steam power plant means any plant that uses steam to

produce electricity.

E.g. Thermal and Nuclear power plants.



Nuclear (Atomic) Power Plant…

Advantages of Nuclear power plant:

Space required is less when compared with other power plants.

Nuclear power plant is the only source which can meet the increasing demand  

of electricity at a reasonable cost.

A nuclear power plant uses much less fuel than a fossil-fuel plant.

1 metric tonne of uranium fuel = 3 million metric tonnes of coal = 12 million  

barrels of oil.

Disadvantages of Nuclear power plant:

o Radioactive wastes must be disposed carefully, otherwise it will adversely  

affect the health of workers and the environment as a whole.

o Maintenance cost of the plant is high.



Nuclear waste

 They are highly radioactive

 Many of them have very long half-lives.

 Radioactive waste must  
be stored carefully.



Low level radioactive waste

 cooling water pipes, radiation suits, etc.

 stored in storage facilities

 radioactivity will fall to a safe level after 10 to  
50 years.



 used nuclear fuel

 highly radioactive

 embedded in concrete and  
stored deep underground for 
several thousand years

High level radioactive waste



Nuclear fusion

 Nuclear fusion: light nuclei fuse together to form a  

heavier nucleus



Nuclear fusion…

 Nuclear fusion: light nuclei fuse together to form a  

heavier nucleus

proton  

neutron

helium  
nucleus

neutron

energy

deuterium nucleus

tritium nucleus

H-2 + H-3  He-4 + n + energy



Videos and Animations

1. 8.

2.

3.

7. 13. Nuclear power generator

14. Reactor

1 nuclear fission.swf

2 nuclear reactions.swf

3 nuclear reactor an activity.swf

4. Nuclear Reactor
5. 5 nuclear reactor working.swf

6.How a pressurised water nuclear 12.  

reactor works

7-Nuclear power plant1.swf

8 nuclear powerplant2.swf

9. Nuclear power station

10. How a nuclear power plant 

works

11.Nuclear power –How it 

works
12 Nuclear power plant3.swf



Thank You



Principle of Solar Energy 
Collection



SOLAR ENERGY

• Sun is the basic source of energy for Earth.

• Solar energy is available is the form of Electromagnetic 
Radiations.

• It is an important source of renewable energy and its 
technologies are broadly characterized as either passive 
solar or active solar depending on how they capture and 
distribute solar energy or convert it into solar power.

• Energy used for cooling/heating/drying/ power 
generation, etc., 

• The Earth receives 174,000 terawatts (TW) of incoming 
solar radiation (insolation) at the upper atmosphere. 

• Most of the world's population live in areas with 
insolation levels of 150-300 watts/m², or 3.5-7.0 kWh/m² 
per day.



• The energy radiated from the sun is electromagnetic 
waves reaching the planet earth in three spectral 
regions; 

• (i) Ultraviolet 6.4 % (ƛ ≤ 0.38 µm), 

• (ii) Visible 48.0 % (0.38 µm < ƛ < 0.78 µm), and 

• (iii) Infrared 45.6 % (ƛ ≥ 0.78 µm) of total energy. 

• Due to the large distance between the sun and the 
earth (1.495 × 108 km) the beam radiation received 
from the sun on the earth is almost parallel.









The Sun
• The Sun is the central star of our solar system 

and it contributes to 99.68% of the total mass 
of the solar system.

• The sun rotates with a rotation period of 
about 27 days at the equator and 37 days at 
its poles

• The equator plane is inclined by 7o to the 
ecliptic plane.

• It consists mainly of hydrogen(90 %) and 
helium(10%).



CHARACTERISTICS OF SUN

Sun’s Physical characteristics

Mean distance from the 
Earth

149 600 000 km (the astronomic unit, AU)

Diameter 1 392 000 km (109 × that of the Earth)

Volume 1 300 000 × that of the Earth

Mass 1.993 × 1027 kg (332 000 times that of the Earth)

Density (at its center) >105 kg m−3 (over 100 times that of water) 

Pressure (at its center) over 1 billion atmospheres

Temperature (at its center) about 15 000 000 K 

Temperature (at the 
surface)

6 000 K

Energy radiation 3.8 × 1026 W

The Earth receives 1.7 × 1018 W





Sun and earth geometry

The geometry of the sun-earth relationships is shown schematically 
in Fig. The distance between the sun and earth varies by 1.7 % due 
to the elliptic orbit of the of the earth around the sun. The mean 
earth distance is 1.495 x 1011 m. The sun subtends an angle of 32' 
with the earth. The diameter of the sun is 1.39 x 109 m and that of 
earth, 1.27 x 107 m. 





















Solar Radiation



• Direct Radiation: Solar radiation that reaches to the 
surface of earth without being diffused is called 
direct beam radiation. 

• Diffused Radiation: As sunlight passes through the 
atmosphere, some of it is absorbed, scattered and 
reflected by air molecules, water vapour, cloud, dust, 
and pollutants from power plants, forest fires, and 
volcanoes. This is called diffused radiation. 

• Global Solar Radiation: The sum of diffuse and direct 
solar radiation is called global solar radiation.



INSTRUMENTS FOR MEASURING SOLAR 
RADIATION

• The global solar radiation has 

two components namely 

direct and diffuse radiation. 

• The global radiation 

is measured with the 

pyranometers, and

the direct radiation with 

pyrheliometer. 

• The devices use two types of sensors: thermal and 
photovoltaic. 



PYRANOMETER

• A pyranometer shaded from direct solar radiation can be used 
to measure diffuse radiation. One implementation uses a 
band stretching from the eastern to the western horizon that 
is oriented according to the solar declination to shade the 
pyranometer with the plane of the band parallel to the 
celestial equator. Since the solar declination changes, this 
band must be adjusted with a frequency that depends on 
accuracy requirements and time of year.



PYRHELIOMETER

• A pyrheliometer is an instrument for measurement of direct 
beam solar irradiance. Sunlight enters the instrument through 
a window and is directed onto a thermopile which converts 
heat to an electrical signal that can be recorded.



SOLAR ENERGY COLLECTION

• Solar collectors transform solar radiation into heat and 
transfer that heat to a medium (water, solar fluid, or air). 

• It is possible to harness the energy from the sun and convert 
it into either electricity or heat using PV (photo-voltaic) or ST 
(solar thermal) technologies respectively.

•   An evacuated solar system is the most efficient and a 
common means of solar thermal energy generation with a 
rate of efficiency of 70 per cent.

•   Solar Thermal Energy Collector: Solar thermal energy collector 
is an equipment in which solar energy is collected by 
absorbing the radiation in an absorber and then transferring 
to a fluid. There are two type of collectors

1. Flat plate Collectors

2. Concentrating Collectors



FLAT PLATE COLLECTORS

• It has no optical concentrator. Here the collector area 
and the absorber area are numerically same. The 
efficiency of flat plate collector is low and 
temperature of working fluid can be raised only up to 
100 0C.



The flat plate collector consists of five major parts as given 
below:
1.  A metallic flat absorber plate: It is made of copper, steel or 
aluminium (having high thermal conductivity) and having 
black surface. The thickness of the metal sheet ranges from 
0.5 to 1.0 mm.
2. Tubes or channels: they are soldered to the absorber plate. 
Water flowing through these tubes takes away the heat from 
the absorber plate. The diameter of tubes is around 1.25 cm, 
while that of the header pipe which leads water in and out of 
the collector and distributes it to absorber tubes is 2.5 cm.
3. A transparent toughened glass sheet: of 5 mm thickness is 
provided as the cover plate. It reduces convection heat losses 
through a stagnant air layer between the absorber plate and 
the glass. Radiation loss are also reduced as the spectral 
transmissivity of glass is such that it transparent to short wave 
radiation and nearly opaque to long wave thermal radiation 
emitted by interior collector walls and absorbing plate.
4. Fibre glass insulation: of 2.5 to 8.0 cm thickness is provided 
at the bottom and on the sides in order to minimize the heat 
loss.



5. A container encloses the whole assembly in a box 
made of metallic sheet or fibre glass. 

The commercially available collector have a face area 
of 2 m2. The whole assembly is fixed on a supporting 
structure that is installed on a tilted position at a 
suitable angle facing south in northern hemisphere. 
For the whole year, the optimum tilt angle of 
collector is equal to the latitude of its location. 
During winter the tilt angle is kept 10-150 more than 
the latitude of the location, while in summer it 
should be 10-150 less than the latitude.





























CONCENTRATING TYPE SOLAR COLLECTOR

• Here the receiving area of solar radiation is several 
times greater than the absorber area and the 
efficiency is high. Mirrors and lenses are used to 
concentrate sun rays on the absorber. The 
temperature of working fluid can be raised only up to 
500 0C.

• For better performance, the collector is mounted on 
a tracking equipment to always face the sun with its 
changing position



Types of concentrating collectors

• Parabolic trough system

• Parabolic dish

• Power tower

• Stationary concentrating collectors



PARABOLIC TROUGH SYSTEM

• Parabolic troughs are devices that are shaped like the 
letter “u”. The troughs concentrate sunlight onto a 
receiver tube that is positioned along the focal line of 
the trough. Sometimes a transparent glass tube 
envelops the receiver tube to reduce heat loss

Crossection of parabolic trough Parabolic trough system



PARABOLIC DISH SYSTEMS

• A parabolic dish collector is similar in appearance to 
a large satellite dish, but has mirror-like reflectors 
and an absorber at the focal point. It uses a dual axis 
sun tracker .

Crossection of parabolic dish 
Parabolic dish collector with a mirror-like
reflectors and an absorber at the focal point



POWER TOWER SYSTEM

• A heliostat uses a field of dual axis sun trackers that 
direct solar energy to a large absorber located on a 
tower. To date the only application for the heliostat 
collector is power generation in a system called the 
power tower.

Power tower system Heliostats



STATIONARY CONCENTRATING SOLAR
COLLECTORS

• Stationary concentrating collectors use compound 
parabolic reflectors and flat reflectors for directing solar 
energy to an accompanying absorber or aperture 
through a wide acceptance angle. The wide acceptance 
angle for these reflectors eliminates the need for a sun 
tracker.

• This class of collector includes parabolic trough flat plate 
collectors, flat plate collectors with parabolic boosting 
reflectors, and solar cooker. Development of the first 
two collectors has been done in Sweden. Solar cookers 
are used throughout the world, especially in the 
developing countries .



Solar Pond
• A solar pond is a solar energy collector, generally fairly large in 

size, that looks like a pond. This type of solar energy collector 
uses a large, salty lake as a kind of a flat plate collector that 
absorbs and stores energy from the Sun in the warm, lower 
layers of the pond. These ponds can be natural or man-made, 
but generally speaking the solar ponds that are in operation 
today are artificial.















Solar Cooker 
• Solar cookers are passive solar 

devices. 

• Sunlight is converted to 

heat energy which is retained 

for   cooking. 

• Solar cookers utilizes the 

simple principles of reflection, 

concentration, absorption and 

greenhouse effect to convert sunlight to heat energy. 

• The steps involved in the solar cooker are concentrating,   
capturing and converting  the solar energy.  

• Clean cooking  technology



1. Direct Type : Use some solar energy concentrator to 
focus sunlight onto an area. Eg. Parabolic solar 
cooker 

2. Indirect Type : A box covered with transparent 
material like glass. Employs greenhouse effect for 
cooking Eg: Solar box cooker 

3. Advanced Type: The cookers use either a flat piece 
or focusing collector, which collect the solar heat 
and transfer this to the cooking vessel. Eg: Thermal 
storage solar cooker

CLASSIFICATION OF SOLAR COOKER



Working of Solar Cooker

• Consists of an insulated box with a glass or a plastic window. 

• The window acts as a solar energy trap by exploiting the 
greenhouse effect. 

• Solar radiation passes through the window, and is absorbed by the 
walls, the bottom of the cooker and the cooking utensils. 

• To maximize the heating effect, the walls, and outer side of the pots 
should are painted black.

• The solar rays entering the box are of short wave length, it degrades 
into thermal radiation which are of higher wave length. 

• The higher wave length radiation is not able to pass through the 
glass sheet. 

• The upper cover of the cooker has two glass sheets in parallel and 
thus heat loss through re-radiation is minimized from the blackened 
surface.

• The loss due to convection is minimized by making the box air tight 
by providing a rubber strip all round between the upper lid and the 
box.

















Solar Dryer 
• Solar dryers are devices that use solar energy to dry substances, 

especially food. There are two general types of solar dryers: Direct 
and indirect. 

• Direct : Direct solar dryers expose the substance to be dehydrated 
to direct sunlight. Historically, food and clothing was dried in the 
sun by using lines, or laying the items on rocks or on top of tents.  
One modern type of solar dryer has a black absorbing surface which 
collects the light and converts it to heat; the substance to be dried 
is placed directly on this surface. These driers may have enclosures, 
glass covers and/or vents to in order to increase efficiency. 

• Indirect : In indirect solar dryers, the black surface heats incoming 
air, rather than directly heating the substance to be dried. This 
heated air is then passed over the substance to be dried and exits 
upwards often through a chimney, taking moisture released from 
the substance with it. They can be very simple, just a tilted cold 
frame with black cloth to an insulated brick building with active 
ventilation and a back-up heating system.



Solar photovoltaic system
• Photovoltaic system A photovoltaic system, also 

photovoltaic power system, solar PV system, PV 
system or casually solar array, is a power system 
designed to supply usable solar power by means of 
photovoltaics. 

• Photovoltaics (PV) is a method of converting solar 
energy into direct current electricity using 
semiconducting materials that exhibit the 
photovoltaic effect. A photovoltaic system employs 
solar panels composed of a number of solar cells to 
supply usable solar power. Power generation from 
solar PV has long been seen as a clean sustainable 
energy technology which draws upon the planet’s 
most plentiful and widely distributed renewable 
energy source – the sun.





Fuel cell 

• A fuel cell is an electrochemical cell that converts the 
chemical energy of a fuel (often hydrogen) and an oxidizing 
agent (often oxygen[1]) into electricity through a pair of redox 
reactions.

• Fuel cells are different from most batteries in requiring a 
continuous source of fuel and oxygen (usually from air) to 
sustain the chemical reaction, whereas in a battery the 
chemical energy usually comes from metals and their ions or 
oxides that are commonly already present in the battery, 

except in flow batteries.

• Fuel cells can produce electricity continuously for as long as 
fuel and oxygen are supplied.  



Scheme of a proton-conducting fuel cell A block diagram of a fuel cell 



MHD Generator 
• A magnetohydrodynamic (MHD) generator is a device that 

generates power directly by interacting with a rapidly moving 
stream of fluid, usually ionized gases/plasma. MHD devices 
transform heat or kinetic energy into electrical energy. 

• The typical setup of an MHD generator is that both turbine and 
electric power generator coalesce into a single unit and has no 
moving parts, thus, eliminating vibrations and noise, limiting wear 
and tear .

• MHDs have the highest thermodynamic efficiency as it operates at 
higher temperatures than mechanical turbines. 



Principle of MHD Generator 
• MHD generator is commonly referred to as a fluid dynamo, which is 

compared to a mechanical dynamo – a metal conductor when 
passed through a magnetic field generates a current in a conductor.

• However, in the MHD generator, conducting fluid is used instead of 
a metal conductor. As the conducting fluid (conductor) moves 
through the magnetic field, it produces an electrical field 
perpendicular to the magnetic field. 

• This process of electric power generation through MHD is based on 
the principle of Faraday’s law of electromagnetic induction. 

• When the conducting fluid flows through a magnetic field, a voltage 
is generated across its fluid and it is perpendicular to both the fluid 
flow and the magnetic field as per Fleming’s Right Hand Rule. 

• F = Q (v x B) 
Where, 
‘F’ is the force acting on the particle. 
‘Q’ is the charge of the particle, 
‘v’ is the velocity of the particle, and 
‘B’ is the magnetic field. 
The vector ‘F’ is perpendicular to both ‘v’ and ‘B’ according to the 
right-hand rule. 



MHD Generator Working 

• The MHD electricity generation diagram is shown below with 
possible system modules. To begin with, the MHD generator 
requires a gas source of high temperature, which can be 
either a coolant of a nuclear reactor or can be high-
temperature combustion gases produced from coal. 



• As the gas and fuel pass through the expansion nozzle, it decreases 
the pressure of the gas and increases the speed of fluid/plasma 
through the MHD duct, and increasing the overall efficiency of the 
power output. The exhaust heat produced from the fluid through 
the duct is the DC power. It used to run the compressor to boost 
the fuel combustion rate.

MHD Cycles and Working Fluids 

• Fuels like coal, oil, natural gas, and other fuels that are capable of 
producing high temperatures can be utilized in MHD generators. 
Besides this, MHD generators can use nuclear energy to generate 
electricity.  

• MHD generators are of two types – open cycle and closed-cycle 
systems. In an open cycle system, the working fluid is passed only 
once through the MHD duct. This produces exhaust gases after 
generating electrical energy, which is released to the atmosphere 
via a stack. The working fluid in a closed cycle system is recycled to 
the heat source for reusing it repeatedly. 

• The working fluid used in an open cycle system is air, whereas 
helium or argon is used in a closed cycle system. 



• LINK – SOLAR ENERGY GEOMETRY VIDEO

https://youtu.be/RyzJlsxzG4A

https://youtu.be/RyzJlsxzG4A


HYDRAULIC  SYSTEM



HYDRAULIC  
SYSTEMS



INTRODUCTION

• The controlled movement of parts or a controlled application of force is a
common requirement in the industries.

• These operations are performed mainly by using electrical machines or diesel,  
petrol and steam engines as a prime mover.

• The enclosed fluids (liquids and gases) can also be used as prime movers to
provide controlled motion and force to the objects or substances.

• The specially designed enclosed fluid systems can provide both linear as well as  
rotary motion.

• This kind of enclosed fluid based systems using pressurized incompressible  
liquids as transmission media are called as hydraulic systems.



PRINCIPLE OF HYDRAULIC SYSTEM

• The Hydraulic System works on the principle of Pascal’s law.

• Pascal’s law states that “The pressure in an enclosed fluid is uniform in all the  
directions”.



COMPONENTS OF HYDRAULIC  SYSTEM

• The major components of a hydraulic system are:

1. Prime Mover

2. Pump

3. Control Valves

4. Actuators(Hydraulic motors, pistons)

5. Piping System

6. Fluid



• The supporting components include:

1. Filters

2. Strainers

3. Storage Tanks

4. Heat Exchanger

5. Pressure Gauges

6. Sensors

7. Protective Devices

8. Control Devices

9. Accumulators

COMPONENTS OF HYDRAULIC  SYSTEM



SCHEMATIC DIAGRAM OF  
HYDRAULIC SYSTEM



I. PRIME MOVERS

• Prime mover is a device which develops the mechanical power.

• This power in a hydraulic system is basically used to drive the pump.

• Prime mover includes IC Engine, Turbines, etc



II. HYDRAULIC PUMPS

• Pump is a device which converts mechanical energy to fluid energy.

• The hydraulic pump takes hydraulic fluid (mostly some oil) from the storage tank  
and delivers it to the rest of the hydraulic circuit.

• The hydraulic pumps are characterized by its flow rate capacity, power  
consumption, drive speed, pressure delivered at the outlet and efficiency of the  
pump.



TYPES OF HYDRAULIC PUMPS

• Non-positive displacement pumps:

✓Known as hydro-dynamic pumps

✓Fluid is pressurized by the rotation of the propeller and the fluid pressure is proportional  
to the rotor speed

✓Used for low-pressure and high-volume flow applications

✓Eg: Centrifugal Pumps

• Positive displacement pumps:

✓These pumps deliver a constant volume of fluid in a cycle

✓Used in most of the industrial fluid power applications

✓The output fluid flow is constant and is independent of the system pressure

✓Eg: Vane pump, Piston Pump, Gear Pump



HYDRAULIC GEAR PUMPS

External Gear Pumps Internal Gear Pumps

Gerotor Pump
Lobe Pump



HYDRAULIC VANE PUMPS

HYDRAULIC PISTON PUMPS



III. CONTROL VALVES

• The control of the mechanical outputs (motion and force) is one of the most  
important functions in a hydraulic system.

• The proper selection of control selection ensures the desired output and safe  
function of the system.

• In order to control the hydraulic outputs, different types of control valves  
are required.

• There are basically three types of valves employed in hydraulic systems:

1. Directional control valves

2. Flow control valves

3. Pressure control valves



DIRECTIONAL CONTROLVALVES
• Directional control valves provide the direction to the fluid and allow the flow in a particulardirection.

• These valves are used to control the start, stop and change in direction of the fluidflow.

• They can be classified in the following manner:

➢Type of construction:

1. Poppet valves

2. Spool valves

➢Number of ports and switching positions:

1. Three way two position

2. Four way three position

3. Four way two position

➢Method of change over from one position to next:

1. Non throttling type

2. Throttling type

THREE WAYVALVE



• Directional control valves are generally specified using the number of ports and the number of
switching positions. It can be represented in general form as np/ns, where np is the number of ports
connected to the direction control valve and ns the number of switching positions.

❖THREE WAY TWO POSITION DCV

❖FOUR WAY TWO POSITION DCV

FOUR WAY THREE POSITION DCV

❖FOUR WAY THREE POSITON DCV



FLOW CONTROL VALVES

• A flow control valve can regulate the flow or pressure of the fluid.

• The fluid flow is controlled by varying area of the valve opening  
through which fluid passes.

GLOBE VALVE BUTTERFLY VALVE PLUG VALVE



PRESSURE CONTROL VALVE

• The pressure control valves are used to
protect the hydraulic components from
excessive pressure.

• It is normally a closed type and it opens
when the pressure exceeds a specified
maximum value by diverting pump flow
back to the tank.

• Pressure control valves are the functional
part of the system.



IV. HYDRAULIC ACTUATORS

• Hydraulic Actuators employ hydraulic pressure to drive an output  
member.

• These are used where high speed and large forces are required.

• The fluid used in hydraulic actuator is highly incompressible.

• They convert fluid power into mechanical power.

• Depending on motion they can be classified as:

1. Linear actuators: linear motion as output(cylinder and piston)

2. Rotary actuator: rotary motion as output(motor)



HYDRAULIC CYLINDERS

• Cylinders are linear actuators, that is, they
producestraight-line motion  and/or force.

• Cylinders are classified as:

1. Single-acting Cylinder

2. Double-acting Cylinder SINGLE ACTING CYLINDER

DOUBLE ACTING CYLINDER

• Single Acting Cylinder has only

one fluid chamber and exerts

force in only one direction.

• The double-acting cylinder is

operated by hydraulic fluid in

both directions and is capable of

a power stroke either way.



HYDRAULIC MOTORS

• Motors work exactly on the reverse principle of
pumps.

• In motors fluid is forced into the motor from pump
outlets at high pressure and is converted to
mechanical energy.

• This fluid pressure creates the motion of the motor
shaft.

• Though any pump can be used as motor, the
commonly used hydraulic motors are:

1. Vane Motors

2. Gear Motors

3. Piston Motors



V. HYDRAULICFLUID

• Hydraulic fluid must be essentially non-compressible to be able to transmit power

instantaneously from one part of the system to another.

• At the same time, it should lubricate the moving parts to reduce friction loss and cool the  
components so that the heat generated does not lead to fire hazards.

• The most common liquid used in hydraulic systems is petroleum oil because it is only  
very slightly compressible.

• Properties of hydraulic fluids:

1. Non compressible

2. Low volatility

3. Corrosion control

4. Fire resistance

5. Low toxicity

6. Good lubricator



VI. FILTERS

• The hydraulic fluid is kept clean in the system with the help of filters and
strainers.

• It removes minute particles from the fluid, which can cause blocking of the
orifices of servo-valves or cause jamming of spools.

• Types of hydraulic filters:

1. Suction Filters: The suction filter provides protection to the hydraulic pump
from particles larger than 10 microns.

2. Pressure Side Filters: Located downstream from the hydraulic pump, these
filters are designed to clean the fluid as it exits the pump to protect more
sensitive system components such as control valves and actuators from
contaminants generated from the pump.



3.Return Side Filter: Located between
the control valve and the fluid reservoir,
these filters are designed to capture
wear debris from the hydraulic systems
working components before returning
the fluid back to the reservoir

4.Offline Filter: These filters are used,
independent from the hydraulic system,
to clean hydraulic fluid before it enters
the hydraulic system itself.



• Unlike gases the fluids used in hydraulic
systems cannot be compressed and stored
to cater to sudden demands of high flow
rates that cannot be supplied by the pump.

• An accumulator in a hydraulic system
provides a means of storing these
incompressible fluids under pressure
created either by a spring, compressed a
gas.

• Any tendency for pressure to drop at the
inlet causes the spring or the gas to force
the fluid back out, supplying the demand
for flow rate.

VII. ACCUMULATORS



APPLICATIONS OF HYDRAULIC  
SYSTEMS

• Industrial: Plastic processing machineries, steel making and primary metal extraction
applications, automated production lines, machine tool industries, paper industries,
loaders, crushes, textile machineries, R & D equipment and robotic systems etc.

• Mobile hydraulics: Tractors, irrigation system, earthmoving equipment, material
handling equipment, commercial vehicles, tunnel boring equipment, rail equipment,
building and construction machineries and drilling rigs etc.

• Automobiles: It is used in the systems like breaks, shock absorbers, steering system,

wind shield, lift and cleaning etc.

• Marine applications: It mostly covers ocean going vessels, fishing boats and navel
equipment.

• Aerospace equipment: There are equipment and systems used for rudder control, landing
gear, breaks, flight control and transmission etc. which are used in airplanes, rockets and
spaceships.



•
•

•

•

•

•
•
•

•
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•
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Variable speed

Reversible  
need  
direction.

Over load protection  
over-

Small package  
power

Can  be stalled

Simple design  

Self lubricated

Flexible  
location  
components.

Smooth

Acts as coolant

Acts as seal  
mating parts.

Noise free

: Possible to control speed through valve.

: Instant reverse motion is possible. No  
to stop the system to change

: Protected through relief valve from
loading.

: Components are smaller than other  
transmitting system.

: Not possible on direct drive system from  
Electric motor / Diesel engine.

: Pre- engineered components available.

: Hydraulic oil lubricates the parts.

: Flexible hoses virtually eliminate the  
problem of the hydraulic

: Incompressible, no vibration.

: It dissipates heat / cools the component,

; It seals clearances between two

: No noise.

Advantages of oil in Hydraulics



• Assume that the piston on the left is 2 inches in diameter (1-inch radius),  while the piston on the right 

is 6 inches in diameter (3-inch radius). The area  of the two pistons is Pi * r2 . The area of the left 

piston is therefore 3.14,  while the area of the piston on the right is 28.26. The piston on the right is 9  

times larger than the piston on the left. What that means is that any force  applied to the left-hand 

piston will appear 9 times greater on the right-hand  piston. So if you apply a 100-pound downward 

force to the left piston, a 900- pound upward force will appear on the right

Force Multiplication





This Presentation Ends…
See you soon in the next!


