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Syllabus

• Module – 1: Air standard cycles, I.C. Engines

• Module – 2: Gas power Cycles 

• Module – 3: Vapour Power Cycles 

• Module – 4: Refrigeration Cycles, Psychometrics and Air-conditioning Systems

• Module – 5: Reciprocating Compressors, Steam nozzles



Importance of studying the subject (Applications of Applied Thermodynamics)

Gas turbine used in rocket



Importance of studying the subject (Applications of Applied Thermodynamics)

Coal: 204,724.5 MW (55.6%)

Large Hydro: 45,399.22 MW (12.3%)

Small Hydro: 4,671.56 MW (1.3%)

Wind Power: 37,505.18 MW (10.2%)

Solar Power: 33,730.56 MW (9.2%)

Biomass: 10,001.11 MW (2.7%)

Nuclear: 6,780 MW (1.8%)

Gas: 24,955.36 MW (6.8%)

Diesel: 509.71 MW (0.1%)

Vapour Power Cycle in Thermal power plant



Importance of studying the subject (Applications of Applied Thermodynamics)

Refrigeration Cycles, Psychometrics and Air-conditioning Systems



Importance of studying the subject (Applications of Applied Thermodynamics)

Reciprocating Compressors
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Module – 1: Air standard cycles

• Air standard cycles: Carnot, Otto, Diesel, Dual and Stirling cycles, p-v and T -S
diagrams, description, efficiencies and mean effective pressures. Comparison of
Otto and Diesel cycles.

• I.C.Engines: Classification of IC engines, Combustion of SI engine and CI
engine, Detonation and factors affecting detonation, Performance analysis of I.C
Engines, Heat balance, Morse test.



Air standard cycles



Carnot cycle
Expression for air standard efficiency in Carnot cycle

Process 1-2: Isothermal Expansion

Process 2-3: Adiabatic Expansion



Carnot cycle

Process 4-1: Adiabatic  compression

Process3-4: Isothermal compression



Carnot cycle
To find air standard efficiency:



Carnot cycle



Carnot cycle



Otto cycle (constant volume cycle)

Process 1-2: Adiabatic  compression

Process 2-3: constant volume heat addition

Expression for air standard efficiency in Otto cycle



Otto cycle (constant volume cycle)

Process 3-4: Adiabatic Expansion

Process 4-1: constant volume heat rejection



Otto cycle (constant volume cycle)
To find air standard efficiency:



Otto cycle (constant volume cycle)



Mean Effective Pressure (MEP) for Otto cycle 



Mean Effective Pressure (MEP) for Otto cycle 



Mean Effective Pressure (MEP) for Otto cycle 



Mean Effective Pressure (MEP) for Otto cycle 



Mean Effective Pressure (MEP) for Otto cycle 



Diesel cycle (Constant Pressure cycle)

Expression for air standard efficiency in Diesel cycle



Diesel cycle (constant Pressure cycle)

Process 1-2: Adiabatic  compression

Process 2-3: constant Pressure heat addition



Diesel cycle (constant Pressure cycle)

Process 3-4: Adiabatic Expansion

Process 4-1: constant volume heat rejection



Diesel cycle (constant Pressure cycle)



Diesel cycle (constant Pressure cycle)



Mean Effective Pressure (MEP) for Diesel cycle 



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)
Expression for air standard efficiency:



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)

Process 2-3: constant volume heat addition

Process 1-2: Adiabatic  compression

Process 3-4: constant Pressure heat addition



Process 4-5: Adiabatic Expansion

Process 5-1: constant volume heat rejection

Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Dual Combustion Cycle (Semi- Diesel/Limited Pressure cycle)



Comparison of Otto, Diesel and Dual Cycles

For same compression ratio and heat supplied



Comparison of Otto, Diesel and Dual Cycles

Same compression ratio and heat rejection

Otto cycle has a comparatively higher efficiency than Diesel cycle



Comparison of Otto, Diesel and Dual Cycles

For Same maximum pressure, maximum temperature and heat rejection

Diesel cycle has a comparatively higher 

efficiency than Otto cycle



Comparison of Otto, Diesel and Dual Cycles

• For Same maximum pressure and heat input

Diesel cycle is more efficient than Otto cycle



Comparison of Otto, Diesel and Dual Cycles

For Same maximum pressure and work output

Diesel cycle is more efficient than Otto cycle



• Internal combustion engine  

• External combustion engine



CLASSIFICATION OF IC ENGINE

(1) According to the type of fuel used:

a) Petrol engine

b) Diesel engine

c) Gas engine

d) Bi-fuel (Bio-fuel) engine



CLASSIFICATION OF IC ENGINE

• 4-stroke engine • 2-stroke engine

(2) According to the number of strokes per cycle:



(3) According to the method of ignition:

a) Spark Ignition (SI) engine

b) Compression Ignition (CI) engine

CLASSIFICATION OF IC ENGINE



(4) According to the cycle of combustion:

a) Otto cycle engine

b) Diesel cycle engine

c) Dual combustion cycle engine

CLASSIFICATION OF IC ENGINE



(5) According to the number of cylinders used:

a) Single cylinder engine

b) Multi-cylinder engine

CLASSIFICATION OF IC ENGINE



(6) According to the arrangement of cylinders:

a) Vertical engine
b) Horizontal engine
c) Inline engine
d) Radial engine
e) V-engine

f) Opposed type engine

CLASSIFICATION OF IC ENGINE



(7) According to the method of cooling:

a) Air cooled engine

b) Water cooled engine

(8) According to their uses:

a) Stationary engine

b) Automobile engine

c) Marine engine

d) Aircraft engine, etc

CLASSIFICATION OF IC ENGINE



PARTS OF IC ENGINE



IC ENGINE TERMINOLOGY



Four - Stroke (4-s) Engine



2-stroke engine



Performance Parameters

• Mean Effective Pressure (MEP) - Pm

It is expressed in Bar (1Bar = 105 N/m2)



Indicated Power (IP) Brake Power (BP)

Friction Power (FP)
FP = IP- BP kW

Performance Parameters



Mechanical Efficiency mech = (BP/IP) X 100

Thermal Efficiency 

Performance Parameters



Specific Fuel Consumption

Performance Parameters



Measurement of Friction power

• Willan’s line method.

• •Morse test.

• •Motoring test.



Morse test.
• The Morse test is applicable only to multicylinder engines.

• With all cylinder firing = BP   kW

• Cut off at 1st cylinder = BP1    kW

• Cut off at 2nd cylinder = BP2  kW

• Cut off at 3rd cylinder = BP3 Kw

IP1 = BP-BP1, IP3 = BP-BP3



Heat Balance sheet



Module – 2: Gas Power Cycles

Gas-Turbine

• Open cycle gas turbine

• Closed cycle gas turbine

Brayton Cycle

Methods to improve Thermal Efficiency of Gas Turbine-
Intercooling, Reheat & Regeneration

Jet Propulsion System



Gas-Turbine

http://en.wikipedia.org/wiki/File:Brayton_cycle.svg
http://en.wikipedia.org/wiki/File:Brayton_cycle.svg


Classification of Gas-Turbine

• Open cycle gas turbine • Closed cycle gas turbine

http://en.wikipedia.org/wiki/File:Brayton_cycle.svg
http://en.wikipedia.org/wiki/File:Brayton_cycle.svg


Comparison between Open cycle gas turbine and Closed cycle gas turbine



Analysis of Brayton Cycle



Analysis of Brayton Cycle

1-2 Isentropic Compression (compressor)

2-3 Constant-pressure heat addition

3-4 Isentropic expansion (turbine)

4-1 Constant-pressure heat rejection

Efficiency of Brayton cycle



Analysis of Brayton Cycle
Efficiency of Brayton cycle



Analysis of Brayton Cycle



Analysis of Brayton Cycle



Analysis of Brayton Cycle

Efficiency of Brayton cycle



Analysis of Brayton Cycle

Work Ratio:



Work Ratio:







Expression for optimum pressure ratio for maximum net work output



Expression for optimum pressure ratio for maximum net work output



Expression for optimum pressure ratio for maximum net work output



Expression for optimum pressure ratio for maximum net work output



Expression for optimum pressure ratio for maximum net work output



Deviation of Actual Gas-Turbine Cycle From Ideal Brayton cycle

Turbine efficiency = 
𝑨𝒄𝒕𝒖𝒂𝒍 𝒘𝒐𝒓𝒌𝒅𝒐𝒏𝒆 𝒃𝒚 𝒕𝒉𝒆 𝒕𝒖𝒓𝒃𝒊𝒏𝒆

𝑰𝒔𝒆𝒏𝒕𝒓𝒐𝒑𝒊𝒄 𝒘𝒐𝒓𝒌𝒅𝒐𝒏𝒆 𝒃𝒚 𝒕𝒉𝒆 𝒕𝒖𝒓𝒃𝒊𝒏𝒆

Compressor efficiency = 
𝑰𝒔𝒆𝒏𝒕𝒓𝒐𝒑𝒊𝒄 𝒘𝒐𝒓𝒌𝒅𝒐𝒏𝒆 𝒕𝒐 𝒕𝒉𝒆 𝒄𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒐𝒓

𝑨𝒄𝒕𝒖𝒂𝒍 𝒘𝒐𝒓𝒌𝒅𝒐𝒏𝒆 𝒕𝒐 𝒕𝒉 𝒄𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒐𝒓



Methods to improve the performance of Gas Turbine

Intercooling

Reheating

Regeneration

http://en.wikipedia.org/wiki/File:Brayton_cycle.svg
http://en.wikipedia.org/wiki/File:Brayton_cycle.svg


Brayton cycle with Intercooling



Brayton cycle with Reheating



Brayton cycle with Regeneration



Brayton cycle with Regeneration

Effectiveness of regenerator:



Brayton cycle with Intercooling, Reheating and Regeneration



Jet Propulsion System
Air-breathing engines

• Turbojet engine

• Turbo-prop engine

• Turbo-fan engine

• Ramjet engine 

Non air-breathing engines

• Rocket engine



Turbojet engine



Turbo-prop engine



Ramjet engine 



Rocket engine


