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In1894, The TImes newspaper predIcTed… “In 50 years, every 
sTreeT In London wILL be burIed under nIne feeT of manure.”



The crisis would be soon over … 

 Carl Benz The original Benz Patent-Motorwagen, first 

built in 1885 and awarded the patent for the 

concept

Source: Wikipedia

https://en.wikipedia.org/wiki/Benz_Patent-Motorwagen


https://clipartstation.com/air-pollution-from-cars-clipart-4/



Classification of  power cycles

 Power Cycles

 Gas vs vapor

 Closed vs Open

 Internal Combustion vs External Combustion

 Coal fired power plant is an externally fired engine

 IC engine is an internally fired engine

 Simple cycle vs Combined Cycles



Practical use of  gas power cycle

 Internal Combustion (IC) Engines

 Automobile engines

 Small aircrafts

 Ships

 Locomotive engines

 DG sets

 …

 Gas Turbines

 GT Power plants

 Aircrafts

 Big ships



Actual cycle vs Air Standard cycle

Almost the entire quantity 

of the working fluid is air:

•Air Standard Cycle



Air-Standard Assumptions 

 Air is the working fluid, circulated in a closed loop, is 

an ideal gas

 All cycles, processes are internally reversible

 Combustion process replaced by heat-addition from 

external source

 Exhaust is replaced by heat rejection process which 

restores working fluid to initial state

 Air has constant specific heat



Engine Terms  Top dead center

 Bottom dead center

 Bore

 Stroke

Compression Ratio: 

DV

CV



Engine Terms

 Mean effective 

pressure (MEP)



Otto Cycle

Actual

Air 

Standard



Otto Cycle

 Ideal Otto Cycle

 Four internally reversible 

processes

 1-2 Isentropic compression

 2-3 Constant-volume heat 

addition

 3-4 Isentropic expansion

 4-1 Constant-volume heat 

rejection



Otto Cycle

 Closed system, pe, ke ≈ 0 

 Energy balance (cold air std)



Otto Cycle

 Thermal efficiency of ideal Otto cycle:

 Since V2= V3 and V4 = V1

 Where r is compression ratio

k is ratio of specific heats



Otto Cycle

He

O2, N2

CO2



Ignor-

ignored.



Spark vs Compression Ignition

 Spark (Otto), air-fuel 

mixture compressed 

(constant-volume heat 

addition)

 Compression (Diesel), air 

compressed, then fuel 

added (constant-pressure 

heat addition)



Diesel Engine: what’s different from Petrol 

Engine? 

 The Diesel engine takes in JUST air.

 The compression ratio is higher, thus higher 

efficiency.

 Diesel engines use direct fuel injection.

 No spark plug required. 



CI Engine

4 strokes in a 

diesel cycle



Diesel Cycle



Diesel Cycle

 Processes of Diesel cycle:

 Isentropic compression

 Constant-pressure heat addition 

 Isentropic expansion

 Constant-volume heat rejection



Diesel Cycle

 For ideal diesel cycle

 With cold air assumptions



Diesel Cycle

 Cut off ratio rc

 Efficiency becomes



Advantages and disadvantages of  CI 

Engines

 Advantages

 There is no KNOCKING in the diesel engine.

 Higher efficiency.

 Less operating expense

 Disadvantages

 Pollution

 Heavy

 Initial high cost



Solution: 

,with constant specific heats.





Gas Turbines

Advantages

 Very high power-to-weight ratio, compared to reciprocating engines

 Smaller than most reciprocating engines of the same power rating

 Fewer moving parts than reciprocating engines

 Quicker start up and load changing capability than a vapor power cycle.

 No requirement of cooling water for open cycle GT

Disadvantages

 Usually less efficient than reciprocating engines and vapor power cycles

 Minimum power rating for economic design is too high for small power 
applications: 
 GT is less suitable for rail and road transportations and helicopters

More suitable for large ships, aircrafts, land-based power plants 



Brayton Cycle

 Gas turbine cycle

 Open vs closed system 

model



Gas turbine cycles
Schematic of a closed GT (Brayton) cycle

1-2 Isentropic compression (in a compressor):

wc =h2-h1 = Cp(T2-T1)

2-3 Constant pressure heat addition (in a combustor):

qin = h3-h2 = Cp(T3-T2)

3-4 Isentropic expansion (in a turbine): 

h3-h4 = Cp(T3-T4)

4-1 Constant pressure heat rejection (exhaust to the atmosphere): 

qout = h4-h1 = Cp(T4-T1)



Efficiency of  a simple Brayton cycle
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What limits the efficiency?

 In theory, as the pressure ratio goes 
up, the efficiency rises.  The limiting 
factor is frequently the turbine inlet 
temperature.

 The turbine inlet temp is restricted to 
about 1,700 K.

 Consider a fixed turbine inlet temp., T3



Brayton Cycle

rp

w

rp,opt
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 http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/diesel.html
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Basic concept of  combined cycle

Combined 
Cycle



Combined gas–steam power plant.


