
  

  

 

 

UNIT-V 

GasPowerCycles 

Introduction 

Forthepurposeofthermodynamicanalysisoftheinternalcombustionengines,the following 

approximations are made: 

 Theengineisassumedtooperateonaclosedcyclewithafixedmassofairwhich does 
not undergo any chemical change. 

 Thecombustionprocessisreplacedbyanequivalentenergyadditionprocessfrom an 
external source. 

 The exhaust process is replaced by an equivalent energy rejection process to 
externalsurroundingsbymeansofwhichtheworkingfluidisrestoredtotheinitial state. 

 Theairisassumedtobehavelikeanidealgaswithconstantspecificheat.These cycles 
are usually referred to as air standard cycle. 

OttoCycle 

The Air Standard Otto cycle is named after its inventor Nikolaus A. Otto . Figures 5.1 (a), (b) 
and (c) illustrate the working principles of an Otto cycle. The Otto cycle consists of the 
following processes. 

 

Figure 5.1 

 

0-1: Constant pressure suction during which a mixture of fuel vapour and air is drawn into 
the cylinder as the piston executes an outward stroke. 

1-2:Themixtureiscompressedisentropicallyduetotheinwardmotionofthepiston. Because of the 
isentropic compression , the temperature of the gas increases. 



  

  

 

 

2-3: The hot fuel vapour-air mixture is ignited by means of an electric spark. Since the 
combustion is instantaneous, there is not enough time for the piston o move outward. This 
process is approximated as a constant volume energy addition process . 

3-4: The hot combustion products undergo isentropic expansion and thepiston executesan 
outward motion. 

4-1: The exhaust port opens and the combustion products are exhausted into the 
atmosphere. The process is conveniently approximated as a constant-volume energy 
rejection process. 

1-0:Theremainingcombustionproductsareexhaustedbyaninwardmotionof thepistonat constant 
pressure. 

Effectively there are four strokes in the cycle. These are suction, compression, expression, 
and exhaust strokes, respectively. From the P-V diagram it can be observed that the work 
done during the process 0-1 is exactly balanced by the work done during 1-0. Hence for the 
purpose of thermodynamic analysis we need to consider only the cycle 1-2-3-4, which is air- 
standard Otto Cycle. 

(5.1) 
 

 
Where and denotetheenergyabsorbedandenergyrejectedintheformofheat. 
Application of the first law of thermodynamics to process 2-3 and 4-1gives: 

 
(5.2) 
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Therefore, 

 
(5.4) 

 
1-2 and 3-4 are isentropic processes for which

 constant

Therefore, 

(5.5) 
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Where 

 

 
 

 
Since , the efficiency of the Otto cycle increases with increasing compression ratio.However, 
in an actual engine, the compression ratio can not be increased indefinitely since 

highercompressionratiosgivehighervaluesofandthisleads to spontaneous and uncontrolled 
combustion of the gasoline-air mixture in the cylinder. Such a condition is usually called 
knocking. 

 

Figure5.2 

Performance of an engine is evaluated in terms of the efficiency (see Figure 5.2). However, 
sometime it is convenient to describe the performance in terms of mean effective pressure, 
an imaginary pressure obtained by equating the cycle work to the work evaluated by the 
following the relation 

 

 
(5.15) 

 
 
 

 
Themeaneffectivepressureisdefinedasthenetworkdividedbythedisplacementvolume. That is 

Compression ratio 
(5.14) 

 



  

  

 

 

 
 
 

 
 
 
 

 
DIESEL CYCLE 

 
 

 

Figure5.3 (a),(b)and (c) 

TheDieselcyclewas developedbyRudolfDieselinGermany.Figures5.3(a),(b)and 
(c) explaintheworkingprincipleofanAirStandardDieselcycle.Thefollowingarethe processes. 

0-1: Constantpressure suctionduringwhich fresh air isdrawn into the cylinderas thepiston 
executes the outward motion. 

1-2: The air is compressed isentropically. Usually the compression ratio in the Diesel cycle is 
much higher them that of Otto cycle. Because of the high compression ratio, the 
temperature of the gas at the end of isentropic compression is so high that when fuel is 
injected, it gets ignited immediately. 

2-3: The fuel is injected into the hot compressed air at state 2 and the fuel undergoes a 
chemical reaction. The combustion of Diesel oil in air is not as spontaneous as the 
combustion of gasoline and the combustion is relatively slow. Hence the piston starts 
moving outward as combustion take place. The combustion processes is conveniently 
approximated as a constant pressure energy addition process. 

3-4: The combustion products undergo isentropic expansion and the piston executes an 
outward motion. 



  

  

 

 

4-1: The combustion products are exhausted at constant volume when the discharge port 
opens. This is replaced by a constant-volume energy rejection process. 

1-0: The remaining combustion products are exhausted at constant pressure by the inward 
motion of the piston. 

IntheanalysisofaDieselcycle,twoimportantparametersare:compression 

ratio and the cut-off ratio . The cut-off ratio is defined as the ratio of thevolume 
at the end of constant-pressure energy addition process to the volume at the beginning of 
the energy addition process. 

 

 
(5.16) 

(5.17) 
Energy added 

 
 
 

 

Energy rejected (5.18) 

 
 

 
(5.19) 

 
or 

 
(5.20) 

 
1-2is Isentropic: 

 

 
 
 

4-1isConstant volume: 
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Since 1−2 and3−4areisentropicprocesses  
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Hence 

 

 
 

 

 
 

 
Alsotobe noted 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(5.21) 
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ThecompressionratiosnormallyintheDieselenginesvarybetween14and17. 

AIRSTANDARDDUALCYCLE 

Figures 5.4 (a) and (b) shows the working principles of a Dual cycle. In the dual cycle, the 
energy addition is accomplished in two stages: Part of the energy is added at constant 
volume and part of the energy is added at constant pressure. The remaining processes are 
similar to those of the Otto cycle and the Diesel cycle. The efficiency of the cycle can be 
estimated in the following way 



  

  

 

 

 

 

Figure5.4.1(a)and (b) 
 

Energy added 

 

 
Energy rejected 
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Theefficiencyofthecyclecanbeexpressedintermsofthefollowingratios 

 

 
(5.24) 

 
 

 
(5.25) 

 
 

 
(5.25) 

 
 
 

 
(5.26) 

 

 

Compressionratio, 
(5.27) 

 
 
 

 

Cut-off ratio, 
(5.28) 



  

  

 

 

 

Expansionratio, 
(5.28) 

 
 
 

 

Constantvolumepressureratio, 
(5.29) 
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ComparisonofOtto,Diesel&Dual Cycles 

Forsamecompressionratioandheatrejection(Figures5.5(a)and(b)) 
 

Figure5.5 (a)and(b) 

1-6-4-5:Ottocycle 



  

  

 

 

1-7-4-5:Dieselcycle 

1-2-3-45Dualcycle 

Forthe same Q2,thehighertheQ1 ,thehigheristhecycle efficiency 

 

 
 
 

Forthesamemaximumpressureand temperature(Figures5.6(a)and(b)) 
 

Figure5.6 (a)and(b) 
 

 
1-6-4-5:Ottocycle 

1-7-4-5:Dieselcycle 

1-2-3-45 Dual cycle 

Q1isrepresentedby: 

 

Area under6-4 for Otto cycle 
area under7-4 for Diesel cycle 

 
and 

areaunder2-3-4 forDualcycle and Q2issame for allthecycles 

 



  

  

 

 

 
TheBrayton cycle 

TheBraytoncycle(orJoulecycle)representstheoperationofagasturbineengine.Thecycle consists of 
four processes, as shown in Figure alongside a sketch of an engine: 

a-bAdiabatic,quasi-static(orreversible)compressionintheinletandcompressor; 
b-cConstantpressurefuelcombustion(idealizedasconstantpressureheat addition); 
c-dAdiabatic,quasi-static(orreversible)expansionintheturbineandexhaustnozzle,with which we 
takesomeworkoutoftheairanduseittodrivethecompressor,and taketheremainingwork out and 
use it to accelerate fluid for jet propulsion, or to turn a generator for electrical power 
generation; 
d-aCooltheair atconstantpressurebacktoitsinitialcondition. 

 

 

 
The components of a Brayton cycle device for jet propulsion are shown in Figure 3.14. We will 
typically represent these components schematically, as in Figure 3.15. In practice, real Brayton 
cycles take one of two forms. Figure 3.16(a) shows an ``open'' cycle, where the working fluid 
enters and then exits the device. This is the way a jet propulsion cycle works. Figure 3.16(b) 
shows the alternative, a closed cycle, which re circulates the working fluid. Closed cycles are 
used, for example, in space power generation. 



  

  

 

 

 

 

 

 
Schematicsoftypicalmilitarygasturbineengines. 

 

 

 

Open cycle operation Closed cycle operation 

OptionsforoperatingBraytoncyclegasturbineengines 

WorkandEfficiency 



  

  

 

 

The objective now is to find the work done, the heat absorbed, and the thermal efficiency ofthe 

cycle.Tracingthepath shownaroundthe cycle from---and backto ,thefirst law gives (writing the 

equation in terms of a unit mass), 

 

 

 
Here is zero because is a function of state, and any cycle returns the system to itsstarting 

state3.2. The net work done is therefore 

 

 

 

where,are defined as heat received bythe system (is negative). We thus need to evaluate the 

heat transferred in processes - and - . 

Foraconstantpressure,quasi-staticprocesstheheatexchangeperunitmassis 

 

 
Wecanseethisbywritingthefirstlawin termsofenthalpy orbyrememberingthedefinition of

 . 

Theheatexchangecanbeexpressedintermsofenthalpydifferencesbetweentherelevant states. 
Treating the working fluid as a perfect gas with constant specific heats, for the heat addition 
from the combustor, 

 

 
Theheatrejectedis,similarly, 

 

 
Thenetworkperunitmassisgivenby 

 

 
ThethermalefficiencyoftheBraytoncyclecannowbeexpressedintermsofthe temperatures: 

 

https://web.mit.edu/16.unified/www/SPRING/propulsion/notes/footnode.html#foot3275
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To proceed further, we need to examinethe relationshipsbetween the different temperatures. 

Weknowthatpoints and areonaconstantpressureprocessasarepoints and , 

and ; .Theothertwolegsofthecycleareadiabaticandreversible,so 
 

 

 

Therefore ,or,finally, . Using this relation in the 
expression for thermal efficiency, Eq. (3.8) yields an expression for the thermal efficiency of a 
Brayton cycle 

 

 

 

Thetemperatureratioacrossthecompressor, . In terms of compressor 
temperature ratio, and using the relation for an adiabatic reversible process we can write the 
efficiency in terms of the compressor (and cycle) pressure ratio, which is the parameter 
commonly used: 
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https://web.mit.edu/16.unified/www/SPRING/propulsion/notes/node27.html#eq1%3AEtaBraytonBeforeCanceling
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