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Chapter Three

Engine Cycles
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Introduction

1- The cycle experienced in the cylinder of an internal 
combustion engine is very complex. The cycle in SI and 
diesel engine were discussed in detail in the previous 
chapter.

2- Instead ideal cycles were assumed to make the process 
more manageable.

3- Ideal cycle resemble true cycle but it is made of a lot of 
assumption.
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Air-Standard Cycles
Ideal Air-standard cycle : Differences between Air-standard 
cycle and actual engine cycle

1. Gas mixture in the cylinder is treated as air (an ideal gas 
with constant specific heats) for the entire cycle, and 
property values of air are used in the analysis.

- the first half of cycle, air with only up to about 7% fuel vapor
- the second half of cycle, mostly CO2 , H2O and N2 doesn’t great large 
errors

2. Real open cycle is changed into a closed cycle by assuming 
that the gases being exhausted are fed back into the intake 
system.

- both intake and exhaust gases are air, composition doesn’t change
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3. Combustion process is replaced with a heat addition process 
Q in of equal energy value ( air alone cannot combust)

4. Open exhaust process, which carries a large amount of 
enthalpy out of the system, is replaced with a closed system 
heat rejection process Q out of equal energy value

5. Actual engine processes are approximated with ideal process
(a) almost-constant-pressure intake and exhaust strokes are 
assumed to be constant pressure
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(b) compression and expansion strokes are approximated by 
isentropic processes (reversible and adiabatic) – surface frictions 
and gas motion friction and heat transfer (ignored)

(c) the combustion process is idealized by a constant-volume 
process(SI cycle) and a constant-pressure process(CI cycle), or a 
combination of both (CI dual cycle)

(d) exhaust blow down is approximated by a constant-volume 
process

(e) all processes are considered reversible
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Otto cycle 
The cycle of a four-stroke, SI, 
naturally aspirated engine at
WOT. This is the cycle of most 
automobile engines and other four-
stroke SI engines. 
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Diesel cycle
Early CI engines injected fuel into the combustion chamber very late in the 
compression stroke, resulting in the indicator diagram shown in Figure below. 
Due to ignition delay and the finite time required to inject the fuel, combustion 
lasted into the expansion stroke. This kept the pressure at peak levels well past 
TDC. This combustion process is best approximated as a constant-pressure heat 
input in an air-standard cycle, resulting in the Diesel cycle shown in Figure 
below. The rest of the cycle is similar to the air-standard Otto cycle. The diesel 
cycle is sometimes called a Constant· Pressure cycle.
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Dual cycle

If equations of the efficiency are compared, it can be seen that to have 
the best of both worlds, an engine ideally would be compression 
ignition but would operate on the Otto cycle. 

Compression ignition would operate on the more efficient higher 
compression ratios, while constant-volume combustion of the Otto cycle 
would give higher efficiency for a given compression ratio. The modern 
high-speed CI engine accomplishes this in part by a simple operating 
change from early diesel engines. 

Instead of injecting the fuel late in the compression stroke near TDC, as 
was done in early engines, modern CI engines start to inject the fuel 
much earlier in the cycle, somewhere around 20° bTDC. The first fuel 
then ignites late in the compression stroke, and some of the 
combustion occurs almost at constant volume at TDC, much like the 
Otto cycle.
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Comparison of Otto, Diesel and Dual cycles



Internal Combustion EnginesInternal Combustion Engines
AssistantProfessor Dr Ahmed MajhoolAssistantProfessor Dr Ahmed Majhool

Notes
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