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Crank gear and movements
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Fourier series

Simplified piston travel equation

Piston speed by including time

Piston acceleration by squaring the time

Piston travel Fourier series used in balancing and 
vibration analysis
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4-stroke principle

– During the intake stroke piston is going down and the intake valves are 
open. Piston is drawing air (or air-fuel mixture) into the cylinder.

– During the compression stroke valves are closed and piston is 
compressing air (or air-fuel mixture). The temperature and pressure of 
the mixture rise and burning usually begins already at the end of the 
compression stroke

– During the expansion stroke gases work against the piston while 
expanding. Major part of the combustion happens when the piston is still 
close to TDC.

– During the exhaust stroke exhaust valves are open and the piston 
pushes the burned mixture (exhaust gases) out of the cylinder.

– Working cycle is two revolutions, 720 degrees of crank angle

– Intake and exhaust strokes together are called the gas exchange
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Heywood: Figure 1-2
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2-stroke principle

– During the compression stroke valves are closed and piston is 
compressing air (or air-fuel mixture). The temperature and pressure 
of the mixture rise and combustion usually begins already at the end 
of the compression stroke.

– During the expansion stroke gases work against the piston while 
expanding. Major part of the combustion happens when the piston is 
still close to TDC.

– Gas exchange takes place when the piston is close to BDC.

– Gas exchange begins when the exhaust ports open and the exhaust 
gases discharge to the exhaust duct (Blow down).

– While the piston is still moving down the wash ports (intake ports) 
open and fresh charge of air (or air-fuel mixture) enters the cylinder 
(scavenging process). Scavenging is succeeded if the pressure in the 
intake ports is higher than in the cylinder.
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Heywood: Figure 1-3
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Two-stroke scavenging

(a) Cross, (b) Loop and (c) Uniflow scavenging



SI engines, turbulent premixed 
combustion 

September 9, 2015

Department of Energy 

Technology
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http://www.sandia.gov/ecn/tutorials/visualization/siGasoline.php

Turbulence driven

flame propagation

controls combustion

Physics in main role in 

combustion and in the 

charge preparation

Heywood 

Figure 9-4

http://www.sandia.gov/ecn/tutorials/visualization/siGasoline.php


Consecutive cycles, cylinder 

pressure and fuel burnt,

Heywood Figure 9-2. There is 

variation of combustion start 

and the combustion “speed”. 

This can be explained by 

mixture inhomogenity and 

turbulence.

Cumulative heat 

release as function of 

crank angle Heywood 

Figure 9-13. The 

beginning or the end 

of heat release is 

difficult to “measure” 

exactly.  Quantitative 

measures of the 

location of cumulative 

heat release could be 

10% heat release, 50% 

heat release or 90% 

heat release in crank 

angles 



Combustion speeds 

up with increased 

mean piston speed 

due to increased 

turbulence. This is 

beneficial for the wide 

speed range of SI-

engines. Heywood 

Figure 9-17



Charge temperatures
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Heywood Figure 9-5 

Cylinder pressure and 

fuel burnt, burnt and 

unburnt temperatures.

Pay attention to the 

unburn temperature. 

The maximum in this 

case is at 20 deg after 

top dead center. 

The temperature 

increase after TDC is 

due to increased 

pressure caused by 

the combustion.



This is not knocking

Energiatekniikan laitos

Page 13

http://chemwiki.ucdavis.edu/

This is pre-ignition, not

knocking



Energiatekniikan laitos
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Sudden local heat release is 

the cause of knocking. 

This results in pressure

waves oscillationg in the 

cylinder.

Flame front is proceeding

at speed c. 20 m/s, pressure

wave is proceeding at the 

speed of sound (several

hundred m/s).

What is knocking?

FALSE 

explanation

tion the text

book



Heywood Figure 9-64. 

The sudden heat 

release in the end gas 

causes pressure wave 

propagation in the 

cylinder. The pressure 

wave can be heard as 

the knocking sound.

Heywood Figure 9-59. Too early 

ignition timing (too high 

ignition advance) can cause 

knocking.
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Mixture formation methods in SI-engine

Carburetor

Intake manifold injection

Port fuel injection (PFI)

Gasoline direct injection (GDI)

Homogenous mixture

Stratified mixture: Wall guided, 
Air guided, Spray guided



Spark Plug
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Spark and SI combustion ignition
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SI operation with stratified charge
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CI engines, turbulent mixing controlled 
combustion
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http://www.sandia.gov/ecn/tutorials/visualization/ciDiesel.php

Fuel spray induced

mixing controls the 

combustion.

Spray physics in a big 

role

http://www.sandia.gov/ecn/tutorials/visualization/ciDiesel.php


John Dec’s conseptual model of CI 
combustion
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Swirl and CI
Combustion
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Old prechamber technology
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Low efficiency, high 

heat losses



Heat release
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Experimental heat release analysis, 
Heywood

8.1.2019

25

     

(10.4)                                            

 (10.3)                          

(10.2)                                        

(10.1)                                     

dt

dT
mc

dt

dV
p

dt

dQ

dt

dU

dt

dV
p

dt

dQ

dt

dQ

dt

dQ

dt

dU
hm

dt

dV
p

dt

dQ

dt

dU
hm

dt

dV
p

dt

dQ

v
n

shtchn

ff

i

ii







 







Experimental heat release analysis, Heywood
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CI cold start



Engine start
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Four Stroke SI Cylinder Pressure, 720 degCA

Heywood: Figure 1-8
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Four Stroke SI

Cylinder Pressure,

360 degCA

Heywood: Figure 1-15
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Two-Stroke Engine

Cylinder Pressure,

Inlet and Exhaust

Ports 360 degCA

Heywood: Figure 1-16
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