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Engine combustion T A complicated process

PIB

‘ Combustion in an engine is a combination of complex physical and chemical

processes
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Engine combustion includes chemistry @PTB
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Molecular structure dictates global

combustion properties

PIB
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Chemical complexity of combustion
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| hundreds of species

C4H90i4+CH30H=iBUuOH+CH30
C2H6+C4H90i1=iBuOH+C2H5
iBUOH+C2H5=C2H6+C4H90i2
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Detalled chemistry of single fuel may have
thousands of elementary reactionand
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Marqueset al., JBraz Chem So0c.2006,17,302-315

38 different reactions
-~ ininitial step of iso-
butanol combustion
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Methane number i combustion chemistry? EEPIB

The methane number (MN) is a parameter that is representative for the knocking
behavior of fuel gases.

Auto-ignition of the fuel

Can be traced back to

the (auto-)ignition
chemistry of fuel gases

https://www.youtube.com/watch?v=4ZysyokEU60
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Chemistry of ignition phenomenon EEPIB
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(R.1) H: + M 2H +M

} chain initiation reactions
(R.2) Hz + 02 20H
(R.3) H + 0 OH + 0

}@ranching r@
(R.4) 0O + H: OH + H
(R.5 OH + H: H:0 + H chain propagation reaction
(R.6) H 1/2H; =
>@ermination re@

(R.7) H+ OH + M H20 + M
(R.8) H+ 0, + M HO; + M -~
(R.3+R.4+R.5) 2H: + 02 H +0H +H:0

Concentration of radicals is crucial for ignition
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Chemistry of ignition phenomenon EEPIB

chain branching
(strongly T dependent)

d[n]

chain terminating
(independent from T)
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Autoignition delay time

< >

T=constant

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin

22.08.2017 9

National Metrology Institute



Low- to high-temperature ignition EEPIB

high temperature low temperature

(>1400 K) (400-700 K)
RH
/ H,O0, «<—— HO, + alkene O-heterocycle + OH
branching T \ T oxygenated
N C-H products
H + alkene «<—R + O, €«<— RO, €«——> QOOH
lRH /
C-C
ROQH QOOHOZ
R6 + al kene \ /
branching
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Different experiments for different combustion

regimes PTB

Different reactors and detection techniques can be used to probe the different chemistry
happening in a combustion process

flow/jet reactors
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Goldsborougtet al., ProgEnergyCombustSci, 2017,63,1-78
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Typical pressure time trace in RCM PTB
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Rapid Compression Machine at PTB PTB
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