Eidgendssische Technische Hochschule Ziirich L Av @
wiss Federal Institute of Technology Zurich

Emission optimized combustion
of H,-containing reformer gas in
Internal Combustion Engines

Dr.Ing. Enrico Conte
Prof.Dr. Konstantinos Boulouchos

LAV — Aerothermochemistry and
Combustion Systems Laboratory

at the

ETH — Swiss Federal Institute of
Technology Zurich




Eidgendssische Technische Hochschule Ziirich l AV
Swiss Federal Institute of Technology Zurich

Applications of fuel reforming

ransportation

Fuel

reforming
Improving the
characteristics
of current

power generatic

comes
next...




ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

LAV 7

Use of hydrogen in IC engines: why?
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NOXx emission control strategies in I1C engines
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Use of hydrogen (now) in IC engines: how?

Partially oxidative reformer

02—>n-CO+%H2

=21% H, = Water-shift reaction (to increase H,
content and complete oxidation of CO to
CO,) does not give additional advantage
In IC engine applications

= 24% CO
=55% N,
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Properties of RefGas

=» Ideal partial oxidation of Isooctane:

C8H18+402+4;—iN2:9H2+8CO+4-;—2N2 1=0.32
CgH1g 0, N, TOT. H, co N, Rkl
Reactants Products
Vol. 1 4 15.05 20.05 9 8 15.05 32.05
Vol%o 0.04988 0.19950 0.75062 1 0.28081 | 0.24961 0.46958 1
Mass(g) 114 128 421.33 663.33 18 224 421.33 663.33
Mass(26) 0.17186 0.19297 0.63517 1 0.02714 | 0.33769 0.63517 1
LHV(MJ/KkQ) 44.5 - - 44.5 119.972 10.107 - 130.079
Energy(MJ) | 7.64777 . - 7.64777 | 3.25604 | 3.41303 = 6.66907

-13%
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Experimental set up

= Bottled blend of H2,CO,N2
to simulate a likely
Reformer output

Engine

= Lombardini 4-stroke, 2
cylinder, 2 valve, 0.5 litre

= Port-injection of gasoline
and RefGas, electronically
controlled

= \Water-cooled EGR line with
water trap

Bench

= Pressures, Temperatures,
Gas analysis

Analysis

= 2-zone Heat release
= 1D / 3D Engine simulation
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Engine behaviour

= A=1 — no EGR

= Enhanced stability
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Engine Efficiency
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Engine+Reformer Efficiency
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Engine efficiency at EGR limit - comparison
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Combustion process
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Combustion process
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lon sensors and optical spark plug

= 16 ion sensors on the cylinder
head surface, to investigate the .
flame propagation into the chamber | &

W
|

= 8 optical fibres around the spark
plug, to investigate the onset of the
combustion process
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Flame front propagation

100%0 Gasoline 10090 RefGas
A\ spark=-35°CA bTDC A\ spark=-27°CA bTDC
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