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Technology is available today and economically viab le in the near-term.
Number of test/demo vehicles: Ford, BMW among other s (see below).

« demonstrated efficiencies in excess of today’s gasoline engines.

« operate cleanly (NO, is the only emission pollutant)
Fewer constraints concerning H , storage compared to fuel cells.

* relative ease of a dual-fuel option (H,/gasoline).

 impurities are a non-issue
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Cold-start is a non-issue (gaseous fuel)
NO, is the only non-trivial engine-out emission polluta nt
statement ignores the upstream emissions in producing hydrogen
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Satisfy SULEV regulations
operate ultra-lean (f < 0.45).
operate at stoichiometry (f = 1)
with 3-way catalyst (TWC)

(closed symbols) engine out
(open symbols) aftertreatment with TWC




Preignition:

Ignition of the fuel/air mixture before the spark plug fires. Ignition sources
Include engine hot spots, oil contaminants, and others. Produces engine
knock-like effects than can lead to engine damage.

minimum ignition energy, mJ
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torque related to

gasoline operation
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In practice, to avoid preignition the engine is ope rated lean.
Consequently, engine torque (and power) is signific antly reduced.
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unthrottled at 3000 rpm

Preignition
limit

ﬂ Profound effects on SULEV

operating strategies:
Stochiometric operation with
aftertreatment.
region is inaccessible
Continuous ultra-lean
operation (no aftertreatment)
torque (power) is very low

02 04

06 08

| 1

&()




&'() & /.0

/ ff 12340
%
* +
x > 342
| | |
64 731, 64% 7; 1, 64 731,
e 9 M1 #+ 285 )#+
} | |
&'() &'()

&()




f < % f <
0 5=> &




&()& /60

879 :34

-/'—\-

+ |/ ff 12340

%

: 4 <= & % &'()




&()& /30

+ [/ ff 12340 ( | ff>2:0

( 2% /O

N—




ff

7% & % # @
< $
10000 S
Mixture B a open symbols (f £ 0.5)
formation | 103 | =08 8000, *\E<\\ closed symbols (f > 0.5)
E *
3 6000 \
& \
well- ~ . \\
i O 4000 BN
mixed > Q\
D U
2000" n— A
stratified olemmefo — = T P =y
120 100 8 60 40 20 O
SOl (°BTDC)
Mixture inhomogeneities
\ JAN J >
Y Y Y
low NOx high NOx low NOX



+ ff 12340 [234C ff 1.0
ff 120
% ( o
—
—~—
)
/8 A 34B0 & % &'()




Significant advancements in the development of the H,ICE
over the last decade.

Several H,ICE powered vehicles with demonstrated emissions
significantly below SULEV regulations.

Good prospects for increased efficiencies, high pow er density
and reduced emissions with hybridization, multi-mod e
operating strategies and advancements in ICE design and
materials.



