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Abstract >> Hydrogen engine with homogeneous charged compression ignition can achieve high efficiency by high
compression ratio and rapid chemical reaction rates spatially. However, it needs to expansion of the operation
range with over-all load conditions which is very narrow due to extremely high pressure rise rate. The adoption
of the lean boosting in a HCCI H, engine is expected to be effective in expansion of operation range since minimum
compression ratio for spontaneous ignition is decreased by low temperature combustion and increased surround
in-cylinder pressure. In order to grasp its possibility by using lean boosting in the HCCI H, engine, compression
ratio required for spontaneous ignition, expansion degree of the operation range and over-all engine performance
are experimentally analyzed with the boosting pressure and supply energy.

As the results, it is found that minimum compression ratio for spontaneous ignition is down to the compression
ratio(e=19) of conventional diesel engine due to decreased self-ignition temperature, and operation range is extended
to 170% in term of the equivalence ratio and 12 times in term of the supply energy than that of naturally aspirated
type. Though indicated thermal efficiency is decreased by reduced compression ratio, it is over at least 46%.

Key words : Hydrogen engine(=4>7]3%), Homogeneous charged compression ignition(of] &3 ¢F<2}3}), Lean
boosting(3] ¥}, Operation range(->7%1 &), Minimum compression ratio for spontaneous ignition
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Fig. 1 Hydrogen HCCI reseach engine with variable compression
ratio

Table 1 Specification of the test engine

Engine type 4-stroke single cylinder
Bore X Stroke 87mm x 92mm
Displacement vol. 546.6cc
Valve type SOHC
Cooling type Water cooling

Compression ratio e =8~47
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Fig. 2 Schematic diagram of the experimental setup
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Fig. 3 Decrease rate of auto ignition temperature versus
ambient pressure about hydrogen gas

3. Zit | ¥

3.1 sEtTlZol ot Hsbks osHlel ZA

Fig. 32 #9719 W3}o] o& 49 A7)zt
o} 2=0) Ao Yehd Zlojth of7|A A7)zt
L= Semenov® 23BHA A0 2 ARESIATY. &=
4:9) A7)25t L) g B4 bl
ute} 251 S7rsichF kst s Ak
& vehdct d71eH0] 7Hset H49hEu] e=260]
A BEEE A W19 o] o] A7) 2
TO] s oF 33% Y=ot} Boost = 1.3bar®
771 A7) 2= Ao ]3| oF 6% =
Eﬂ M—a—}uﬂ oluf o] S| A7) HERLEL OF 37

o] "k E3 dFof o3 fagEn S71
= XM%@M 7Hs3E Qe re] EEels A1He
A2} AZsA Hrt.

4719} e BjatalE Alo] A7\ HBREE A Y
& A5 Skl daf A71RE 7hed o
H7F Aol E=7F gefshr] ffs drled & 4
zyo] sjutuldorol A 25l 715t ohEulel ek
o] 9olg b o] Fig. 4]t}

ol vhehd wiel o] 23} 7hsdt Ha o

NS
T

A

~

248 A6z 20134 12¥



576 slatao] ofst o o B

eN/A W 1.1bar

< 1.2bar 13bar
29 | 1600rpm, WOT, |
- Tcoolant=80°C
S
£
33
=
=]
=
>
£
27 4
& om
S
o r

Diesel engine level

0.05 0.1 0.15 0.2 0.25 0.3 0.35
Fuel-air equivalence ratio, ¢

Fig. 4 Boosting pressure versus compression ratio range at
minimum fuel-air equivalence ratio

Mt AAEY A B 26
eto] Z7pekd] uhet 1% 7
e R E R e HIC[E R
o] gl UE GHLEO] FAR A%
e LS Foled A7 FEY
o) BSET B A A L o
2ot FHAF ABBA sto] Hobks
SIS Wl el SRR g
SR Zlolet 3 4 Qlrk SPREeRE 13ba7td] 3
7HIR) A% ABEs GEuIE oF 19827 %
a3k 2& etk of &l $49) 4§ o
I KSR Yalal BFplck vk
7] A3k o) A7) slelA] o
EF7|S U2 A2 4 §LAIT lean boosting
2 HEsto] SFUS oW HBpMAYAS

g Spobe ol AR Fsstehe 2
2 oulak Zojck & 4719 g W1 eA F
712k 7 QHEvloln] WAE Aol
—32 829 ekEuE 2Eh
WAE A FE RS QEuieh AE ) g
o JBBAES ersh] ) A71A 715 Hae
o9 RYSES Z2te] sjarakere] o

o)Xt 3]ufat

ks AL 1Yl

Sl

ol—i ]

™

Q218 7|24e] £ Byl Bt U A A7

1600rpm,
WOT, ¢=0.3

N /A(£=26) e 1.1bar(e=24)

1. 2bar(e=22) 1.3bar(e=19)

10 ¢

Rate of pressure rise, bar/deg.

v]b?l |
WP Vst

10 - — - —
-60 -40 20 40 60
Crank angle, deg

Fig. 5 Rate of pressure rise for each boosting pressure at
minimum fuel air equivalence ratio
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Fig. 6 Compression ratio versus Fuel air equivalence ratio
as function of the boosting pressure
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Fig. 7 Supply energy and conversion equivalence ratio at
knock  limit
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