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Assessment of Ignition Control Method
with Various types of fuel

Yoshimitu WADA Kazuki OKIMOTO
Jiro SENDA

Homogeneous Charge Compression Ignition, HCCI combustion method, is well known to have an
advantage to reduce PM and NOx emissions. However present HCCI involves the problem of
controlling the ignition timing over a wide load and speed range. To control ignition timing of HCCI is
a critical issue in the future. Then, HCCI has been studied in various ways such as modeling and
engine testing. Recently many researchers believe that HCCI is mainly dominated by chemical
kinetics and its auto-ignition is dependent on fuel characteristics.

In this paper, we propose the new concept of multi-stage combustion to control the ignition timing
and the rate of combustion. The experiment conducted in this paper was very fundamental, that is,
the characteristics of ignition and burning of spray injected into the combustion chamber of rapid
compression and expansion machine whose atmosphere was the lean premixed mixture composed of
n-butane, oxygen, nitrogen and argon. As a result, ignition timing of the fuel is injected into the
atmosphere of lean premixed mixture where the low temperature oxidation reaction is advancing.
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Fig.1 Schematic diagram of multiple injection stratified
combustion system
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Fig.2 Profiles of in-cylinder pressure, apparent heat
release rate and natural emission intensity
f— A —B —- C]
------ E ——F ----G —
4 200 @
—_— < Fuel injection start . . _ g
g ! (Case D-F) =Tl -
=30 ST 150§
o | 27 : o
2ol 8
0] 3 Q
2 ‘ °©
> 5
540 2
£ ' =
B UEAAN 3
__é 0 _L’ ;9..-:«—%‘.:,-:;‘-3 \".w,_.-\_?\‘ 0 §
§
; . L A \ <
-30 -20 -10 TDC 10 20
Crank angle [deg. ATDC]
Fig.3 Effect of low temperature oxidation reaction of
premixed gas on ignition and combustion
characteristics of injected fuel (-CgH1g)
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Fig.4 Effect of low temperature oxidation reaction of
premixed gas on ignition and combustion
characteristics of injected fuel (n-C;Hs & PRF70)
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Fig.5 Effect of low temperature oxidation reaction of
premixed gas on time of onset of natural flame
emission & hot flame after start of injection
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Fig.6 Gradient of R.O.H.R. divided by value of condition
E for each ambient conditions and injected fuel
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Fig.7 Cumulative heat release in case of condition
E, F, G, H for each injected fuel

X 71 ZBGAEREFER L, SRS HME
HHRELZ b OMEFHRELE FHSH D 7 ¥ VAR
T-2RBEORHERA . BRI IR 538,
B2y, 2t RCEM NOH &R DK
WZ LDz, BEmA~OBEHBRNPRE 2O THS.
FHRIZ 07 7 o5 ERVGES, TERER DI
BICKET . LinUianin, FHRKOIRER X
SR RENES AT o 125 Cl, 2 TORIARYE
FEIZI3V T PRFI0 ZMETIREL L LT & & DFEEEDS
AT DBEITH L TREWD. ERLZL 1,
PRF70 {335 GBI ORI ESR U CRRBESE RIS
IR AT 5. Fiz, FHRRORREMCSURN Sy
2, EEESSNORENEEHEENS. 2D e
12XV, PREI0 OBRBENS nn/ X > DY =T 7 %A
WL THRARRET Z LN TE I EEZLBNA.

5 % & 09
SHTEEAREEIC L TERENER A RE L, %

FASRORIRER LU SRR P RS 2 LT,

UTOREEE1S-

) RERCSUSE A U BRI e S s
KPEBRENE, 9 TRWEEIZHIE~E MRS
nas.

(DB 2T HFEEEIMESHREI DR I AR AF
T5.

FHKOIRERY RIS X 0 B K ARt S r-re
FHRENT, FERRPOCFEREOPEE A RET 5.

YUk A KRR Z SR L2356,
WDFERDD 2 Bx BFREIESHZ L B &N

DA 57, 1 B BICEN SN PORMERSRE

STREVDIRIRR LRUS B KRR N 2 T & 72
n135.

Lo Z >

179

@

(©)

_5.__



& HE R AR B4 AV 72 35 kIR vE o 3 A

QD> B AR TR i 7R D& IMEDTFAE S
DI LB,

QP BAHIEITIR TR A DERED 5\ NTABRERS O
HNIRTTBRT VoY VERTHZ D005,

T
AL, SCERISER S 7 0T 4 THEESESE Ik
Rz vial s TRVFLHI AT L] D
AT, IR L THEYRT A,

@

@
&)

@
®

©

Z & X W
Cormpression Ienition (HOCT) : Benefits, Compromises, and Futtre Engine
Applications”, SAF Paper 1999013682, (1999).

Tanet Arocnstisopon, et al. “Fxpanding the HOCI Oparation With the
Cherge Statification”, SAE Paper 2004-01-1756,2004)

HOEHE, 24, “REOCFERISHBEIRT DR
B, = Ur T ad—, Vo4, No3, ppdods
02)

BOEE, T4 —BREE  BKROICERUGHERE
BEELEDN, Vi, Nod, pp3356, (005)

Peter. L Kelly-Zionand J. E. Dec, “A Computational Stdy of he Effect of
FuekType on Ignition Time in HOCT Engines”, Proc. of the Combustion
Institute, Vol 28 Patl, pp.1187-11%4,(2000)

Gen Shiteta, et al “The Eflect of Fuel Proparies on Low and High
Temperaire Heat Refease and Resulting Parfamance of an HOCT
Fngine”, SAE Paper 2004-01-0553,(2004).




