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Active generation of radical species by spark discharge and its control to
stabilize self-ignition at low compression combustion
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The objective of this study was to visualize a novel combustion phenomena
in which autoignition is induced by spark discharge into a premixture formed during a long ignition
delay time in a direct injection diesel engine with a low compression ratio. The fuel used was
lauric acid methyl ester that is relatively volatile and exhibits higher ignition quality than
standard diesel fuel(gas oil).

It was shown that spark-induced compression ignition, SICI, combustion was obtained with a low
volumetric efficiency and at appropriate spark timing. However, SICI combustion was not observed in
gas oil. These result suggest that relatively poor volatile fuel is difficult to form stoichiometric

mixture around the spark plug. So that SICI combustion was not observed in case of gas oil.



% X C—19, F-19—1,
1. WFZEBAE S A D 5

eI BI1X, ZHIVE CICIREHE B2
AT o — BB m X R A
HEE LD BWERFEICEEEN L, 20T
BAERA~OKEHTEIZ L > TEZEDHEK
Z HE - T X 2 E LWRE T, 7
b, KEKEFHFEACHEKKBEE
(Spark Induced Compression Ignition;
SICDZFE L, ZhF CHEELE AR
IZE - TEHFELTE., S BIT, ERRERZGRE
ATz OH JEMEALZAFE 72 & D34y 63 HAE
s, OH 7 s kBB L »THE
REI, TAREEICL> THENDZ T
AT CHEKRPFET L Ll
LM LAE L.

2. WHEOEM

ARFZEIE, B A 2 — bR L Ot
TE R IRIGE R A o W TE W FE T RS L OVE Ak
RO AT L - T, kIEHETRET S
TEMAL A K2 EHE B OB KB R O
R 2 ATV, RBEWIE 2 R 5 2 & ARk
L L7,

e 2 MR ENC % 5 kAR IS
ER=F-PIFs Fﬁ/)/ﬁkwﬁ@i9@k
%E%ﬁﬁki&@,“k&f%ﬁbtﬁr
{LZRENEFIC LY T an, RERD
HOEBEKEHERL, TANMIT—E72oT
EHEERICACE KNSR T L84 LHEE
N5, AW TIXZ ORI E EBRIICHREE
L, BB IR EEREIPH CREBIAVICIABE L E
IEZIINnD Z ENRROBTH .

SICI BRBEDS AL D HPHIE, X 1 IR T 68
B ERDIENINETOZE THIBHLT
W5, Thbb, BREHREH] 6 12% LT, MEhs
B & KA BRI & D REIE A 0 23 @ Y) 72
AR LND. ZHUTBREt O bEIC K =
SHKBGET D ERMERINT-Z D, Z0
FiPH 2 LR T D 72D1E, B Lz A A%
BO—2>THDT7 ) VBEBATF LT AT )L
(LaME) &, SAbPEDS BRI & o SICH K

Wt 7 i R DRBED BN A H NI T D
TLENEHBELE R
30 Normally autoignition timing
L__N- ROHR "", F;eakpos of HRR of cool flame
] s E— Ku : f." : i :OHR

" rom A [8]

£ .
2 SICI ’
10 ’ -
\__/ partially SICI N
ROHR combustion

5 " partial combustion misfire -

0
-28 -26 -24 -2 -20 -18 -16 -14 -12 -10 -8
0, "ATDC

X 1 SICI BRBERR LS

3. WOk

(1) A b&vEa—r B bR %2 7o 8%
TERLES KO ORI mI AL

FEBTIX, Rbhabta—afiftor oz

Z—19,

CK—19 (Jtm)

%m PRBE KR % i i P e Lﬁ%#é &

2 & o T, BB KA IEDS SICHRBEIZ K T3
WAL M2 BLXOX 3L, A=
YUV OWHEE L OYREENO S ke L
FOMBEERE, FLITE, oD FHE
THERLTWS., =P, HEERLGK
muH A 7 VEKEEEEN T o —E
MB(HEET + — B 8 FD-1 ) Z AT fi b8l
BRI LZHOTHD. MEOEA ML
VI UEEHEL, BARCFYET LIS
(YN T ARMOEBEIEFT 52 LT, REE=E
WEEA N TFHEIVEIZET 5 (R A
Ea—hR) Z2EALTWS. REESNOEE
FIEIHEEA R OERMFIZHRTZI T —
EHLTCmor o lilmmnbilsEsnsd.
F7o, RISITrnd Loz, SkigEe X M
COTWEBIT A, RN by TR
Y LT, FEEBOI YT T A%K
X< LTEML 14 & L7z, BRBME SIS 1
%, 2E v L L RRBE G E (T —
ECD-U2)IZ, MEFLEL 5, M fLAE 0.18mm DOME &}
J ANVEMHA L.

AN

Intake pipe

Exhaust pipe

Cylinder block

Camshaft
~ Extended piston

o

Quartz window

Additional cylinder block

Mirror
\\ Normal pisten
Q | 1

X2 7R bAE = — KRS & AT g E
A (&

Spark plug |

o i
| Cylinder head
| l 8. Smm

l Glass window i

| Pistontop (Pos.TDC)

Cylinder block

(a) WRJER BT HE

Quartz window

Spark plug

Center electrode
Outer electrode

Intake valve

(b) MEFEONLE
SRR LR DA B EIRE L OV

X 3
iR



FEBRI, WmAKIEE 40C, =Y AL
BE 40CE1CLAN, = v Y rEiEiK
900rpm, BREHESE ) 90MPa O —ESfFT
1TV, IRREZhR, BB RE M OV RIE 5 1Rr 1
ITEBEEE LN ST, BREZETS 5
BRI, BREFZ 7 SR ) XL E TORIO
WRE E, R E—2 U 71k - THEE &4,
Z D%, BRI A BB TR R ey LS
Baitol=. £, "o RET
VUERBERT DO IR D, BA
ERIWCT NI UBREERAT D EICE -
T, =2V URNOEMSRRE 2 B, ek
DEHAEKLLTVIREEIC LT, RSN
WOT 4 —BIVEEB O E R R O R GE &
HH L CAlfbBls 21T o7z, 2120,
M UTBRE O MR AR L TR Y, R
DRFED 12 DT T Y VBATF VT AT IV
(T A F B 2F L M-12, L% LaME &
Frd) & JIS2 ZaRil & v 7z,

B TIX, =2 VU REEENORENETE D
REER L OMRBEIRFEZ BIER T D201, il
B # A Z (Photron # , FASTCAM
SA5/SASRV)IZ, HLfES L > XA(Nikon #,
AF DC NIKKOR, £=135mm)Z{f/H L 7.
Fo, BHEDAT LU CANITERDY AT
72X 7—L oML, EX 12mm O#EEY
7' (Nikon, PK-12) Z B 0 T OIEK %17 -
7o WREIE, 77 7 A(CA1° T EITREEk L,
fift15 FE 896x704pixels, % 12000fps +H24,
Ly X LIEY Fifiz 2 —ETiTo7=. £7-
REFFD Ry 7 T4 Moo 72 IR(LPL
%  VIDEO LIGHT VL-G301)% f\ T iz
BiTo7-.

F£1 b= Y OEEHET

FD-1(NISSAN Diesel)
Direct-injection diesel engine

Engine type
Single cylinder, Water-cooled

BorexStroke 108x115mm
Displacement 1053cm?®
Compression ratio 14

Combustion chamber Flat type, d/D =1.0
Common-rail injection system ECD-U2

5holes-0.18mm (DLLA155P185)

Fuel injection system

Injection nozzle

#* 2 M LR o EE MR

LaME Diesel
(C43H260,) (JIS No.2)

CNeer 61.4 56
Distillation T10 °C - 215
T50 °C - 272

T90 °C - 338
Boiling point °C 266 -
LHV MJ/kg 35.2 42.7
Oxygen wt% 15.0 <0.1
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