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Study on Controlled Auto-ignition Using Sequence of Low-temperature Combustion States
- Macroscopic Understanding of Controlled Auto-ignition and Approach from Gas Exchanging States -
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ABSTRACT

A possibility to control the auto-ignition timing and
the heat release process was experimentally examined.
Through a macroscopic analysis of the controlled
auto-ignition (CAI), two physical parameters were
introduced to explain the CAI condition. These are T,,,
which is the in-cylinder gas temperature at the end
of compression stroke, and AT, which indicates the
heat capacity of the working gas. The experimental
analysis revealed that T,; dominates the onset of auto-
ignition and AT dominates its heat rising process. If
these parameters were maintained in certain ranges,
desirable CAI should be generated. The both parameters
are thermo-dynamically calculated with the exhaust gas
recirculation (EGR) ratio and the equivalence ratio only.

In order to examine the gas exchange state that
allows of the above-mentioned condition, a typical gas
exchanging chart that represents all the possible gas-
exchange states in a naturally aspirated four-stroke
engine was introduced. On this map, the CAI area
and the surroundings were carefully plotted. As the
result, it was revealed that there was the approach to
the CAI from the SI combustion with a sequence of
low-temperature combustion due to the dilution on the
map.

The experimental results finally suggest that BSFC
and BSNOx of a 1300 cm’ motorcycle could be
decreased by 20% and 90% respectively in the LA-4
mode, by utilizing the sequence of the low-temperature
combustion including the CAIL
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Table 1  Specifications of experimental engine
Engine type 4-stroke single-cylinder liquid-cooled
Bore x Stroke (mm) 100 x 82.6
Displacement (cm3) 648.7
Compression ratio 10.0

Intake : 36 x 2
Exhaust : ¢31x 2

Valve diameter
(mm x number)

Valve drive Hydraulic-electric ( Lotus AVT)
Exhaust opening : 35 deg BBDC
Valve timing Exhaust closure : -120 ~ 0 deg ATDC
(1mm lift) Intake opening : -120 ~ 0 deg ATDC
Intake closure : 35 deg BBDC
Valve lift (mm) 6
Fuel system Port injection
Injection pressure 350 kPa (gauge)
Fuel Gasoline (RON 91)
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Fig. 2 Variations in valve events
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Fig. 3 Correlation between experimental and
theoretical AT
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Fig. 4 Effect of AT on pressure rise rate
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Fig. 5 Effect of AT on NOx emissions
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Fig. 9 Indicator diagrams for LTC cycles
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Fig. 10 Three examples of possible IMEP control



—EDEEBREY 1 7V AV-BBNRBEOME — BEXRBEOERNEREAIBRBEASOT77O-F —

2000 r/min, ¢=1

g 0 N =
% -20 Conventional control JPtae .
o <0 A A
» -80 g MOptimum LTC control
-100 -
0 200 400 600 800 1000
60

—— Conventional control
- A Optimum LTC control _.---""
| A - _K -

Throttle opening (%)
W
o

20
10}
0 L L L L L L L L L
0 200 400 600 800 1000
BMEP (kPa)
Fig. 11 SNO and throttle opening against BMEP
20

LA4
1300 cm®, 430 kg

Frequency / Total work (%)

0 200 400 600 800 1000

BMEP (kPa)
1000
2000 r/min, ¢=1
900 ¢ —l— Conventional control
800 - - A-- Optimum LTC control

700

BSFC (g/kWh)
()]
o
o

N
(6]
T

BSNOXx (g/kWh)
N
o

15+
10+
5¢ ’,A'
0 & - -Aré/ I I I
0 200 400 600 800 1000
BMEP (kPa)

Fig. 12 BSFC and BSNOx characteristics against BMEP

Fig. 11 (1B %NE ) BMEP 1284 % SNO ¥ &
VCz2ay FLBEEZ/RYT. =Y V#E 2000 r/min D
&, BELTCIY e — L TIRAMIGETSNOIZ 0 2
5 -90 deg DHEPHAT/INILT & A I v 7 22L& E 5 BER
HBHTZEnbrsb. ZOLE, BMEP 300 kPa LI F T CAI
AHE B, BN (ST) A 5 AN (AD) £ TA 2L —XHh
OMWEENTH AT Y b a— LB Z & TR ST fHik
EEDILTCO XY v P &R KRICE»TZ LN TE 5.

9. HZBELTC O MA—=ILD XY vy b

Fig. 1212 BMEP 12/ 2 IEREREE# BSFC ¥ &
WIEE NOx B BSNOx Rifh# 6k ST & fli LTC =
Yihu - EEKLCORY. kR EBROES S 73R
1300 em® DV YA VE—ZH 4 2 )LD LA-4 E— FEFT
BOAMEE AR L TS, ZThEDF =475, [
VIAVE—ZH A 2NICEIT5ME, NOx 2 HREE 5
&, LA-4 &— FETTHRER 20% Ot & NOx # 90%
DI IFTE 3.

Fig. 13 1Zf3€ ST &% LTC 2 ¥ b 1 — LD XIRIRE
WMEFISFC B XURY EY IV EEREN PMEP %8
T RELTCIY hu—)Le$5ZETIMEP 300 kPa
DT OKEAMIRIZBWTISFC AEE IR TS, ZDHE
TSRO REL ATl TH 5. £72 PMEP &4 XTOANM
HPATIKIRT 2 Z & 03bh 3.

320

300 r
<280
< 260 -
O 240 -

& 220 -
—
200 -
de

180 * L L L L L L L
100 200 300 400 500 600 700 800 900

2000 r/min, ¢=1

—— Conventional control
-2 - Optimum LTC control

100 200 300 400 500 600 700 800 900
IMEP (kPa)

Fig. 13 ISFC and PMEP characteristics against IMEP

10. £ &

CAI DF K & B8 % R HIEE-§ 2 P $ 5 4 —
BIZOWTCEMNAEESR 2B Z 50, DTN OFEERNHR %

57-.



Honda R&D Technical Review

Vol.23 No.1 (April 2011)

(1)U CAl #FBEE2200/57 4 — 2 1FAHK
BET AT THB. T,y 3FHKEH, AT 3H KA
HOBGE AT

(2) AT % 500 — 1000 K O&PHANIZHEDOZ LIk - T,
Bk 9V ZICRESTICRF A AEKICHIBET
x5,

oI, ALBBEO M Y ¥ U AOBEAIZBE L TH
2w, 57 T a—F L, LTOHR A7,

(3) AARMWA 4 2 bu— 7 BEBAIC B W THREARTRTO
H ASIHIRRE & KT H AR 242 E L 7=,

(4) ZOH ZAAZHEIX FIC AT BRE, F5HR ST IRME, IR
Wile EOBIRIEIEE T a y b L72REEY v T AR
L 7.

(5) (4) DB~ » 7" ETHEMAISIBC CHY AEAVD
LTC %4 7 L& “H" 15& IR 53 b — L F
BEELTCa Y ba—L) 2K L7 Zoa v b
=)Lk STEIEE, 5 AT DDA & LI
2 L= XIZHRIH§ 2 Z EAnfeL 5D, FR ST Bk
EEWE—HMOLTCHA 7 ILOBRE - Ty v a3y
DAYy AR, ENS.

(6) PEXE 1300 ecm® DV Y A4 Y E—ZH A4 ZIZH LT
R LTC 2 b u—)L & L za, (RS
RATHART LA-4 & — FETTRER 20% DtE L
NOx # 90% DRIk~ WAz & & 7=

(1) Thring, R. H.: Homogeneous-Charge Compression-
Ignition (HCCI) Engines, SAE Paper, 892068 (1989)

(2) Ishibashi, Y.: Basic Understanding of Activated
Radical Combustion and It's Two-Stroke
Engine Application and Benefits, SAE Paper,
2000-01-1836(2000)

(3) Morikawa, H., Ishibashi, Y.: An Experimental
Approach to the Controlled Auto-Ignition, SAE
Paper, 2007-01-0173(2007)

(4)Ishiyama, T., Kee, S., Kitamura, Y., Horibe, N.,
Shioji, M.: Modeling and Experiments of NOx
Formation in DI-PCCI Combustion, SAE Paper,
2007-01-0194(2007)

(5) Urushihara, T., Hiraya, K., Kakuhou, A., Itoh,
T.:. Expansion of HCCI operating region by the
combination of direct fuel injection, negative valve
overlap and internal fuel reformation, SAE Paper,
2006-01-517(2006)

(6) Cairns, A., Blaxill, H.: Lean Boost and External
Exhaust Gas Recirculation for High L.oad Controlled
Auto-Ignition, SAE Paper, 2005-01-3744(2005)

(7)Kakuya, H., Yamaoka, S., Kumano, K., Sato, S.:
Investigation of a SI-HCCI Combustion Switching
Control Method in a Multi-Cylinder Gasoline Engine,
SAE Paper, 2008-01-0792(2008)

(8) Matsuda, T., Wada, H., Kono, T., Nakamura, T.,
Urushihara, T.: A Study of a Gasoline-fueled HCCI
Engine -Mode Changes from SI Combustion to HCCI
Combustion-, SAE Paper, 2008-01-0050(2008)

(9)Law, D., Kemp, D., Allen, J., Kirkpatrick, G.,
Copland, T.: Controlled Combustion in an IC-Engine
with a Fully Variable Valve Train, SAE Paper,
2000-01-0251(2000)

(10) Kaneko, M., Morikawa, K., Itoh, J., Saishu, Y.: A
Study on Homogeneous Charge Compression Ignition
Gasoline Engines, JSME International Journal, Series

B, Vol. 46, No. 1, p. 31-36(2003)

mE Enl






