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Effect of Two-stage Combustion Strategy on Combustion Performance and Emission
Characteristics in a Diesel Engine
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Abstract : The purpose of this study was to analyze the effect of two-stage injection on combustion performance and
NOx reduction characteristics in a four cylinder diesel engine. The experiment was carried out under various first

injection quantity and EGR rate at constant engine speed, load condition. In addition, the combustion and emission
results were compared with the case of applied single injection timing at TDC. The experimental results show that NOx
emissions of two-stage combustion strategy were clearly reduced, however, fuel consumption was slightly increased

compared with single fuel injection. Also, soot emissions showed similar trends except of the 20% EGR rate.
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Fig. 2 Effect of two-stage combustion strategy on NOx
emissions

Fig. 2& 29 A2Ad o) n2 wj7| 5402 A
A ALl whE NOHI &S LhEbd g Zo] )

NO, HlE SAe 3 Al BALA o)A bl
FIHA5 5 NO, lE e A} 7 Asheh Fukiol
A oA FohHe A melm gl EE, W i

AHE A1-8-3F51 S W 9] NO, vl & 7} v alsto] H o
°F56% skt o) = W2 EARA] 7ol uhE2th
A4 dste] AidolAe] A2 As vk} 3
Al A Ul Ak FEE AAAIAFOEZA NO

HjZ A 7bol Q% Q1A= Fgasla s ﬁgi
dergth” e Ex}eRo] 10mg/eyclec] Al NO

=2 ] Z7beke A, 20% 9] EGRES % J%&
o FukN x| B2k A ko 2 NO 7t vl &5}



0.30

t1: BTDC 50°, £2: ATDC 5° /7t : 16mg/oyde

Pinj : 70MPa, Engine speed : 1500rpm, Load : 50Nm
| ——EGR 0%

- A- EGR 20%

=-==- £Single .

S)
=
©
\

tinj 1 Single injection, s
[ tm : TDC mt : around 12mg/cycle
-

Soot emission (g/kWh)
o

2 4 6 8 1.0
First injection quantity (mg/cycle)

Fig. 3 Effect of two-stage combustion on Soot emissions

10mg/cycle-H S7Fsh= 31 &2 veERl ol X Th
Fig. 32 Soot HI&S5A S Ve gz = 3 ¥
A BALFS 2mgH 5715 Soot W& H = A =2F
S7kehd S7ke S ‘3] " FEo R W FALS
AAE Aapel vl w}]oﬂ Hl & 2 8Fd 3]

zpol7k gl=

Row I%EMP*D} Sefut 20%¢)

- Soot W& A= EAME

Ags4 B 459
oIk e

A A

lL

NOx W& &
AF7F NOx A 7P0ﬂ vﬁ-:} 1=t
RS & 5 AATh 1 Ao

NOy #l &) ThA] Z 718k AL 20% 2] EGR
AR 7ol = ?H&%‘—?]}Zl 7 o] vzt
ERARATE Soot Ml EEA S A HA FAFEFo] 2meH)
Z7}8HE Soot HH% Fr Aal Skt v St

HU

L Y
g oo
o

Lo

=

AL

3l ke mn] g =FE o 7 G BALS A A3 Ao}
H W3S u viEFE FA3] 2o|rl gl Ao
vehAATE 18 v 20% 2] EGR&S 4831308 7

- Soot Wi E A= EGR& #8814 &2 799} H]

53

= 2] -w-8l =b
2 AR, 2 J:ﬂ T 214 o] AP em
Ay A 0w A5 A dste] T2l 7] el A=

References

1) S. H. Park, H. J. Kim, S. H. Kim, C. S. Lee, "Effect of
high-pressure multiple injection on spray-atomization
characteristics of biodiesel fuel", KSAE spring
Conference proceeding, pp. 446~452, 20009.

2) S. Kook, C. Park, C. Bae, "The Effect of Two-Stage
Diesel Fuel Injection on combustion and exhaust gas
characteristics in a Single-Cylinder HCCI Engine
equipped with Common-rail Injection System",
KSAE spring Conference proceeding, pp. 404~409,
2003.

3) S. Tanaka, F. Ayala , J. C. Keck, J. B. Heywood,
"Two-stage ignition in HCCI combustion and HCCI
control by fuels and additives", Combustion and
Flame, Vol. 132, pp. 219-239, 2008.

4) T. W. Ryan Il and T. J. Callahan, "Homogeous
Charge Compression Ignition of Diesel Fuel", SAE
technical paper, No. 961160, 1996.

5) S. Kimura, O. Aoki, Y. Kitahara and E. Aiyoshizawa,
"Ultra-Clean Combustion Technology Combining a
Low-Temperature and Premixed Combustion
Concept for Meeting Future Emission Standards",
SAE technical paper, No. 2001-01-0200, 2001.

6) H. Yokota, Y. Kudo, H. Nakegawa and T. Suzuki, "A
New concept for Low Emission Diesel Combustion",
SAE technical paper, No. 970891, 1997.

7) Y. Sun and R. D. Reitz, "Adaptive Injection Strateges
(AIS) for Ultra-Low Emissions Diesel Engines", SAE
technical paper, No. 2008-01-0058, 2008.

8) Y. Sun and R. D. Reitz, "Modeling Diesel Engine
NOy and Soot Reduction with Optimized Two-Stage
Combustion", SAE paper, No.
2006-01-0027, 2006.

9) R. Hasegawa, H. Yanagihara, "HCCI Combustion in

No.

technical

DI Diesel Engine", SAE technical paper,

2003-01-0745, 2003.



	Main
	Return



