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Abstract Startability and harmful emissions are the main issues in diesel engine development under cold conditions.
The characteristics of combustion with multiple injection were investigated under cold start conditions. For
quantitative analysis, the in-chamber pressure profile was measured and combustion visualization using direct imaging
was accomplished. With multiple injection, the peak in-chamber pressure and heat release rate were increased
compared to single injection. In addition, the period of flame luminosity detection was shortened using multiple
injection. Combustion by main injection was improved with an increase in heat released by pilot combustion when
the pilot injection quantity was increased. Finally, an increase in injection pressure also showed the possibility of
combustion improvement. On the other hand, an increase of in the pilot injection quantity and injection pressure can
cause an increase in harmful emissions, such as HC and CO due to wall wetting. Therefore, more sensitive calibration
will be needed when applying a multiple injection strategy under cold start conditions.
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Fig. 1. The schematic of fuel injection system

11 1: Ouatz window
I 2: Pressure ransducer (Kistler Type 6041, water-cooled)
3: Thermo-couple for chamber wall
i 4 Injector
11 B:Heater
I 6: Spark pog & ignioncoll
T:Vacuum pump
8: Mixing fan
9: Pressure sensor (high resolulion & accuracy)
10: Pressure indicator
11: Heater controller
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(notto scale)

Pressura
Regulator

L o)
1| Fuel injecion
system

High speed
camera

HID (high |ntensﬂ'y dlscharge) light_
SOurce

N £

2. The schematic (top) and picture (bottem) of
constant

Fig.
volume chamber for combustion
visualization with fuel temperature change

212 ALY I A TS £F T

Fig. 2 A1E 2o w2 Ak 2 7has A%
S 9F AAES HolFa Yk A4S 93 Ay
= 5709 96mm A& 7Hl A Fow el



Table 1. Experimental conditions
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Fig. 4. In-chamber pressure (top) and heat release rate
(bottom) under cold start and soaking condition
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