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Particulate Matter Emission Reduction with Increasing Fuel Injection

Pressure in a Gasoline Direct Injection Spark Ignition Engine

Takeshi UEKI * **, Moriyasu GOTO **, Kei TAKACHIHO **, Takashi KASHIWAZAKI **,

Eriko MATSUMURA *, Jiro SENDA *

(Received July 31, 2017)

In order to reduce particulate matter (PM) emitted from gasoline direct injection spark ignition (DISI) engine, it is important

to reduce the fuel film deposition on the wall and local rich air-fuel mixture formation. As a means to reduce these, the high

pressure fuel injection is considered to be effective. In this study, we evaluated the influence of increasing fuel injection pressure

to PM emission with using the glass cylinder engine at fast idle operation. The fuel film deposition on the piston was measured by

using ultraviolet irradiation to cause excited fluorescence in fuel which contained fluorescent agent. And, fuel liquid and vapor

phase was measured by using Laser Induced Exciplex Fluorescence (LIEF) method. The number of PM from DISI engine was

decreased by increasing fuel pressure from 20MPa to 80MPa. The fuel film deposition on the piston was decreased by increasing

the pressure. The area of the liquid phase inside the combustion chamber was reduced, and the variation of vapor phase was

decreased by increasing the fuel pressure.
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Table 1. Nozzle specifications.

Nozzle A | Nozzle B | Nozzle C
Actuator Piezoelectric element
Slit number 1
Worked angle 91 deg.
Slit length L 0.3 mm
Slit thickness £g | 0.21 mm | 0.13 mm | 0.10 mm
Lits 14 2.3 3.0
Body nozzle Needle valve
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Fig. 1. Rate of injection profiles.
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Fig. 4. Measurement section of air entrainment.
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Table 2. Engine specifications.

Type 4-cylinder , In-line
Displacement 2.0L
Bore X Stroke @86mm X 86mm
Compression ratio 10:1
Injection system Direct Injection

Intake valve

Spark plug

Exhaust valve

180deg. BTDC (BDC)
Fig. 5. Observation area.
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Table 3. Experimental conditions.
Nozzle A B C
Injection pressure Pj,; |20 MPa| 50 MPa |80 MPa
Test fuel iso-octane
Maximum rate of injection gy 14.7 mg/ms
Injection duration Linj 0.98 ms
Ambient gas N»
0.7ms after start of injection (t/t;,;=0.71)
Nozzle A B C
Injection pressure  20MPa 50MPa 80MPa
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Table 4. Experimental conditions.

Fast idle operation

Engine speed 1200 r/min
IMEP (average) 210 kPa
Injection pressure 20, 50, 80 MPa
T 220deg. BTDC
Injection timing
40 deg.BTDC
Spark timing 18 deg. ATDC
A/F (target) 15.0
Oil temperature 40 °C
Fuel injection  Spark ignition
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Fast idle B LY
g ‘ Standarq combustion
7 f :
L | 1
o | Fast idle
Q i
s ! ‘
g 1
= '
© : ‘
9 i Exhaust valve open
g | e
2 f |
E ﬂ/\ ‘
8 f\ |
m | | |
-360 -180 0 180 360
TDC BDC TDC BDC TDC
Crank angle (deg. ATDC)

Fig. 16. Fast idle operation.
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