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The Effect of Split Injections on the Stability of Idle Combustion and
Emissions Characteristic in a Gasoline Direct Injection Engine
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Abstract

This paper described the effect of split injections on the stability of combustion and emission characteristics in a direct
injection gasoline engine at various operating conditions. In order to investigate the influence of direct injection gasoline
engine, the fuel injection timing was varied direct fuel injection at various fuel pressure. The experimental apparatus consisted
of GDI engine with 4 cylinder, EC dynamometer, injection control system, and exhaust emissions analyzer. The emission and
combustion characteristics were analyzed for the fuel injection timing and fuel injection pressure strategies. It is revealed that
CO and HC emissions are dramatically decreased at advanced injection timing. Also, engine performance is increased at
increase fuel injection pressure.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Experimental conditions
Engine type 4-stroke GDI Gasoline
Number of cylinder 4
Bore x stroke (mm) 77 x 85.44
Displacement volume(cc) 1,591
Valve type DOHC 4 valve per cylinder|
Compression ratio 11.0

Steps of ignition 1-3-4-2

Intake Open ATDC8 / BTDC42°
valve Close ABDC69° / ABDC19°
Exhaust Open BBDC50° / BBDC10°
valve Close ATDC5° / ATDC45°
Max. Power (PS/rpm) 140 / 6,300
Max. Tarque(kg-m/rpm) 17 / 4,850




Table 2 Test and operating condition

Test speed 850 rpm
Test load no load
1£0.01
Ignition timing fixed BTDC 15°
Coolant temperature 90°C
Ambient temperature 20°C

Intake valve
open / close

ATDCS8°/ ABDC69°

Exhaust valve
open / close

BBDCS50° / ATDCS®

Injection timing | SPlitl

210, 240, 270, 300, 330

(deg. ATDC) split2 360

Injection pressure(MPa) 4,6, 8, 10, 12
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Fig. 2 Effect of advanced injection timing and fuel pres-
sure on the engine performance

Figure 2(b)= IMEP 54 122 IMEPE= Fig. 2(a)
o Blsa B4L wolL Flor} IMEP WEES A%
IMEPS] Wit 5402 vehtes JadAE 2elal 9



224 /JOURNAL OF ILASS-KOREA VOL. 19 NO. 4 (2014)

t}. 53] 4 MPa, ATDC 360°2] 7% 4%°)42] HEE
S Ho|x 9t} olE A4 kA o] 4 MPa,
ATDC 360°9] 739 w2 qtg o= FAbge wjat &3t
7] @Ae] Agslx] Bl AAaEo] IMEP HEE
Z718F Aoz ArE )

o

16
Engine RPM : 850, IG;: BTDC 15°, C;. : 90°C, A, : 20°C
141 P[MPa]—3—4 —O- 6- A 8 —/—10-{-12
&L
12 TNemeny
—~ S
Q\O/ 10+ v S Omeeml <
8 AR, T -
N
08} N
061
04 1 1 1 1 1 1
210 240 270 300 330 360
Injection timing(deg. ATDC)
(a) CO emission
1500
Engine RPM : 850, IG.: BTDC 15°, C, : 90°C, A, : 20°C
Py[MPa]—C—4 —O- 6- & 8 —y—10-C-12
’oY
1200}

2|10 2<IIO 2I70 3(]JO 3I30 360
Injection timing(deg. ATDC)
(b) HC emission

1 Engine RPM : 850, IG,: BTDC 15°, G, : 90°G, A, : 20°C
| Py[MPal—c—4 =0~ 6- & 8 —y—10-C-12

3

NOx (ppm)
2

3

3

2I10 2‘IIO 2I70 300 330 360
Injection timing(deg. ATDC)
(c) NOx emission

Fig. 3 Effect of advanced injection timing and fuel pres-
sure on exhaust emissions
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Engine speed : 850rpm, P,: 4MPa, IG,: BTDC 15°
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(a) fuel injection pressure 4MPa

35

Engine speed : 850rpm, P, : 12MPg, IG: BTDC 15°

Combustion pressure(MPa)

Grank angle (deg. ATDC)
(b) fuel injection pressure 12MPa

Fig. 4 Effect of advanced injection timing on the combus-
tion pressure (injection pressure: 4 MPa, 12 MPa)
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Fig. 5 Effect of injection timing on the cycle-to-cycle
variations of combustion pressure (injection tim-
ing: ATDC 210°, 360°)
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