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Combustion Analysis of a Diesel Engine Equipped with Dual-Injector System

Naoto Horibe Ryota Imanishi

Kenta Egoshi

Hiroshi Kawanabe Takuji Ishiyama

To examine the potential of flexible fuel injection to improve diesel combustion, a series of experiments were performed using an optically

accessible single-cylinder diesel engine with a dual-injector system (DIS) which includes two sets of common-rail injection systems and enables

different injection rates in each injection pulse and a wide dwell range between injection pulses. Based on double pilot injection strategy, effects

of injection timings and injection quantities of split-main injection were investigated. The high-speed photographs indicate that sprays that have

longer paths to the wall show a larger amount of luminous flame by using DIS. When using a small second stage of the split-main injection, the

mixture by the second stage is burnt in the center area where much luminous flame by first stage of the main injection is not observed.
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Fig.1 Effect of injection pattern on engine performance and
emissions (1% pilot injection: -10.0° ATDC, 1.9 mm?®/cycle, 2" pilot
injection: -2.75° ATDC, 1.6 mm?/cycle, main injection: 4.0° ATDC,

IMEPg: 390 kPa, injection pressure: 90 MPa, intake and exhaust
pressure: 102 kPa(a), NOx emission: 54 ppm) (Redrawn based on
reference [7])
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Fig.2 Effect of split-injection dwell and split ratio of injection
quantity on engine performance and emissions (1% pilot injection: -
10.0° ATDC, 1.9 mm?/cycle, 2" pilot injection: -2.75° ATDC, 1.6
mm?/cycle, 1% main injection: 4.0° ATDC, 6.8 mm®/cycle, IMEPg:
390 kPa, injection pressure: 90 MPa, intake and exhaust pressure:
102 kPa (a), NOx emission: 54 ppm) (Redrawn based on reference
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Fig.3 Experimental setup

Table 1 Standard specifications of optical engine

Direct-injection diesel engine,

Engine type Single-cylinder, Water-cooled
Bore x Stroke [mm] 85.0 x 96.9
Displacement [cm?] 550
Compression ratio 154

Bottom-view Bowditch type

Piston (Cavity diameter: 51.8 mm)

Dual injector system (DIS),
Common-rail systems with a piezo
injector (Max. pressure: 220 MPa)

90.115 mm x 8 holes nozzle

(Spray-cone angle: 156°)

External supercharging

Injection system

Aspiration

$51.8

Int. valve

Injector F

Pressure pickup

Fig.4 Field of view through optical window



Table 2 Injection and intake conditions

Case | Injection 1%t pilot injection 2" pilot injection 1%t main injection 2" main injection plrgtsasﬁe Itr;t;l;e- Intoazke
[PATDC] | [mmP®cycle] | [PATDC] | [mmP/cycle] | [PATDC] | [mm?3/cycle] | [PATDC] | [mm®cycle] | [kPa (a)] [°C] [%]
A FFF -10.0 1.9 -2.75 1.6 4.0 9.4 - - 121 52.7 16.3
B FFR -10.0 1.9 -2.75 1.6 4.0 8.6 - - 121 52.2 16.2
C FFRF -10.0 1.9 -2.75 1.6 4.0 4.6 8.0 4.8 119 64.8 16.4
D FFRF -10.0 1.9 -2.75 1.6 4.0 6.8 8.5 2.6 119 63.1 16.4
E FFRF -10.0 1.9 -2.75 1.6 4.0 6.8 6.5 26 119 62.2 16.0
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Fig.6 Comparisons of in-cylinder pressures and apparent heat

release rates of optical engine and metal engine
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Fig.7 Comparison of combustion processes of cases A and B
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Fig.8 Comparison of smoke emission of center injection, FFF, and
FFR of a metal engine (1% pilot injection: -10.0° ATDC, 1.9
mm?/cycle, 2 pilot injection: -2.75° ATDC, 1.6 mm?*/cycle, main
injection: 4.0° ATDC, 6.8 mm®/cycle, IMEPg: 390 kPa, injection
pressure: 90 MPa, intake and exhaust pressure: 102 kPa (a), NOx
emission: 54 ppm)
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Fig.9 Injection patterns of cases C, D, and E
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Fig.10 ) Comparison of combustion process between case C
and D (upper: apparent heat release rate, lower:
combustion image)
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Fig.11 Serial images of spray-spray impingement of case E
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