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Analysis of Diesel Combustion using Multi—Stage Injection
in a Single—Cylinder Optical Engine
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To improve the combustion method with combination of PCCI and conventional diesel combustion,
mixture formation by early injection was investigated using an optically accessible single—cylinder
diesel engine. Effects of injection pressure, injection timing, injection quantity, split injection,
and the dwell between injections were investigated. Penetration of diesel spray was measured by
high—speed photographs. Mixture distribution at TDC was observed by LIF imaging. When applying high

injection pressure and split injection,
combustion chamber.
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Fig. 1. Spray layout
(a): Early injection for PCCI combustion
(b): Main injection for diesel combustion
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Fig. 2. 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 15.4(Direct), 14.6(LIF)
Piston Bottom-view Deep dish type

(Cavity diameter. 51.8 mm)

Common-rail systems with a piezo
Injector (Max.pressure:220 MPa)
$0.104 mm X 5 holes nozzle
(Included angle: 50°)

Injection System

Aspiration External supercharging

Table 2. Injection conditions

Injection start Injection Injection
case timing quantity pressure
[°CA ATDC] [mm?3/cycle] [MPa]

A -60.0 7.5 150
B -60.0 7.5 90
C -60.0 7.5 200
D -50.0 7.5 150
E -70.0 7.5 150
F -60.0 5.0 150
G -60.0 10.0 150
H -60.0 15.0 150
| -70.0/-60.0 5.0/5.0 150
J -80.0/-60.0 5.0/5.0 150
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Fig. 4. Field of view through LIF (gray area)
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Fig. 7. Effects of injection quantity on liquid penetration (a)
and fuel distribution at TDC (b).
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