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Improvement in Performance of a Gasoline HCCI Engine Using Blowdown
Supercharge with Direct Fuel Injection System
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The objective of this study is to extend the HCCI operational range by using the blowdown
supercharge (BDSC) with a direct fuel injection system. The effect of in-cylinder fuel
distribution on HCCI operational range was investigated from both experimental and
numerical method. Firstly, a numerical simulation using a multi-zone reaction model was
carried out. The results showed that a spatially uniform fuel distribution decreases the
pressure rise rate (dP/d0) with a strong thermal stratification. Based on the simulation
results, experiments were carried out using a gasoline engine equipped with the direct fuel
injection and BDSC system. The fuel injection timing and the fuel mass ratio between the
direct injection and port injection were varied as experimental parameters to investigate the
effect of the fuel distribution on both the high and low load HCCI operational limits. The
experimental results showed that the HCCI operational robustness at the high load
operation was successfully improved by using the direct fuel injection. However, high load
HCCI operational limit was hardly extended. To improve ignition stability at low load
operation, locally high fuel concentration area was generated using direct injection. COV of

IMEP was slightly improved under the condition of low DI mass ratio.
Keywords: HCCI, Compression ignition, Direct injection, Thermal stratification,
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Fig.1 Comparison of HCCI operational area

Dash line area: without EGR guide
Solid line area: with EGR guide
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Fig.2 Spatial distributions of in-cylinder temperature and
G/F with the BDSC system
(at -11deg. ATDC,IMEP=450kPa)
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Table 1 Engine specifications and test conditions

Base engine Honda, K20A
Engine type Inline 4 cylinder
Bore x Stroke 86mm x 86mm
Connecting rod length 139mm
Displacement 499.6¢c/cyl.
Compression ratio 11.7
Intake air temperature 298K *+1K
Intake air humidity 50% *2%
Coolant water temperature 85, 105 deg.C
Engine speed 1500rpm

Fuel Gasoline (RON 90)
Fuel supply Port / Direct injection
Fuel injection pressure Port inj. : 350kPa
(gauge) Direct inj. : 10MPa

PFI injection timing -370 deg.ATDC

Dl injector

» 3-hole injector

(30 deg. between sprays)

> $0.115mm

» 10 MPa (inj. Press.)
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Fig.5 Experimental setup and measurement system
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Fig.7 Image of free spray and measurement regions (two
x-y regions) (left), And drop-size distributions at 50mm and
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Fig.8 Spray tip penetration of free jet spray
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