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Back ground – HCCI(1) 
Advantages of gasoline HCCI engine
yHigh thermal efficiency
yLow exhaust emission

Issues of gasoline HCCI engine
yExtension of driving load

8High load limitation
8 Increase in dP/dθ and NOx emission

8Low load limitation
8 Incomplete combustion; Increase in instability of combustion 

and CO, HC emission

yControl autoignition timing
ySwitching between SI and HCCI



Extension 
of high load 

limit

Supercharge J. E. Dec, et al., SAE Paper No. 2010-01-1086, etc…

Inter cylinder EGR 
(EGR + Supercharge)

Takanashi, J., et al., JSAE Annual congress 2006., 
Spring, JSAE 20066516

BDSC with Thermal 
stratification T. Kuboyama, SAE Paper, No. 2010-01-0845, 2010.

Fuel stratified + Spark 
assist

Hanho Yun, SAE Technical Paper No. 2010-01-0847 
/ Urushibara, T., et al. JSAE Annual congress 2004, 

Spring, JSAE 2004 5114, etc…
Extension 
of low load 

limit

DI during NVO 
period Willand J., et al. SAE Paper No. 982483

Previous Studies to Extend HCCI RangePrevious Studies to Extend HCCI Range

High Load Limit�Reduction in pressure‐rise rate
Super‐charge, Thermal stratification

Low Load Limit�Control of instable combustion
Fuel injection during NVO



Back ground (2)
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BlowDown Super-Charge (BDSC) System

• Exhaust valves re-open during early compression stroke 
to boost EGR by using the blowdown pressure wave of 
the other (360 deg. phase-shifted) cylinder.

• EGR boost is possible with enough fresh air and without 
external super charger.
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Thermal stratification has a high potential for 
inhibiting steep pressure rise. 
To create a large thermal stratification inside 
the cylinder, EGR guides are attached on the 
edge of the exhaust port and piston head. 
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EGR guide
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●3-D simulation results (STAR-CD)

EGR guide
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Ex. port In. port

Effect of EGR guide on in-cylinder 
temperature distribution
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Test engine & conditions

Base engine Honda K20A

Engine type Inline 4 cylinder 

Bore x Stroke 86 mm x 86 mm

Displacement 1998 cm3

Compression ratio 12 (HCCI)/ 11.5 (Base)

Fuel injection Port injection / Direct injection

Fuel Gasoline (RON91)

Engine speed 1500 / 2500 rpm

Valve timing Fixed cam



Definition of operational HCCI

●Limit of maximum pressure rise rate 
dP/dθmax�400 kPa/deg.

●Limit of combustion stability
COV. of IMEP �5 %

●Limit of NOx emission
ISNOx �0.1 g/kWh 



Extension of High Load 
Operational Limit

●Blowdown Super-charge (Much fresh air)

●EGR Guide System (Thermal stratification)



Effect of EGR Guide System
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Extension of Low Load 
Operational Limit

●Blowdown Super-charge (Much EGR)

●Increased Cooling Water Temperature

●Optimized Valve Timings 



Original Low Load Limit of BDSCOriginal Low Load Limit of BDSC‐‐HCCIHCCI
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Retarding EGR Valve TimingRetarding EGR Valve Timing

New valve strategy (EGR‐R)

To increase the gas temperature w/o increasing mass of 
gas
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Effect of Intake Pressure on Effect of Intake Pressure on 
 Performance at Low Load ConditionPerformance at Low Load Condition
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Effect of Cooling Water Temperature Effect of Cooling Water Temperature 
 on Combustion Stabilityon Combustion Stability
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Performance Test Using 4Performance Test Using 4‐‐Cylinder EngineCylinder Engine
Issue: cylinder to cylinder variation
Secondary air injection was succeeded.
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Reduction of Cylinder to Cylinder Variation by Secondary Air Reduction of Cylinder to Cylinder Variation by Secondary Air 
 Injection SystemInjection System
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JC08 Driving Cycle SimulationJC08 Driving Cycle Simulation
 (GT(GT‐‐Suite Dynamic Model)Suite Dynamic Model)
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ConclusionsConclusions
A  Blowdown  super‐charged  HCCI  gasoline  engine  was 
tested.
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