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The Combustion Technology
Enabling the SKYACTIV-X Performance
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Summary

The Skyactiv-X has made extra-high compression ratio possible compared with conventional gasoline

fueled engines. Under a part-load condition, highly diluted/lean mixture combustion was realized with the

assistance of compression ignition combustion, resulting in a great improvement in vehicle fuel economy.

In the meantime, under a full-load condition, strong auto-ignition tends to occur with the employment of a

higher compression ratio. The Skyactiv-X attained sufficient output torque, even with a high compression

ratio, with the help of mild and stable auto-ignition combustion under a full-load condition.

The compression ignition combustion triggered by flame propagation, which occurred under both part-load

and full-load conditions, has been named SPCCI (Spark Controlled Compression Ignition). In this article,

we describe in detail how the SPCCI combustion has been realized.
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Fig. 1 Schematic of the SPCCI Combustion Concept and

the Typical Heat Release Curve
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Fig. 2 Required Compression Ratio for the Auto-ignition at
Compression TDC
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Fig. 3 The History of Compression Ratio Improvement
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Table 1 Specification of the tested Engines
Engine Type Single Cylinder Inline 4cylinder
Displacement (cc) 500 2000
Bore*Stroke (mm) 83.5%91.2 83.5%91.2
Compression Ratio 17 16.3
Fully Variable Sequential Valve
Valve Mechanism Hydraulic Valve Timing on Intake
Actuation and Exhaust

Multi hole Central
Direct Injection

Multi hole Central
Direct Injection

Fuel Injection
System

Maximum Injection

Pressure (MPa) 100 70
Fuel Octane Number RON95 RON95
. External Roots
Air Supply System Supercharger Supercharger

Spark

Plug
Piston

Fig. 5 Combustion Chamber Geometry
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Fig. 6 Effect of Intake Air Temperature on HCCI
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Fig. 7 Effect of Intake Air Temperature on SPCCI
Combustion
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Fig. 8 Comparison among Intake Air Temperature
Sensitivities of HCCI and SPCCI
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Fig. 9 Effect of Intake Air Temperature on SPCCI
Combustion Phasing under Fixed Spark Ignition Timing
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Fig. 10 Temperature Compensation by Spark Ignition
Timing
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Fig. 11 Comparison between HCCI and SPCCI Operating
Region on the Combustion Phasing - Combustion Duration
Plane
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Fig. 12 Auto-Ignition Combustion Fraction as a Function
of Compression Ratio and the Propagating Combustion
Phasing
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Fig. 14 NOx-BSFC Tradeoff Improvement by DOE
Approach
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Fig. 15 An Example of the Attained Mixture Distribution
through DOE Approach
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Fig. 16 Heat Release Curve of SPCCI Full-Load
Combustion
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Fig. 17 Maximum Charging Efficiency Limited by Pre-
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Table 2 Calculation Condition

Engine Speed 2000 rpm
Charging Eff. 114%
Ext. EGR 9%
Swirl Control Valve 15 %
Position
Overall AIF 12.8
Fuel Pressure 30 MPa
Start of Injection 270 /90 degBTDC
Injection Amount 9:1

20degATDC AF
20

18
16
14

12

10

Fig. 18 Mixture Equivalence Ratio Distribution in
Combustion Chamber Aimed for End Gas Cooling
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Fig. 19 Achieved Charging Efficiency and Combustion
Stability at Full Load
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Fig. 20 SPCCI Heat Release Development with the
Engine Load Increase
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Fig. 21 Achieved Specific Fuel Consumption at 1500 rpm
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