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Abstract

For the 2nd generation Skyactiv-D, we have significantly improved thermal efficiency by pursuing the ideal-
state of the predominant control factors of the thermal efficiency and by the new combustion approach of
evolving combustion timing and duration. With the newly developed “Distribution Controlled partially Premixed
Compression Ignition (DCPCI)” using a newly devised Dual Zone Egg-shaped piston bowl, we have succeeded
in the extensive application of the highly efficient and combustion-clean Premixed-charge Compression Ignition
(PCI) concept to the practical medium-high load range, which had been applied only to the light load range.
Focusing on the combustion technology of the 2nd generation Skyactiv-D, here we report on the function
development process for improving thermal efficiency, the proposed new combustion concept based on CFD

analysis, and the verification results by engine experiments.
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Fig. 1 Roadmap to Ideal Internal Combustion Engine
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Fig. 2 Targets of Control Factors for Improving Thermal
Efficiency
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Table 1 Engine Specification and Calculation

Condition

Label name CDC_SL_133 | DCP_SL_133 | DCP_DZ_106
Bore X Stroke $ 86mmX94
Compression ratio 14.4:1
Engine speed [rpm] 1500
Fuel amount [mms/str] 22
Temperature at IVC [K] 400
Pressure at IVC [kPa] 135
EGR rate [%] 38 45
Conventional
Combustion type d|esell DCPCI (“DCP” in label)
combustion
(“CDC” in label)
Inj. pressure [Mpal 150
S 1st:-26/6 Ist:-13/14.5
E;t “;¥EE£?§2? 2nd :-16/2 2nd : -4/1.5
e [mm3i' 3rd:1/11 3rd: 0/5
q Y 4th:13/3 4th:6/1
Stepped-Lip Dual Zone
Bowl shape Egg-Shaped Egg-Shaped
(“SL” in label) (“DZ” in label)
$0.133X10 $0.106 X 10
Nozzle type -155° -157°
(“133” in label) (“106” in label)

Previous New
Stepped-Lip Egg-shaped
¢0.133 x 10 — 155°

Dual-Zone Egg-shaped
©0.106 x 10 — 157°

Fig. 5 Comparison of Piston Bowl Shape and Injector
Specification
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Fig. 9 Calculated Mixture Distribution on ¢-T Map
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Table 2 Engine Specification

Previous Engine New Engine
Engine Type In-Line 4 In-Line 6
Bore /Stroke [mm] 86/94 <«
et sy | -
Compression ratio 14.4 15.2
Fuel injection Common Rail/ -
system Piezo injector
Injector nozzle $ 0.133mmX | ¢ 0.106mm X
dimension 10hole 10hole
Piston material Aluminum Steel
. Stepped-Li Dual Zone
Piston bowl shape Egg")—rs)hapes Feg-shaped
EGR System HP-EGR HP & LP-EGR
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Table 3 Specification of Test Fuel

Diesel Fuel Bio Fuel
e | is#2Diesel | LB e o
Cetane 55.7 75 1
number (Cetane index)
Density 0.83 [g/cm3] 0.78 [g/cm3]
Viscosity 3.66 [mmZ/s] 3.0 [mmZ/s]
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