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Analysis of Hybrid Combustion Engine using DISC and HCCI
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Summary

The DISC-HCCI Hybrid Combustion System is designed to provide an easy way to deliver high
temperature air-fuel mixture for HCCI. The system consists of the DISC cylinder and HCCI cylinder.
DISC cylinder exhausts high temperature combustion gas with oxygen surplus, which gets aspirated
by HCCI cylinder as intake air. This mechanism generates air-fuel mixture at so high temperature
that enables to achieve HCCI combustion.

It was verified that DISC-HCCI Hybrid Combustion System enables HCCI combustion, and spark

assist and EGR are very effective in enlarging HCCI operation area. Also, the chemical kinetic

simulation proved that DISC-HCCI Hybrid Combustion System have little fuel interdependence.
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Table 1 Engine Specifications

Engine Type Inline 4

Bore X Stroke 87.5mm X 83. Tmm

Displacement 1998cc

Compression Ratio | 11.2(#1,#4), 10.0(#2, #3)

Swirl Ratio .6 (12, #3) _ _
(DISC-HCCI Hybrid Combustion Mode)

Fuel System Direct Injection

Fuel Gasoline 91RON
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Fig.4 Condition of HCCI Cylinder and HCCI Combustion Area
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Fig.5 Effect of Spark Assist on Excess Air Ratio
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Fig.6 Effect of Spark Assist on HCCI Combustion at Idle
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Fig.7 Photographs of HCCI Combustion with Spark Assist

— 142 —



No.250 20070

goodan

0000000000000 00000DO0O8.1degCA
ATDCOOOODOOSIDO0O0bOOoOooboooOooboboo
10.8degCA ATDCO OO OOODOOOOOOOOOOO
gooO0ooobopbooobpiscoobogonn vesec O
o00o0obo0o0obOoOobDoOobobooboHCciIooboooo
UTwweaD DD O00ONnvwwead OOOD0O0OO0OO00O0OO0O0OO
gogooobbooooobobbboooooobooboga
DISCOODOUUOODEGROOOODOFIg8IDDOODO
DiIsCO0O0D00OD0ODO0oOooboOoHCciDooooon
TnwccJOODOEGROOODDOOOODOOOOHCCIODO
goboooo

gobooboobbuooboobboobooboo
o0o0DDbbO0oooobobDbOoOoEGRODOOOOOODODO
O0OD0FgOOOODOODOOODOODOOHCCIODDODO
gobooboog

3.4 DISC-HCClUODOUOOOoOOoooooooo

Fig.100 DISC-HCCIO O DO OOOOOOOOoDbIsC
goOoHCCIDOOODOOOoDbOoooOoobooboooo

5000

1500rpm 7 \.pisc=56%
Apisc=2.7, Apcei=1.0 EGR=0%

(Tinreo= 278°C)

EN
o
o
o

w
o
o
o

I EGR=12%
(Tin+eci=265°C)

N

o

o

o
T

EGR=15%
(TinHeoi= 266°C)

-
o
o
o

Cylinder Pressure (kPa)

Crank Angle (deg)

Fig.8 Effect of External EGR on Compression Ignition Timing
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Table 2 Test Conditions for Calculation

DISC Cylinder HCCI Cylinder
ID Aoisc Nvoisc | Nwrcer | EGR Rate Tinreel
(%) (%) (%) (°C)
1 2.0 29 15 50 293
2 2.0 33 17 50 307
3 2.0 43 22 50 328
4 2.7 34 24 37 264
5 2.7 42 26 37 289
6 2.7 34 21 37 255

EGR rate = The mass of burnt gas / The mass of induction gas
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Fig.13 Comparison of Ignition Timing with Octane
Number 80 and 100
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