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Abstract

Homogeneous Charge Compression Ignition (HCCI) is effective for the simultaneous reduction of soot and NOx
emissions from diesel engine.  In general, high octane number and volatile fuels (gasoline components or gaseous fuels)
are used for HCCI operation, because very lean mixture must be formed during ignition delay of the fuel. However, it
is necessary to improve fuel injection systems, when these fuels are used in diesel engine.

The purpose of the present study is the achievement of HCClI combustion in DI diesel engine without the
large-scale modification of engine components.  Various high octane number fuels were mixed with diesel fuel, and the
mixed fuels were directly applied to DI diesel engine. The cylinder pressure and heat release rate of each mixed fuel
were andlyzed. Theignition delays of HCCI operations decreased with an increase in the operation load, although that
of conventional diesel operation did not aimost varied. In addition, the mixed fuel containing much higher volatility
fuel produced the higher peak of heat release rate of premixed combustion. The exhaust emissions (CO, CO,, THC,
NOx, PM) in case of each mixed fuel were measured. Although THC and CO emissions at HCCI operations were
higher than those from conventional diesel combustion, lower NOx emission could be achieved by HCCI operations
using the mixed fuels in spite of low volatility of base fuel. PM emission was relatively high in case of HCCI
operations, because SOF emission derived from the base fuel in the mixed fuels was high. The results of numerical
simulation using KIVA3V in which milticomponent fuel spray model was incorporated, verified that the above
experimental results were closely related with the mixture formation in combustion chamber.

17 1 19



PM

2005

Compression Ignition, HCCI
HCCI

HCCI

HCCI

HCCI

HCCI

NOx

Homogeneous Charge

THC

NOx

CO

HCCI

3-4)

HCCI

HCCI

1

PM

2-3)

1 1
4
2
CcO CO, NDIR NOx
CLD THC FID
MEXA-7100 PM
15
PM ASE
SOF 1SOF

Fig. 1 Photograph of test engine

Table1l Engine specifications

Engine type Single cylinder diesel engine
Chamber shape [Troidal

Injection system [Common rail

Bore x stroke 135.0 x 150.0 mm
Displacement 215L

Compression ratio |16
Swirl ratio 22
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Fig. 2 Schematic diagram of experimental system
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Table2 Test conditions

Engine speed
Nozzle orifice diameter

1000 rpm
0.26 mm
Number of nozzle orifice |6
Injection pressure 100 MPa

-60 deg.ATDC (HCCI)
-13.5 deg.ATDC (conv.)

Injection timing

IMEP  0.35MPa
MTBE
3
KIVA3V”
KIVA3V
8)
8)
NIST Thermo-

EGR ratio 0.0
Water temperature 348 K
Table 3 Properties of test fuels
Diesel fuel | Iso-octane [Iso-paraffins| Toluene MTBE

Formula [] - C8H18 - C7H8 C5H120
Boiling point (Ts) |[K] (550) 372 (507) 384 328
Density [ka/m?| 811 692 792 882 774
Viscosity [mm?s] 3.841 0.680 2.968 0.626 0.452
Heating value  [MJ/kg] 46.60 44.35 44.03 40.53 34.90
CN (RON) [-] 55.6 (100) 28.0 (120) (117)
H/C [] 1.99 2.25 2.09 1.14 2.40
Sulfur content [ppm] 10 <1.0 <1.0 <1.0 <1.0
Mixing ratio [] 1.0 2.0 6.0 0.6 0.6
Averaged b.p. K] 550 431.3 513.1 487.8 466.8

physical Properties of Hydrocarbon Mixture Database
(SUPERTRAPP)?

KIVA3V
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Fig. 3 Computational grid Fig. 4 Cylinder pressure and hesat release rate
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