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Abstract : In this experimental study, the effects of clean alternative fuels compatible with diesel combustion on
nano-sized particle emission characteristics were investigated in a 0.5L auto-ignited single-cylinder engine with a
compression ratio of 15. Because the number concentration of nano-sized particles emitted by automotive engine, that
are suspected of being hazardous to human health and environment, might increase with engine fuel considerably and
recently attracted attention. So a ultra-low sulfur diesel(ULSD), BD100(100% bio-diesel) and Di-Methyl Ether(DME)
fuels used for this study. And, as a particle measuring instrument, a fast-response particle spectrometer (DMS 500) with
heated sample line was used for continuous measurement of the particle size and number distribution in the size range
of 5 to 1000nm (aerodynamic diameter). As this research resuits, we found that this measurements involving the large
proportion of particles under size order of 300nm and number concentration of 4x10° allowed a single or bi-modal
distribution to be found at different engine load conditions. Also the influence of oxygen content in fuel and the catalyst
could be a dominant factor in controlling the nano-sized particle emissions in auto-ignited engine.
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Table 1 Specification of test engine

500 cm’ (Based on 2.0L Ford
Puma diesel engine)

86 x 86 mm

Displacement
volume

Bore x Stroke

Combustion Four-valve system
chamber Central bow! in piston
Compression ratio 15:1

Intake air supply Naturally aspiration

Common-rail fuel system

Direct injection
Max. pressure of 160 MPa

Fuel equipment
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Fig. 3 Experimental set-up with bio-fuel injection system

Table 2 Specification of oxidation catalyst used

- Honeycomb-typed
monolithic substrate

- Cell density of 400 cpsi

- Diameter of 130 mm
- Length of 150 mm

- Coated by Pt-base(2g/L)
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Table 3 Properties of ULSD, BD100 and DME fuels

ULSD BD100 DME
Chemical formula CiHisa | Methyl ester | (CH3)0
Carbon (%owt) 86 77 52.2
Hydrogen (Y%wt) 14 12 13
Oxygen (Y%owt) 0 11 34.8
Density (kg/L at 20°C) 0.84 0.88 0.67
Stoichiometric A/F ratio 14.6 12.3 9.0
Cetane number 40~55 |54 55~60
Kinematic viscosity (mm®/s) | 245 | 4.5 0.15
Low heating value (MJ/kg) |42.5 373 28.43
Auto-ignition temp. (°C) 250 178 235
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Table 4 Experimental condition

i Common-rail injection
Engine IMEP y o
speed (bar) Pressure Timing
(rpm) (bar) (CAD BTDC)

2 500 4.5
1500

4 1000 4.5

2.7 500
2000 5.7 750

8.7 1000

3.5 750 14
2500

6.3 1000 14
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Table 5 Comparison of fuel injection duration

Engine IMEP Injection duration (gs)
speed (rpm) | (bar) ULSD BD100 DME
2 4
1500 72 520 745
4 497 571 850
2.7 540 586 820
2000 5.7 636 750 1036
8.7 1180 1272 1570
3.5 4
2500 90 526 829
6.3 610 693 1100
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Fig. 6 Variation of heat release rate for 3 different fuels
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ween nucleation and accumulation mode (2000rpm)
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