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A Study on the Characteristics of Ignition and Combustion
in a Diesel Spray Using Multi-Component Mixed Fuels
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Abstract - The purpose of this study is experimentally to analyze that the fuel mass fractions of multi-
component mixed fuels have an effect on the characteristics of spray ignition and combustion under the
ambient conditions of diesel combustion fields. The characteristics of ignition and combustion were investi-
gated by chemiluminescence images and direct photography. The experiments were conducted in the RCEM
(rapid compression expansion machine) with optical access. Multi-component fuels mixed with i-octane, n-
dodecane and n-hexadecane are injected in RCEM by the electronic control of common rail injector. Exper-
imental conditions set up 42, 72 and 112 MPa in injection pressure, 700, 800 and 900 K in ambient gas tem-
perature. The results show that the ignition delay was dependent on high cetane number. In case of low
ambient temperature, the more low boiling point fuels were mixed, the lower luminance regime had a
remarkable effect and also shortened diffusion combustion by increasing heat release rate.

Key words : Diesel spray, Chemiluminescence, RCEM(Rapid compression expansion machine), Heat release
rate, Multi-component mixed fuels
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Fig. 1. Distillation curve of each component in multi-
component fuels.
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Table 1. Fuel Properties for single and multi-com-
ponent fuels.

Fuel
Pl’OpeI‘tleS CSHIS C12H26 C16H34

Boiling point, [K] 372 489 560
Density (at 293 K), [kg/m’] 692 759 795
Viscisity (at 293K), [uPa+s] 508 1543 3,399

Latent heat of vaporization
(at 298 K), [k/kg]

Latent heat of vaporization
(at B.P), [ki/kg]

3054 3600 3583

2720 2566 2274

Propertio Fuel  picia) Fuelb) Fuel(e)
Density (at 293 K), [kg/m’] 722 748 773
Viscisity (at 293K), [Pa - s] 825 1,265 2,061
Critical pressure, [MPa] 272 243 1.85
Critical temperature, [K] 604 654 690

Surface tension, ¢ [mN/m] 2338 2599 2857
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Table 2. Experimental conditions for direct photo-
graphy in RCEM.

Ambient temperature

at injection start, [K] 700 800 900
N e i
. o 21 : 121
Ambient gas, [vol.%] Ar: 55 ?Azr..23lé) Ar - 440
CO,: 255 7Y He:30
Specific heat ratio, x 132 13.6 145
Compression ratio 11.0 12.5 11.0
Injection pressure,
P, [MPa] 42,72, 112
Injection timing,
[deg. CABTDC] 302015
Tnjection quantity,
25
[mg]
Initial cylinder
pressure, P; [MPa] 0.101
Ambient density
at injection start, 12.8 12.8 12.9
p. [kg/m’]
Ambient pressure
at injection start, 223 291 2.89

P, [MPa]

Table 3. Specification of RCEM.

Combustion chamber type Flat disk type

BorexStroke $100x450 [mm]
Top clearance 30~ [mm]
Injection location slide injection
Compression ratio 6~161

Mean piston speed ~42 [m/s]
Equivalent crank speed ~280 [rpm]
Initial cylinder wall temperature  273~363 [K]
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Fig. 2. Definition of ignition delay.
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