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Establishment of the database on the main factors governing auto-ignition
phenomenon of an alcohol spray
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This study deals with the development of controlled-ignition technology for high
performance compression ignition alcohol engines. The objective of this study is quantitative evaluation
of main factors that influence auto-ignition of an alcohol spray. This study focuses on the effects of
surrounding gas pressure, temperature and oxygen concentration on auto-ignition. Surrounding gas pressure
and temperature dependence of the spray auto-ignition was clearly presented by the 3D-surface data of
ignition delay for Ethanol-Diethyl ether blended fuels. However, the database is insufficient yet due to
the rack of data indicating the effect of Oxygen concentration on ignition delay. Results obtained durin
these three years indicate that the engine control logic can be drawn and the high performance CI alcoho
engines can be developed when the database as 3D-surface data of the ignition delay is completed.
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Table 1 Principle Particulars of Constant Volume
Electrical Heating Chamber

Material Cr - Mo Alloy
Outer Cell| ) xH) |(355 mm x 546 mm)
Material Ceramics
Chamber Inner Core| (¢ xH) [(150 mm %410 mm)
Volume 7250cc
Durable Pressure 5.0 MPa
Heater Max. Electric Power 14 kw
(Voltage x Ampere) | (AC200V X 70 A)
} Material Quartz Glass
Windows Thickness 50 mm
Type Solenoid Type
. Injection Pressgre 50 MPa
Injector Duration 4.76 ms
Nozzle Type Hole Type
(@ XN) (0.14mm % 1)

Intake Port

Top View

Fig.1 Structure of Constant Volume Electrical
Heating Chamber
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Table 2 Thermal and fuel properties of tested fuels
o Diethyl .
‘ Ethanol (E)&(D) Mixing fuel ether Gas oil
Fuel notation C,HsOH|E:D=3:7|E:D=2:8|E:D=1:9|(C,Hs),0 -
(E) |(ED37)|(ED28)|(ED19)| (D) | (G)
Stoichiometric
ol tio | [Ko/kal | .01 |(10529)|(10.746)|(10.963)| 118 | 146
Density | [kg/m’] | 785 | (731.1) | (7234) | (7115.7)| 708 | 825
Sp?ﬁg'ji(;‘)eat [ki(kg-K)] 2.723 |(2.7034)|(2.7006) | (2.6978)| 2.695 | 2.372
Spec('ggz)heat [kd/(kg-K)] 2.329 |(2.0378)|(1.9962)(1.9546)| 1.913 | 1.915
o 3517 | 3517 | 3517 443~
Boiling point [K] 351.7 2078 | 3078 | 307.8 307.8 663
Heat of
vaporization | IKVkdl | 8548 |(53091)|(484.64)|(438.37)| 3921 | 187.2
_ Minimum K] 636 - - - 433 | 530
ignition temp.
Lower heating
value (o) | MIkal | 268 | (317) | (324) | (831) | 338 | 444
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Fuel : ED19
Test Conditions : Surrounding gas Temp. 800K, O, content 21% (Flame interval 0.609ms)

During fuel injection

injection

Fig. 2 Visualization results indicating th
effect of the surrounding gas pressure on

Fuel : ED19
Test Conditions : Surrounding gas Press. 2.5MPa, O, content 21% (Flame interval 0.609ms)

» After fuel injection

Time from Tuel injection
Fig. 3 Visualization results indicating the

During fuel injection

effect of the surrounding gas temverature on
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Fuel: Diethyl ether
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Fig. 4 Surrounding gas pressure and
temperature dependence of auto-ignition
represented in a form of 3D-surface data of
ignition delay for each tested fuel
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Fig.5 Rapid Compression & Expansion Machine
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800K 2.5MPa 21% Ethanol
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Fig. 6 Numerical prediction on the mixture formation process for Gas oil and Ethanol in terms
of anatial temneratiive and concentration dictrihnition and their temnaoral hictory
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