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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 to make clear
the conditions for stable auto-ignition of an alcohol spray. Experimental and numerical
visualization of mixture formation process was conducted with focusing on the required surrounding
gas pressure and temperature for stable auto-ignition with acceptable ignition delay of an Ethanol
spray. Main findings are as follows:

Condition of stable auto-ignition of an Ethanol spray is the existence of the region where excess
air ratio (A ) =1 and temperature higher than the minimum ignition point is simultaneously satisfied
during mixture formation, and actual minimum ignition point of an Ethanol spray under high pressure
condition such as compression pressure of conventional diesel engines is expected around 940K, and
1100K is recommended as compression gas temperature to achieve 940K inside a spray by fuel
injection.
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Table 1 Principle Particulars of Constant Volume N

Electrical Heating Chamber - ntake Port
Outer Cell | Material Cr - Mo Alloy Thermocouple
(¢ xH) |[(355 mm x 546 mm)| & Outer Cell
Chamber Material Ceramics
Inner Core| (¢ xH) [(150 mm X410 mm ) _ L _
Volume 7250cc
Durable Pressure 5.0 MPa inner Core
Heater | Max. Electric Power 14 kW I el H (Ceramics)
( Voltage x Ampere ) | (AC 200V x 70 A) sater
Windows Material Quartz Glass peed Water Jacket
Thickness 50 mm ‘ Quartz Window ==
Type Solenoid Type TN ,
Iniecti Pressure 50 MPa ‘«IZEd b= Top View
. njection - ] - -
Injector Duration 4.76 ms ; anif]
Nozzle Type Hole Type Fig.1 Structure of Constant Volume Electrical Heating
(¢ xXN) (0.14 mm x 1) Chamber
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Table.4 Fuel Properties

Fuel notation .
Ethanol Gas oil

Properties

Stoichiometric a/fratio: Ly, | [kg/kg] 9.01 14.6

Density: p ¢ [kg/m®] 785 825
Specific heat (liquid): cy  [[kJ/(kg-K)] 2.723 2.372
Specific heat (gas):cry  [[kJ/(kg-K)] 2.329 1.915

Boiling point: T, [K] 351.7 [443~663
Heat of evaporation: y ¢ [kd/kg] 854.8 187.2
Minimum ignition temp.: T i [K] 636 530

Lower heating value: Hu [MJ/kg] 26.8 44.4
% Under Atmospheric Pressure Condition

Table 3. Physical & chemical model and
analysis conditions
Index of calculation| No.1 | No.2 [ No.3 | No.4 | No.5 | No.6

Fuel Gas Oil|Ethanol [Ethanol|Ethanol|Ethanol (Ethanol

Surrounding Gas
Temperature [K]
Surrounding Gas
Pressure [MPa]
Surrounding Gas
Oxygen

800 | 800 | 1000 | 1000 | 1100 | 1200

25 | 25 | 65 | 90 | 55 | 9.0

21% (vol.)

Turbulence Model| LES Model (LES: Large Eddy Simulation)

Spray Model *KH-RT Model

Chemical
Reaction Model
*KH : Kelvin-Helmholtz, RT : Rayleigh-Taylor

SAGE detailed elementary reaction model

FAEFRATIC B D CTHWZBRE OB 2 3£ 4 1" T, =& ) — U OWTITE AT A5
EDEILAH B IRE— NN TY I alb—a rE2ER L., ZON. Nob 3 L1 No.6
DFHHAEZEKNBRBD BTz, X412 No.5 OFFNTHRE R A RS, X 4@)ITBVENEH B 460> & O
TN R BEWT IS 35 1 2 28 KGRI 2R 45 A0 35 1L ONELEE 4347 O Wr i XM O BE g e 2 7= L C

W5, 72, FXK(b) TS A S T etk
DOBERFZER A B L OF DR REERE 2 7~ L
TEY, Erb#Etyy Ry /o7 S (3
FIANZEBIT DB ED 2 B EO RMS fE) |
ZEZAREIEE, RESMATHDH, KLV BRE
MR AG 75 dms~4.5ms 13T TEE T H
LA ALY b EiRE 2D AR E
FANRROHIND, AT SRR &
DREADFHLTH 5, R ()P S KIZFHW
THIRE EA & FRIREHICREEIC K DR &
BN DEFRPEO D, AFEKD
HEIZHOWTIE, IREICL D Ho0REL
FHOTNNRICED H D ERBONEE
SNTWDN, RIFFEICERBWTIL, "EFERE
EDSFE M TN OB 72 B S5 JCH
ERUER RIS IR, Lzl 2R T
B 5 E A AEELL EORET., #EERN
DAECBRWERD A CHERNDOT, el L
HFEAT N0.5 Tl JREHE S 2> 5 4ms~4.5ms
DOIFHICH B KSR ELZ D EEZD
L5, fiEHT No.6 (JEIPH A7 A7) 9.0MPa, i
FE 1200K) TIEFIZHEWERY T B 35 kM
Boni,

INETOMET, BEERICESBE
KRS DS L L CUEENRANCB VT,
REXIBRENEIGZEMRE (L =1) THR
JE MR SUS I TICE D IEMEA LRI E L
TWHZ &, DF D EKEERE - BED
B~y F o 7 ThD RS &
T2 T a— VEREHIBMEE DT 4+ —B L
PREL & EEARPRERZEBREE 3 /N & < FRISEN
KENWEWIPEZET D0, B9
LAl E BT E o EE b6 L, B
RO KRR - R ORI~ v T
TSR DI B & K MED D THE
WEWHIHRTHD, ZOMAEEE X,
X4 %R CHhbE, REXBEETRITMIC
XA =1 72 DA FAE L, BHoWrm
BENT X 7 — )V OEARAE KIEBE (636K)
DL B AT 1= DI BRBIE S BR 4G &
KamstgThsb, LnL, ¥YIal—i g
VORERTITENL Y 0 EN T,
Ams~4.5ms #ZIZ HEKNAE L TV D, BT

1

T | K] tlree0

ature of a spray
¥ cro

0
;q;sH

o .
213 . * V)

& - *

= o=

ratio of a spray fip cross section

| ;‘:- Wi, eiuﬂz]'/L- el

Injection duration

(a) Comparison of i and 7 histories from fuel injection between
numerical and theoretical calculation

SRR Y VY’

8| ||l lefalelels
- F ] ‘
i h b #

!
el
H
i
Injection duration H

(b) Visualized images of S, 4

Fig. 4. Result of simulation No.5
(Surrounding gas conditions: P=5.5MPa. T=1100K. (- 21%(vol.))
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Fig. 5. Simultaneous attainment of auto-ignition-suitable concentration and
temperature during mixture formation process of an Ethanol spray (Surrounding
gas conditions: P=5.5MPa, 7=1100K, O-21%(vol.))
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