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A Fundamental Study of Combustion Control of a Spark Ignition Engine with Electric Fields (Second Report)

~

11pt. Taro Kohjimachi

The purpose of this work is to study the feasibility of flame propagation control of mixtures in a closed vessel by
applying electric fields. Hydrogen-air, methane-air and propane-air mixture were used. D.C. and A.C. electric fields
were applied. For both types of electric fields, the results showed that the application of electric fields remarkably
shortened the burning period of each mixture, especially in lean or rich condition. Under these mixture conditions, the

following two patterns were showed, 1)large increase of initial flame- kernel growth, and 2)large increase of

flame-surfaces by changing into wrinkle-flames.
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= noise/acceleration noise
1Y /IR booming noise/vibration E BT/ M ET sound quality evaluation/ride
=] g B A A q Y
comfort evaluation
RN quietness T 7 N A R 5 i/ E AT device technology/control
(B3) technology

modal analysis/transfer path
analysis/fluid induced noise
analysis




xT7E

gear noise

INAAN=HR
HAREHRIEERIIE
NS ZOAYI N

AN i By ]
FERRY/ERE

AR AT

biomechanics

bioinstrumentation/
driving psychology
driver condition
cognitive reaction time

drowsiness/alcohol drinking

task load/driver burden
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ARV R/FE/INTA—IR
B i

KSAN\E DT /IRSAINE
—R)g
RSANETIVZAF—FT
RSA/VREEE=SDYT
RSA/\$51%/FS 4/ 1T8I/F
SAINEF/IRSAINEE

BIRFHE

L) ih ride comfort
IN—a2 R R harshness
Z— shimmy
EITEAIRE) body vibration while driving
RUYE wind noise
TJL—FBE/ DS — brake noise/judder
BHNERE/ERS R exterior noise/noise regulation
Ok ES FEE L/ NKEL/F L |passive safety (collision BRSNS road environment recognition
safety REERE safety/crash safety)/fire
safety/active safety/combined
active and passive
safety/integration
control/integrated control
TEHE safety education E& IR/ (R0 TE image processing/information
processing
EMARET A material flammability test fMeeib/arE1r—42IGH intelligent/computer application
S 2T Ls suppression system FEERAN/FEFEEDRSE occupant detection/occupant
AR/ E B {R&/4 17 - 2|first aid/occupant HERRE damage mitigation
GEESRE/ R EFERE protection/pedestrian and bicycle
and motorcycle rider
protection/protection for
vulnerable road users
FE OB /EZE T A accident avoidance/collision BRI - FEFD energy-absorbance and impact
prediction attenuation
FreEER crash test R/ B AR accident analysis/statistical
accident analysis
%5 B2 /A 5 & 32/Bi1 /5 {8128 [rear end collision/side EWERE-SW accident investigation and analysis
impact/frontal collision
Bh A fire protection e/ RN near-miss analysis
T)H5ya pre-crash Fan 22/ R iR survival rate/start of initial
aAVNFEYT4 compatibility E=EF 0 injury prediction
FSAE S 22—~ driving simulator EEAN=X L injury mechanism
IFINVT /1 —R X)Lk air bag/seat belt EMBER/EWET accident reconstruction/accident
re-creation
AEKETILIAZ— anthropomorphic dummy/crash | ZE£ AKETIL anthropomorphic dummy
test dummy
KS4JLa—4/EDR drive recorder/event data recorder | ELE rollover
(C1) HAEE body structure oYl sensor technology
—NMAYRLARRLA R seat/head restraint SRETT T/ S E BERF 1 linjury tolerance of older
people/characteristics of older
drivers
EMERE CEFHRE protection of older people/child | =& ER {1/ AN ZEERL injured area/impacting area
protection
CRS (*) child restraint system EIEE (AIS) abbreviated injury scale
TIFEERE expectant mother protection BEEEEIE)/T 77\ v 4| [vehicle dynamics control/airbag
bodl| control
HITER/IRE pedestrian detection/protection BRI lane-keeping control
BEJL—% automatic brake FESF— 3> navigation system
WERPFIL—F/ZHR damage mitigation brake/warning |ELEERE] - BRE @S vehicle-to-vehicle and
infrastructure-to-vehicle
communication
MEet BEE intelligent vehicle BELRIE/RSA/\XIE driving support/driver support
ACC (*) adaptive cruise control ISS (*) injury severity score
BERIRE road environment IH/aTF—A/2H907—4 macro data/micro data
RERNAS intersection camera JRODh—D risk curve
BEEF—AR—X injury database mEM% risk
RREEVATLA critical safety system FILRV delta-v/change in velocity
S—RkRJLRYRAHS seat belt reminder [B]58% 1T evasive action
EHUEHRS X T L (ACN) automatic crash S BR/FTE test/evaluation
notification/automatic collision
notification
KHB—A/RHH—P— doctor helicopter/doctor car F=EM third-party evaluation
& licensing system EIR regulation
EEHE injury criteria CAE (¥) computer aided engineering
A INDA3 impactor
ANJLAYE helmet
_____ OINEE =k E elderly person [people] SwEG  |elderly person [people] support
human engineering AKEE human body injury EERMIE/A TR experiment ethic/engineering ethic

stress/subjective
view/performance evaluation

driver sensing /driver monitoring

driver model/rider model
driver condition monitoring

driver characteristics/driver
behavior/driver fatigue/driver
attention

driving characteristics




B R

ATULRER
iR S
BEEM MM REE

sheet/high-strength steel
sheet/surface treated steel sheet

stainless steel
special steel
cast iron

sintering material/powder alloy
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B IalL—23y
(EREME/O/NA RS

B &

IMEEIE cardiotachometry KSAEVHL2aL—4 driving simulator
YROFHE risk compensation RS/ AR R AR VE /B 4/ [field of
F & ME/RE T vision/visibility/operability/control
lability/ ease of egress and
ingress/comfort
BE/AME overconfidence/disaffection Ea/he/fhe sense of hearing/sense of
force/haptic sense
Ea—< A3 —X human interface SRAN/3 Wy recognition/judgment
(C2) HEpLVEY/REE car sickness/aroma/awakening 1R E operation
5 /ail fatigue/workload EERREL driving posture
TA4ANS O3y distraction BAE individuals difference/variation
J—o0—kK workload Ewail/ 5gAhaia mental workload/physical
)R85 risk recognition X - R/ -BRHR cerebral nerve
system/musculoskeletal system
Ea—~vw>I5— human error HEREHA/ AR HZE bioinstrumentation/biomechanics
Bt /fRE /R B % sensitivity/vision/visibility BELYIE driving support/driver support
HMI (*) human machine interface =R alarm/warning
BHRORT L warning system S 3B EHA physiological measurement
IEHRIBH I AT L information systems B 1R R/ iR/ 5 b automatic nervous system/central
nervous system/endocrine
ERETE intent determination HER/HE R visual system/olfactory system
IEERRE N driving ability Z HE - By RE A /R - &N & 4F |morphological and dynamic
Ea characteristics/perceptual and
. . . sensory characteristics
KS>A4JLa—4 drive recorder BEE/MEERE operation amount/
operational performance
BRI/ A FE 21— questionnaire/interview TEIEER behavior observation
EBELITE driving act/driver behavior S RAES mental and physical fatigue
dA—HEY T+ usability HMI (*) human machine interface
BEIRE thermal environment
FSAE TRy driving position
AUBILETIL mental model
EEEC facial expression
O#- Tk BA/IOOU/MEHERR/ER G |body/vehicle body/engine/intake  JCFD (*) computational fluid dynamics
heat*fluid =B and exhaust system/part element
THMEE/ZENES aerodynamic BRI ER BR wind tunnel test
performance/aerodynamic noise
SOT—R/AALILY—S radiator/oil cooler FILTYXL/'TYH algorithm/modeling
(D1) AV ATL/ZAS AT L Joil cooling system/air cooling HENRE interior environment
system
I7avT43aF air conditioner IOV SH] engine cooling
piog LS refrigerant 22 2R g a4 air conditioning/comfort
TERE/E air quality/odor 28 EE 4 48 /3 1 1| 4 temperature control/environmental
control
BnE heat damage
OEE-TRIILFX—FR VA9 recycling Iﬁ%fﬁti*ﬁﬂf@_ T En;irznge;tzmﬁ(;saogs_ -
production
environment-energy " ) 1—X reuse IRiIEEmE A ERSH/) YA  |environment-oriented production
resources 7IVERE design/recycle design
L7 ARZIILTT—R rare metal/rare earth ATFUR maintenance
1SO14000 ISO14000 HHE standard
KISt/ H sunlight/wind power EEEERE/BESH international environmental
policy/policy analysis
LCA (%) life cycle assessment MEYHAIIL material recycling
KRR/ ERIE/ L 1E IR IE [air quality/water quality/soil AT AL EE life cycle management
(D2) environment
BEHAR emissions/emission gas ERE/EE design/production
PRE /B R fuel economy/thermal efficiency | & it FA LT long service life technology
HIRILEX— new energy R/ BUR A S regulation/policy/marking
BYEA[RET R JLXF—/1) — 21— |recyclable energy/renewable BEEE health effects
TTILIRILF— energy
%*’:I—/ 1‘&*5%*—'— fuel/alternative fuel EEF 1ﬁ:E— I: evaluation mode
BEEXRRBFLEYE hazardous air pollutant E R EAEZRAFD global standard harmony
BEE{EA R heat-trapping gas/greenhouse gas |5 y& /(& FH/BE R M manufacturing/use/disposal stage
VOC (*) volatile organic compound IRILF—HE energy manufacturing
SUIRZEl climate change
O+ kA ¥ iron and steel materials SR E&/Z T test/evaluation
materials B iR/ =55 A MR/ EAL |low carbon steel sheet/mild steel |ET 15 modeling

load simulation

reliability/robust design

rust prevention




(D3)

(D4)

JESEAH
FIVEZOLEER/IRTHAID
LE®/FHVESR

BEMH

=0T

ISARMT
RYT—EEHM
SMC (¥)

TSRAFYI)HAH)5
A2 ARINRIL
INDINERKR/SVEE

RE/L—k

EEH

I oraviR—xrok
—IVIA Rk

BHSR
BERtE>z/R/ILYh0OE
IIVR

ZRE MM/ E—2RME

non-ferrous material

aluminum alloy/magnesium
alloy/titanium alloy

composite material

polymer material

elastomer
polymer composite material

surface mount chip or sheet
molding compound
plastic recycling

instrument panel

bumper/body/vehicle
body/exterior
interior/seat

adhesive
paint
engine component

seal/gasket

window glass

structural
ceramics/electroceramics

secondary battery material

(rechargeable battery
material)/material for motor

#E1t
oo FEE /A 14 /T BE

R
ME/EE

o
HANIE/HEEAN
RENIE/HOE

S /4R
BEAEEBE
TL AT

JOotx

ra iR

MIENISAoIL%
EES/SRME

Tt S/t SE8 /Tt R A/ K/t e

TRH
iR I RE
F/T/A0—

ERE L magnetic steel sheet BRIk /BR AL/ S0 /Mt B i
5= electrolyte S
KAHA permanent magnet 21)53y
fimbE catalyst
J1)— grease
DEE-8E ES 20 formed and fabricated materials  |{CE/E R/ HA <)L
production=manufacture |EFZINT forming process #MH/aARE
T additional machining TLR/MEIE (TSRAF YY)
F—LT—DKE teamwork design MmN/ ST RILE—ZE
mT
EEAE quantity production prototyping |{ES/AEE/ ALY
S /8BS /A AL R I R casting/forging/assembly/painting/ | CAT/ZHE/ G & (*)
rig/trim
HEEE/AEEE/ A EEE prgoduction plan/manufacturing  |#&2Z&/38|5E
/B TR plan/production
management/manufacturing
control
B B /6 R E 1/ H FEE |quality control/supply st/ E
I control/schedule control/schedule
management
&R die/mold EVa—L
EALIE/RENIE heat treatment/surface treatment |F—% )L Xk
RAE/RSF/IATTUR equipment/maintenance/maintenan
ce
SEREE procurement/purchase
—BE4E continuous production
PLM/BOM/PDM/MES (*)  [product lifecycle management/bill

of materials/product data
management/manufacturing
execution system

weight reduction/mass reduction

strength/stiffness/rigidity/wear
resistance

fatigue

anticorrosion/stray current
corrosion/electrolytic corrosion
addition

heat treatment/quenching

surface treatment/plating

casting/forging
joining/coupling/welding
press technology/stamping

technology
process

smelting
workability/recyclability
impact resistance/transparence

heat resistance/oil resistance/ fuel
resistance/water resistance/light
resistance/light fastness

smoothness

insulation performance

nanotechnology

fracture/oxidation/deterioration/de
gradation/heat resistance
magnetic characteristics

friction

planning/design/simulation
material/cost

press/resin (plastics)
machining/high energy density
machining
joining/welding/weld overlay

computer-aided testing
/evaluation/quality
inspection/measurement

design/prototyping

module

total cost

BILIFO—OARUEIE

electronics and control

IUDUEI/MS Y RZ YT
I/ oL — i 1
B2 HIE/ P L 5 5/
Ee T2 HI1E

A HIE/EARRFE 1D
AN FIE/EV -HEVHIHH (*)

BFT/INARINT—T IR
HE T/ /EBEEHLSI (Y

ECU/PCU (¥)
SYEL—F/L—HFL—4 /U

WB (%)
FEENAS/FNNAS

RRTINARARET INA R/
ZElm-BMERETNMX
HEANZEVATLA
LEDS Ak (*)

engine control/transmission
control/chassis control

passive safety control/active safety
control/intelligent safety control

integration control/vehicle body
control/by-wire control/electric
vehicle and hybrid electric vehicle
control

electronic device/power device

microprocessor/large scale
integrated circuit
electronic control unit/
millimeter wave radar/laser
radar/ultra wide band radar

semiconductor camera/infrared
camera

device/operation device/warning
and information device

parking assist system

light emitting diode light
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©

SABR/FH R/ 2

{EREM/o2aL—ay

HES R T LT

TRk - B
N—FITT7-IIIITIR
#1t

TAMERERE

test/measurement/diagnosis

reliability/simulation

control system/software

data transfer and storage

hardware and software
standardization
information management

electronic properties

electric circuit/electronic circuit

vehicle sensor/actuator

image processing




T4HAINEY I rEhILEY

physical sensor/chemical sensor

A2B—RTANMNMATAN

on-road test/duration

H EEELANJLT AR test/durability test/parts level test
MEMS (*) micro electro mechanical systems |#r5t;:81;% new measuring technique
RSA /7 VKBERRENHFI{EIS RT- |driver state detection control FNRE1E intelligent
L/x ) T4%|ES X T L |system/security control system
#1122 L—332/HILS (*) |control simulation/hardware in the |2 AT L T system engineering
loop simulation
(E1) Iah—ILHkO=HR environmentally friendly car MRS functional safety
electronics
HMIZF 7</HMIE E/HMI|E#R |human machine interface B electrical equipment
REES AT L (%) display/human machine interface
operation/human machine
interface information provision
system
FlErES —ay control navigation IN—2 /71 J1) /R [package/assembly/packaging
1T technology
E{RBHE R T L/EFEERHE  |image recognition system/speech
Y. N recognition system
BT IFLIT—A electrical actuator
EMC (EMI/EMS) (¥) electromagnetic compatibility
(electromagnetic
interference/electromagnetic
susceptibility)
BHHZEHEVATLA on-board multiplex
communication system
KT K Z light
EDR (*) event data recorder
OBD (%) on-board diagnostics
A —/\—% R/E 1% J A |wiring harness/wire
VIN—HRR harness/electrical system wire
harness
YINDITTSyhik—L software platform
ORTFvHIR robotics
SNE9HIES R T L/ B1EFEST |control system/autonomous land
VSN system/autonomous driving
BHUATL electrical system
_____ mf&‘(ﬁﬁﬂﬁ] CAN (¥) controller area network E_ETEEETJE_‘E_ =TT T 7 7 T [nter-vehicle
information, communication, communication/vehicle-to-vehicle
and control communication
AUTOSAR AUTOSAR TEH AT L information system
TIL—kH—R Bluetooth F—T4A4 audio
V2G (%) vehicle to grid FTEF— 3> navigation system
PLC (*) power line communication RIEERE environment recognition
LS AN wireless local area network BIEVAT L communication system
KS4JLa—4 drive recorder FRARVNIT—/EE vk |interior network/vehicle network
27—
HlEFE4AS—32/a3a= |vehicle navigation IT/ITS (*) information technology/intelligent
r—9 0 AT A system/communication system transport system
FlexRay FlexRay AT 4T IEH media information
HHEEEE high-speed communication TarRSA4J eco-drive/environmentally friendly
(E2) driving
UWBE{E ultra wide band communication | 7= SR speech recognition
A3y EE Internet communication JLEE optical communication
AX—krJ1)yk smart grid WEBa>TYY web contents
D59 AT L cloud system DEVLERS X T L distributed processing system
JE—REATY remote diagnostics < JLFAaF7CPU multi-core CPU
LIN (*) local interconnect network ARL—L3aV AT A operating system
A3 FE R BIEHRHR traffic information
HDZY7F (%) HD Radio
PND (%) portable navigation
device/personal navigation device
FYRT—ORL—HE T+ |network traceability
WiMax Worldwide Interoperability for
Microwave Access
BF I A LET digital watermark technology
tXa7@EETOrL secure communication protocol
@*iz’bs'e/xi'-b AIR Eiﬁ energy-saving driving b Jﬁ_if'iiﬁ traffic environment
social system BRHEVATLA electricity-based society systems |3Z18 L5 traffic engineering
(F1) RER traffic stream
REHE safety education
R road
T T T Eﬁ Z 2 R—KEtHE| onboard measurement T S Ex?e;m_enTwEll_al model

common infrastructure

AT Rk
TAMEREE
AL ILTRE

CAD/CAM/CAE (*)

durability test
information management

parts level test
computer-aided design/computer

aided manufacturing/computer
aided engineering
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O2alb—Iav/ETIVY
&t
RF/EHEREE

HY—EX

simulation/modeling
design

maintenance/maintenance/protecti
on
service




(F2)

RS
IRABHELT

11

PWEE

REE
=29
T—HEnk - B
A& /AR
SRFR/EREE

mE R
BURIRE

&nBA

BT ESRE AKX
BEERME

DEDODEEY) T+

other means of mobility

fnzEtg

TEAZHUR

p29E ey

fZEF

7S]

N—YFILEE) T4

airplane
avionics
marine/shipping
aerospace

rail

personal mobility

rapid prototyping
virtual planning

repair

diagnostic device
warranty

monitoring

data transfer and storage
standard/regulation
regulation/certification
quality assurance

policy proposal
intellectual property
engineering education/training

history of automotive technology
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