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S.l. Engine Combustion Flame Propagation Measurement and Knocking Analysis
by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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Abstract

As a form of anti-knocking measure, observation of flame propagation in a combustion
chamber was tried. As the technique, an ion-current probe method with our own improved
was adopted. Probes were embedded in intake and exhaust valves, which has been considered
difficult until now because these are moving parts. Also the total number of probes per one
combustion chamber was greatly increased to 92. As a result, it was possible to measure
flame propagation with greater precision than conventional measurement techniques. Also, by
combining this data with data from two combustion pressure sensors, a method was devised to
identify the positions of knock onset, and several knocking behaviors were observed as a result.
With these tools, several factors considered to affect knocking were investigated, including
supercharging, octane number, air-fuel ratio and engine coolant temperature. In addition the

analyses by CFD for the results were also performed.
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#1 Single Cylinder Specifications

Displacement 0.58L

Compression Ratio 12.5

DI Fuel Injector Vertical 2 slits or Horizontal 1 slit

Fuel Pressure 12 MPa

Valve Train DOHC 4 valve

Tumble Ratio 0.65

Vertical 2 slits Horizontal 1 slit
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ﬁ m e i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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X3 Procedure to Determine the Point of Knock Onset
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ﬁ m %a i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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#2 Engine Running Condition 1

Engine Speed 2000 rpm
Dl Injector Vertical 2 slits
NA WOT
Load
Supercharged +40kPa
End of Injection Timing 240
(deg.BTDC)
Gasoline Octane NA 90/100 RON
Number Supercharged 100 RON
NA 100 RON 20
Ignition Timing
(IGT) (deg.BTDC) NA 90 RON 13
Supercharged 12
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B4 Comparison of 100 cycle average of flame propagations on the same knocking level
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ﬁ m %a i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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B5 Comparison of flame propagations after the same intervals from ignitions
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E6 Two examples of knocking cycles by NA 100 RON (IGT=21 deg. BTDC)
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ﬁ m %a i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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K7 Two examples of knocking cycles NA 90 RON (IGT=13 deg. BTDC)
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B8 Two examples of knocking cycles by supercharged (IGT=12 deg. BTDC)
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ﬁ m %ﬁ. i S.l. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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#3 Engine Running Condition 2

Engine Speed 2000 rpm

DI Injector Horizontal 1 slit

Load WOT

End of Injection Timing 180 deg BTDC

Air Fuel Ratio 105 125 145

Engine Coolant Temperature 80°C 90°C 100°C

Ignition Timing Advance to Medium Knocking Level

B9 LI UK Z A — (17degBTDC) & L7 D A/FiED 1009 A 7))V K RACHE LR 72
R PRI TDCORKNIE (HEDTANIEHTHEA/FA14.50510.58 Vv FITRBIEFE KR
LR ENTED DB, DR EBT 572012, B9 BT 527 f10degfH I Hab LTz
EDZHRHETRLTH D, CDTLZCFDIC TR LT RADBI10TH 5. TO X, HAl L IERTHT
20degBTDCICH W T, A/FIBIS, B SWHEmORT > Z—FEWimE, ) > X —~\y R FHEKF
Wi DELARIE DA Z R LT D TH S, CORNTE B L A/FH) Yy FIT % BI1FE SLAGREE AR FE
WAL IESTVBTED DD B, T DB A/FH14.50510.5\) Y FIZixBIEE K RIEENEHNT
T E %,

IOICHRERERE LTI T L 1E K RTBIRD ST i R E AR > T0B T e TH S, T
DTl B10DCFDIC X BELAVGRE 7041 A Wby N T pa 7% /5 IS s i i L 75> T B T & Tt
HHTZ%,

JUCE9 REIC, A/FIIC /w2 T L) EbB Tz sk RHH T O LG 2R3 Rz ok,
A/F=10.5IZBWV TIPS T MITIFE R K RAGTEIT IR > TOBD, ZNKDY—VIRA/F T, %
NS T R LI DL RS> TV 5 A/F2Z L SR TR O CFDAS R Z B NTR 9, CORKIE. A L
JERAT20degBTDCICH W T A/FIC, BB mORT 2o 2 —FEE Wi, U X — Y F |
KW DA /Fo A7z R ULTe 8 D TH %, THUCKBEA/F=10.5D BT Z 7 i, BB K
TR A EZ ZAONDA/F=18FX TOIRGXMIAI ML TOBDICH L, ZTDMMDA/FTIE A/
F=18F TOEAR DA THL > TV B, TDTETA/F=12.5L14.513A/F=10.51C KL TH
SMANDKRACTEDHINGEL IR0 728 B 25N, Ll DKRIZTEDE DA TE S,

YAMAHA MOTOR TECHNICAL REVIEW
7




— ]

i i 3L

RSV REEEGA1 70T I LBRRBHRH VY Y I IU/CHIIBA KGR AL/ v+ T £ 8RR

S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces

Same Ignition Timing(IGT=17(BTDC

(7

IGT=19(BTDC) IGT=17(BTDC) IGT=20(BTDC)

Same Medium Knocking Level
Exhaust Intak O RO N (O, T O J PO L
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Crank Angle (700

B9 Comparison of 100 Cycles Average of Flame Propagation by Air Fuel Ratio
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B11 Air Fuel Ratio Distribution by CFD
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ﬁ m %a i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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B13 Flame Propagation Comparison of Firing and CFD
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S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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K14 Five Knocking Cycles Comparison of Flame Propagation by Air Fuel ratio
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E15 Comparison of 100 Cycles Average of Flame
Propagation by Engine Coolant Temperature

B1512 /v F 2 THLN)UVCEDR T RKIIATO, T2V U mAVKH KR OENC S 51008 A
DIV RRACIRE R R /v 7 F 2 TR L)L RUKIREIE KR 10°C B BITD N, 1degi#f
LTV, B54HE, FETORBIERZD, KB ORE T T2 77T, 5 CAR B TR LIZ T — X
ZHEREZLIELDTH S, 3DD/KIRTIFIETERICH L > TED K REREREANDKIROG I,
OWEFPATIZIZEALRNE V2D, B16ICE12L [ OFREARKIA TR R 2R g AFy ¥ ol
I IKIROENIIS U b2 L TED T Y /AR EUKIRIC K > THEFICT U A=Y F

YAMAHA MOTOR TECHNICAL REVIEW
11




v RSNV REEIGAAYT0-T I EBRNBHEAY U IV IVICBIIB KRB AL/ v TE TR

S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces

A HEEN TV ERN DB, ECOMD S 18} SR S
BE PBEEIC KX RN RV EDN DB, 2

UL ULEDS AR D RSN TH B IKKIRILD i
o F I R BB E (NMEP) [ R —— E;‘
LiEeENT W EKIRIEERELE>TLES 1260
Foo CNBHBIT Y VY B MR R THEI0mE £ 2 /
PERERS B IR K& RO SRS B 2 o
M EKIRINBE LTz H 2 %, o @
FEN7ICE14EHERIC, /Yy F o758 BAL /_// Emo E
591 2 LR KIS IR LIcb D2 755 AR 8
BRI, /% T RERIIOKROR SRR £ f}
Hg L, i, —
g 19
18 g
17 5
‘\« 16 5

15

r T 1
80 90 100
Water Outlet Temp.(°C)

E16 Comparison of Combustion Analysis Results by
Engine Coolant Temperature
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E17 Five Knocking Cycles Comparison of Flame Propagation by Engine Coolant Temperature
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ﬁ m %ﬁ. i S.I. Engine Combustion Flame Propagation Measurement and Knocking Analysis by lon Current Probes Including Moving Intake and Exhaust Valve Faces
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