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“On the Flame Propagation in a Spark-Ignited Gasoline Engine”

F won-FEw o
C. W. Lee, H. I. Lee

Abstract

The purpose of this study is to investigate the flame propagation phenomenon in the
combustion chamber of spark-ignition gasoline engine for the idling condition. By means of
four ion probes located through the cylinder head, the time intervals for the flame to arrive
at the respective probes are read on the visicorder chart.

As results, the flame is considered to initiate after some ignition delay and to propagate
through the central space of combustion chamber with rather constant speed on the order
of 25mfsec, and thereafter to be slowed down approaching the wall. Additionally, the
retardation of flame in the wall boundary layer could be inferred. The maximum pressure

“is developed when the flame nearly touches the wall diagonal to the spark plug. And some

features of flame propagation are elucidated.
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Table 1. Engine specification

Item Specification
Maker & Model Hyundai, 4G332
Type 4 eyl-in-ohe
4 cycle

Water Cooled
Combustion Chamber Type| Hemi-Spherical

Piston Displacement, cc 1439

Bore x Stroke, mm 73 % 86
Compression Ratio 9.0

Max. Qutput, hp/rpm 92/6300
Max. Torque, kg-m/rpm | 12. 5/4000

Carburetor Two Barrel

Valve Timing

In. open. 18° btde
In. close 50° abdc
Ex. open 48° bbdc
Ex. close 20° atde

o

Exhaust valve

spark plug

Ion probe

]
l’l ﬁ

Fig. 1. Location of lon probes and curvature of
intake and exhaust mainfolds (Looked
from below)
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Fig. 2. Schematic of experiment.
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Fig. 3. Circuit for lon gap method.
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Table 2. Specification of measuring instruments

[tem Maker, Model Specification Usage
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Cont rol 1;5"’}’\‘"" Amplifier cﬁr _
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Piezoelectric PCB Used with
) .| Spark-plug Pressure
Pressure Piezotronics Adaptor Measurement
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Fig. 4. lon probe signals and spark discharge
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Table 3. Flame Arrival Times at lon probes

Spark Engine Air Ignition Flame Arrival Time (MSEC)
Advance Speed Fuel Duration Probe 1 Probe 2 Probe 3 Probe 4
(° btde) (rpm) Ratio (msec) 13. 6mm 25.7 mm 47.2 mm 51. 1 mm
2063 13.7 1.35 4.78 5.85 6.00 6.76
2062 13.7 1.42 4.81 5.39 5.94 6.20
o 1988 13.7 1.56 4.43 5.82 6.39 6.95
2663 14.2 1.23 3.60 4.50 4.85 5.02
2721 14.2 1.33 3.84 4.35 4.64 1.93
2088 14.2 1.44 4.94 5.39 6.90 7.00
2150 14.2 1.40 4.67 6.64 6.28 6.33
4° 2141 14.2 1.35 4.17 5.15 5.84 5.64
3122 14.0 1.23 3.30 3.95 4.00 4.50
3084 14.0 1.22 4.07 4.15 4.79 4.93
2198 14.2 1.42 5.04 6.49 5.70 6.45
2142 14.2 1.45 3.88 5.12 4.76 5.16
g° 2184 14.2 1.44 4.92. 5.71 5.82 5.73
2955 14.1 1.35 _ 3.27 3.93 4.74 4.67
2947 14.1 1.33 3.69 4.30 4.68 5.15
2987 14.1 1.38 3.31 4.10 4.92 4.91
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(b)
4°btde*
2150 rpm

(c)
4" btde*
2141 rpm

*Initial Setting of Spark Advance at 700rpm,
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(d)
8’ btdec*
2142 rpm

Actual Spark Advance is Determined by Advance Mechanism.

Fig. 6. Flame map

ek o[ ZL Sorenson®ol 2% MEEK =2
AT B 5 glRol, o] AFele 75
o] A4 FpRife 4 T H£x2 AYsielisl,
spark plug 248 o E Hdo thepE g4 o
Al Rt A4S gESL Yok 2 #5(a)
8] 7ol 1 ~4 49 probe 7+ Zedo] Aulsl=
dlell AelE A7+ A 1 -~ 2msec o], o]
glde] Aagr Al TH6(a) 2l KIBME (flame
map) & ¥ 30—40mmE R Xog 44 F
odHo 42| ARG EEE 15~40m/sec 2
Al4k= e}, Arrigoni 59 ol 2]8r A&l A& o)
zho] 21~33m/sec 2 2} gl A2 da|sxn
ek

29 5.(b) 2 2150rpm o]+ 2141rpm &] 7o
£ spark plug 245 Hifhe = 717-& jon pro-

be ol WE=4) Rix k4EES] =@k 2R o

ol Mgt &L 25 (¢ Y ALANE#F
e, ool EES= KMEEE 26 ¥ 2
A6 (b)-(c)-(d) 2t Zeh A7l A, o] Ao

= KigmEe] et mE e 47} ofRels A

£ o 7 ook olHA KIGFEHEE ion probe 2|
spark plug 2% 62| EHFEME| w42l ga] o]
Feolzx 4, Ao A4zl 296 (a) 2t
£ BB KK} oF7k o2 Al HAdE
7t delAe Afe, 195 (b)-(c)ol]l A HK9
2000 rpm $-2 9] AR EEEER =
el w4l 2Eld 2Y6 ()9} 2L FHo Fdd
E+ 3000rpm $-Z2] Aol e BEALH A o

ol glel ol BiRl WA HEEYS) G

Z7}itel| w2l 4 @&LHFA 7] (turbulence intensity)
7} %7}5P—T’—(DF%;§(DP)%§_). olell ohul HRES
7b vimA H—FA AWEHD KREESE HJn X



76/ M=

fao) Bt ¥EEEAl qbek

(c}) BEBSEmE% ] R

HBEEAER S (rpm) of] whelA Bl A ST 7} o
A @3kErtE 2y 8 rpm & E3ATIA
A KIBBERFEE 533150 3 4 probe7t A
2] o Ashs A BEARY] A3rs =z
FehT Hed=x 22 3 probe 7h2 9] F3Had
Aot 55 Fite] Y7o Helx gleh o|A
< AgAAE 0°2 g Afold, £=2€3
W probe 7k X1 2] A 2] 47, 2mm S B E LA
2 vre] A4t ®, 1§99 data point = #
cycle of] ol &k grelel. Afal Absld} scatter
& Yol ¢ o1} least square fitting 2 1=,

V, =0.00453 % rpm +0.568 (m/sec)

£ derh A7 A4 V=(47.2mm) /(34 probe
7h212] B4z elel. o] A2 T AAde
F EA|E ] gleh

o] A& R, rpmF 7ol wel4d sgdAs)
SErF SgHE AE 5 2ok Lancaster
500l 9% AYol 4= Falsl uhsk o), rpm
Z7tel] =l @4l 7] (turbulence intensity ) 7}

2ohsm ol WEAES Felol webq 3

for ion probe #3

15 o

104

mean flame propagation spped (m/sec)

rpm
Fig. 7. Effect of engine speed on flame
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