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A Visualization Study on the Effects of Ignition Systems on the
Flame Propagation in a Constant Volume Combustion Chamber
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Abstract

A visualization study using the schlieren method is adopted in an optically-accessible, cylindrical constant
volume combustion chamber to identify the mechanism of ignition energy and ignition system interaction in

spark ignited, lean gasoline-air mixture.

In order to research the effects of ignition system on flame

propagation, two kinds of ignition system are designed, and several kinds of spark plugs are tested and

evaluated.

To control the discharge energy, the dwell time is varied.

The initial flame development is

quantified in terms of 2-D images which provides information about the projected flame area and development

velocity as a function of ignition system and discharge energy.

The results show that high ignition energy

and extended spark plug gap can shorten the combustion duration in lean mixtures. The material, diameter
and configuration of electrodes influence the flame development by changing the transfer efficiency from

electrical energy to chemical energy and discharge energy.

However, these factors do not affect on flame

development as much as ignition energy or extended gap does.
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Table 1 Experimental variables and conditions

1.5, 2.5, 3.5 (msec)

Dwell time

Ignition system DIS, HEI

Electrode gap 0.8, 1.2, 2.0 (mm)

T ten, Nickel,
Electrode material ungsten, Nicke
Copper

1.2, 2.0, 2.8 (mm)

Electrode diameter

Electrode shape sharp, flat

Aslzedo] & o HIEy 1y LEIE T2

ot Wit A4 HEwi: FuEY O F
w8 wra,
g, skEea 479 walel o% HA

A=A walE Anes) sla 2 b ERe

e Eag A &, AgEFH AF
o 2+, AR, AF nyn H4s WHIAH
w FHAZE (dwell time)& WIAIA HAH=

ouize] #e xA-EHAT. Table 1S A %HE of
A HerEene FRe FHAN R ¥dY S
o) 4dx0¢& vehd Aoln

shtel ZAAM AP o 33 o] Fo How
olge HEHS 7 AddMY Ao e
ok BEE AdA G3u(@)y 082 1A
stk FEAIFLS 35msec, H3E1 WFe
7HEe 12mm, A=Y MEE ®HAY,
20mm 22la Aol Heje wWEG AFE AL
&3 A¥L v|FoR IFHon 74 AFAA o
AT5S WA 7Y ddgYrt. A4 2PN
o] 8l el Table 2~69) Yehiglen &4
B AL v HFge Appendixol vERY
At

g AF 9w A T2H (Tektronix A6303,
Tektronix P6e015) 283 LA 2~253 (LeCroy
9354A)% o] &3ted WHAYRAE FAAT

e

3.1 BXAIZte| ¢ispr} P Tof o|x|ls HE
A

Table 2% Z#H A7+l 15msecl A 3.5msec®



7PN g g ol 83 FHALTIANA Mg Aol wAlE Yol B A7 1655

Table 2 Effects of dwell times on initial flame propagation

Dwell 3msec Smsec

10msec 15msec 20msec

1.5

msec

DIS

35

msec

1.5

msec

HEI

35

msec
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Table 3 Effects of spark plug gaps on initial flame propagation

Gap 3msec Smsec

10msec 15msec 20msec

DIS

0.8
mm

HEI
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Table 4 Effects of electrode materials on initial flame propagation

Mat. Jmsec bSmsec

10msec 15msec 20msec

Cu

DIS Ni

Cu

HEI Ni
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Table 5 The effect of electrode diameters on initial flame propagation

Dia. 3msec Smsec 10msec 15msec 20msec
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Table 6 The effect of electrode shapes on initial flame propagation

Shape 3msec Smsec 10msec 15msec 20msec
Flat
DIS
Sharp
Flat
HEI
Sharp
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Fig. Al Effects of dwell times on the flame

development velocity
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Fig. A3 Effects of electrode materials on the

flame development velocity
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Fig. A4 Effects of electrode diameters on the
flame development velocity
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