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Simultaneous Visualization of Initial Flame and Discharge Channel during Spark Ignition Process
Osamu Matsumoto Tatsuya Kuboyama Yasuo Moriyoshi

Schlieren photography is well known as a visualization method of flame propagation. However, in case of spark ignition, the shape or size of
initial flame kernel cannot be distinguished due to density variation caused by the plasma or preheating zone. In this paper, the authors attempted
to visualize both the discharge channel and the initial flame kernel formation using both a normal high-speed camera and an infrared high-speed
camera. In a constant volume combustion chamber, simultaneous visualizations using a CO band filtered infrared and a normal high-speed
camera were conducted. A normal high-speed camera was used for schlieren photography and direct imaging of spark channel. As a result, the
possibility to distinguish the initial flame kernel from the spark plasma was suggested by using an infrared high-speed camera.
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Fig.1 Schlieren image after spark process completed on no fuel flow
field
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Fig.2 Constant volume combustion chamber
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Fig.3 Infrared high-speed camera (FLIR X6900sc)
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Fig.4 IR absorbance spectrum
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Fig.5 Schematics of imaging method
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Table 1 Experimental conditions

With fuel Without fuel
Mixture composition
Fuel CsHs
Equivalence ratio 1.0 N2+ Oz[21%]
Nz dilution ratio 20%
Initial pressure 400 kPa
Initial temperature 25 deg.C
Flow velocity 0mis




(a) without fuel condition

(b) with fuel condition

Fig.6 Direct and CO radiation images on static fields with/without fuel conditions (upper: direct images / lower: CO radiation images)

770 NEEEFEMEL Lz 10bit 02 TR LIZEIRTH 5.
K 0 RBHEAE T CIE ARG S AT A% S W BE i L
TWDDIT L, RERFE L WGE, BESX v~ 7RI
BERE 1T & A EFRERTE RV, L LGB & 0 M) 0
BENDT20, BRI S OBWMENZ L 5N RSN 5.
HEEX ¥ v TR A7 L—7 X %% Ims T
DOHEZ 7T IR, RKRFUIANY 7 7F 0 R0 &b
KO MIEZAT S TGRS TR, £/ x ST B0 A
BELTWD. KFIZHWCOREE 1024 F TOREGLE 72> T
WA, REIEIE UKREDI R STV B84, 14bit &
YR AR Z BRI LT A, ) L TIRBISETE LW A,
S IINCEY DR N (e ol WiRYAS i A2 ARV S s NI NV AWV AR S
BIRTEET D356 O SBE I AT ER T X DR
ThD. LEXOEHEERND AT ERNDZ LT, HER
E WK I % Ay BlEIES C % D ATBEIEDVRIB S LD

1024 ¢
896 |
768 L
640 [
512 |
384 [
256 [

—with fuel

——without fuel

Corrected brightness[-]

-4 -3 -2 -1 0 1 2 3 4
Horizontal position [mm]

Fig.7 IR brightness at horizontal cross-section of center of both
electrodes, 1ms after breakdown
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Fig.8 Composite images of schlieren and CO radiation on flow field
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Fig.9 CO radiation and direct images on flow field (upper: CO radiation images / lower: composit images of CO radiation and direct)
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