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A Study of Laser-induced Breakdown Ignition in Fuel Spray (1% Report: The Effect of
Number Density of Droplet on Characteristics of Plasma Generation)
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Abstract : In order to ignite fuel spray directly by a laser beam, it is necessary to investigate the characteristics of laser-
induced breakdown ignition and generation of plasma as ignition sources in fuel spray. This study conducted experiments
of laser-induced breakdown ignition in an ethanol spray and laser-induced breakdown in water mists by using the third
harmonic of the Q-switched Nd:YAG laser. Photographs of the flame and the plasma were taken and laser beam energy for
laser-induced breakdown was measured. The results of laser-induced breakdown ignition experiments show that the laser-
induced breakdown ignition in a fuel spray was possible even at low incident energies that the laser-induced breakdown
did not occur in air. The results of laser-induced breakdown experiments show that plasma was generated at the focal point
in air, on the other hand, plasma was generated at multi-points in water mist. And the laser-induced breakdown occurred at
much lower incident energy than that in air. The probability of breakdown occurrence increased with the incident energy and

showed higher value at higher number density of water droplet.
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Fig.1 Schematic of experimental apparatus.
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Fig.2 Schematic of experimental apparatus for laser-induced
breakdown ignition in ethanol spray.

W28 % 5 Limin THEAGEFFICHEHG L TiT > 7. BRI
B2 7Vv4 75y vk, BEEEORD D ICKEE
Z T o 7o, BB R ASTARE TS 20 8 i I A 8 (bR
A&t 7EY 7 A4 v ¥ —F 3 a )L, AHD-010) % H\»
T HL e 2 WSO B FE D KRS 2 A L, IR 16 mm O
M8 208 L CHEEDFE T X D Tl 20 mm & & O
FOHRRL RS LX) MiE LS I L7z, &k, HED
WIHIEREIE 16 mm ThH > 7z, 5T 2 /KEFEOWFREE X
OB E X, M R v 775 —Ki~5r#at (PDPA: Phase
Doppler Particle Analyzer, TSI, 2D-PDPA) % H\ > TRIHI L 7z,
nE, MED» S I N2 KEFREITE LT, WM AN
IIEIEY IS LT 5 2 & 28 PDPA GHHINC X D fEE S
NTws, ERHBLIOEERICEBTL7LA4 787 I
Ih&ERENLT 7 X<, "4 AE—FA X F (Phantom
Vr.9.0, Vision Research Inc.) Z T 10 fps TR L 72, &
B, WEEBRPWEE D Mie BELDOEEZZ TR WX )1,
A A ZIIEEIVEA v 7 4 V& — (Kenko, L41 Super Pro
Wide) % %t L 7z.

3. ERBERBIVEE

3.1, BIEFENER

X 3 ICRBEIEZER B 2 L= =il 7L A 7 v
BHAREOWE, 77 Av8 X NKEORRINm G %Z R
BRKDZDD L —F — 1 ZWGER LMD S AHINTEY, %
DANFZZLE—1F5ml £ L7, (@)r=0msiZBWT,
BHICEEO 77 X BERSINTED, KT E DA
HPFHIZ O L TR S, 32 filicsn»Tik
WY 208, LfEHTO 7S XA RITIE 18 mI FEEE D A
IFNF =D TH L o, BMEFIZEWTIZER
LD DBBUBEO A IRV X —TD T 7 X< AEWH ]
ECHDIEDNTDS, (c)t=13ms TlE, HRE LV
RPMERTE, BRI USEHER ISR ZIED -7 2 &
M5, (b) = 6.7 ms T, BEREAMPAICERESZHE T
72 VI 2 WIEIDSFEIE L T b 2 EDHERTE %,
DL, HERKPIRW LGS ICER o2 L

-
—



R 2D,

(b) t=6.7 ms

Flame

I |

Fig.3 Laser-induced breakdown ignition in ethanol spray (Incident
energy: 5 mJ).
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(b) In water mist (number density of droplet 68.7 mm™)

Fig.4 Typical photographs of laser-induced plasma in dry air and water
mist for incident energy of 19 mJ. The white broken line shows
the axial position of laser focal point.
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Fig.5 Decrease ratio of laser beam energy in dry air and water mist

with number density of droplet of 68.7 mm™.
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Fig.6  Droplet size distributions of water mists with two different
number densities of droplet.
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Fig.7 Decrease ratio of laser beam energy in water mists with two

different number densities of droplet.
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Fig.8

Probability of breakdown occurrence for different incident energies and number densities of droplet. (Typical

photographs of laser-induced plasma in water mists are also shown for different incident energies and

number densities of droplet. The white broken line shows the axial position of laser focal point.)
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