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Nature 4951, 1217 (1964).

A RADIATIVE DETONATION MODEL FOR THE DEVELOPMENT OF
A LASER-INDUCED SPARK IN AIR

By S. A. RAMSDEN and P. SAVIC
National Research Council of Canada, Ottawa
disturbed gas, and that further absorption of energy from

the laser beam then occurs behind the shock front travel-
ling towards the lens, in the manner of a detonation wave.

N the course of recent work?! on the spark produced in
air by a focused ruby laser beam, the rather surprising
result was obtained that, after breakdown, the spark

developed asymmetrically, moving towards the lens with
an initial veloeity of ~ 107 em/soc. In this article this effect:
is disecussed in terms of & new mechanism—that of a
radiation-supported shock wave. It is assumed that
after breakdown a shock wave propagates into the un-

After the end of the laser pulse the heated gas then
oxpands in the form of a blast wave.

The spark is produced at the focus of an 8-mm focal-
]eng't.h lens by a @-spoiled ruby laser of output power
5-10 MW. and time-duration 20 nseec. Breoakdown occurs

Breakdown: Plasma / Shock wave

- electron density and temp.
ne=1020cm-, Te = 4 eV (~ 48,000 K)

Radiation supported detonation wave

- Taylor’s blast wave theory

Q-spoiled ruby laser
- Energy : 200 mJ

- Pulse width : 20 ns

- Peak power : 5-10 MW
- Focusing lens : 8 mm
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Combustion Bomb Tests
of Laser Ignition

Robert Hickling and William R. Smith
Research Laboratories, General Motors Corp.

COMBUSTION BOMB TESTS OF LASER

light significantly. If leaded fuels had been used, the problem  power with a system of 0.5% efficiency would require 12,000
with deposits would have been much more serious. W or about 16 hp. Such a power consumption is clearly un-
acceptable. However, there are ways in which this might be
DISCUSSION reduced. Laser systems now exist with a narrower beam di-
vergence. Also, a more efficient lay
The combustion bomb studies reported here have established used in the experiments reported h Q - .
some information about laser ignition, namely, that the laser constructed. sw ° Nd * YAG laser‘
spark will readily ignite a range of fuels, that the laser spark In the spark plug tests reported h
will ignite lean mixtures, and that laser-induced combustion 1.25 mm were used. Wide gaps hay
has some of the features that are to be expected from combus-  the ignition of lean mixtures, and t
tion initiated at the center of the chamber, for example, a results obtained here for the laser s
more rapid flame speed and the occurrence of knock. in the laser spark also is a significar
The efficiency of the neodynium laser system used in the leaner mixtures. The duration of t|
experiments reported here is low, probably about 0.5%. In magnitude smaller than the duratic
contrast, the efficiency of the spark plug is about 80%. As- spark plug and, from some points ¢
suming that 0.5 J/pulse is consumed for ignition, a laser igni- its potential for ignition because th
tion system for a 6-cyl engine, for example, running at 2400 istence, the more it is likely to caw
rpm uses about 60 W of pulsed laser power. Generating this hand, a more rapid rate of depositi
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B =115 B =140 :
KW/sr-cm?2 TW/sr-cmz  Pulse duration

B = 115 kW/sr-cmz2 rn(r) r : inversion ratio to threshold
P2mp Diodey T, =~ ——F

(P n(r) : extraction efficiency

NN (A < cavity lifetime
IXJL¥—:0.96 mJ
IXJLAIE : 480 ps
4FE(E 1 1.7 MW
BEE—RFE - M2=1.05
ANRY MILiRIE : <5.1 pm
NR=LbyTHA4X

B =140 TW/sr-cm? -
EEEH : <20 mW/pulse

H. Sakai, H. Kan, T. Taira, Opt. Express, 16(24), 19891 (2008)
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Nature photonics, 2 (9), 515 (2008).

Lasers for engine ignition

The polutant emissions and high-gnergy consumption of combustion engines using conventional
spark plugs have long been serous environmental problems. Now, it has been demonstrated that
lasers can provide a feasible green aRernative. Duncan Graham-Rowe reporis.

You might think that the idea of using a
sate-of- the-art laser to replace something
a5 cheap and simple as 8 spark plug was
aver the top and an excessive use of
technology. As it turns out, though, the
benefits of making such a switch are so
great that perhiaps within the next decade
we can expect laser-ignition systems to
become commonplace in a wide range

of combustion engines, initially In large-

cause there is growing
evidence 10 suggest that using lasers to
ite fisel in combustion engines (Fig. 1)
will bring abous higher eficiencies and
improved reliability compared with
comventional spark plugs. What is mere,
they could also dramatically reduce the
levels of harmful pollatants produced.

I light of this, it is bardly susprising
at su\-'ﬂnmrnh and big names in
sch as Ford, Toyota and
<.-r|u1 nl }- eciric, are pow )]Iumll“
a growing interest in laser ignition.

1g to Ernst Wintrer, one of the

ploneers in this he Photonic

o see who can get a laser-Ignitlon system
10 market first

But whether it Is being used for
automobiles or power plants, the

pril
sufficient intensity, of the arder of

100 GW em~, such pulses can be used to
cause a plasma spark at the focal point
of the Laser, igniting the mixture of fuel
and air, and ltimately driving a piston
and crankshaft.
to reach the hi
laser ignition, the important thing is

get tightly focused laser pulses with
pulse encrgies higher than 10 m], a beam
quality factor, M*, of Jower than 3 and
pulse durations of lower than 10 ns.

The advantages of using lasers for
Ignition are numerous, according to
Wintner. Arguably, the biggest driving
force is the potential improvement
in efficlency that lasers offer. In bath
power plants and cars, there has been a
mave towards using leaner fucl mixes.

2| SEPTEMBER 2000 | warw ity s

s O e,

e |

atic of ket Igriion I
s engine

re the ratio of air to fuel is greater
normal. This enables greater
efficiencies because less fuel is burned
per cycle, but has the trade-
mare difficult to ignite using ¢
spark plugs. Not 0 with laser ignition, as
Wintner paints out. “Lasers allow y
work even leaner than you could with a
nocmal spark plug. so you can get better
efficlencles.” he says.

A Japan Science and Technology
Agency (JST) project, which irvolved
several companies Including Toyota,
nd Denso, recently
passively Qraw

: microlaser pumped by
bee-coupled quasi-continuous-
wave laser diode for the purpose
ignition. A maximum outpat energy of
4 m] per pulse and 16 m] per four-pulse
train with a pulse width of 0.6 ns and
an M value of 1.2 were obtained. The
optical-optical conversion was 23 per
«cent and the brightness of the microlaser
was caloulated as 0.3 PW sr' e A
comparison between the performance
of a conventlonal spark plug and
laser ignition in a constant -volume
combustion chamber showed that a
laser igniter accelerates the combustion
and can ignite a leaner gas mixtare that
has an air:fuel (CH,) ratio of 17.2 in

OUT OF THE LAB

atmespheric pressure. The ignition limit
of the air:fuel ratio of a conventional
spark plug was 15.7,

Combustion efficlency was also
investigated for the above microlaser
system, Taknnori Taira from the Inst
for Molecular Science, Japan, who is the
leader of the [ST project, and co-workers
found that an input electrical power of
35 m] is needed for a conventional spark
plug, whereas 9 m] optical energy from
a microlaser is able to provide a lame
kunrl with a cross-sectional area three
imses bigger than that of the spark plug
e research team is confident
:hu 3m] aptical energy is therefore
sufficient for ignition with this system.
“We attribute these improvements to the
shy ulse width, high beam quality and
high brightness of our microlaser, which
wumjully reduce the air-breakdown
energy and the ignition energy”
says

Aot s s being able 1o
et better efficiency is the fexibiliny
of localizing the ignition point, which
comes with laser. For practical
reasans spar contacts are usually
positioned relatively close to the wall of
the combustion chamber, as opy
to its centre, But with a lean fuel mix
this s less than deal when trying to
get the most efficient burn, according
o Andrew Scarisbrick, supervisos for
gevernment and university collaborations
at Ford Motor Company's Dunton Research
and Engineering Centre in Basildon, UK.

This is particuarly relevant with direct.

i alea

impeave eficlency even
fsrther and reduce pollutants by
surmounding  smaller amous
& layer of ar, so that it s
the cylinder walks. The challenge here is
that ideally you would want to spray the
fuel near the spark-phag contacts, but for
practical reasors these are anchored close
to the engine wall away from the centre of
the chamber.
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1st Laser Ignition Conference 2013 (LIC’13)

Co-located with Optics & Photonics International Congress 2013 <http://opicon.jp>

April 23 (Tue.) - 26 (Fri.), 2013, Pacifico Yokohama, Yokohama, Japan
Paper Deadline: Dec. 20 (Tue.) 2012

A. High brightness lasers for ignition and diagnostics

Micro solid-state photonics: advanced laser crystals, ceramics, and micro-domain controlled materials
Giant micro-photonics: mega-watt class giant pulse generation from micro photonics

High power and reliable diode lasers: high power VCSELs, DFB and VBG based diodes, etc.

High power and reliable fiber or fiber lasers, include pump delivery or giant pulse generation

B. Laser ignited engines for power generation and vehicle

- Laser induced breakdown plasma and combustion process analysis

- Laser ignition for electrical power generator and gas engine

- Laser ignition for automobile engine, using gasoline, gas, or any other fuels.
- Future combustion systems: combination with plasma assisted combustion

C. Applications of high brightness laser (Should be Joint Symposium)

Nonlinear optics: harmonic wave generations (SHG, THG, FHG, SFG, OPO/OPG, DFG, etc.
Diagnostics: LIBS, mass spectroscopy, gas sensing, etc.

Materials processing: laser drilling, laser peening, etc.

Bio-medical applications: multi-photon microscopy, laser surgery, laser therapy, etc.
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- Pulse width : 5 ns
- M2 . ~100 ?

* Rep. rate : 30 Hz
- Average Power : 0.15 W
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* Pulse energy : 0.6 mJ
- Pulse width : 1ns - 200ps VUV 118nm
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* Rep. rate : 100Hz ~1kHz
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- Average Power : 0.08 ~0.8 W

High Brightness : Narrow and High peak power
Max. output ~ 1.1 kW (peak) @ 1.6-2.1 THz
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The Mercury laser is our first step toward a 10 Hz, high :
energy, solid-state laser driver for Inertial Fusion Energy ST c3r)

Yb:S-FAP [Yb3+:Sr5(PQO4)3F]

>1MJ Green
10-20 Hz

| Inertial Fusion Energy Plant

— Optical scattering at randomly oriented grain boundaries in anisotropic polycrystalline

LWL RES-404026 Schaffers - WEGT-4, May 18-25, 2008, * Burn of current waste
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We report the first demonstration of a diode-pumped anisotropic ceral Domaln-contr()lled laser ceramlcs toward Glant
fluorapatite [Nd**:Cayo(PO4)sF2, Nd:FAP] polycrystalline ceramics & s * :

magnetic grain-orientation control method, as a step toward achieving MlCl’O-p h Otonlcs [l nVIted l

beams when pumped with a central wavelength of 807.5nm and a 2nn

We obtained a maximum QCW peak power of 255 mW with an uncoate Takunori Taira’

( Laser Research Center for Molecular Science, Institute for Molecular Science, 38 Nishigonaka, Myodaiji, Okazaki
444-8585, Japan
*taira@ims.ac.jp
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