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e Fast flows:

150 ms x 2.5 m/ms (M=8)
L=375m

e To estimate the length:
TGV Eurostar:
TransManche Super Train
L+5,=395 m (20 cars)

Need to have shorter ignition delay
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Ignition of lean mixtures
Multi-point ignition

Ignition at lower temperatures
Ignition of bio-fuels
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Energy branching
O
7

! ! ! L |
0,1 1 3 , 10
E/N, 10 *° V cm
N.L. Aleksandrov, E.E. Son, 1980, in: Plasma Chemistry, B.M.Smirnov, ed.,
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ICCD MC

TG1 rTG2

HVG °, A£ =
L/ Y \_/
BCS 0

0sc| .
) 25 m > T 80mm - 5 100m

DT - Discharge tube; BCS - Back Current Shunt;

TG - Triggering generator; HVG - High Voltage Generator,
CP - Capacitive Probe; ICCD - Intensified CCD Camera;
OSC - Oscilloscope; MC - Monochromator
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50-70 mm

N
vV

Quartz tube
Inner diameter:

AN 1.50r4 mm

Low voltage
Electrode
(not grounded)

‘ Grounded screen

HV
electrode

Flow in Plasma
10-50 sccm Gas flow out
(gas renewed 4-50 mbar
every 10 ms) N,:O, mixture
: [ J1 Tl A
U(t): . C
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>1 eV/mol, >3000 K




N,(C3P ) emission decay in nitrogen

Experimental
Theoretical
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[1] Pancheshnyi, S. V., Starikovskaia, S. M., and Starikovskii, A. Y., Chemical Physics, 262 (2000)



N,(C3P ) emission decay in nitrogen

Experimental
Theoretical
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N,(C3P ) reverse decay vs pressure

0.12- —a— 1.5mm tube Specific
1.5mm tube deposited
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electron density slightly changes after discharge pulse
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—e— O(3p3P)
—u— Ar(2p1)

Time, ns

Actinometry: 5.3% Ar in air; OES of Ar(2p,), 750 nm // O(3p3P), 845 nm
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Ar(2pl) intensity, a.u.
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Ar(2pl) intensity, a.u.
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Niemi, K., Schulz-von der Gathen, V., and DdObele, H. F., Plasma Source
Science and Technology, Vol. 14, No. 2, 2005, pp. 375-386
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100 mm thickness
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20 mm thickness



N.Yu.Babaeva, D.V.Tereshonok and G.V.Naidis
Plasma Sources Sci. Technol. 25 044008
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0.5 ns gate, (7x7) mm per pixel
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————— HV pulse shape
35 —/— calculations, + 24 kV
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Errbr

Radial distribution of the frontal discharge
emission; P=3 bar, U=-46 kV
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B
ICCD images and radial intensity profiles of single filament: without filter
and with (480+5) nm and (340+5) nm narrowband filte rs

80000

no filter] ' ' ' ' ' ' ]

60000 - B

40000 i

20000

OF -
1 1 1 TR IS N B

— 480 nm filter
2000 |- .

1500 B

Intensity, a.u.

1000 -

500 |- -
1 L 1 L 1 L 1 L 1 L 1 L 1 L 1

— 340 nm filter

2500

2000
1500
1000

ICCD camera gate is 10 ns SOF L T

-120 -80 -40 0 40 80 120 160
Distance, x(03BC)m

@9



Voltage, kV
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n,=9x10% cm-3

n,=5x10% cm-3

Van der Horst R., Verreycken T, Bruggeman P. et al Lo A., Cessou A, Lacour C. et al PSST (2017) 045012
J. Phys.D. (2012) 345201

n,=1.5x1018 cm-3

D. Pai, GEC 2016



Delay, ns
100

120 130

110

90

80

‘n'e ‘wu /// 1e Alisuajul wnidads snonunuo)d

(@] (@)
[\ o o o o o
— — (o0} O <t AN o
| | | | | ! | ! |
‘n'e ‘puey Aq wu 2/ / aul ealy
o o
o o o
LO o o
— — Lo o
| | | |
wu ‘WHM4 Zlualo] wu // /) aul
o |
| [oo) © <t [N o
B | | I | ! | !
C |
L md
L 2
- E
” I'e
3 2
C g
C | 2
- 1§
[ |
|

D

T I
< ™ N — o

‘n"e ‘abe)on ybiH

40

30

Fo

50

20
Discharge time, ns

10

@@



1x10%° 4
] bremsstrahlung
)<I\ | recombination
Qbr U N ion ;\/ Te
3
o
c
3 1x10%4
k%) ]
e
(]
©
2 |
Q Ne |\‘on 5 '
ecu ﬁ = 11071
e ]

1 T T T T T T T T T
0 10 20 30 40 50

Mean electron energy, eV

Intensity of bremsstrahlung and recombination radiation is

a strong function of density of charged species

and weakly depends on the electron temperature
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SPS (337.1 nm) is a reference radiation
- Ny(C) = ke(E/N)-neN,/

Qc= NAC)-Frk-Ano
L Qc= 3-1¢?quantum/cras.
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In the discharge T,~2-3eV  n_~ 6 108 cm-3 T ' 'T,'ev'.
In the afterglow T,~0.5eV ~ n,~4 108 cm3
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Increase of T by kinetic FGH
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