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• Fast flows:

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

>

• To estimate the length:
TGV Eurostar: 
TransManche Super Train 
LTGV=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 

B

- Ignition of bio-fuels 
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9.

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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N2(C3Pu) reverse decay vs pressure
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Radial distribution of the frontal discharge 
emission; P=3 bar, U=-46 kV
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ICCD images and radial intensity profiles of single  filament: without filter 
and with (480±5) nm and (340±5) nm narrowband filte rs
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ne=5x1018 cm -3

ne=9x1018 cm -3

@>

Van der Horst R., Verreycken T, Bruggeman P. et al 
J. Phys.D. (2012) 345201 

Lo A., Cessou A, Lacour C. et al PSST (2017) 045012

ne=5x10 cm

D. Pai, GEC 2016

ne=1.5x1018 cm -3



�	�������	���������$�2  ��������,A1�	
�J  ������
����������	
 �,�������	���JS�;��	���������

4

5

6

H
ig

h 
vo

lta
ge

, a
.u

.

8

10

Li
ne

 7
77

 n
m

 L
or

en
tz

 F
W

H
M

, n
m

1000

1500

A
re

a 
lin

e 
77

7 
nm

 b
y 

ha
nd

, a
.u

.

80 90 100 110 120 130

Delay, ns

80

100

120

C
on

tin
uo

us
 s

pe
cr

um
 in

te
ns

ity
 a

t 7
77

 n
m

, a
.u

.

@@

0 10 20 30 40 50

0

1

2

3

H
ig

h 
vo

lta
ge

, a
.u

.

Discharge time, ns

0

2

4

6

Li
ne

 7
77

 n
m

 L
or

en
tz

 F
W

H
M

, n
m

0

500

1000

A
re

a 
lin

e 
77

7 
nm

 b
y 

ha
nd

, a
.u

.

0

20

40

60

80

C
on

tin
uo

us
 s

pe
cr

um
 in

te
ns

ity
 a

t 7
77

 n
m

, a
.u

.

Continuous spectrum base level



�	�����������	���	
��,���������  9�

����

��	����� 	������
����	��
���	��	��
�

eionebr TNNQ ××µ

1x10-24

1x10-23

In
te

ns
ity

 o
f e

m
is

si
on

, a
.u

.

 bremsstrahlung
 recombination

@B

e

ione
rec

T

NN
Q

×
µ

Intensity of bremsstrahlung and recombination radiation is 

a strong function of density of charged species 

and weakly depends on the electron temperature

0 10 20 30 40 50

1x10-25In
te

ns
ity

 o
f e

m
is

si
on

, a
.u

.
Mean electron energy, eV



�	�����������	���	
��,���������  .�

SPS (337.1 nm) is a reference radiation

N2(C) = kC(E/N)·ne·N2/ � q

QC = N2(C)·FFK·A00

QC = 3·1022quantum/cm3/s.

@D

Electron density from 
recombination emission:

22
0 102)( ×=

×

×
×= w

w
w d

T

nn
CQ
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CW

h

At l = 337 nm and Dl = 3 nm, d� = 5�1013 s-1

In the discharge Te~2-3 eV �  ne~ 6�1018 cm-3

In the afterglow Te~0.5 eV �  ne~ 4�1018 cm-3

quantum/cm3/s

QC(t=0 ns)/QCW(t=5 ns)~(1.5-2)
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T=7200KTrot=7200K
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No molecules, Quenching by 
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No molecules, 
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Quenching by 
electrons? 

ne=1019 cm-3,
kq=10-7 cm3/s ' .
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Ionization-
heating 

instability? 

Increase of T by kinetic FGH

Decrease of gas density within a few mm distance

T �

B=

1 3p nst = -  

Decrease of gas density within a few mm distance

N �

Increase of E/N

E
N
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Increase of 
ionization
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