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Spatial redistribution of energy
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Conclusions
• Ns sparks show fast spatial redistribution of the deposited energy (≈5 mm/100 ms in a single pulse)

• One of the mechanisms of the spatial energy redistribution is the recirculation of hot gas

• Experiments in a pin-to-plane configuration demonstrate the influence of electrode geometry on HD effects

• Characteristic size of the active medium is proportional to the number of pulses (energy) in the burst due to synergy between the pulses

• Electrode distance is a key factor for tailoring radical species redistribution (rather than total energy or energy density)

Hydrodynamic effects induced by ns sparks are monitored by 
(i) PLIF, (ii) Schlieren and (iii) electrical energy measurement. 

Asymmetric electrodes 
OH PLIF in pin-to-plane geometry

(P=1 bar, single pulse of 10 ns, U=30 kV)

Repetitive nanosecond sparks have numerous
applications in combustion :

• Ignition/stabilisation of lean/diluted flames
• Control of thermo-acoustic instabilities
• Reduction of pollutant emission (soot, NOx)

We believe that the hydrodynamic effects induced by
ns sparks [1,2] coupled with the production of active
species [3] can bring a significant improvement for the
applications mentioned above.

Motivation

Experimental setup

0 5 10 15 20 25 30

4

5

6

7

8

9

10

11

53 mJ

41 mJ

29 mJ

16 mJ

Air, P=1 bar, U=30 kV, 1 mm gap

d
m

a
x

, 
m

m

Number of pulses in the burst

Conventional car spark (54 mJ)

6 mJ

66 mJ

79 mJ

Effect of gap distance : for fixed energy
OH PLIF in pin-to-pin geometry

(P=1 bar, single pulse of 10 ns, U=30 kV)

Effect of multiple sparks
Schlieren

(P=1 bar, pulse(s) of 10 ns, U=30 kV)

Effect of electrode geometry
Schlieren

(P=1 bar, single pulse of 10 ns, U=30 kV)

Effect of gap distance : 
for fixed energy density

OH PLIF in pin-to-pin geometry
(P=1 bar, single pulse of 10 ns, U=30 kV)

Mechanism of energy redistribution
Simulations from [4]

(P=1 bar, single pulse, E=1,8 mJ) 

➢ Simulations of [4] predicted toroidal
expansion of ns sparks

➢ 6 mm: cylindrical expansion
➢ 2 mm: toroidal expansion due to fresh

gas recirculation

➢ Each new pulse is
initiated in fresh gas

➢ Synergy promoting
expansion

➢ No difference in expansion for symmetric
electrodes

➢ A sufficiently thick electrode (plane) blocks the
recirculation

➢ Same energy density (1.5 mJ/mm) but a
different redistribution of radical species


