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Effect of discharge parameters on nanosecond pulse multi-

channel ignition characteristics of NH,/air mixture
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(1. School of Energy and Power Engineering, Shandong University, Jinan 250061, China; 2. School of Mechanical
Engineering Sciences, University of Surrey, Guildford GU27XH, UK)

Abstract: The effect of discharge pulse interval and number on the discharge and ignition characteristics of
nanosecond pulse surface dielectric barrier discharge (nSDBD) in NH./air mixture was studied. The
experiment is conducted in a constant volume combustion chamber. Discharge characteristic tests show that
nSDBD can generate multiple independently distributed discharge filaments, expanding the range of
plasma. When using 30 pulse numbers with a pulse interval of 50 ps, at least 12 discharge filaments are
excited, with filament lengths exceeding 14 mm. The ignition characteristic test shows that nSDBD has

achieved spatial multi-point ignition. When the pulse interval is 50 ps, 180 discharge pulses generate 6
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initial flame kernels surrounding the top electrode. In the NH,/air mixture, there is a phenomenon of initial

flame kernels dissipating, resulting in a discrepancy between the number of initial flame kernels and the

number of stable combustion flame kernels. As the pulse interval or pulse number increases, the area of the

initial flame kernels increases, and the number of stable flame kernels gradually increases from 1 to 6. This

effectively shortens the ignition delay of NH,/air mixture, with a reduction of up to 30 ms, approximately

55%. The adjustment of pulse interval and pulse number can effectively control the combustion phase of

NH./air mixture.

Key words:power mechanical engineering; surface dielectric barrier discharge ; nanosecond pulsed ; multi—

channel ignition
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Fig.1 Experimental setup schematic
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Table 1 Experimental plan for nanosecond pulse multi—

channel discharge and ignition characteristics
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Fig. 6 Images of the development of single—pulse dis-

charge filaments in high—frequency nSDBD (PI=
50 ps, PN=40, in NH /air mixture)
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Fig. 7 Variation of filament count with discharge
pulses in high—frequency nSDBD
(PI=50 ps, in NH, /air mixture)

16
14} 4

£ y

£

o 12} _ﬁ"'

s — PI=50

¥ 10k —=— PI=60
PI=70

S +d

0 5 1.0 1.5 2b 2‘5 Sb
Rk $
B8 3% nSDBD Al B8 £ 1< FE B A B8 Ak i # A9 T 4L (PI=
50 ps, NH/ZSE&SKH)

Fig. 8 Variation of discharge filament length with the

number of discharge pulses in high—frequency
nSDBD (PI=50 ps, in NH /air mixture)
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Fig. 9 Voltage, current, and energy curves of high—
frequency nSDBD (PI=50 ps, PN=30,
in NH /air mixture)

P 11y & 3 nSDBD H ik e i v 18 4 Bl ik
R AR AL o AR 1L T, BE A Dk i Ry
B T A R K o BE S & i B R, R A T
R i€ o PI=50 ps i, BT HL ik o fE 48 19 90 46
EHLA R 4.3 mI, APk i BE RS € J5 290
8 mJ, Ak op A BB MG T 1. 845 . KA PI
ORI D)\ Wi R SR VA S VRS I L QU LY e B
(1 314 I A AR, RS K oo H B R AR E S Y
EFEAR . PI=75 ps B, B4 Jik vh il A fiE 42 A2
BrBeZy 6.2 ml.

12 w4 nSDBD St gt 450k . il 12
Ji s, PI=50 ps i}, @& 45 nSDBD 7€ 1. 5 ms /Y i
8] B T 24 210 mJ s PI="70 ps i, 30 > ok f 7

% 55 %
151 130
10t G:NES 120
z <
W Of 0 &
A B
—10F B 1-20
0.0 0.2 0.4 0.6 0.8 1.0
t/us
(a)HLE 5 B 2R
80 -8
60 16
Z 4ol £
Z 40 -
% 20 &=
= 12
0 L
10
720 L L 1 1 1 L
0.0 0.2 0.4 0.6 0.8 1.0

t/us
(b)Th#E e R £
10 S35 nSDBD EANBRMEE.RIR. EMEEH
B i 2% (PI=50 ps, NH/ZSRASH)
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Fig. 11 Energy characteristics of single—pulse discharge

in high—frequency nSDBD (in NH /air mixture)
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Fig. 12 Accumulated energy characteristics of high—fre-
quency nSDBD (PN=30, in NH /air mixture)
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Fig. 13 Development process of kernels under different

pulse intervals (PN=120, in NH, /air mixture)
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