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Ignition and Development of Flame Kernel Formed by Nano-Second Repetitively Pulsed
Discharges (NRPDs) in the Quiescent Lean Premixed Mixture
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Abstract: To provide a better understanding of the ignition process using nanosecond repetitively pulsed discharges

(NRPDs), ignition trials of quiescent lean propane-air mixtures (equivalence ratio of 0.7) in a constant volume combustion

chamber were conducted. Both the post-discharge and the following flame kernel development were visualized and analyzed

by high frame rate imaging of the chemiluminescence. NRPD produces a gas motion resulting in a jetting phenomenon and

that influence on the time of flame kernel development. For fixed inter-electrode gap and constant total energy, the ignition

time was minimized at a certain pulsation frequency, with higher pulse repetition ratio being detrimental and resulting in

longer ignition delay times. The effect of energy deposition, pulse repetition frequency (PRF), and inter-electrode gap was

attributed to the competition between characteristic recirculation time from the discharge-induced flow field and the inter-

pulse time.
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AR TR T RIS T, ERAA (Constant Volume
Combustion Chamber; CVCC) %\ Tfro 7o, ERRA I,
NEE 50 mm, BT E 50 mm OMNEHTH 2. Béllmic
132 IS O EAEUEE SR o nTE D, KE,
KRBT & KR ERFE T, —ED fJGRREZ nEl T
22 LDHEETH B, RAGRBEOIEEFLIE DMK E L O
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Voltage (~ several kV)
Duration (~ ms)

— [T L fime

Nanosecond Repetitively Pulsed (NRP)

“ “ “ “ time

Fig. 1 Schematics of the time chart of (a) conventional spark and
(b) NRP, and those adjustable parameters.
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Fig. 2 Schematic illustration of the experimental set-up, and direct
photograph of the electrodes in the CVCC. P is the pressure
gauge.
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Fig. 3 E, versus pulse number for a set of ignition trials of various

pulsation frequency at 1.2 mm inter-electrode gap. (Upper left)
Measured voltage, current, and energy for a single NRP pulse
using a 3.0 mm inter-electrode gap.
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Z DG IZ KEDERFMOBEI N L GRET 5 % OHERF X
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%8, NRPD ZfWw7 sk, X OKIEHKED KB IT

WXL C, OH*, CH*, O, # L CH DOFAKZEHRFLE
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& D25, NRPD IZE W CEMBEOMHEE L & /A~ L EH S
NBFNHEBICIE, 79I XeHB 077 A=k oTH)
XN LD L EEN TR D EEZ DL I ENT
&%, ZOEHELEREORNIE, MKGRERIC L - T, HE
T2 (KB LR L2 WERSENS) a0 HUl,
BEEOFDFNME L MR L, PV T—2DKREHE L
TIEBT 2 L bBgan,

Jetting % @ MICFEAMT 3 2 72 D ic, mRERFIC L > T
35 N7 IHRICR LT Image T % Vo 72 IRALBE % fiti L 72
[32]. EMAMICIE, FEERES ORI T & & O Lz 1TV,
Z DB D FEEHEE TR AN L 22 R o LA E O
IRF [ R 15 72 A L 72 (33). 5 A2 1%, NRPD D KD
BRICBIEE S L2 RN 72 () FEOGREIOIIFHIER B X O (b)
WGP DR Z R LT\, £/, X512, KB
2> 6 10 ms BT E T 2 FOCHERE O O E O R AL %2
AL 7, ZRICFHNC B 2RO FOG IR o HO L
BHERLTED, BIHEICIZRHOREZ R L Tw3,
78, Ko 2 EmMEPLIE, x=157mm, y=153
mm [ZELTWS, K5 HhosF—n7ay ik NRPD
12 & > TR S L5 XM O HOALE, REEEE D K
TERKIZ & > TIPS L5 FOLFIR O HAMIEZ 7R LT

a) 1.5ms

b) 2.1ms c) 27ms d)

Spark Plug

Fig. 4 Chemiluminescence images of a typical ignition initiated by
NRP discharges (82 pulses, 30 kHz PRF, 2.73 ms total discharge
duration, 65 mlJ total energy) and by spark plug (3.5 ms discharge
duration, 50 mJ total energy) [25].

Time (ms)
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Fig. 5 (a) Chemiluminescence image, (b) processed image, and (c)
displacement of ignition kernel and growing flame in the frame
plane for some NRP discharges ignitions (colored dots) and spark
plug ignition (grey dots).
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ROI For Percent Area Calculation
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Fig. 6 Chemiluminescence image of outwardly propagating flame in the
specified region of interest (ROI), and a plot of the percent area
in the ROI versus time [24].
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MRS ND Z EBbhr s WlAE, E,=273m D 15
kHz). & 512, FERICIIAR LTV, HEORK L HE
Wz 2 kHz & LG OIciE, RIEZFLX—% 40 m)
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nr.
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Ei 5,
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Fig. 7 tsoe versus PRF for 1.2 mm inter-electrode gap using 22 pulses
between 6 and 90 kHz. The two gray symbols indicate cases with
44 pulses at 60 kHz [24].
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Fig. 8 tsov versus PRF for 1.2 mm and 3.0 mm inter-electrode gap using
22 pulses between 2 and 90 kHz [24].
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Fig. 9 tsou versus £, for inter-electrode gap of 1.2 mm [24].
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