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Abstract - Experimental studies were carried out to investigate the effects on flame propagation of
gasoline-air mixtures by different electrostatic discharge energies in a cylindrical chamber. Three different
ignition energies were used: 1 mJ, 50 mJ and 98 mlJ. In this work, a high-speed particle image velocimetry
technique was applied to visualize the flow-field around ignition electrodes. It was found that as the ignition
energy increased, the ignition kernel was different. The different ignition kernel caused different flame
initiation. During the flame initiation, the higher ignition energy was applied, the higher flame speed was
observed. However, with increasing time, the flame speeds were independent of the ignition energies used.
Theses observed flame behaviors were similar to computational simulations shown in the literature. It was also
found that as the ignition energies increased, the velocities of unburnt mixtures ahead of propagating flame
fronts increased.
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l. Introduction

It is well known that the severity levels of gas ex-
plosions have been become depending on a number of
variables: fuel reactivity, concentration, obstacle den-
sity, ignition sources, and etc. Ignition sources of these
variables have a great effect on determining the con-
sequences of a gas explosion. Common sources of igni-
tion tend to be point wise such as a spark, however,
planar and surface sources of ignition may occur such
as incentive sparking and hot surfaces, respectively.
Experiments of Hjertager et al.[1], and Phylaktou and
Andrews[2] showed that a planar mode of ignition rath-
er than a point ignition source caused higher overpres-
sures and flame speeds in methane-air mixture. Experi-
ments performed by Moen et al.[3] and McKay et al.[4]
showed that jet flame ignition of a cloud caused very
strong overpressures and produced transition to deto-
nation in acetylene. The ignition information available
in their experiments has been only limited to ignition
types.

The effects of ignition energy intensities on gas ex-
plosions have been done by Bradley et al.[5] and Zhen
and Leuckel[6]. The energies in the computational stud-
ies of Bradley et al.[S] were varied between 4.09 mJ and
10.40 mJ, and their results showed that the flame speed
in methane-air mixtures was independent of ignition
energy. Zhen and Leuckel[6] have used strong py-
rotechnic igniters with different energies from 1 J to 10
kJ in the measurements, and mentioned that the pres-
sure peak was sensitive to the ignition energies.

Although there are some investigations[1-6] reported
on the influence of ignition energies and ignition mode,
their ignition sources were electric spark not electro-
static discharge(ESD) and, their measurements have
been mainly focused on methane, acetylene, LPG not
gasoline. One of the most overlooked and preventable ig-
nition sources is electrostatic discharge. Electrostatic
discharges are a major ignition hazard in industries.
Most studies of electrostatic discharge on gas or dust ex-
plosions have been mainly focused on explosion ignita-
bility.

However, little attention has been given to studies
on flame initiation and propagation in gasoline-air
clouds by different electrostatic discharge energies. The
present study focuses on the nature of the initial flame
propagation and the flow-field of unburnt gasoline-air
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clouds during the explosions by electrostatic discharge
energies.

Il. Experimental

Fig. 1 shows a schematic diagram of the ex-
perimental setup. The explosion chamber is cylindrical
one having 200 mm in height and 108 mm in diameter
and has a transparent window of 50 mm in diameter
for visualizing flame propagation within the chamber.
The ignition electrode is needle-like(copper rod, diame-
ter 2mm, electrode gap is about 4mm). The ignition
source is provided by an electricity system(KIT101) af-
ter charging the capacitor within the system. The elec-
trostatic discharge energy is supplied through the elec-
trode after the explosion chamber is filled with the
flammable gas. The capacitance is changed from SpF
to 1000pF. The electrostatic ignition energy is calcu-
lated as E=1/2CV* where E is energy in joules, C is
capacitance in farads and V is potential in volts. Three
different energies were used: 1 mJ, 50 mJ and 98 mJ.
The ignition energies were higher than the minimum
ignition energy of gasoline (MIE=0.4 ml]). Each test
was repeated at least five times in order to ensure
reproducibility.

The flame images were photographed with a digital
high speed video camera (KODAK Motion corder
Analyzer, SR-ULTRA-C) operating at 500 frames/s,
providing a temporal resolution of 2 ms. For the
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Fig. 1.

Schematic diagram of the experimental
set-up.
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high-speed PIV measurements of the flow-field around
the ignition electrode at subsequent times during flame
initiation, a DPSS laser (BLITZ) with a power of 8W
and a high-speed camera (HotShot 512 SC) with a full
resolution of 1280 by 1024 pixels was employed.

Intensifier (UVi 1850-10) was used for intensifying
intensity of laser. lum-diameter olive oil particles were
seeded before the ignition. During the measurements,
images of 512 by 512 pixels were recorded at the rate
of 2000 frames/s, providing a temporal resolution of
500 us. The field of view was 25.6 > 25.6 mm’. For
the vector processing, a cross-correlation algorithm based
on two-dimensional FFT was applied and the inter-
rogation windows with 32 X 32 pixels overlapped as
much as 75 %. Also, window shifting and recursive
correlation methods were adopted to enhance the sig-
nal-to-noise ratio.

lll. Results and discussion

Fig. 2 shows flame propagation images around the
ignition electrode by three different ignition energies.
The time shown in the Fig. 2 was set to O ms just after
the electrostatic discharge and subsequent images were
acquired with 4 ms intervals. As shown in the Fig. 2,
the spark discharge at t = 0 ms produced an fila-
ment-shaped kernel between the gap. As the energy in-
creased from 1 mJ to 98 mJ, the ignition kernel was
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Fig. 2. Flame propagations by three ignition ener-
gies.
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more wrinkled. The kernel can give rise to different
flame initiation near the electrodes. After the spark dis-
charge, the flame slowly develops spherically in a man-
ner of laminar flame from the ignition point.

Fig. 3 shows the flame speeds as a function of time
and distance for the three energies. Here, the flame
speed was determined
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Fig. 3. Flame speed as a function of time and

distance for energies: (a) Flame speed
versus time and (b) Flame speed versus
flame front radius.
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Fig. 4. Flow-field velocities as a function of time
at 1 ml.

by considering the tip of the flame front propagating
towards the vertical directions from the ignition point.
As shown in the Fig. 3(a), the flame speeds were found
to be slightly increasing with times for 1 mJ. However,
the flame speeds slowly decreased with times for 50 mJ
and 98 mlJ. The different trends of flame speed shown
in both the 50 mJ and the 98 mJ compared to those
of the 1 mJ may be linked to the wrinkling of initial
ignition kernel. This result was found to be similar
compared to that published in the literature[S]. As
shown in the Fig. 3(b), for the energies greater than 1
mJ, the flame speed decreased as a function of flame
front radius, then was constant. The propagation speed
becomes independent of ignition energy for radius
greater than 20 mm.

Fig. 4 shows flow-field velocities around the electro-
des as a function of time at 1mJ. Here, the flame boun-
dary is obtained by an image processing technique ap-
plied to the green line of the raw image. The velocity
of the unburnt mixture increased as time goes on after
the ignition. However, after t = 4 ms, the velocity of
the unburnt mixture was almost constant.
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Fig. 5. Flow-field velocities around the electrodes
for different energies at t = 3 ms.

Fig. 5 shows flow-field velocities around the electro-
des at t = 3 ms after the ignition for three different
energies. As the energy increased, the flame prop-
agation was more developed and the velocities of the
unburnt mixture were found to become faster.

IV. Conclusions

Experimental studies were performed to examine the
effects on flame initiation of gasoline-air mixtures by
three different electrostatic discharge energies in a lab-
oratory-scale cylindrical chamber. Three different igni-
tion energies such as 1 mJ, 50 mJ and 98 mJ were
used. The main findings obtained from the present
work can be summarized as follows;

When the ignition energy increased, the ignition ker-
nel was different. The different ignition kernel resulted
in the different flame initiation. The higher ignition en-
ergy was applied, the higher flame speed occurred dur-
ing the flame initiation. However, with increasing time,
the flame speeds were less sensitive to the ignition en-
ergies used. This result were almost similar to that of
computational simulations reported in the literature. It
was also found that as the ignition energies increased,
the flow-field velocities of unburnt mixtures ahead of
propagating flame fronts increased.
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