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Effect of Electrode Shape on Progress of Electric Discharge

Vliv tvaru elektrod na priibéh elektrického vyboje
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Abstract

Minimum ignition energy (MIE) is determined as a one of the parameters when assessing the hazards of a given
dust sample. This value indicates the sensitivity of the given sample to electrostatic energy. The legislation
determines the procedures and the requirements for the equipment used to determine the MIE. Among other things,
it lists requirements for the electrode used such as its material, diameter and pointed spike shape. The CSN EN
ISO/IEC 80079-20-2 standard valid on the territory of the Czech Republic also provides the possibility of using a
rounded electrode spike. This formulation leads us to the question of whether the shape of the electrode spike can
affect the electric discharge progress and in what way. Within the sequence of measurements carried out, a detailed
examination of the impact of the electrode shape on the formation of electric charge was provided, using the MIE-
D 1.2 apparatus. Four different electrode spikes shape were used, together with a high-speed camera able to take
210,000 pictures per second. The results show that from the four types of the electrode spikes, the fastest electrical
discharge is occurring when a standard pointed spike is used.
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1 Introduction 1 Uvod

Iniciaéni energie je jednim z dilezitych
a podstatnych parametrd v oblasti hoteni
avybuchu. Dopliuje oxidaéni prostfedek

Ignition energy is one of the important and
essential parameters in the field of combustion
and explosion. It completes the oxidizing agent

and flammable substance into the so-called fire
triangle. If these three components are in the
correct ratios and sufficient concentrations,
a combustion process may follow. Conversely,
if at least one of these components is absent
or restricted, no combustion or explosion may
occur. In the context of dust burn, the conditions
to dust dispersion in the air must also be met,
the particle size must allow the propagation of
the flame and the dust concentration must be
within the explosion range.
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a hotlavou latku do tzv. trojuhelniku hoteni.
Jsou-li tyto tii slozky ve sprdvném poméru
a v dostatecnych koncentracich, muze
nasledovat proces hoteni. Je-li naopak alespon
jedna ztéchto slozek nepfitomna nebo
omezena, nemuze dojit k hofeni, pfipadné ani
k vybuchu. V souvislosti shotfenim prachu
musi byt splnény také podminky rozvifeni ve
vzduchu, velikost castic umoznujici Sifeni
plamene akoncentrace prachu musi byt
vV mezich vybusnosti.
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In the context of dust explosions, we talk
about the so-called explosive pentagon. This is
an extension of the fire triangle, and in addition
to the three parameters mentioned, conditions
for the explosive dust dispersion within the
range of explosion must be also met, and the
dust must be dispersed in a closed space [1-3].
If an explosive mixture is ignited, the explosion
can be characterized by parameters that are
important indicators for the field of safety and
explosion protection. Maximum explosion
pressure and maximum pressure rise rates are
basic indicators in this area. Another parameter
is the limit oxygen concentration and explosion
range. Practically, in connection with the dust
explosion, we work only with the lower
explosion limit, as the concentration can vary
due to gravity, due to dust settling, but at the
same time, its concentration is variable as it
dispersion in a given space [2,4].

One of the last questions is then the
possibility of ignition for the given mixture. The
standard CSN EN 1127-1 defines the possible
sources of ignition to be considered. In total,
there are 13 selected sources, including hot
surfaces, mechanically generated sparks,
electric devices or static electricity [5].
Concerning ignition, the ignition properties of
the evaluated explosive atmosphere must be
determined. Important data include the
determination of the minimum ignition
temperature of the dust layer and the explosive
atmosphere, as well as the determination of the
minimum ignition energy. The minimum
ignition or initiation energy (hereinafter called
MIE) is defined as the lowest electrical energy
accumulated in a condenser, which is sufficient
for the discharge to ignite the most readily
flammable mixture under the specified test
conditions. It can be said that the result indicates
the sensitivity to electrostatic electricity
(initiation) [6,7]. MIE lies between the highest
energy (E1) in which the sample has not been
ignited, and the lowest energy (E2), which on
the contrary has ignited the sample (1).

V kontextu s vybuchy prachti se hovoii
0tzv. vybuchovém pentagonu. Ten je
roz$itenim hotlavého trojuhelniku, a kromé ti
zminénych parametri musi byt splnény jesté
podminky rozvifeni  vybusného prachu
vV mezich vybuSnosti a uzavieni v prostoru
[1-3]. Dojde-li kiniciaci vybusné sm¢si,
vybuch Ize charakterizovat parametry, které
jsou dilezitymi ukazateli v oblasti bezpe¢nosti
aochrany pied vybuchem. Mezi zakladni
ukazatele patii znalost maxima vybuchového
tlaku a maximalni rychlosti jeho narustani.
Dalsimi jsou poté limitni obsah kysliku a meze
vybusnosti.  Prakticky se v souvislosti
s vybuchy prachti pracuje jen s dolni mezi
vybusnosti, jelikoz koncentrace mize byt
proménliva v disledku plsobeni gravitace,
a tedy usazovani prachu, ale zaroven i jeho
rozvifovani v prostoru [2,4].

Jednou z poslednich otazek je poté moznost
iniciace posuzované smési. Norma CSN EN
1127-1 definuje mozné zdroje iniciace, které je
nutno brat vvahu. Celkem se jednd o 13
vybranych zdrojii, mezi néz patfi naptiklad
horké povrchy, mechanicky vznikajici jiskry,
elektricka zafizeni nebo staticka elektiina [5].
Co se tyka iniciace, musi byt stanoveny zapalné
vlastnosti posuzované vybusné atmosféry.
Mezi dilezité udaje patii stanoveni minimalni
teploty vzniceni vrstvy prachu a vybusné
atmosféry, a také stanoveni minimalni zapalné
energie. Minimalni zapalna neboli iniciacni
energie, dale jen MIE, je definovana jako
nejnizsi elektrickd energie, nahromadéna na
kondenzatoru, kterd je pii vyboji praveé
dostatec¢na pro zplsobeni vzniceni nejsnadnéji
zapalné smesi za stanovenych zkuSebnich
podminek. Lze fici, ze ve vysledku udava
citlivost na elektrostatickou elektfinu (iniciaci)
[6,7]. MIE lezi mezi nejvyssi energii (Ei),
energii (Ez), u které naopak doslo ke vzniceni
vzorku (1).

E, < MIE <E, (1)

Its determination is subject to current
standard methods [8,9]. In the future, a new
standard test method could be issued to
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Jeji stanoveni je podminéno soucasnymi
standardnimi metodami [8,9]. V budoucnosti by
mohla byt vydana nova standardni zkuSebni
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determine MIE for dust clouds. This would
define the design of the equipment, the
conditions of the explosion vessel, the dust-
dispersion system, the synchronization method
and other areas. Regardless of the equipment
selected, it would have to meet several
requirements for the inductance of a discharge
circuit, ohmic resistance, electrode material, its
diameter, the gap between the electrodes, and
other conditions concerning the capacitor [10].
European standard EN 13821 [8] defining
equipment and specifying the procedure for
determining the MIE for the air-dust mixture.
The determination of MIE is based on
dispersion a specified amount of dust in the
testing chamber. The energy spark is then
created between the two electrodes. A visual
assessment of the ignition inside the transparent
chamber follows - the propagation or,
conversely, non-propagation of flame. The
main factors influencing the recorded values of
MIE are:

e The delay between dust dispersion and
igniting the spark

e The way of the dust dispersion— nozzle
size and shape

e Spark properties — duration, energy

e The amount of the dust tested and its
dispersion from the bottom of the
device [11].

It is possible to use several available devices
to determine the MIE. Usually, it is a device
with a Hartmann glass tube and a volume of 1.2
litres. In the lower part of the tube, there is a
system for the dust dispersion of a "mushroom
type", around which the sample is placed freely.
Dust development follows standard, done with
a compressed air pressure of 7 bar, and this
dispersed dust is then ignited after a set time
delay, using a spark between two electrodes.
During the measurement, there are changes in
the test sample concentration, delay time and
the changes in the ignition energy [8].

Several devices compiled for the
determination of MIE comply with the
applicable standards. The results between the
devices may differ in some cases. This is
demonstrated, for example, by a study carried
out by Janes et al. [11], who assessed the
differences between the devices MIKE 3
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metoda pro stanoveni MIE oblaku prachti. V té
by byla definovana konstrukce zafizeni,
podminky  vybuchové nadoby, systém
rozvitovani prachu, synchroniza¢ni metoda
a jiné. Bez ohledu na to, jaké zafizeni by bylo
vybrano, muselo by spliiovat nékolik
pozadavkl na indukcnost vybijeciho obvodu,
ohmicky odpor, material elektrody, jeji pramér,
mezera mezi elektrodami a dal$i podminky
tykajici se kapacitoru [10]. Na tizemi Ceské
republiky je implementovana Evropska norma
EN 13821 [8] definujici zafizeni a uvadéjici
postup pro stanoveni minimalni zapalné energie
smési prachu se vzduchem. Stanoveni MIE
spo¢iva v rozvifeni stanoveného mnozstvi
prachu ve zkuSebni komotfe. Mezi dvéma
elektrodami je poté vytvofena energeticka
jiskra. Nasleduje vizudlni posouzeni iniciace
uvniti priahledné komory — Sifeni nebo naopak
nesifeni plamene. Hlavnimi faktory, jez
ovlivituji zaznamenavané hodnoty MIE, jsou:

e Zpozdéni mezi rozptylenim prachu
a vyvinutou jiskrou

e Zpusob rozvifeni — velikost trysky, tvar

e Vlastnosti jisker — doba trvani, energie

e Mnozstvi zkouseného prachu a jeho
rozvifeni ze dna zatizeni [11].

Pro stanoveni MIE je mozné pouzit n¢kolika
dostupnych zafizeni. Z pravidla se jedna
0 zafizeni s Hartmannovou sklenénou trubici
s objemem 1,2 litr. V dolni ¢asti trubice je
umistén systém ,hiibovitého typu“ pro
rozvifovani prachu, kolem n&hoz je vzorek
volné ulozen. Rozvifeni prachu je dle normy
provedena naporem stlaceného vzduchu
0 hodnote tlaku 7 bar a tento rozviteny prach je
poté iniciovan, po stanovené dobé zpozdéni,
jiskrou mezi dvéma elektrodami. V samotnych
sériich meéfeni dochazi ke koncentracnim
zméndm zkousené¢ho vzorku, doby zpozdéni
a zmé&nam iniciaéni energie [8].

Nekolik zafizeni sestavenych pro stanoveni
MIE je vsouladu se zminénymi platnymi
normami. Vysledky mezi danymi pfistroji se
mohou v nékterych ptipadech lisit. To dokazuje
naptiklad studie, kterou proved! Janes a kol.
[11], ktefi hodnotili rozdily mezi pfistrojem
MIKE 3 (Kiihner) a HARTMANNOVOU
sestavou (Cerchar). Na pfistrojich testovali

.....

energiich. Z vysledkd méteni vyplynulo, Ze
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(Kiihner) and HARTMANN (Cerchar). They
tested different types of dust on the devices
monitoring different ignition energies. The
measurement results showed that the MIKE 3
was able to determine lower values than the
HARTMANN apparatus. The differences in the
determination of MIE by various instruments
were also researched by Lepik et al. [12]. In
their study, they even worked with and
compared three different devices. As in the
previous case, the MIKE 3 device was used, and
then MIE 111 (Chilworth Technology Limited).
The third device used to determine MIE was
MINOR 1 (ANKO Company). On these
devices, five types of dust have been tested,
under the conditions laid down in the standard
[8]. Similarly, as for the study [11], the MIKE 3
showed lower results than the two remaining
assemblies in the measurement of the yeast
Torula and powder paint. With MINOR 1
and MIE 111 devices, comparable results were
reached. For samples of toner and black coal,
the results were identical for all devices. The
lowest values were measured by the MIE 111 in
potato starch, where the remaining two devices
had a higher but comparable value.

For comparing the results between different
devices, the recalculation from the given range
of the MIE specified in the formula (1) is used,
to a uniform value called static minimum
ignition energy with the indication Es, which is
stated in the following equation (2).

E;= 10

Where:

e | —positive test

e NI - negative test

e | [E2] — the number of dust
concentrations with ignition

e (NI+1) -[Ez] — a total number of
dust concentrations tested [8].

Another of the devices that can be used to
determine the minimum ignition energy is MIE-
D 1.2, a Czech company OZM Research, which
complies with the stated standards [8]. As
already mentioned above, in general, the
instruments used must meet the parameters
related to inductance and discharge. Other
requirements are related to the electrodes that

Delta 2019, 13(2):5-16

ptistroj MIKE 3 dokazal stanovit nizs§i hodnoty,
nez HARTMANNOVA sestava. Odli$nosti ve
stanoveni MIE rGznymi pfistroji sledovali také
Lepik akol. [12]. V jejich studii pracovali
a porovnavali dokonce tfi rozdilné pfistroje.
Stejn€ jako v predchozim pfipadé byl pouzit
ptistroj MIKE 3, dale MIE III (Chilworth
Technology Limited) a poslednim pfistrojem
pro stanoveni MIE byla sestava MINOR 1
(ANKO Company). Na téchto pristrojich bylo
testovano pét druhi prachi za podminek
stanovenych normou [8]. Podobné, jako
u studie [11] vykazovalo zatizeni MIKE 3 niZsi
vysledky, nez dvé zbylé sestavy u meéfeni
prachu kvasnice torula apraskové barvy.
Ptistroje MINOR 1 a MIE III méli v téchto
meéfenich srovnatelné vysledky. U vzorku
toneru a ¢erného uhli byly vysledky totozné pro
vSechna zafizeni. Nejniz§i hodnoty naméfil
ptistroj MIE III u bramborového Skrobu, kde
zbyla dvé zatizeni méla vyssi, ale zaroven mezi
sebou srovnatelné hodnoty.

Pro srovnavani vysledkd mezi riznymi
zafizenimi se pouziva piepocet z daného
rozmezi MIE uvedené ve vzorci (1) na
jednotnou  hodnotu  nazyvanou  staticka

.....

uvedena v nasledujici rovnici (2).

logE;

I[Ez]-(log Ex—logEq) (2)
(NI+D)-[Ez]+1 (mJ)

Kde:
e | —pozitivni zkouska
e NI —negativni zkousku
e | [E2] — pocet koncentraci prachu
S iniciaci

e (NI + 1) - [Ez] — celkovy pocet
zkousSenych koncentraci prachu [8].

DalSim z pfistroja, ktery lze vyuzit pro
1.2 c¢eské firmy OZM Research, jenz je
v souladu suvedenymi normami [8]. Jak jiz
bylo zminéno vyse, obecné musi pouzivané
pristroje  splilovat parametry  souvisejici
s induk¢nosti a s vybijecim obvodem. Dalsi
pozadavky souviseji s elektrodami, které jsou
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are the source of the ignition of the dispersed
dust. The electrodes should be of stainless steel,
tungsten, copper or brass with a cylindrical
electrode diameter of 2.0 mm (+ 0.5 mm). The
air gap can be adjusted smoothly between the
electrodes, which must be at least 6 mm. The
electrode should be of a pointed shape.

During MIE determination, the values that
affect the results are changed. These values
include the change in the ignition delay, the
ignition energy and the tested sample
concentration. These changes will affect the
results, whether the ignition of the mixture
inside the cylindrical tube will take place or not,
and thus, in the final phase, it is possible to find
the lowest energy that can ignite the mixture [8-
10]. As was already stated, the standard [8]
indicate the use of a pointed shape for the
electrode spike. However, the CSN EN ISO
80079-20-2 standard [13], valid on the territory
of the Czech Republic, also offers the
possibility of using electrodes with rounded
spikes. It is this very option that brings us to the
guestion of whether the shape of the electrode
can affect of an electric discharge progress, in
what way, or even how the results in
determining the MIE can be affected.

2 Material and methods

As part of the experimental measurement,
carried out at the Faculty of Safety Engineering
at VSB — Technical University of Ostrava, the
determination of MIE was done, using different
electrode spikes [14]. During the measurement,
a basic characteristic of the test dust sample was
first determined. This dust was Lycopodium,
used as a standard for calibrating the device for
the determination of MIE. For the sample, a
grain size analysis was done, and humidity was
determined. MIE measurement itself took place
using the already mentioned apparatus MIE — D
1.2, which is available at the Faculty of Safety
Engineering. To ignite the mixture, three types
of electrode spikes were used:

e Pointed
Flat — a perpendicular area to the
electrode axis

e Oblique — under a 45° angle.

The basis for comparison was the
determination of MIE using commonly used
electrodes with pointed spikes according to the
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inicianim  zdrojem rozvifeného prachu.
Elektrody mohou byt z korozivzdorné oceli,
wolframu, médi nebo mosazi s primérem
valcové elektrody 2,0 mm (+ 0,5 mm). Mezi
elektrodami je mozné plynule nastavit
vzduchovou mezeru, kterd musi byt minimalné
6 mm. Elektroda by méla byt Spicatého tvaru.

Béhem stanovovani MIE jsou ménény
hodnoty, které ovlivituji vysledky. Mezi tyto
hodnoty patfi zména doby zpozdéni iniciace,
inicia¢ni energie a koncentrace vzorku, ktera je
zkouSena. Tyto zmény ovlivni vysledky, kdy
dojde a kdy naopak nedojde k iniciaci smé&si
uvnitt valcové trubice a v konecné fazi diky
tomu nalezneme nejmensi energii, kterd je
schopna smés jiz iniciovat. [8-10]. Jak bylo
zminéno, norma [8] udava pouziti $picatého
tvaru jako hrotu elektrody, aviak norma CSN
EN 1SO 80079-20-2 [13] platna na Gizemi Ceské
republiky uvadi také moznost pouziti elektrody
se zaoblenymi hroty. Pravé tato moZznost nas
zavadi k otazce, zda a jak ovlivni tvar elektrody
prabéh elektrického  vyboje, popiipadé
i vysledky pfi stanovovani MIE.

2 Material a metody

V ramci experimentalniho méteni na Fakulté
bezpe€nostniho inzenyrstvi Vysoké Skoly
baiiské — Technické univerzity Ostrava bylo
provedeno stanoveni MIE za pouziti odliSnych
hrott elektrod [14]. Béhem méfeni byla nejprve
provedena zakladni charakteristika zkouseného
vzorku prachu. Timto prachem bylo
Lycopodium, které je pouzivano jako standard
pro Kalibraci zatizeni pravé pro stanoveni MIE.
U vzorku byla provedena sitova analyza
a stanovena vlhkost. Samotné meéfeni MIE
probéhlo na jiz zminéném piistroji MIE — D 1.2,
kterym Fakulta bezpecnostniho inzenyrstvi
disponuje. Pro iniciaci smési bylo pouzito tii
riznych hrott elektrod:

o Spicaté
e Ploché — kolma plocha k ose elektrod
o Sikmé — zesikmeni pod thlem 45°.

Zakladem pro samotné srovnani bylo
stanoveni MIE za pouziti béZzné pouZzivanych
elektrod se Spicatymi hroty dle normy [8].
Béhem sérii meétfeni byla pouzita navazka
prachu v rozmezi 150 — 3 600 g / m® a zpozdéni
iniciace 60, 90 a 120 ms. Pro ploché a Sikmé

.....



FIRE PROTECTION & SAFETY Scientific Journal
ADelta w5z
DOI: 10.17423/delta.2019.13.2.61

standard [8]. During the measurements, the dust
batch was used ranging from 150 to 3600 g/ m®
and ignition delays of 60, 90 and 120 ms. For
flat and oblique electrodes, the ignition delay of
only 90 ms was used, as with this delay of MIE
was determined for pointed electrode spikes.
The results obtained showed that the lowest
MIE was determined for electrodes with a
pointed spike. To compare the results, the
recalculation from the equation (2) was applied,
where the resulting value is Es = 8.03 mJ. For
the two remaining electrode shapes, the
determined energy exceeds the value of 10 mJ.
For a flat electrode spike, the value is 13.5 mJ,
for a oblique design it is 11.05 mJ. If we include
these results into the sensitivity analysis
concerning the electrostatic ignition [11], we
conclude that the sample is very sensitive to
electrostatic initiation. The energy obtained
within the range 3 mJ<MIE<10 mJ and, at the
same time, 10 mJ<MIE<30 mJ falls into this
category.

Three different electrode shapes were used
in this experimental measurement [14] -
pointed, flat and oblique. The standard [13]
states that electrodes with rounded spikes can
also be used. Rounded spikes are recommended
to reduce the impact of the corona, which can
occur on pointed electrode spikes, influencing
the values of the energy spark. Following this
premise, the rounded electrode spike was added
to the measuring set. Since this spherical spike
is not defined, the electrodes with pointed
spikes have been rounded using sandpaper.
Material and Methods should be described with
sufficient details to allow others to replicate and
build on published results. You can see all types
of electrodes used in the following Fig 1.

pouze 90 ms, jelikoz pfi tomto zpozdéni byla
u Spicatych elektrod stanovena MIE. Ze
zjisténych vysledkll vyplyva, Ze nejnizsi MIE
byla stanovena u elektrod se Spicatym hrotem.
Pro moznost porovnani byl pouzit pfepocet ze
vzorce (2), kde je tedy vysledna hodnota Es =
8.03 mJ. U dvou zbylych tvari -elektrod
prevySovala zjisténa energie hodnotu 10 mJ.
U plochého hrotu elektrody odpovidala
hodnotal3,5 mJ, u Sikmého provedeni poté
11,05 mJ. Zatridime-li tyto vysledky do
hodnoceni citlivosti na elektrostatickou iniciaci
[11], dojdeme k zavéru, Zze vzorek je velmi
citlivy k elektrostatické iniciaci. Jelikoz ziskana
energie vrozmezich 3 mIJKMIE<10 mJ
a zarovein 10 mJ<MIE<30 mJ spada pravé do
této kategorie.

V tomto experimentdlnim meéteni [14] byly
pouzity tfi rozdilné tvary hroti elektrod —
Spicaté, ploché a Sikmé. Norma [13] tika, ze
mohou byt pouzity také elektrody se
zaoblenymi hroty. Zaoblené hroty jsou
doporuceny z divodu snizeni vlivu korony,
ktera by mohla vznikat na Spicatych hrotech
elektrod, a kterd by mohla ovlivnit hodnoty
energie jiskry. V zavislosti na tomto sdéleni
bylo provedeno doplnéni této sady metfeni prave
o tento zaobleny tvar elektrody. Jelikoz neni
tento hrot kulovitého tvaru definovany, bylo
u elektrod se Spi¢atymi hroty provedeno jejich
zaobleni smirkovymi papiry. VSechny typy
pouzitych  elektrod mulzete vidét na
nasledujicim Obr 1.

111

Fig 1. Electrode spikes

Obr. 1 Jednotlivé hroty elektrod
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Energy is evaluated in relation to the spark,
but also its duration. To evaluate the duration of
the electric discharge spark for these four
different electrode spikes, a high-speed camera
FASTCAM SA-Z was used. With its help, it is
possible to capture the course of electrical
discharge, its duration, and also its extinction.
During the measurement, the electrodes were
placed into the MIE-D 1.2 device and tested.
A high-speed camera recorded an electric
discharge at 210,000 frames per second and
thanks to this, it was possible to analyse the
flashed over was monitored, as the device used
movable and static electrodes. The energy of
sparks in detail. The distance between the
electrodes in which a spark-electric discharge
electrical discharges of 1000 mJ, 300 mJ, 100
mJ and 30 mJ were tested, and these energies
were recorded in the number of ten repetitions
for each shape of the electrode spike.
Subsequently, the data were compared,
evaluated and conclusions drawn from them.

3 Results and discussions

Depending on the specified energy, an
electrical discharge flashed over, which could
be captured using a high-speed camera. Thanks
to its high scanning frequency, it was possible
to monitor how pulsation occurs during the
lifetime of the spark electric discharge. These
discharges were always of a different shape,
which is due to the gaseous environment
through which the discharge passes. Some
examples of the passage of electrical discharges
by the environment are shown in Fig 2.

— —

V souvislosti s jiskrou je hodnocena jeji
energie, ale také doba trvani. Pro moznost
hodnoceni doby trvani jiskry elektrického
vyboje u téchto c¢tyf odlisSnych zakonceni
elektrod bylo pouzito vysokorychlostni kamery
FASTCAM SA-Z. Diky ni je mozné zachytit
pribéh vzniku elektrického vyboje, dobu jejiho
trvani, a také jeji zdnik. Behem provedené sady
meétfeni byly elektrody umistény do zafizeni
MIE-D 1.2 a bylo provedeno jejich testovani.
Vysokorychlostni  kamera  zaznamenavala
elektricky vyboj s rychlosti 210000 snimkut za
sekundu a diky tomu bylo mozné vzniklé jiskry
detailn¢ hodnotit. Byla pozorovana vzdalenost
mezi elektrodami, pti které vznikne jiskrovy
elektricky vyboj a nasledn¢ doba jeho trvani.
Vzdalenost, pii které dojde k preskoceni
elektrického vyboje, byla sledovana, protoze
pouzity pfistroj pouzivd pohyblivé a statické
elektrody. Testovany byly energie elektrickych
vyboji 1000 mJ, 300 mJ, 100 mJ a 30 mJ, kdy
byly zaznamenany tyto energie v poctu deseti
opakovani pro jednotlivy tvar elektrodového
hrotu a nasledn¢ mezi sebou porovnavany,
hodnoceny a u¢inény zavery.

3 Vysledky a diskuse

V zavislosti na stanovené energii dochazelo
k pfeskoceni elektrického vyboje, ktery bylo
mozné zachytit pomoci vysokorychlostni
kamery. Diky jeji vysoké frekvenci snimani
bylo mozné sledovat, jak dochazi k pulsovani
béhem Zivotnosti jiskrového elektrického
vyboje. Tyto vyboje byly vzdy riizného tvaru,
coz je zpusobeno plynnym prostfedim, kterym
vyboj prochazi. Ne&které priklady prichodu
elektrického vyboje prostiedim jsou zobrazeny
na Obr. 2.

»

—_——

Fig 2. Typical electrical discharges progress

Obr. 2 Typické projevy elektrickych vyboja

In the case of higher energy, a plasma effect
was observed, into which a strong electrical
discharge gradually passed. With higher energy,
the duration of the electric discharge was also
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U vyssich energii byl pozorovan vznik
plazmatického efektu, ve ktery postupné piesel
silny elektricky vyboj. S vys§i energii byla
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evident in addition to the light effect. It was
possible to determine the length using the
recordings. In the following sequence of
illustrations, Fig 3, the course of the formation
and subsequent termination of the electric
discharge at the pointed electrode spike was
displayed, with an energy 1000 mJ. As has
already been stated, after the first occurrence of
the electrical discharge, there was a more
intense course recorded, and at the same time,
there was flickering observed. Then, the electric
discharge ceased while the plasma effect
occurred.

krom svételného efektu patrna také doba trvani
elektrického vyboje. Bylo mozné z potizenych
zaznamu tuto délku stanovit. Na nasledujicim
sledu obrazkd, Obr. 3, je zobrazen pribéh
vzniku a ndsledného zéniku elektrického vyboje
u Spicatého hrotu elektrod s energii 1000 mJ.
Jak jiz bylo feceno, po prvnim objeveni
elektrického vyboje doslo k zintenzivnéni jeho
priabéhu a zaroven dochazelo k problikavani a
nasledné elektricky vyboj zanika za vzniku
plazmatického efektu.

Fig 3. Electrical discharges, 1000 mJ
Obr. 3 Elektricky vyboj, 1000 mJ

For lower energies, the plasma effect was no
longer at such a scale or was not frequently
observed at all. In these cases, the spark was less
energetic at first sight, its duration was
considerably shorter. However, there have been
several cases when the energy of 1000 mJ
showed rapid electric discharge. It was possible
to monitor the length of the electrical discharge.
This parameter has been evaluated for the given
energy and various types of electrode spikes.
The duration of the discharge was calculated
from the first appearance of the spark electric
discharge to its extinction, or eventually, to the
occurrence of the plasma effect. From this point
of view, this was a purely subjective evaluation
based on the visual observation and the
estimation of the interruption of the electrical
bond between the two electrodes. The following
Tab. 1 summarizes the average values of these
two parameters, which resulted in an electrical
discharge  occurrence.  The  minimum
requirement for the electrode gap size is 6 mm.
The movable electrode moves towards the static
electrode and at some point, the electric spark
flashes over. This starting point was used to
measure the size of the gap between the
electrodes.
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U nizSich energii jiz nebyl vznik
plazmatického efektu v takovém meétitku, nebo
nebyl mnohdy ani pozorovan. Jiskra byla
v téchto piipadech na prvni pohled méné
energicka, doba trvani byla o poznani kratsi.
Avsak bylo zaznamenéno nékolik ptfipadd, kdy
i u energie 1000 mJ doslo k rychlému prib&éhu
elektrického  vyboje.  Délka  vzniklého
elektrického vyboje byla hodnocena jako dalsi
parametr pro dané energie a rizné typy hrotii
elektrod. Délka trvani vyboje byla pocitana od
prvniho objeveni jiskrového elektrického
vyboje az po jeho zanik, poptipadé, kdy vznikl
plazmaticky efekt. Z tohoto hlediska se jednalo
o Cist¢ subjektivni vyhodnoceni na zakladé
vizualniho pozorovani a odhadu preruseni
elektrické vazby mezi dvéma elektrodami.
Nasledujici Tab. 1 shrnuje prumérné hodnoty
téchto dvou parametrd, pfi kterych dochazelo ke
vzniku  elektrického  vyboje. Minimalni
pozadavek na velikost mezery mezi elektrodami
je 6 mm. Pohybliva elektroda provadi pohyb
smérem ke statické¢ elektrodé a v urcitém
okamziku dojde preskoceni elektricke jiskry.
Tento vychozi bod byl pouzit pro méfeni
velikosti mezery mezi elektrodami.
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Tab. 1 Average values of gap lenght between electrodes and dutation of electrical discharges

Tab. 1 Primérné hodnoty velikosti mezery mezi elektrodami a doby trvani elektrického vyboje

Pointed Spike/Spicaty hrot

Oblique Spike/Sikmy hrot

Flat Spike/Kolmy hrot Rounded Spike/Zaobleny hrot

Energy/Energie  Gap Lfanght/ Duration/Eas Gap Lfenght/ Duration/Cas Gap L?“Bht/ Duration/Cas Gap '-f"ght/ Duration/Cas
[mJ] Velikost [ms] Velikost [ms] Velikost [ms] Velikost [ms]
mezery [mm] mezery [mm] mezery [mm] mezery [mm]

1000 10,37 0,484 9,26 0,504 10,17 0,505 6,87 0,362
300 9,70 0,298 8,42 0,279 7,59 0,319 6,92 0,331
100 11,29 0,114 10,51 0,113 8,52 0,113 6,33 0,144
30 8,23 0,047 6,92 0,069 6,87 0,043 6,48 0,045

As can be seen in Tab. 1, the pointed spike Jak je mozné vidét v Tab. 1, u $picatého
electrode showed much larger gaps for the spark hrotu elektrody dochéazelo k preskocéeni
flashes than the other shapes types. Conversely, elektrické jiskry ve vétSich mezerach, nez
the smallest distance between the electrodes u ostatnich. Naopak nejmensi vzdalenosti mezi
showed a rounded spike electrode, when the elektrodami  vykazovala  elektroda  se
spark flashed over almost after the movable zaoblenym hrotem, kdy dochazelo k preskoceni
electrode was fully ejected. The largest distance elektrické jiskry téméf az po Gplném vysunuti
between the electrodes in which the electrical pohyblivé elektrody. Nejvétsi vzdalenost mezi
discharge occurred, was recorded for the elektrodami, pfi které doslo ke vzniku
electrode with the oblique spike. This was a gap elektrického  vyboje, byla zaznamenana
of size 13.20 mm when the energy 1000 mJ was u elektrody se Sikmym hrotem. Jednalo se
used. By contrast, the smallest distance between 0 mezeru o velikosti 13,20 mm, kdy byla
the electrodes was recorded when the electrode pouzita energie 1000 mJ. Naopak nejmensi
was fully ejected, in this case, the electrode with vzdalenost mezi elektrodami byla zaznamenana
rounded spikes. Comparing the length of the pii uplném vysunuti elektrody, v tomto ptipadé
electric discharge, we can see almost identical se zaoblenymi hroty. Srovname-li délku
results in the case of 100 mJ energy. For elektrického vyboje, muzeme si v§imnout témét
pointed, oblique and flat spikes, the average shodnych vysledku v piipadé energic 100 mJ.
duration of the electric discharge was recorded U $picatého, Sikmého a plochého hrotu byla
0.114 ms or 0.113 ms. In the case of a rounded zaznamenana  prumérna  délka  trvani
electrode spike, there was a short extension of elektrického vyboje 0,114 ms, respektive
the discharge to the 0.144 ms. The shortest 0,113 ms. V ptipadé zaobleného hrotu elektrod
duration of electrical discharge during this doslo ke kratkému prodlouzeni délky vyboje na
energy was detected at the flat electrode spike hodnotu 0,144 ms. Nejkratsi délka trvani
with a time of 0.024 ms. This was the shortest elektrického vyboje pii této energii byla zjisténa
recorded time of the electric charge duration u kolmého hrotu elektrodu s ¢asem 0,024 ms.
from all used energies. If we compare the size Jednalo se celkové o nejkrat§i zaznamenanou
of gaps for the given energies, we find out that dobu trvani elektrického vyboje ze vSech
in all cases there was an electric discharge in the pouzitych energii. Srovname-li velikosti mezer
longest distance between the electrodes with a pro dané energie, zjistime, ze ve vSech
pointed spike. By contrast, the shortest distance ptipadech dochazelo ke vzniku elektrického
between electrodes at the time of the electrical vyboje v nejdelsi vzdalenosti mezi elektrodami
discharge was recorded on the rounded se Spi¢atym hrotem. Naopak u zaobleného typu
electrode type. The duration of the discharge elektrod byla zaznamenana nejkratsi vzdalenost
itself had already differed depending on the size mezi elektrodami v dobé vzniku elektrického
of the energy as seen from the Tab. 1. When vyboje. Délka trvani samotného vyboje se jiz
using the largest energy1000 mJ, the longest lisila v zavislosti na velikosti energie, jak je
discharges were recorded in the flat electrode patmmé z Tab. 1. Pfi pouZziti nejvEtsi energie
spike and the smallest for the rounded spike. 1000 mJ byly zaznamenany nejdel$i vyboje

Taking into account that MIE uses different u plochého hrotu elektrody a nejmensi pro
concentrations and energies to find the lowest zaobleny hrot.
energy, it is possible that the electrode spike Vezmeme-li vpotaz, 7ze MIE pouziva

riznych koncentraci a energii, aby byla
13
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shape itself will affect the result as well as the
various devices and assemblies by which this
energy value is monitored. The results show that
electrical discharges are the fastest and most
likely the easiest when using a pointed electrode
spike. This shape is commonly used and is
designed for the determination of MIE. If a
rounded spike is used, the results may be
distorted due to a delay in the initiation of the
time as determined by the duration of the
electrical discharge.

4 Conclusion

The article summarizes the results of the
experimental measurement, during which the
various shapes of the electrodes used to ignite
the dust mixture were examined in detail during
the determination of the MIE. In the
experiment, electrodes with rounded, oblique,
flat and pointed spikes were manufactured.
These were compared to each other thanks to
high-speed camera recordings. Since the used
MIE determination device uses a static and
movable electrode, the gap size parameter was
monitored, which is flashed out by an electrical
discharge. The easiest way, hence, the greatest
distance between the electrodes, showed the
spark occurrence in the case of a pointed spike
electrode. Conversely, the worst results were
achieved when using a rounded electrode spike,
when the electric discharge occurred only after
the electrode was completely ejected. Another
parameter observed in the measurement was the
duration of the electrical discharge. In this case,
different values were recorded depending on the
amount of energy used. From the records, it is
possible to conclude that the use of different
spikes of electrodes would cause divergent
results, as well as in the case of the use of
various instruments for the determination of
MIE. During the determination of MIE, there
are concentration changes in the sample and the
delay of ignition from the beginning of the
sample distribution. In this case, the size of the
gap in which the electrical discharge occurs is
likely to play a role. At the same time,
a different spark duration was observed. Of the
ten repetitions, there were several cases where
the duration of the electrical discharge was
decreased. The smallest value fluctuations were
achieved with lower energy sizes, such as 30
mJ, but also 100 mJ. Following these results, it
would be advisable to make MIE determination
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praveé tvar hrotu elektrody ovlivni vysledek
stejné tak, jako rizné zafizeni a sestavy, kterymi
je tato hodnota energie vyhledavana. Vysledky
ukazuji, Ze nejrychleji a pravdépodobné
i nejsnadnéji dochéazi ke vzniku elektrického
vyboje v pfipadé pouziti S$picatého hrotu
elektrody. Tento tvar je b&zné€ vyuZivany
Vv zafizenych pro stanoveni MIE. V piipadé
pouziti zaobleného hrotu by mohlo dochazet ke
zkreslovani vysledki zplisobené zpozdénim
doby, kdy dojde K iniciaci i, jak bylo zjisténo
dobou trvani elektrického vyboje.

4 Zavér

Clanek sumarizuje vysledky
experimentalniho méteni, béhem kterého byly
detailn¢ zkouméany rtizné tvary hrot elektrod
pouzivanych pro iniciaci prachovzdusné smési
béhem stanovovani MIE. V ramci pokusu byly
vyhotoveny elektrody se zaoblenymi, Sikmymi,
plochymi a $picatymi hroty. Ty byly mezi sebou
diky zadznamidm z vysokorychlostni kamery
porovnavany. Vzhledem k tomu, ze pouzity
pristroj pro stanoveni MIE vyuziva statickou
a pohyblivou elektrodu, byl sledovan parametr
velikosti mezery, pfi které dojde k preskoceni
elektrického  vyboje.  Nejsnadn&ji, tedy
Vv nejveétsi  vzdalenosti mezi  elektrodami,
dochazelo ke vzniku jiskry v ptipadé Spicatého
hrotu. Naopak, nejhorSich vysledki bylo
dosazeno v ptipadé pouziti zaobleného hrotu
elektrod, kdy vznikl elektricky vyboj az po
kompletnim  vysunuti elektrody. Dal$im
parametrem  pozorovanym v realizovaném
meéfeni byla doba trvani elektrického vyboje.
V tomto pfipadé¢ dochazelo k zaznamenani
riznych hodnot v zavislosti na velikosti pouzité
energie. Ze zaznami je mozné soudit, ze by
pouziti odlisnych hrotli elektrod zapficinilo
odlisené¢ vysledky, stejné tak jako v ptipadé
pouziti riznych aparatur pro stanoveni MIE.
Béhem stanovovani MIE dochazi ke
koncentratnim zménam vzorku a dobé
V tomto piipadé by mohla hrat roli pravé
velikost mezery, pfi které dojde ke vzniku
elektrického vyboje. Zarovenl byla pozorovéana
rozdilna doba trvani jiskry. Z deseti opakovani
doslo k nekolika pripadim, kdy byla snizena
doba trvani elektrického vyboje. Nejmensich
vykyvii hodnot bylo dosazeno u nizSich
velikosti energii, jako u energie 30 mJ, ale také
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using different spikes of electrodes to compare
the actual effect of MIE with the type of
electrode spike. Predominantly, rounded spike
electrodes should be used, as stated in the
standard CSN EN ISO/IEC 80079-20-2.
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