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To generate the non-equllibrium plasma at near-atmospheric-

pressures (important for many applications) it is necessary to avoid
of , (e) The filamentary glow to arc transition"

It can be done in the following types ot the non-stationary high-
pressure discharges (or their cobinations)

1. Impulse discharges - the case of TEA lasers excitation —
extremely multiavalanche initiated streamer breakdown

2. Corona discharges (DC or AC)

3. Dielectric barrier discharges ( one or several dielectric ,,barriers"
are situated on the lectrode surfaces, or in the gap)



DEFINITIONS OF THE CORONA DISCHARGES:

Goldman M, Goldman A and Sigmond R 1985 Pure Appl. Chem. 57 1353—-62:

‘A corona is self-sustained electrical gas discharge, where the Laplacian electric
field confines the primary ionization process to the regions close to high field
electrodes or insulators’.

Kogelschatz U and Salge J 2008 Low Temp. Plasmas 2 439:

'‘Corona discharges are self sustained gas discharges typically operated in air at
atmospheric pressure between metal electrodes. At least one of the electrodes is
of a geometric form which causes locally high fields. Common configurations are
pointed electrodes facing a plane, ...etc. When the voltage is raised in such a
configuration current starts to flow at corona onset and increases until the
potential for spark is reached. This intermediate range of corona activity is
referred to as a partial breakdown of the gap.
The corona is characterized by a faint visual
glow in the high-field region occasionally
accompanied by luminous streamers
propagating toward the other electrode.’

(




El.corona discharges

- are generated in strongly non-uniform el.fields at near-atmospheric pressures,
where the ionization is resticted to a part of the interelectrode space in the
vicinity of the electrode with a small radius of the curvature

<— _,St. EImo's fire"

In 1751, Benjamin Franklin observed a corona
discharge on the tip of a grounded metallic rod
during the thunderstorm

Typical electrode geometries for the corona
discharges:

(a) point-to-plane (b) wirw-to-plane (c) coaxial
electrodes

' (@) (b)
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Corona discharge vs.
(partial breakdown)

D=2cm
d=15cm

Voltage, v

~— Breakdown

_—C incenti

Cap spacing, d

Breakdown and corona inception characteristics for spheres
of different diameters in sphere-plane gap geometry

In ambient air corona discharge exists for approximately i

-
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Obr. 5.8 Koronovy vvboj v dvoch typickveh geometriach: a) hrot-rovina: b) koaxialne
nsporiadanie valecovveh elektrad. V tvchto geometriach je: 1 - koronujica elektrada (s ma-
lvmn polomerom krivosti); 2 — elektrdda s velkvm polomerom krivosti; 3 — lonizacna vrstva;
4 — vonkajsia oblast vyboja: 5 — elektrické silodiary. Polomery vo valcove] geometrii si
oznacene Ky a Ry (pre koronujicu elektrodu)



,DC" (50 Hz) Positive corona disch. ~DC" Negative corona discharge
At the moment when the corona electrode At the moment when the corona
electrode is the anode electrode is the cathode

See the positive streamers starting see the so-called neg. corona spots
from the uniform glow plasma
covering the anode




Corona Discharges in Atmospheric Air Between a
Wire and Two Plates

Philippe Bérard, Deanna A. Lacoste, and Christophe O. Laux

(a) (b)

Fig. 2. Corona discharges between a high-potential wire and two grounded plates in air at atmospheric pressure and ambient temperature. (a) Positive corona
(V = 14.2kV,] = 1.5 mA). (b) Negative corona (V' = —10.5kV, ] = —1.3 mA).



What is the polarity of the corona ?

- See the primary negative streamers starting from the cathode spots




(e) THE STREAMER BREAKDOWN ALWAYS OCCURS IN THE FOLLOWING SEQUENCE OF
EVENTS

(a) The avalanche stage, wherein the streamer initiating charge in a localized region is formed by charges
generated in a single avalanche or more often accumulated in a sequence of avalanches

(b) The positive primary streamer initiation: after an initial delay, when the streamer initiating charge
partially shields itself from the external field forming a ‘critical’ region of relatively dense plasma (1013-1015
cm-3 ) resulting in the primary positive streamer starts to propagate.

(c) The positive streamer propagation, where the primary streamer head propagates as a luminous spot of the
diameter typically less than 1 mm with the velocity usually in the range 107 —108 cm s~ followed by a less
luminous streamer trail.

(d) The streamer arrival to the cathode, forming an active glow-discharge type cathode

spot, which is effectively producing the glow to arc transition is often initiated by
the growth of secondary streamers

Positive corona : Negative corona:

< positive streamer
negative streamer —




Mechanism of the positive corona:
No single ,critical avalanche™ 1! ,% R

~pre-onset burst pulses™ / :
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(b)

(a)

( f
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(<) (d)

Figure 3. Positive polarity dc corona (sphere diameter of 20 mm, i = 15 cm). (a) Initial corona glow at

+55.5 kV; (b) Corona glow and streamer initiation at +56.0 kV; (¢) Advanced positive corona combining
glow and streamers at +62 kV; (d) Spark breakdown at approximately +80 kV.
Energies 2018, 11, 2671
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Figure 2.11. Threshold curves for various modes of positive corona in a rod-plane
gap with a rod radius of 1 cm [12].

E. Kuffel, W. S. Zaengl, and J Kuffel. High Voltage Engineering: Fundamentals.
Butterworth-Heinemann, 2000.



The ,traditional ™ criterion for the streamer onset exp(a,x) = 108
since the streamer starts form a multiavalanche glow

UPPSALA

UNIVERSITET Non uniform gap

Vemon Cooray

......

inception criterion: The criterion for the inception of the streamer can be

written as .

[or(x)dy > 18

where X, is the axial length of the region within which the electric field is
high than 2.6 x 104 V/cm.




Positive pulse l and negative pulse l coronas in ambient air

40 mm

40 mm

Where is the positive
streamer arrival to

the cathode generating
the cathode spot ???




In the negative corona discharge the positive streamer is

generated in the immediate vicinity ~ 0.1 mm of the cathode
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In the [BOSIBNIE corona discharge the arrival of the primary positive streamer
to the cathode induce a fast-rising (~ 1 ns) current pulse :

v

‘ ' Time {ns)

5 20 ns

Streak camera record in a 2 cm ambient air gap with an anode radius of 50 um. The applied
voltage and streak are 36.81kV and 20 ns,
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Negative corona discharge — Trichel pulses

Figure (b) shows current peak of 7 mA amplitude generated at the arrival of
positive (,micro™) primary streamer to the cathode tip. For 10 ns < t < 100
this current peak is followed by a 1 — 2 mA current of a glow discharge.
However at some 100 ns the glow discharge is quenched by the formation of
negative ion space charge due to the electron attachment. The next current
pulse is generated after ~ 15 ps, when the negative ion space chargé drifted

away enough from the cathode. The periodic current pulses generated in this
way are called Trichel pulses.

15.2 us 14.8 us

current [mA]
B

0O 20 40 60 80 100 120
a time [us] b) time [ns]



Zaporny koronovy vyboj — Trichelove impulzy

Takze i ked' je na elektrodach jednosmerné napatie, prud zaporného koronoveho
vyboja v plynoch, ktoré tvoria zaporné iony (vzduch, O,, CO,, H,0,...) pozostava z
pravidelne sa opakujucich Trichelovych impulzov s frekvenciou od cca 1 kHz az do 1
MHz.

NEGATIVE
NEGATIVE DC HEEDLE
oc MICRO=
— | VOLTAGE AMMETER »
R= 104 ohms C=25picofarads S P e
0SCILLOSCOPE
ELECTROSTATIC NEEDLE
VOLTMETER
—

wn

A . L
Fig. 8. Qualitative visual representation of our conception of spread-
ing of negative jon cloud in transit across the gap al some voltage
above threshold and below sparking. Spreading of charge cloud is
FIG., 1. Schemsatic diagram of the electrical equipment used to due to Coulomb self-repulsion and spatial divergence of applied
measure the Trichel pulse frequency of negative needle-to- electric field. Diagram may also represent multiple charge clouds
plane coronas in ambient air at atmospheric pressure, in gap at Ei-‘-':'ﬂ tHime.

T PR /11

Preco ?

Pocas Trichelovho pulzu vzniknu elektrony, ktoré sa pohybuju k andde. V elektronegatnych plynoch
sa vSak rychlo zachytia molekulami plynu a vytvori sa ,husty oblak™ pomalych zaporne iénov, ktory
znizi intenzitu el. Pol'a pfi katdde a vyboj vyhasne. Novy Trichlov impulz nastartuje az ked’ sa oblak

zapornych idnov vzdiali do vzdialenosti L od katody WL Lama and G.F. Gallo: Study of current pulses

Journal of Applied Physics, Vol. 45, No, 1, January 1974
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Stabilny zaporny koronovy vyboj obvykle hori v rezime TP. Pri vyssich

napatiach prejde do ,pulseless" tlecieho vyboja a nasledne do iskry

time

Negative point—to-plane discharge
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,POZITIVNE" KORONOVYCH EIl. VYBOJOV
Stabilné kladné a zaporné koronové vyboje obycajne horia v rezime
glow (+) a Trichel pulses (-)

HV
| IB.E MmMe—==
5.5 mm

Corona discharges between a high-potential wire (gnd two grounded plates in air at atmosphe(rbi)c pressure and
ambient temperature. (a) Positive corona (V = 14.2 kV, / = 1.5 mA). (b) Negative corona (V = -10.5kV, | =
-1.3 mA).



Koronové vyboje sa najCastejsie vyuzivaju jako zdroj ionov v
Aplikovanej elektrostatike, napr.

Elst. odlucovace

Elst. nanasanie praskovych materialov
Elst. separatory

Eliminacia statického el. naboja

PWNEH

Pri tychto aplikaciach m4, v porovnani s kladnym, zaporny korénovy
vyboj nasledovné vyhody:

1. Nizsie zapalné napatie
2. Vyssie el. prudy pri rovhnakej geometrii elektrod a napati
3. Do iskry prechadza pri vyssom napati



Elektrostatické odlucovace

https://en.wikipedia.org/wiki/Electrostatic _precipitator
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https:/ /www.botonair.com/commercial-kitchen-esp-hood /

Exhaust range hood is one of the important part of the ventilation system. Our hood style ESP is a
special hood inside with electrostatic filters. The function is not only to extract the cooking smoke
and grease vapor, but also to filter the cooking fumes and grease particles by electrostatic
precipitator. ESP hood combines kitchen canopy exhaust hood with electrostatic filtration system

which can be installed directly over the cooking appliance.




Elst. nanasanie praskov

E} Megative charged powder particles
{:} Mon-charged powder particles

— Free ions

https://en.wikipedia.org/wiki/Electrostatic_coating



Elektrostaticky separator

Elektrostaticky bubnovy separator umozZnuje oddelit’ vodivé a nevodive prasky a castice



ELEKTRETY su polymérne materialy s permanentnym elektrickym
nabojom. Obvykle sa pripravuju nabitim povrchu polymérnych

materialov koronovym vybojom

Pouzivaju sa hlavnene pri vyrobe
miniaturnych mikrofonov, ale i na
elst. Cistenie vzduchu a v medicine

v Needle

Sta_inles s net
(grid)
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Koronujuce elektrody (static dischargers) sa umiestnuju na kridla lietadiel,
aby vybijali naboj vznikajuci trenim o vzduch. Podobne sa pouzivaju napr. i
na vodivych kominoch, pri vyrobe folii, papiera, atd’

|waerosavvy|




Elektricky (ionovy, koronovy) vietor

lonized air particles

. - /
Neutral air particles

Corona o ® ®;/, N [ @ > Collector
P 0g o ® O .@_’53' Electrode
% ®_®.—— oo S>> @
® > 2 P

Moze byt’ vyuzity na chladenie el.
suciastok

»~Enhanced cooling for LED lighting using
ionic wind", International Journal of Heat
and Mass Transfer 57 (2013) 285-291

Vznika i pri striedavej 50 Hz
korone ?

T HVPS.
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Straty na vedeniach VN v dosledku koronovych vybojov
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Straty korénovym vybojom v 1GW/765 kV
prenosnej sieti su asi 2.5 % a 1000 km dlzky,
co je porovnatel'né s ohmickymi stratmi

http://large.stanford.edu/courses/2010/ph240/hartingl/
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Preco nie je dobrym riesenim pokrytie (izolacia) vodicov vedenia
VN, 50 Hz polymérnym izolachym materialom ?
sharp point with comna discharge

b,
s —_
intense field

resistive grading - E field below comna threshold

Vznika DBD v ,dielectric voids™ na rozhrani kovu a polyméru, ktory
nasledne degraduje



Koronovy vyboj sposobuje problémy
pre elektrostatickom rozprasovani a zvlaknovani

C.
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http://ecfuchs.com/?page=electrospray



Stabilizacia korénou

sharp point with comna discharge
}

Ve
==::/=7;g

internse field

resistive grading - E field below comna threshold

e
Vznika DBD v ,dielectric voids" n / P
nasledne degraduje grading material






