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1 Introduction

Positve streameris a bright plasmafilament, which
rapidly bridgesthe overwlted electrodes. One of the
electrodesanbe sharpenedthe high Laplacianfield is
thenconcentratechearthatelectrode.Streameis orig-
inatedin a high field andmovestowardsthe otherelec-
trode,wherethefield is low.

Sucha geometry(e.g. wire anodeand coaxialtube
cathode)is usuallyusedin pulsedstreamercoronade-
vices[1, 2, 3]. It allows to producemultiple streamers
in alargedischagegapapplyingvoltagepulsesof rela-
tively low amplitude(10-100kV). Thevariantsinclude
dielectricbarrierdischage, whena thin dielectriccov-
ersoneof theelectrodeor a dischagein a spacfilled
with dielectricpellets[4].

In all thesecasesthe chemicalreactionsin a gas
areinducedby speciesgeneratedn the streamehead,
wherea high polarizationfield exists. The highfield fa-
cilitatesproductionof electronswhich destry andex-
citemoleculesTheproductsf electron—-molecureeac-
tions(radicals)theninitiate multiple chemicalreactions
in agasleadingto removal of harmfulcomponents.

Recentexperimentson gas cleaning by meansof
pulsedstreamerdischage shaved, however, low effi-
cieng of streamercorona.Accordingto [5] in pureN,
the enegy costof oneN atom productionby meansof
streamercoronais about300eV. Currentlythistechnol-
ogy is more expensve thanthe electronbeamprocess-
ing, whenradicalsare generatedn a gasby electron
beam. Underthe actionof beamthe costof N atomin
pureN, is about80eV [5].

Theefficiengy of streameicoronahowever, depends
on a numberof factorssuchasgeometryof electrodes,
voltagepulseparametersgaspressureetc.. In a pasts
yearsa two—dimensionaimodelsof streamein nonuni-
form fieldsin air [6, 7, 8, 9, 10] have beendeveloped.
Thesemodelsallow to simulatestreamedynamicsand
generatiorof speciesandto investigateheinfluenceof
externalparametersn speciegproduction.In this work
theinfluenceof Laplacianfield on efficiency of radicals
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generatioris investigated.

2 Themodd of streamer in air

Streamedynamicsin air is describedvy the following
systemof equations:
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Je = —D.Vne — p.En, (5)

is electronflux, E electricfield strengthlE = —-VV,V
potential,n numberdensity D and p diffusion coefi-
cientandmobility respectiely. Subscripts'e”, “p” and
“n” referto electronspositive andnegativeionsrespec-
tively, “e” in (4) is absolutevalueof electronchage.

Right hand sides of (1)—(3) describethe rates of
chaged particlesproductionand loss. The S; is the
rateof moleculesonizationin collision with electrons,
Spn therateof photoionizatiorin a gas,S,: therateof
electronsattachmento oxygenmolecules L., therate
of electron—positie ion recombination,L,,, the rate of
positive—ngativeionsrecombination.

The expressiongor S;, Satt, Lep and Ly, aregiven
in [11, 7]. The calculationof the rate of photoioniza-
tion is basedn themodel[12] andis describedn [13].
Boundaryconditionsand detailsof humericalsolution
of system(1)—(4) canbefoundin [7, 14].

3 Generation of radicals

The system(1)—(4) definesthe evolution of electron
densityandelectricfield in the courseof streameprop-



agation. Knowing thesevaluesone may calculatethe
numberof radicals generatedby the streamein air.

The numberdensityn, of radicalsof a sorta obeys
theequation

ong
ot

where&,,, is fractionof parentmoleculegO, or N) in
the air, s, stoichiometriccoeficient, k,(E/n) the rate
constant.Following [15], thereactiondistedin Tablel
weretakeninto account.

Therateconstanbf nitrogendissociation

(6)
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wastaken from [16]. Lowke and Morrow [16] calcu-
latedEEDF andrateof nitrogendissociatiorfor theflue

gas.Theenegy of N, dissociatioris ratherhighandthe

rateconstanbf thatprocesss definedby high—enegetic
tail of electronenegy distribution function, whereno

vibrationalexcitationof moleculesoccurs.For thatrea-
sonionizationcoeficientsin air andflue gasesreclose
to eachother Onemaythereforeexpect,thatthisis true

for nitrogendissociatiorrateconstant.We interpolated
data[16] with afollowing expression:
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whereE/nisin Td (1 Td = 10~!7 V cm? ). Notethat
this fit agreeavell with thosepresentedn [17].

Therateconstant®f reactionslistedin Table1 have
theform

E/n
kr =4 x 1078/ ==
T=ax 2800

B,
ko = Az exp (—c 9)

—1
E/n) cm’s

whereE/n isin Td, ¢ = In(10). The parametersd,
andB, arelistedin Tablel.

4 Resaultsand discussion

The streamersare simulatedfor atmospherigpressure
air (p = 760 Torr, T' = 300 K) in 2—cmgapbetweerthe
curved anodeanda planecathode.Cylindrical coordi-
nateswith the origin at the cathodesurfaceoppositeto
the anodetip areused. The z—axisis directedtowards
theanodetip.

Thetwo anodesvereconsidereddull (Anodel) and
sharp(Anode?2) (Figurel). Both have aform of hyper
boloid of revolution:

;) -() =1
with the radiusof tip curvaturery;, = a®/b. For both
anodes$ = 2 cm. For Anodel a = 0.32, 7, = 0.0512

cmandfor Anode2 a = 0.15 cm, ry;, = 0.0113 cm.
Theradiusof tip curvatureof the Anode1 is almost5

(10)
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Figurel: Thetwo anodesysedin simulations.

timeshigher, thanthatof Anode2. Underthe sameap-
plied voltage (10 kV) it gives3 timeslower Laplacian
field nearthetip.

In both casegheappliedvoltageis 10 kV. To initiate
streamern smallspotof aseedplasmais placednearthe
anodetip. It shouldbe emphasizedhattheonly differ-
encebetweertwo variantsis the shapeof theanode All
otherparametersincluding initial andboundarycondi-
tionsremainthe same.This allows to elucidatetherole
of Laplacianfield in productionof radicals.

The streamerdor both variantsat the moment5 ns
are shovn in Figure 2. It is seen,that nearthe dull
anodethe streameris narrover and shorter than near
the sharpone. In caseof sharpanodethe high field re-
gion occupiesmuch larger volume and henceradicals
areproducedmuchfaster

Figure 3a shows that the streamernear the sharp
anodeproducesradicalsalmost 10 times faster than
streamemeardull anode. Figure 3b demonstratethat
in 1.5 nsthe streamemearsharpanodebecomesnore
effective thannearthe dull one. The meanenegy cost
of onespecienearsharpanodes about10eV.

The costof O atomis twice lower, thanthe costof
eachdissociatiorevent. Thenumberof O atomsdirectly
producedn the reactionslistedin Table 1 is shavn in
Figure3. Theenegy costof eachO atomatthemoment
10 nsis about55 eV for Anode1 and39 eV for Anode
2. However, in both casesmostpart of generatedac-
tive speciesareexcited nitrogenmoleculeqFigure 3a).
Thesemoleculesarerapidly corvertedto oxygenatoms
in thereaction

N;+0; = N2 +0+0 (11)
andhencefrom practicalpoint of view the enegy cost
shavn in Figure3bis the costof oxygenatom.

Theresultspresentegshaw, thatthe sharpanodehas
evident advantagesover the dull one. Due to higher
Laplacianfield the streamenearsharpanodeis created
with higherheadradius,it producesspeciedasterand
ontimescalelOnsthemeancostof eachspecids lower.
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Figure2: Contourlinesof electrondensityandabsolute
value of electricfield for the moment5 nsfor the two

anodes.Left pair of maps:Anode1, right pair: Anode
2. Top maps: electrondensity bottommaps: absolute
value of electricfield strength. Electrondensity con-
tours are labeledwith the power of 10: 10! to 104

cm~3. The outermostcontouris 10! cm—3. Electric
field contoursare30,50,70... kV/cm.

In [7, 9 we have reportedthe values 35 and 30
eV/specierespectiely, resultedfrom numerical sim-
ulation of streamerdn similar conditions. However,
in [7, 9] amongpossiblechannelsof nitrogen excita-
tion, only productionof No(A4%0) was taken into ac-
count. The setof reactionsusedhere (Table 1) takes
into accountall the channelof nitrogenexcitationrec-
ommendedn [15] which leadto lower enegy cost.

A streamemear sharpanodecannotproliferate far
into the low field region: it is thentransformednto a
streamewith smallerradiusof head[13]. Theeffect of
enepgy costreduction,therefore,is causedoy the high
field nearthe anode. This is in line with the predic-
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Figure3: (a): Total numberof speciesproducedy the
two streamersDashecturves:streameneardull anode
(Anodel), solid curves:streamenearsharpanode(An-

ode?). (b): Meanenepy costof eachspeciefor thetwo

streamersDashedcurve: Anodel, solid curve: Anode
2.

Considera long wire anode. If 7 is large, most of
the streamerwill startbeforethe voltagereachepeak
value. Thesestreamergrow andpropagatenitially in
thelow field, they have smallradiusandpoorefficiency
of radicalsproduction.If voltagerisetime is small,the
voltagegrows fasterthanstreamemovesandonemay
expectformationof non—standardtreamersearthean-
ode. To ensurehigh performancef speciegproduction
it is beneficialto createhigh field nearthe anodeasfast
aspossibleandto interruptvoltagepulsebeforestream-
erswill looseefficiency. Todaythe generatiorof short
pulsesn large—scalsetupss hardlypossible However,
suchpulsescanbe generatedn a smallgaps(~ 1 cm).
Besidesthehighvoltagetechnologyprogresseandone
may expectthatsoonthis problemwill besolved.

In large—scalesetupsfor streamercoronacleaning

tion [13] thatin low field only the standardstreamer the coaxial geometryis usedand 7 is usually hun-

can exist, whosepropertiesdependonly on gaspres-
sure.Thestreameshownn in Figure2 (Anode2) is non—
standardn thatsenseandthis is thereasorfor its better
performance.

It wasassumedthatthe voltageis appliedto the an-
odeinstantly In practice,however, high voltagecircuit
providespulseswith finite risetime 7 andformationof
streamerslependslsoon 7.

dredsnanosecondt microsecond$3]. The diameter
of the inner cylinder (anode)is 1.5 mm or more. The
peakLaplacianfield at the surfaceof inner cylinder is
V/(rIn(R/r)), whereR andr areradii of outerandin-
ner cylindrical electrodesThevoltagepulsesareabout
20-40KkV, thereforethe peakfield nearthe anodeis
about100 kV/cm. This correspondgo the conditions
neardull anodedescribedabore. Undervoltagepulses



with suchalarger streamergormin low Laplacianfield
andthis may explain their low efficiency.

Comparisonshaved, that the better efficiency pro-
vides Siemensreactor where the anode“was struc-
turedto obtainahomogeneoudistribution of microdis-
chages.”. [3]. This stricturecanenhancdocal Lapla-
cianfield. In spite of very low voltagerise time (1 us)
somestreamerarebornwhenthefield is high andthis
couldbeanexplanationof betterreactorefficiency.

In the presentsumulationghe costof nitrogenatom
atthemomentl0nsis 70eV for Anodel and50eV for
Anode2. Theexperimentsvith streameroronain pure
Ns [4, 5] gave thevalues240to 300eV perN atomun-
derthevoltagerisetime~ 100 ns. It is notclear, whatis
theefficiengy of streamein purenitrogen,sinceparam-
etersof suchastreamecandiffer significantlyfrom that
of in air [13]. Theelectronbeamin purenitrogenandin
air givesN atomatacost~ 80 eV peratom[3, 5]. The

resultspresentedshov thatin air the pulsedstreamer
coronatechnologywith shortpulsesand sharpanodes

may give even betterperformancethan electronbeam
technique.
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