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SUmmary

Thedielectricbamierdischargeistheusefuloneastheplasmaprocessingforthedecomposi-

tionofTOxgas.Thispaperdescribesontheequivalentcircuitfordielectricbarrierdischarge.Be-

causeweneedtoknowhowconditionisthemosteffectiveontheplasmaprocesslngbyemploylng

bamierdischarge.

Theauthoremployed3-VoltmetersMethodandmeasuredthephasedifferencebetweenvoltage

andcurrent,thepowerconsumedbybamierdischargeandthereactanceofbarrierdischarge.From

thesemeasurements,theauthorhasclarifiedthattheequivalentcircuitofbarrierdischargeisthese-

riesconnectionoftheresistanceandthecapacitance.Andtheauthorhasalsoreportedthecondition

ofthemaximumpowerconsumedindischarge.
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l.Introduction

NOxdissociationisoneoftheslgnificantproblemsintheglobalenvironmentalissuesand

variousprocesseshavebeenproposedforremovingNOgasfromexhauststreamsll].And,there

aremanypaperswhichwereemployedthebarrierdischargeforremovlngNOgasasaplasmaproc-

essingl2].AuthorisnowresearchingNOxdecompositionwithemployingthebarrierdischargeas

plasmaprocessfわrremovingNOgas[3日41,[5]･

AuthorisresearchinghowconditionofdischargeisthesuitableoneforNOxdissociation,

whenweapplythebarrierdischargeforNOxdissociationinthiswork.Especially,ltismaintarget

toknowtheequlValentcircuitforthebamierdischargeandtoclarifythemaximumelectriccondi-

tionofwhichelectricpowerisconsumedinthisdischarge･

ThispaperdiscussesontheequlValentcircuitforbarrierdischargebymeasunngthephasedif-

ferenceandemploylng31VoltmetersMethod･

2.Experiments

211.ExperimentalProcedure

TheschematicfigureofexperimentalapparatusandcircuitareshowninFig･1･Theseapparatus



54 KagehiroITOYAMA

areconstructedfromachamber,theexhaustsystems,theanalysispartforNOxgasesandthemeas-

urementpartfordischargewaveform.

Thepowersupplyisaltemativecurrentwhichisasinewaveandabout5kHz.Authoremploys

thetransformerwhichisconnectedtheoutputterminalofpowersupply,becauseofadjustingIm-

pedancematchingbetweenpowersupplyandbamierdischarge.Theloadresistance,RL,is20kEl

andtheresistanceforcurrentmeasurement,RA,is1kE2.Avoltageandacurrentoftheexperimental

circuitaremeasuredbyadigitaloscilloscope.

Thethicknessofdielectricsubstrate,whichishardglass,is0.15mm.Thegapbetweenelec-

trodesismeasuredbyuslngthegapgaugeandisflXedonevalue,forexampleO･6,0･9and1.05mm,

likeastheratioofthegapbetweenelectrodesandthethicknessofdielectricsubstrateisinteger.The

electrodesarefixedaboveandbelowandfacetofaceasshowninFig.I.Thedielectricsubstrateis

putonbelowsideelectrode.Theelectrodehasaholeandthegasesusedinthisworkareleadtothe

丘eldofdischargethroughthishole.

Thegaswasexhaustedfromthedischargechamber,aftertheelectrodesandthedielectricsub-

stratewerefixedinthechamber,asmentionedabove.Afterthistreatment,N2+NOgaswasleadto

thechamberuntil760Torrwithmeasunngthepressureinthechamberandtheflowrateofgas.

2-2,ExperimentalConditions

Theexperimentalconditionsareasfわllows;

(1)ElectrodeMaterial:Ptelectrode,whichhasahole.

Ⅰnnerdiameter:6mm,Outerdiameter:15mm

(2)DielectricSubstrate:HardGlass,thicknessis0.15mm,relativepermittivityis6.9

(3)ElectrodeGap:0.6,0.9,1.05mm

(4)PowerSupply

Vbltage:0-3,500volts(RMS)
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Frequency:4･7kHz

(5)LoadResistance:20kE2

(6)CircumstanceGases

Pressure:700,760Tb汀

Experiment1:N2+NO(458ppm,4502ppm)

Experiment2:MixedGasofN2+NOandCH4
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3.ExperimentalResults

3-1.Resu一tsofPhaseDifference

Fig.2istheexperimentalcircuitforthemeasurementofphasediHerence･Fig･3showswave-

formsoftheterminalsa-bandc-b,theterminalsa-candb-C,respectively.Thewavefom ofterminal

c-bisassameasthecurrentwaveform.AsshowninFig.3,thephasedifference,¢,betweenVEJband

VLbexceedstoT【/2.WhereVt1histhevoltagebetweenelectrode,andV(bisassameasthecurrent

waveformofdischarge.Inallofthepresentwork,thevaluesofphasedifferencebecomelargerthan

7T/2andthepowerfactor,cos¢,showsnegativevalue･

AuthorcannotglVethereasonableaccountexceptthinkingthatthepartofreactor,whichisthe
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partofdischarge,becomespowersourceapparentlyinthiscircuitwithinvolvingmeasurementin-

stallment.

3-2.MeasurementofConsumedPowerby3-VoltmetersMethod

Consideringthereactorpartasacircuit,authorcanpresenttheequivalentcircuitasshownin

Fig･4･InFig･4,Rr'andC,'canbeneglectedinthiscircuit.So,authorpresentsthenewequivalent

circuitastheequivalentoneforthereactorpart.

InFig.5,wecancalculatethepowerconsumedindischargeandthephasedifferencebetween

thecu汀entandthevoltageofdischargebymeasunngthreevoltagesbetweenterminalsa-C,b-cand

a-b.Thismethodiscalled"3-VoltmetersMethod".Assumlngthatthereactorpartcan bepresented

theequivalentcircuitasshowninFig.5andeachtemi nalvoltageofa-C,b-Canda-baresignedVac,

VbcandYob,therelationshipofthesesthreevoltagescanbeshowninFig.6.FromthisFig.6,wecan

expressthepowerconsumedindischarge,P,andpowerfactor,cos¢,byfollowingequations.

lvact2=LvabI2+lvbcl2-2lvabL･LvbctCOS(7t-¢)

=LvabI2+Lvbcl2+2lvabt･lvbclcos¢

Therefore,

cos¢=(Ivacl2-LvabL2-lvbcl2)/ (2lvabI･lvbcI)

Moreover,powerconsumedindischargeisshownthefbllowlngequation;

p=IvabE･lIIcos¢

監 ⇒tZis=heargeRr
胃『 Ll(
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&
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Fig･4 Theequivalentcircuitofbamierdischarge.
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Fig.5Equivalentcircuitofreactorpart
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Fig.6 VectorfigureofV",VabandVh(

andcu汀entisgiveninEq.(4)

Fvb(F=RL･困
Substitutingeq.(3)andeq･(4)toeq.(1),

lva()2=ivabl2+Ivb｣2+2RL･fll･lvabIcos¢
Fv"r2=lvabI2+lvb,l2+2RL･P
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(4).

(5)

Therefore,Wecanobtainpowerconsumedindischarge,P.

p=(IvacF2-lvabl2-Fvbcf2)/ (2RL) (6)

WecanobtainthepowerconsumedindischargebymeasunngVac,VabandVbc,Simultaneously.

Table1showsresultsinexperiment1,whichisdoneundertheconditionof458ppmand4502ppm

inN2+NOgas.And,Table2isresultsinexperiment2,0fwhichcircumstanceismixedgasofN2+

NOandCH4.

AsshowninTable1-I,I-2andTable2,thepowerconsumedindischargeisnotnegativeinal-

Table1llResultsby3-VoltmetersMethod(N2+NO(458ppm),RL=20kf2)

Vat(V) Vub(V) Vb̀(V)

1900 1740

1820 1800

1780 1780

Pby3-VMethod(W)

Tab一el-2Resultsby3-VoltmetersMethod(N2+NO(4502ppm),RL=20kf2)

Và(V) Vab(V) Vbc(V) Pby31VMethod(W)

2140 1830

2240 1860

2180 1780

113.2 30.45

112.1 38.64

111.4 39.29

Table2Resultsby3-VoltmetersMethod(N2+NO(4502ppm)andCH4,RL=20kf2)

Va,(V) Vah(V) Vb,(V) Pby3lVMethod(W)

NoDischarge

DischargeasFilament

BamierDischarge

ComplexDischarge

0

0

0

0

2

5
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mostofdata.AsshowninTable2,thepowerconsumedindischargeshowsthedifferenceinaccor-

dancewiththesituationofdischarge.Thepoweristhemostconsumpt10ninbarrierdischarge.

313.EstimationofR,andC,inBarrierDischarge

Byuslng3-VbltmetersMethod,WecanestimatethevaluesoftheequlValentresistance,礼,and

capacitance,C,,inbamierdischarge.InTableIll,letuspick1820volts,1800voltsand90voltsup

asVac,VabandVbc,respectively.So,wecandrawavectorfigurebyuslngthreevoltagesasshownin

Fig.6,ifthecircuitasshowninFig.5issupposedastheequlValentcircuit.Inthisfigure,thelength

ofh-bmeansthepotentialoftheteminalsof凡andthelengthofa-hmeansthepotentialoftheteト

minalsofCr.Namely,

thelengthofh-b=凡再 I

thelengthofa-h-(1/ocr)･LII)
Moreover,slnCethedischargecu汀entCanbeobtainedfromEq.(4)

lIl=LvbcL/RL
thevaluesofR,andC,arecalculatedfollowlngequations.

R,=(thelengthofh-b)/LII=RL･(thelengthofh-b)/Lvbcl
(1/oc,)=(thelengthofa-h)/lIl=RL･(thelengthofa-h)/Ivbcl
Inthiswork,weemploythato)is27tfandfis4.7kHz,soweobtainthat

R,isabout64kit,C,isabout85.6pF

(7)

(8),

(9)

(10).

4.Discussion

Treatlngthatthestructureofelectrodesistheparallelplanecapacitance,thistheoreticalcapaci-

tance,C,hen,CanberepresentedinEq.(I1).

c theo=(co･C,･S)/d (ll)

Wheredistheelectrodegap,whichis0.15mm,eoisthedielectricconstant,C,istherelative
permittivltyOfhardglass,whichvalueis6･9andSistheareaofelectrodesurface･Byemploylng

valuesthatdis0.15mm,C.is8.854×10~12(F/m)andc,is6.9,Wecanobtainthefollowingvalueof
Ctheo.

Ctheo=70.8X10112(F)=70.8(pF) (12)

IncomparisonwithEq･(10)andEq.(12),themeasurementvalueofcapacitanceisingood

agreementwiththetheoreticalone.

InthecircuitofdischargeasshowninFig.5,thedischargecu汀entisshowninEq.(13).

I=E/(Zp+Z,+RL)
zp+Z,+RL=(Rp+jXp)+(R,-j(1/o)C,))+RL
=(Rp+R,+RL)+j(Xp-(1/ac,))

WhereZpistheinnerimpedanceofpowersupply,Xpisthereactanceandjistheimaglnary

unit.Therefore,themaximumvalueofdischargecurrentmustbesatisfiedtheconditionasgivenby

Eq.(15).Namely,

xp=(1/oc,) (15).
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Moreover,thepowerconsumedinreactorisgiveninEq･(16)

p=IIF2･R,
themaximumpowerconsumedinreactormustbesatisfiedthefollowlngCOndition･

Rp=R,+RL
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Eqs.(15)and(17)meantheimpedancematchingofthecircuit･

Inthiswork,theoutputofpowersupplylSCOnneCtedtothetransformerwhichactsasmatch-

1ngtransformer.So,itisconsideredthatthereactance,Xp,ofthistransformerismainlyinductance,

LJP･Therefore,iftheinductanceissatisfiedwithEq.(18)from Eq･(15),theauthorcanobtainthe

maximumpowerconsumedindischarge.

oLJP=(1/oc,) (18)

Ourexperimentalapparatusisnotsatisfledwiththeconditionmentionedabove.Becausereac-

tanceofwhichinductanceoftransformerhasislargerthanthatofreactor.

5.Conclusion

(1)Theequivalentcircuitofthereactoristheseriesconnectionoftheresistanceandthecapacitance.

(2)Thevalueofthecapacitanceoftheequivalentcircuitisingoodagreementwiththetheoretical

value.

(3)ItmustbeemployedthereasonabletransformerwhichissatisfiedwithEq.(18)toobtainthe

maximumpowerconsumedinreactor.
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