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BoruncaureabHoe MO/J€JIUPOBAHUE TEYCHUA Tra3a
B KaHaJI€ TE€HEpaTopa IIJIadMbl C IIOJIBIM JJCKTPOAOM

I/ISY‘IGHO (pOpMI/IPOBaHI/Ie TE€UCHUA I'a3a B KaHaJle U yCJIOBUA, ONITUMAJIbHbBIE [1JIA yCTOI‘/JI‘-H/IBO-
'O ropeHu:da SHGKTPHQECKOﬁ Ayru. PaCCMOTPEHbI COBpPEMEHHDBIEC ITOAXO/AblI K CO3JaHUIO MOIIl-
HbIX W HEAOPOIrnX B IIPOM3BOJACTBE I'€HEPATOPOB IIJIa3MbI. SMHI/IpI/I‘{ECKI/I YCTaHOBJIEHO, YTO
HN3MEHEHUE TTaJICHUA HallpSYKEHUA Ha JAyre IpoucxXo/JuT BCJAECACTBUEC M3MCHCHUA TEPMO- U r'a-
30[INHAMUYECCKUX PEXNMOB TCUCHHA ra3da B KaHaJIE. IIJIH X pacdeTa HCII0Jb30BaH COBpeE-
MEHHBII HpOFpaMMHbII;JI KOMIIJIEKC Ta30MHaAMHUYE€CKOIro n TEIJIOBOTO MOJAEJUPOBaHUA, B KO-
TOPOM IIPOBEAECHDBI BBIYNCJJIUTC/IbHBIEC dOKCIIEPUMEHTDI. O1ieHeHO BAUSHEE U3MEHEHUS CyMMap-
HOI'O pacxo/ia I1o/laBa€MoOro rasa Ha CTPYKTYpPYy TE€YCHUA. Cnemanbl BbIBO/Ibl O BJIMAHNUN TEII-
Jjoo6MeHa Ha HaNpAKEHHOCTDb 3JIEKTPUYIECKOTO ITOJIA.

K.mouesbie cioBa: TeHepaTop IIa3Mbl, T€UYECHNE Ta3a B KaHaJl€, BbIYMC/JIWUTEJIbHOE MO/IC/JIMPOBaHNE.

Busyeno dopmyBanHs Tewil ragy y KaHaJi Ta yMOBHU, ONTUMAJbHI JJIS CTIHKOTO TOPiHHS
eJIEKTPUYHOT AyTu. PO3IJIsHyTO CcydacHi MiJIXO/M /10 CTBOPEHHS MIillHUX Ta HEJOPOrMX Y BH-
POGHUIITBI TeHEPATOPIB MIa3Mu. EMIIPUYHO BCTAHOBJIEHO, IO 3MiHU TMAMIHHS HAIPYTH HA
Jly3i BiZIOYBA€TbCS BHACHIIOK 3MiHU TEPMO- Ta Ta30[MHAMIYHUX PEXUMIB Teuii razy y Ka-
Hasi. /{75 iX po3paxyHKY BUKOPHUCTAHO Cy4YacHUH MPOTPAMHUNT KOMILJIEKC Ta30/InHaMiuHOTO
Ta TeNJIO0BOTO MO/JIEJIOBAHHS, Yy SIKOMY IPOBEJEHO PO3PaxyHKOBi exkcrepuMeHTH. OT1liHeHO
BILUIUB 3MiH CyMapHUX BUTpAT Ta3y, MO MOJAETHCS, HA CTPYKTYpPY Teuii. 3po6JieHO BHCHOB-

KW MPO BIJIUB TETJIOOOMiHY Ha HAIPYKEHICTh €JEKTPUYHOTO TIOJIS.

KmouoBi coBa: reHepaTop NJIasMu, Tedid razy y KaHasi, po3paxyHKOBe MOJIEJIOBAHHS.

['mo6asbHbIIl 9KOHOMUYECKUI POCT W HMPHUPOCT
HacesieHUs 3eMJyin 06yCJIOBJIMBAIOT YBeJUYEHHE TI0-
Tpe6JIeHNsT SHEPTUU U POCT COBOKYITHOI Macchbl OT-
xo/0B. B cBg3u ¢ atuMm Bce 6oJsiee aKTyasbHOI
CTaHOBUTCSI Pa3pabOTKa HOBBIX TEXHOJOTHUII Iepe-
paboTKKM OTXO/IOB C BBIPAOGOTKOI 3JIEKTPOIHEPTHUH.

[TepcrieKTUBHBIMU CIIOCOOAME PEIIEHUST ATOM
3a/1a4M SABJSAIOTCS METO/bI TJIa3MeHHON rasuduka-
1uu 1 KouBepcuu [1—4], HampaBieHHbIE HA TOJY-
YeHue CHHTE3-Ta3a W3 OPraHoCO/epPKAINX OTXO-
JIOB, OTXO/IOB JepeBo0oOpabaThIBAIONIEIl TTPOMBbIIII-
JICHHOCTH U CeJbCKOro xosgiictBa. [lnga pasBurud
TaKUX TEXHOJOTUI TpeOyeTcss CO3/JaHue MOTIHBIX W
HEJIOPOTMX B AKCILTyaTAIlM T€HEPAaTOPOB TepMUYe-
CKOHl TIJIa3Mbl C TIPOJOJUKUTENBHBIM PECYPCOM He-
MPEPBIBHOI paboThl [S].

Cpenn mambosee TepPCHEKTHBHBIX Mo/esieit
IJIAa3MOT€HEPATOPOB, Pa3pabOTAHHBIX JJIS HCIOJIb-
30BaHMS B COCTaBe IMPOMBIIIJIEHHBIX YCTAHOBOK M
061aIaI0IUX MPOJOIKITETHbHBIM PecypcoM pabo-
Tbl, MOXXHO Ha3BaTb MJAa3MOTPOHBI MMOCTOSHHOTO
toka Tumta MARC amepukanckoit komnanuu West-
inghouse [6], mrasmorponb Airspatial kommanuu
EUROPLASMA [7], u 111a3MOTPOHBI TIEPEMEHHO-
ro toka, paszpaboranubie Vucruryrom anexrpodu-

© ITonos C./I., Cepba E.O., Cypos A.B., Cypos A.B., 2012

3UKKM U ajekTposHepretukn PAH (M123) [8—-11].
WcnoabsoBanue muorodasnoii (tpexdasnoit) cuc-
TeMbI IEPEMEHHOTO TOKA, BKJIIOYAIOIIEH yTH Tepe-
MEHHOTO TOKa, KaK OCHOBBI 3JIEKTPOJIYTOBOTO
MJIA3MOTPOHA ITO3BOJIIET CO3JaTh MPOCTYIO, HEIO-
pOryI0 W HAJEXHYIO B JKCILIyaTAllUU CHCTEMY
9HEProNUTAHNs, a TIPUMeHeHle BO3/1yXa B Kayect-
Be I11a3MO00PAa3yIOIIero ra3a Mo3BOJISIET CYIIeCT-
BEHHO COKPATUTH PACXO/bl HA IKCILIYATAIMIO JJIe-
KTPO/IyTOBOH I1JTa3MEHHOH CUCTEMBI.

B 1199 PAH umeercs 6oJiblioii OTBIT B pa3pa-
60TKEe MOIIHBIX MHOTO(A3HBIX 3JEKTPOJIYTOBBIX
MJIA3MOTPOHOB TIEPEMEHHOTO TOKA, CO3/IaHbI MOTII-
HbI€ OJIHOKAMEpHBIE JIEKTPOYTOBDIE TIa3MOTPOHDI
C 9JIEKTPOJIAMU PEJTHCOBOTO THIIA MOIIHOCTHIO [0
500 kBt [12, 13]. VBeamuenune MOIHOCTH IIJIA3MO-
TPOHOB TAKOTO THIIA JIOCTHTAETCS 324 CYET yBeJude-
HUS TOKA JIYTH TIPU TOCTATOYHO HU3KOM IaJeHUN
Hanpsokenus: (okoso 200 B). Oxnako pecype aJiek-
TPOJIHBIX Y3JI0B TJIA3MOTPOHOB TAKOTO TUIIA COCTaB-
ager 100 4, 4TO HEJOCTATOYHO S HEKOTOPBIX
MIa3MOXUMUYECKUX TTPUJIOKEHUIT.

[loBbirieHne MOIIHOCTH TJIA3MOTPOHA 6€3 yXy/I-
[IEHNUsT €ro PeCcyPCHBIX I0Ka3aTesieil BO3MOXKHO He
[pU yBEeJMYEHUU TOKA JYTH, & [PU YBeJMYeHUN Ha-
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npsikenus: Ha jayre. [lnasMoTpoHbBI TIepeMeHHOTOo
TOKA C JIyraMu, TOPSIIUME B JJUHHBIX TUJIUHIAPU-
YeCKMX KaHaJax, pazpaboranni B 193 PAH [14—
18]. B 271eKTPOAYTOBBIX MJIa3MOTPOHAX TAKOTO TH-
na u3MeHEeHWe MOIIHOCTH PETyJUpYyeTcs He u3Me-
HeHUEeM TOKa, a M3MeHEeHUeM HANPSIKEHUs Ha JIyTe,
KOTOpPOE, B CBOIO OUYepe/ib, 3aBUCHT OT M3MEHEHUSs
pacxojia 1miaazMoobpasyoiiero rasa. Ilpu atom He-
00X0/IMMO CTPEMHUTHCS K JIOCTHKEHUIO TEOpeTHye-
CKU BO3MOJKHbBIX 3HAUEHWI TTaJIeHUsT HaIPSKeHUs
JUIS UCTIOJIB3YEeMOTO MCTOYHWKA NuTaHus. Tak, mis
onHO0(hA3HONW AYyTH MEPEMEHHOTO TOKA BO3MOXKHO
najleHue HaTpssKeHust Ha Jyre 53 % OT Harpsike-
HHUSI XOJIOCTOTO XOJa MCTOYHMUKA ITUTAHWUS, a [IJIs
TpexdaszHoil 3JTEKTPOAYTOBON CUCTEMBI TeOpeTHye-
CKU BO3MOJKHOE ITaJIeHNe HAIPSKEHUsT COCTABJISET
33-35 %, 4TO HmpH XOJOCTOM X0/ UCTOYHMKA IU-
taansg 10000 B moxxer mpesbrmats 3000 B. Ilpn
paboTe TJIa3MOTPOHA Ha BO3/JyXe TP arMocdep-
HOM JIaBJIEHUW HANPSIKEHHOCTb B JIyTe€ HAaXOJUTCS
B muamazone 10—15 B/cM, u anuna jayru, maje-
HUe HamnpsbkeHuss B KoTtopoil cocrasisger 3000 B,
nosmxHa mipesbiniath 200 cm.

K nacrosmemy Bpemenn B 193 PAH mocrur-
HyTa ycToilumBas paboTa 3KCIePUMEHTAJbHOTO
Tpexdas3Horo Mmaa3MoTpoHa TEPEMEHHOTO TOKa C
JyraMu, TOPSIIUMHU B JJIMHHBIX HUJITHIPUYECKUX
kananax. [lajenue HanpsoKeHUs HA yre B 3aBUCH-
MOCTHU OT Pacxoia Maa3Moo0pasyIollero ra3a mnpesi-
craBjieno Ha puc.1.

[Ipu aToM jumHa AyTH OocTaeTcs MOCTOSTHHON 1
COOTBETCTBEHHO He MOJKET BJIMATH Ha W3MeHeHUe
HaIMPSLKEHHOCTH JIEKTPOCTATHIECKOTO TOJIsT, KOTO-
pas cBsS3aHa C MJOTHOCTBIO TOKA M Y/EJbHOW TIPO-
BO/IMOCTbIO COOTHOIIIEHHEM:

j e’ne
o=—= y
E 2,/3m.kT
MKT| 2NiSj +NjonSion
|

rle 6 — TMPOBOJANMOCTD; j — TIJIOTHOCTb TOKa,
A/M2; E — HanpsKeHHOCTDb 3JeKTPOCTaTHUeCKOro
nonda, B/ M; e — 3apan anexrpona, Ki; n, — Kon-
HeHTpaIus 2J1eKTpoHoB, 1,/ M3; m, — Macca aJeK-

TpoHa, Kr; k — mocrosunas Boabumana, [Ix/K;
n;, s xounenrpanua (1,/mM3) u ceuenme (M2)
CTOJIKHOBEHUSI HEUTPAJIbHBIX KOMIIOHEHTOB TIJa3-
MBI; Dy, KOHIleHTpanus uonos, 1,/m3; s
ceyeHne KyJOHOBCKUX CTOJIKHOBEHH, M2,
Tak Kak AJWHBI JAYTH OCTAOTCS NPUOJIN3U-
TEJIbHO MOCTOSIHHBIMM, MOKHO CZEJIATh BBIBOJ, UTO
C M3MeHEHWEeM COOTHOIIEHWS PacXOJ0B MEHSIETCS
MPOBOIMMOCTD JYTH WJN TIOTHOCTH ToKa. Cieno-
BaTeJIbHO, W3MEHeHWe TMaJeHns HalpsKeHus Ha
JlyTe TIPOUCXOIUT BCJIEICTBUE U3MEHEHUS TEPMO- 1
rasoMHaMIYECKUX TpoueccoB (peKMMOB) TedeHUs

ion

PI/IC.1. SHBI/ICI/IMOCTI) HalIpAKEHUA Ha ,I[yre OT pacxo/ia IJjia3Mo-
06pa3y101uer0 rasa.

raza B Kanase. TpeOyercst uccie0BaTh H3MEHEHIE
KapTUHBI TeYeHWs B KaHajle B 3aBUCHMOCTH OT Be-
JIMYUHBI CyMMapHOTO pacxoja rasa. [las atoro B
MepBOM TPUOTIKEHUH MOKeT ObITh PacCMOTpPeHa
XOJIOJHAS TPOYBKA W TMPOBEJCHBI BBIUYNCIUTEIH-
HbI€ 9KCIIEPUMEHTHI.

3ajaya ncce0BaHng TeUeHNs rasa B KaHae
peliagach B TPEXMEPHOI CTAallMOHAPHOI MTOCTaHOB-
ke. /s perntenusi Obl1 BbIOpaH 1MOAXOJ, pas3palo-
TAHHBIH JIJI1 BBICOKOCKOPOCTHBIX BSI3BKMX CIKHMae-
MbIX TMOTOKOB. Ilpu mpoBejeHnn pacdera, MOMUMO
ypasuenuii HaBbe-CTokca u ypaBHEHUS] HEPa3pPbIB-
HOCTH, CHCTEMa /IONOJIHEHA yPABHEHUEM JHEPruu |
HAGOPOM AMITMPUYECKUX KOHCTAHT, COMPOBOK/IAIO-
IUX TIO/IKJTIoYeHre Mojen TypOyaentroctn (k — €).
B x0/1e BBIUMCIUTENBHBIX SKCIIEPUMEHTOB OBLIN IT0-
JIy4eHBI TIOJISI pacIpe/leJIeHUsT TepMO- M Ta30/[MHa-
MUYECKUX TTapaMeTPOB.

[l pereHnst paccMaTpuBaeMoil 3aJaun B He3a-
BUCUMOM CETOYHOM TeHepaTope Oblja TOCTPOEHA CeT-
Ka, comepskamas 2-106 TerpasapasbHBIX 2/1€MEHTOB.
[17191 KOppeKTHOro paspelieHrss oHa Gblaa CTYIIEHA B
obsiacTi BIyBOB. PacueT mpoBoAMJICS B IIPOTrpaMM-
nom kKomiuiekce AnSys Fluent 14.0. Ilapamerpnr na
BXOJIHBIX TPAHUIAX paCcYeTHOW O06JACTH BbIUNC-
JISJINCH M3 3aKOHOB coxpaHeHusi. Ha pwuc.2 BbigeneH
HAaGOp CeYeHMid, TIOTIEPEYHbIX K OCH KaHaJla, B KOTO-
PBIX TIPOU3BOINIACH BU3YJIU3AIISA TCUCHUS.

Boruncante mbHBIN 3KCTIEPUMEHT MOATBEPAUT
HaJ4ne TPUCTEHOUHON KOJBIICBOM 30HBI TOHMU-
JKeHHBIX 3Hauenmii ckopoctu (okomo 10 m/c)
(puc.3, a), pasMep U MOJOKEHNEe KOTOPOH 3aBUCUT
OT BeJWYMHBI pacxoja raza (puc.4) m ee pacrpe-
JIeJICHUS] MEXK/Iy KOHTYPaMU TIOJIauH.

Ha puc.3 npezcraBieHo moJjie MOIYJis Bpaiia-
TEJbHON KOMITOHEHTBI BEKTOPAa CKOPOCTH [IJISI CyM-
MapHOro pacxoja nogasaemoro rasa 190 m3 /4. B
OKPECTHOCTH OCH CHMMETPHUHM KaHaJa JIUHUU TOKA
rasa 3aKpy4deHbl 110 CIUPAJU, 3HAYEHUS MOJYyJieil
BEKTOPa CKOPOCTH W €T0 BpalaTebHONH KOMIOHEH-
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Puc.2. Cxema pactosIosKeHus MOIePeyHbIX CeYeHH.

Puc.3. Ilose Momya BpamaTebHOl KOMIIOHEHTBI BEKTOPA CKO-
pocti aag pacxoga raza 190 m3 /4,

Tbl 6/M3KM K Hyso. Ha puc.4 BujHO, 4TO C yBeJu-
YeHUEM CyMMapHOI BEJMYMHBI pacxXoja IojaBae-
MOro rasa sTa O6JACTb MOHWYKEHHBIX 3HAYEHUI
CTATMBAETCA K OCH CUMMETPMM KaHaja. IIpu aTtom
CKOPOCTH MPUCTEHOYHOTO TE€YEHUS B OKPECTHOCTAX
cevernmit NeNe 6—11 (cm. puc.2) yBeamumsaorcs.
[Ipoiecc COMPOBOK/IAETCS YCUICHUEM BO3MYIIle-
HWH, MEPEHOCHMBIX TEYEHHEM BBEPX II0 IIOTOKY OT
tperbero BayBa (puc.3, 3). M CyIECTBEHHBIM H3-
MEHEHWEM KapTHHbI TE€YEHHUs] B COTIOBOH 06JACTH.
B o6nactu cedenns Ne 7 (cMm. puc.2) mabmogaercs

Puc.4. CpaBuenne moJieil MOIyJIsI BpallaTe bHOI KOMIOHEHTBI
BEKTOPA CKOPOCTH [IJIsI PacXojoB Tasa, M3,/4: a — 190; 6 —
240; B — 300.

PasroH MOTOKA /I0 CKOPOCTell, BapbUPYIONINXCS 110
Mojaymio B auanazone 200—350 M,/c B 3aBUCUMO-
CTH OT BEJIMYMHBI PACXO/IA rasa.

Pesysbrartsl pacuera OBLTH TIOJYYEHBI MPHU
5 %-ii unreHcuBHOCTH TYpOyJenTHOCTH. Ham6ob-
IIee BJIMSHNUE HA M3MeHEHHe CKOPOCTH IOTOKA OKa-
3bIBaeT TpeTuil BAyB. B ero o6sactu mpu BBICOKUX
3HAYEHUSIX CYMMapHOTO PACXO/ia I10/IaBAeMOro Ta-
3a peaJn3yercs 3BYKOBOe TeueHue, 00yCJIOBJIEHHOE
reomeTpueil kanaJsa. BcJseacTBue pasrona moTtoka
B 9TOIl 06JIaCTU MPOUCXOIUT CYIECTBEHHOE ITOHU-
JKEHUe TeMIIepaTypbl U JaBJjeHus. AHAJOrOM TaKo-
TO TEYCHUS SIBJISCTCS KJIACCHYECKOEe Ta30/[MHAMIYe-
CKoe TeueHne B KOH(QY30pe.

BbiBo b1

HawuGoJibliie rpa/luenThbl Ta30- 1 TEPMOAUHAMIE-
YeCKUX IapaMeTpoB TeueHus: HaOJIIOAI0TCs B TI0IIe-
PEUHBIX CEUEHMSIX KaHajla B 00JIACTSIX, HETOCPEICT-
BEHHO TPUJIETAIONIMX KO B/yBaM. YBeJWYeHHE TIPU-
CTEHOYHOI CKOPOCTH TIPH POCTE CYMMAapHOTO PacXo-
Jla Ta3a 3aTPYAHSET 3aMbIKAHUE 3JIEKTPUYECKON TyTH
Ha KOPIIYC M CIOCOOCTBYET ee CTaGUIM3AIUU BIOJb
ocu cumMmerpun. PacueTbl mokasasu, 4to mpu 6oJIb-
HIMX pacxo/iax rasa MoToK 6oJiee 00KAT W TEII006-
MeH <«/yra — Ta3» MPOMCXOJUT HUHTEHCHUBHeE. ITO
MOKET OKa3blBaTh BJIMSIHIE HA YBeJUYEHUe TLIOTHO-
cTi TOKa. B mipmoceBoil o6iacTi TeyeHUs: 10 Beeit
JUTIHE KaHAJIA OCYIIECTBJISIETCS CHIDKEHUe TaHTeHI[H-
QJIHOI CKOPOCTH JI0 3HAYEHUI MeHbIle 5 M,/ C.
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Computational Simulation of Gas Flow
in Plasma Generator Channel with Hollow Electrode

Gas flow formation in channel and conditions those are optimal for stable arc burning is
investigated. Modern approaches to the creation of powerful and inexpensive in produc-
tion plasma generators are considered. It is empirically determined that arc voltage drop
varies due to changing of thermal and gas-dynamic gas flow modes in the channel. Mod-
ern software system for gas-dynamic and thermal simulation is applied for the regimes
calculation in which computational experiments are carried. The influence of total flow
rate variation of supplied gas on the flow structure is evaluated. The conclusions about
heat exchange influence on electric field strength are drawn.

Key words: plasma generator, gas flow in channel, computational simulation.
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