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Peziome: AKTYAJIPHOCTB. B ycnogusx pacmywux mpeboaHuti K uucmome 6030yXa Ha
NPOMBIUACHHBIX NPEONPUAMUSX INEKMPODUIbMPLL NPUOOPEMAlom 0cobyIo0 3HAYUMOCMb KAK
aghgpexmusnoe cpedcmeo yoaleHus 8PeOHbIX uACmuy u3 6030VWHOU cpedbvl. Bonpocel ux
ONMUMU3AYUY OCMAIOMCA AKMYANbHBIMU, HOCKOILKY OM 3MO20 3A8UCUM YPOBEHb OYUCKU U
9KOHOMUYHOCMb npouszsoocmeennbix npoyeccos. L[EJIb. Ilpogedenue sxcnepumeHmanbHo2o
UCCIe008aHUsl  MOKpO20 — OOHO30HHO20 — dNeKmpoguibmpa U onpedeienue  GIUsAHUA
KOHCMPYKMUGHBIX U PENCUMHBIX napamempos Ha e2o s¢gexmusnocmo. METO/bBI. [[ns
ucciedo8anust  Obll  UCNONB306AH IKCNEPUMEHMANbHBIL CMEHO ¢  MOKDPbIM  OOHO30HHbIM
INEKMPOPUILIMPOM, 8 KOMOPOM USMEHSIUCHL KAIOYegble NApamempbl. HANpsjiceHue numanus,
paccmosnue MedHcoy INeKmpooamu, paouyc O0cadumenbHblX IIEeKMPOO08 U CKOPOCHIb
8030YWHO20 nomokad. Dggexmusnocms pabomel uibmpa oyeHUBANIACH NYyMeM UMEPEHUs.
KoHyeHmpayuu uyacmuy 00 u nocie ouucmku 6o030yxa. PE3VJIPTATHI. Dxcnepumenmoi
NOKA3aAU, Ymo IP@OeKmusHoOCmb OUUCIKU B030YXA CHUNCAEHCA NPU YBeTUHEHUU CKOPOCMU
6030YWIHO20 HOMOKA U MENHCIIEKMPOOHO20 PACCMOAHUA, 6 MO 6peMs KAk MNoGbllleHue
HANPSIJICEHUs U Ouamempa 21eKmpoo08 yiyywaem kavecmeo ovucmxu. Ilonyyenvl epaguueckue
3asucumocmu  dGexmusHocmu  Om USMEHSEMbIX NAPAMEMPO8, UMO NO360UN0  BbIABUMb
onmumanvuvie napamempvl. 3AKIIIOYEHHUE. Onmumuszayus napamemposd MOKpPO20
00HO30HHO20 INEKMPOPUILMPA  CROCOOCMBYEm  NOBbIUEHUIO IPHeKMUSHOCU — OUUCTKU
6030yXa, 4mMO NO0360.Aem CHU3UMb BpeOHble BblOPOCHL HA NPOU3BOOCMBEHHBIX NIAOWAOKAX U
VAVUUWUMD IKOJOSUYHOCT U IKOHOMUYHOCb NPOU3BOOCTNBEHHBIX NPOYECCO8.
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Abstract: RELEVANCE. In the context of increasing requirements for air purity at industrial
enterprises, electrostatic precipitators are of particular importance as an effective means of
removing harmful particles from the air. The issues of their optimization remain relevant, since
the level of purification and the cost-effectiveness of production processes depend on it. THE
PURPOSE. To conduct an experimental study of a wet single-zone electrostatic precipitator and
determine the influence of design and operating parameters on its efficiency. METHODS. The
electrostatic precipitator under study differs from classic electrostatic precipitators in the
design of the precipitating electrodes. The precipitating electrodes are made in the form of
round, rotating disks, which are half immersed in liquid for continuous cleaning. For the study,
an experimental stand with a wet single-zone electrostatic precipitator was used, in which the
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key parameters were changed: supply voltage, distance between electrodes, radius of the
precipitating electrodes and air flow velocity. The efficiency of the filter was estimated by
measuring the concentration of particles before and after air purification. Each experiment was
carried out for 20 minutes and repeated 5 times. RESULTS. Based on the test results, graphs
were constructed of the dependence of the air purification efficiency of the electrostatic
precipitator on the design and operating parameters. The experiments showed that the air
purification efficiency decreases with an increase in the air flow rate and interelectrode
distance, while an increase in the voltage and diameter of the electrodes improves the cleaning
quality. Graphic dependences of the efficiency on the variable parameters were obtained, which
made it possible to identify the optimal parameters. CONCLUSION. Optimization of the
parameters of the wet single-zone electrostatic precipitator helps to increase the air purification
efficiency, which allows to reduce harmful emissions at production sites and improve the
environmental friendliness and cost-effectiveness of production processes.

Keywords: air purification; air electrofiltration; experiment; optimization of parameters.
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Beeoenue (Introduction)

B COBPEMCHHOM TIIPOMBIIIJICHHOM IPOU3BOJCTBE BOIIPOCHI 06ecnequI/m YUCTOTHI
BOSI[yIlIHOIZ Cp€abl Ha MNPOMU3BOACTBCHHBIX IUIOINAAKaX W MNPCAOTBPAIICHUA 3arpsA3HCHUSA
OKpY’Kalolllell Cpeibl CTAHOBATCS BCe 0oliee aKTyalbHBIMH M NPUOOPETAIOT IMOBBILIEHHOE
3HAYCHHE C TOYKH 3PEHHS YKOJOTHUECKHUX U COIMATBHO-OKOHOMHYECKUX acmekToB [1].

YMeHbllIeHHE  3arpsi3HEHHUs  BO3JYIIHOM CpeAbl IMPOU3BOACTBEHHBIX IIOMELIECHUN
MO3BOJIAET CHU3UTh KOJIMYECTBO 3a00JieBaHUI pabOTHHUKOB, MOCKOJBKY 3arpsi3HEHHBIH BO3AYX
MOXET COoACpKaTh MblJIb, XUMHWYCCKHUEC BCIIECCTBA, TIa3bl, MHUKPOOPraHMU3Mbl, HCETAaTUBHO
BIHSIOIINE Ha 3J0pPOBbE PAOOTHHKOB, BBI3BIBASI AJJIEPIrHUECKHE PEaKIUH, pPeCcIupaTopHbIe
3a0oneBaHNsd, MHTOKCHKALlMM M JAaXe XpoHHYeckwe OonesHu. Kpome Toro, HemocraTouHas
BCHTUWIALOUA MOXKCET NPUBECTU K HAKOIUICHUIO TOKCHYHBIX WM B3PBIBOOMACHBIX BCHICCTB,
co3naBasg PUCK aBapI/II\/'I. IToBbIIEHHAS KOHOCHTpAalud TMbIJIM MOXET TaKXKE IPUBECTU K
3arpsA3HEHUI0 000PYIOBaHUS, YBEIHUCHHUIO €r0 H3HOCA U JJaXKe MOJIOMKaM [2].

Kom¢popTHbie ycIoBUS Tpyma CIOCOOCTBYIOT KOHIICHTpAI[MK PaOOTHHUKOB, CHUKCHUIO
YTOMIIAEMOCTH, YBCJIWYCHUIO TPOU3BOAUTCIBHOCTH TpyJda MW KaK CJICACTBHUC YIYYHICHUC
KauecTBa MpoAayknuu. He cTouT 3a0BIBaTh M IPO HOPMBI M IpaBHiIa MO KAa4eCTBY BO3AYIIHOI
Cpebl MPOU3BOACTBEHHBIX TOMEIIECHHH, HeCOOII0ieHNe TPeOOBAaHUI KOTOPBIX MOXKET NPUBECTH
K mTpadaM, 3aKpHITHIO TPOU3BOJCTBA U PEIYTAI[HOHHBIM MTOTEPSM.

JocTtmxerne HeoOXOIMMOTO KadecTBa  BO3AYIIHON  Cpexbl  MPOU3BOJICTBEHHBIX
HOMeHleHI/Iﬁ BO3MO>XHO C INIOMOIIBKO CUCTEMbI BEHTHUIISIIINU. Baxnelmum 3JIEMEHTOM CHCTEMBI
BEHTHJISILIMU SIBIIsieTCST QUIIBTP, OT BHIOOpa KOTOPOTO 3aBUCHUT HAJEKHOCTh M 3(P(HEKTHBHOCTD
paboTHI M Ka4eCTBO BO3TYITHOW CPEJIbI.

Jumepamypuutii 0630p (Literature Review)

B HaydHO-TeXHMYECKOH JHTEpaType Npeanaraercs MHOXKECTBO Pa3IHYHBIX (HIBTPOB
JUISL OYHMCTKH BO3AYIIHON cpensl momemeHuil. Tak B [3] mpennaraercss HMCIOJIb30BaHHE
MeXaHW4eCKuX (puiabTpoB. MexaHudeckuil (GuiabTp OOBIYHO BBIIIOJHEH M3 MEJIKOH CETKH WU
TkaHu. Ero JOCTOMHCTBOM ABJIACTCA ACIICBH3HA, OJHAKO K HEAOCTATKaM OTHOCHTCA dYacTtas
3aMC€Ha 1 HE BO3MOXXHOCTH YJIaBJIMBATHh MEJIKUC YaCTHUIBI.

B [4] nst o6e33apakuBaHus BO3AYIIHOW CPEbI MpeIaraeTcsl yabTpaduoaeToBas Jamia.
OmHako OHA HE yJaiseT a’pO30JIbHBIE YacCTHIBI. TakKe aBTOp OTMEUYaeT, 4TO MEXaHWYECKHE
(buIbTpHI IemeBe, HO TPEOYIOT 3aMEHY.

HpOCTBIM 1 HAACKHBIM PEIICHUEM MJII CUCTEM OYHCTKH BO3}IyLHHOI>i Cpeabl ABJIACTCA
UKIOHHBIA (GuiasTp [5] OH MMeeT NMPOCTYyI0 KOHCTPYKIMIO W HHU3KYI0 CTOMMOCTh. OmHaKo
MUKIOHHBIA  (QUIBTp cmocobeH 3((EeKTHBHO yIaBIMBATh TOJIBKO KPYMHBIE YacTHIIEI,
3q)(1)eKTI/IBHOCTB Yyi1aBJIMBaHUA MeHKO}IHCHepCHOﬁ IbUIA Y HETO0 HU3Kasg, KpOME€ TOro, OH
o0agaeT BBICOKMM a3pOJINHAMUIECKUM CONMPOTHUBICHUEM.

ABTOD [6] 0oT™MeUaeT, 4TO BBICOKOH 3(PPEKTUBHOCTH OYMCTKH OT MEJIKOIUCIICPCHOM MBLITH
oOmagaroT pykaBHble QuiubTpel. K HegocTaTkaMm e TakuxX (MIBTPOB OTHOCHTCS HX BBICOKAsS
[[CHA, CIOXHOCTh KOHCTPYKIHH, HEOOXOIMMOCTb PEryISIpHOTO OOCIYXHBAaHUS W 3aMCHBI
pykaBos [7].
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Bricok0apPpeKTHBHBIMU M YHUBEPCATBHBIMH (DUIIBTPAMU /ISl OYUCTKH BO3IYIIHOW Cpebl
ABISIIOTCA CKpyOOepsl, roBoput aBrop [8]. OHM ymansioT HbUIb, ra3bl U XUMHUYECKUE Maphbl,
Takue (QUIBTPHI Yallle BCEro MCIOJIB3YIOTCS Ha NMPEANPUATHIX XUMHYECKON MPOMBIIUICHHOCTH.
HenocraTkamu SIBISIIOTCSL BBICOKAasi CTOMMOCTbB, CJIOKHOCTh IKCIUTyaTallMM M HE0OXOAMMOCTH
00JIBLIIOTO KOJIMYECTBA BOJIBL.

CambimMu 3pdexktuBHbIMA GunbTpamu sBistorcss HEPA-punstpet 1 ULPA-punsTpsr [9].
O} PeKkTUBHOCTE MX OYHUCTKH cocTaBiseTcs 10 99,97%, OHHM 3aJepKUBAIOT MEIbYANIIHC
yacTunbl, Oakrepun u BUpychl. K HemocraTkaM TakuX (WIBTPOB OTHOCHTCSI BBICOKas
CTOMMOCTb, YacTasi 3aMeHa M BBICOKOE CONPOTHBJICHHE BO3AYIIHOMY IMOTOKY. [IpuMeHstoTCs
Takue GUIBTPHI B OCHOBHOM B 0OJIBHHIIAX, Ta00PAaTOPHIX, IPOU3BOICTBE dnekTponuk [ 10].

[lepcrieKTHBHBIM amnmapaTtoM JUIs OYHMCTKM BO3AYIIHOW Cpelbl MOMELICHUH SBIseTCS
anekrpodunbTp, orMedaercs asrop [11]. Takue anmaparsl SBISIOTCS MHOTOPa30BBIMH,
3¢ (dEeKTUBHBI OT MEJIKOW MBUIM M JbIMa, UMEIOT HU3KHE IKCILTyaTallMOHHBIE 3aTPaThl M HU3KOE
COIPOTHBIICHHE BO3AyITHOMY MOTOKY.

AHanmu3 JmuTepaTypbl NoOKaszal, 4To HauOosiee 3((EKTHUBHBIM, DHEPro- U pecypco-
3aTpaTHBIM ammnapaTtoM JUIs OYHCTKHA BO3JIYLIHOM Cpeabl NPOU3BOACTBEHHBIX IOMELICHUN
SBISIETCSL DJIEKTPOQMIBTP. B JaHHOM KOHTEKCTE 3JEKTPO(UIBTPHI TPEACTABISIOT COOOM
B2)XHOE TEXHOJOrHMYeckoe pemieHue st 3(pQeKTHBHONW OYMCTKHM BO3/AyXa OT YacTHI| IBLIH,
JIBIMa, Ta30B U JIPYT'UX BpPEeIHBIX BemecTs [12].

HecMoTpss Ha MIMPOKOE HCIONB30BAaHHE DIEKTPOPHIBTPOB B NPOMBIIIICHHOCTH,
BOIIPOCHI ~ HMX  ONTUMH3AllMM W COBEPUICHCTBOBAHUS  OCTAIOTCS  aKTYaJbHBIMU.
OKcIlepUMeHTalbHbIE HWCCIEA0BaHMS SIBJSIFOTCS HEOOXOAMMBIM JTaloM B pa3paboTKe H
VIYYIICHUH  3ICKTPOQUIBTPOB, TMOCKOJBKY TO3BOJSAIOT OLEHUTh HMX 3PPEKTUBHOCTS,
NPOU3BOIUTENHLHOCTD U CTEMIEHb OYMCTKH Bo3ayxa [13, 14].

['naBHBIM BBIXOJHBIM MapaMETPOM JJIEKTPOQHIbTPA SBIsETCS ero 3((EeKTUBHOCTD
ounctkd [15]. DddekTHBHOCTP OYHUCTKH 3aBUCHUT OT MHOXECTBA KOHCTPYKTHUBHBIX U
TEXHOJIOTHYECKUX MapaMeTPOB 3JIEKTPO(UIbTPa, KOTOPble HEOOXOAUMO YUUTHIBATh HA CTaJUU
MPOCKTUPOBAHUS, JJIs JOCTH)KEHUS Hauboee 3¢ (HeKTUBHOMN paboThl 3ekTpoduibTpa [16].

Tax, aBrops! u3 [17] ocoboe BHUMaHUE YACISIOT KOPOHUPYIOUIUM AJIEKTPOAaM, UCCIeTys
3aBHCUMOCTh 3(PGEKTUBHOCTH OYMCTKH OT (OPMBI, PACCTOSHUS MEXIY IJICKTPOJaMHU M OT UX
KOJIMYECTBa. AHAJIN3 M0Ka3aJl, 4TO HanboJsee 3P PHEKTUBHBIMHU SBIISIOTCS DJIEKTPOJIbI UTOJIBYATO
¢dopmer [18].

Taxke Ha paboTy SJeKTpopuUIbTpA CKa3blBa€TCS U MOJSIPHOCTh MOJBOJMMOTO
HanpspkeHus. AHanu3 [19] nokasain, 4To IpH OTPUILIATENIBHON KOpOHE, IP0o60i MPOUCXOIUT MPH
OosbliieM HanpsHKEHHH W 3(PQGEKTHBHOCTh OYMCTKH BbILIE. [IpH NPOEKTUPOBAHMHM MOKPOTO
OJIHO30HHOTO OJJIEKTpoPmiIbTpa OblJIa BBIOpaHa OTpUIATENIbHAS TMOJSIPHOCTH MHUTAIOIIETO
HaIpsDKEHUSI.

B pa6ote [20] ObUTO 3aTPOHYTO BJIMSHUE MCTOYHHKA HAIMpPsDKEHHE Ha 3(PGEKTHBHOCTH
OYHUCTKH, OJJHAKO 3TO BIHUSHKE JIOCTATOYHO MaJlo ¥ B JAHHOH paboTe 3aTpOHYTO He OyneT.

Haubonee cunbHOe BiaMsHUE HA APPEKTHBHOCTh OUYHUCTKH JIEKTPODMIBTPOM OKa3bIBAIOT
TaKue KOHCTPYKTHBHBIE MapaMeTphbl KaK: JMHA 30HBI OCAXKACHHS, KOJMYECTBO OCAJUTEIBHBIX
ANEKTPOJIOB, PACCTOSHHE MEXIY OCAaTUTCIBbHBIMHU JJIEKTPOJAMH, M TEXHOJIOTHYECKUE
napamMeTpbl Takhe KakK: CKOPOCTh BO3IYIIHOIO MOTOKA M BEJIMYMHA IHUTAIOMIETO HANpPSHKEHUs
[21]. B TekymeM uccieOBaHWM BHUMaHHE OyZeT oOpamieHO Ha JaHHBIE TEXHOJIOTHYECKHE U
KOHCTPYKTHBHBIE TapaMETPBhI.

Hens wmccienoBaHus 3aKII0YAEeTCd B IMPOBEICHUH SKCIEPUMEHTAIBHOTO HCCIETOBAHUS
MOKpPOT'O OJTHO30HHOTO 3JIEKTPOPMIBTPA C MOCIEAYIONIUM OIpPEeIeICHUEM BIUSHUS Pa3INIHBIX
napamMeTpoB Ha 3QHEKTHBHOCTH €T0 PabOTHI.

Hay4Hass 3Ha4MMOCTb HCCIIEJIOBAaHHS COCTOMT B MOJYYCHHH HOBBIX aHAIUTHYECKUX
3aBrcUMOCTe# 3()(HEKTUBHOCTH OYHMCTKU BO3/yXa MOKPBIM OJIHO30HHBIM 3JEKTPO(UIBTPOM OT
€ro KOHCTPYKTHUBHBIX U PEKHMHBIX 1aPaMETPOB.

IIpakTuyeckas 3HAYUMOCTh MCCIICAOBAHHS 3aKJIIOYaeTCs B ONPEACNICHUH ONTHMAJbHBIX
mapaMeTpoB paboTHl  AIeKTpodmIbTpa (HANpsDKEHHE, CKOPOCTh BO3AYIIHOTO MOTOKA,
paccTosiHuE MEXITy DJIEKTPOJIaMHU | Ap.), YTO 00ecreuuT 0oJiee BHICOKYIO CTENIEHb YIaBIUBaHUS
a’PO30JIBHBIX YACTHII.

Mamepuanvt u memoowr (Materials and methods)

OOBEKTOM HCCIASAOBAHUS SBISIETCS MOKPBIA OJHO30HHBIN deKkTpodmibTp. Ha pucynke 1
MpeACTaBIeHa KOHCTPYKIIMS MOKPOTO OJHO30HHOTO 3jieKTpodmibTpa (MOD), pazpaboTaHHOTO
Ha OCHOBE OOLIMPHON TEXHUYECKOM TuTeparypsl [22-26].

Konctpykuust BKIIIOHaeT KOPIYC W3 KOPPO3MOHHOCTOWKHX MATEpHUANIOB, BXOIHOU U
BBIXOJHON TAaTpyOKM [ TIOCTYIDICHHS 3arpsA3HEHHOTO Ta3a W BBIXOJA OYHIIECHHOTO,
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JJIEKTPOJHYI0 CHUCTEMY C KOPOHHUPYIOUIMMH 3JIEKTPOJAaMH Uil  3apsAKH  YacTULl |
OCaJUTEIbHBIMU DJICKTPOJAMH JUI UX OCAKAEHUS, CUCTEMY JUIsl CMauMBaHUS OCAJNUTEIILHBIX
9JIEKTPOJIOB U CIIMBHYIO CHCTEMY JUIS yJaJleHHs 3arps3HEHHOW >KHUAKOCTH, HPUBOJ BpAIlCHHS
BEHTHJISITOPA, TPHUBOJ BpAILCHHUS OCAIUTENBHBIX 3JIEKTPOJOB, a TAKXKE CUCTEMY HUTAHUS H
yIpaBJeHus [Jisi obecrneueHus paboTel yeTpoiicTsa [27].

OTIMYUTENFHOH OCOOCHHOCTBIO JaHHOTO (GMIbTpa sBIsETCS (OpMa OCaAUTEIBHBIX
971eKTpoI0B. OcaIuTeIbHbIC 3JIEKTPOIbI BHIIOIHEHB! KPYTIIOi GOPMBI, HANIOJIOBUHY OIYIIEHBI B
OMBIBAIOIIYIO KHKOCTb.

[IpunHiun paboTHl COCTOMT B TOM, 4YTO 3arpsi3HEHHBIH Tra3 IOCTYNAeT BHYTPb,
a’po30JbHBIE YACTHIBI 3apsXKAOTCA U OCENaloT Ha 3JeKTpojax. Bpamasch, 3JeKTpoasl
MPOXOJAT Yepe3 JKUJIKOCTb, KHUIKOCTh CMBIBAET OCEBINUE YacTUIbl. OUUIIEHHBII ra3 BHIXOIUT
HapyXKy. JlaHHOe TeXHHYECKOE pelIeHHE MO3BOJSIET HEMPEPHIBHO OUYUINATH IEKTPODUIBTp, HE
JlaBasi €My 3arps3HATBCS M COXPaHATh BBICOKYIO 3((EKTHMBHOCTh OYUCTKH Ha NPOTSIKEHUHU
JIOJTOro BpeMeHH. MOoKpble 3IeKTpOQHIbTPHl 3P PEKTUBHBI U yOaJeHUS MENKOAMCIEPCHBIX
YaCTHIl  a3PO30JIeH U HCIONB3YIOTCS B Pa3IHYHBIX MPOMBIIUICHHBIX 0Tpacisx [28].
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Puc. 1. Koucrpykuus Mokporo oxHo3onHoro Fig. 1. Construction of a wet single-zone

anektpoduipTpa: 1 — kopmyc; 2 — ocaaurenbHble —electrostatic  precipitator: 1 —  housing;
ANIEKTPOIBL; 3 — KOPOHUPYIOIIKE NIEKTPOAbL; 4 — Bai; 2 — precipitation electrodes; 3 — corona electrodes;
5 — u30MAIMOHHAs TITUTA 4 —shaft; 5 —insulating plate

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

W3roToBIIEHHbIM OMBITHBIA 00pa3el MOKPOro OJHO30HHOIO 3jeKTpoduibTpa (puc. 2)
COCTOHUT M3 KOPILyCa, BBIMIOJHECHHOI'O U3 HEPI)KABCIONICH cTanu. BHYTpU KopIyca pacroyioKeHbI
14 xpyrabIx OCaIUTENBHBIX AJIEKTPOJOB auameTpoM 400 MM, TONIMHA DIEKTpoAa — 3 MM,
pacCTodHUC MEXKAY OCAAUTCIBHBIMU JJICKTpOAAMU — 25 MM, MCEXIAY OCaAUTCIbHBIMU
OJICKTpOAaMHU PACIIOJIOKEHBI KOPOHHUPYIOIHUE JJICKTPOABI, BBINMIOJIHCHHBIE B BHUJAC HUI'OJIBYATBHIX
cTepkHeit (puc. 3), TIyOuHa BXOKICHUS OCATUTEILHOTO 3JIEKTPOa B U3OJISALUOHHYIO TUTHTY — 5
MM.

Puc. 2. OnbrtHbli 06pazer; MOD Fig. 2. Prototype of a wet electrostatic precipitator
*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.
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3KCHCpI/IMeHTaHLHLIe HUCCJICAOBaHUA B

na6opaTopme YCIOBUAX MNPOU3ZBOJUINCH B

nabopatopusix kKadeapsl «lIpuMeHeHHE JIIEKTPUYECKOH HSHEPIMHU B CEIBCKOM XO3SHCTBE»
IOxHO-Y panbcKoro rocyaapcTBEeHHOIO arpapHoro yHuBepeutera (r. YensiOnHCek).

HCIBITAHUH B

Hns

IMMPOBCACHUA

na6opaTopme YCIOBHUAX HCIIOJIB30BaJICA

9KCHEPUMEHTANBHBIH CcTeH (pHc. 3), B OCHOBY KOTOPOTrO OB MOJIOXKEH OIBITHBIH 00pazer

MOKPOTO OJTHO30HHOT'O 3JIEKTPO(HIBTPA.

2 5 6
7 3 4

0 77

Puc. 3. Cxema sKcriepuMeHTaILHOTO CTEH/A:

1 — Bxoanoii komrektop, 2 — Pacxomomep, 3 —
Juddyszop, 4 — Pacnbumurens-guarioMmepaTop, 5 —
Muxkpomanomerp, 6 — IVcobITbIBaeMBIi MOKpBIH
OJHO30HHBIA dnekTpodmwieTp, 7 — TpybOompoBox
cxKaroro Bo3ayxa, 8 — Benrunb, 9 — Manomerp, 10 —
IIsutenozarop, 11 — CueTyrK a’po30JIbHBIX YACTHIL,
12 — AbcomoTHbi GuibTp, 13 — Bentunsarop, 14 —

Fig. 3. Diagram of the experimental stand:

1 — Inlet manifold, 2 — Flowmeter, 3 — Diffuser, 4 —
Spray-diaglomerator, 5 — Micromanometer, 6 — Wet
single-zone electrostatic precipitator under test, 7 —
Compressed air pipeline, 8 — Valve, 9 — Pressure
gauge, 10 — Dust dispenser, 11 — Aerosol counter
particles, 12 — Absolute filter, 13 — Fan, 14 — Gate,
15 — Electric motor

ubep, 15 — DnexkrpoaBurarens
*Ucemounux: Cocmasneno asmopamu Source: compiled by the author.

BO3I[yX BTSITUBAETCS B MCIIBITATECIbHBIN CTCH/] U3 IOMCUICHHUA IMPU IMMOMOIIU BEHTUJIATOPA
13. BeHTmaaTop C D3JEKTpOABUraTeneM |5 MOHTHPYIOTCS Ha JBYX CaMOCTOSITEIBHBIX
OCHOBAHUAIX. I_IJ'ISI HCKIIIOUCHUA I€peaadu BI/I6paL[I/II/I OT BEHTUJIATOPA K CTCHAY B COCAWH AIOIIEM
uX TpyOOIpOBOJIE yCTAHABIMBAECTCS DJaCTUYHAs BCTaBKa. JlomaTouHble KoJjieca BEHTUIIATOPOB
MPHUBOISITCS BO BPAIEHHE AaCHHXPOHHBIM 3JICKTPOIBHUraTEeNIEM U 00CCIICYHBAIOT PACX0/] BO3IyXa
1o 1000 mM3/4.

3aroroBlieHHass INbUIb  TOAAETCS  4epe3  pacHbUInTeNb-Auariiomeparop 4
JEKTPOGHUIBTP OT IbLIeA03aTopa 10 npy MOMOIIM AaBJIEHHS CKATOro Bo3ayxa [29].

I[J'IS[ NpeaOTBpalICHUA MONaJaHusd IbUIA U3 YCTAHOBKU B NOMCHICHHUE JJIsI MPOBEACHUSA
OKCIEPUMEHTA, Ha BBIXO/I€ CTEH/a yCTAaHOBJIECH a0COMOTHBII GuibTp 12.

B abcontoTHOM QHIBTPE TKaHb YJI0KEHa Ha IUIOCKYI0 pamy. B kauectBe ¢uibrpyromiero
Marepuaia B aOCOMOTHOM (GuibTpe ucnoib3yercst matepuan OIIIT-15.

PerynupoBanue pacxoma Bo3ayxa B CTEHAAX OCYIIECTBISETCS C MOMOINBIO mubepa 14,
YCTaHOBJIEHHOTO Ha BEIXJIOME BeHTuistopa [30].

Pacxox Bo3ayxa B CTCHE M3MEPSETCs C MOMOIIBI0 pacxomomepa Merpan-350-MFA Ha
6aze ocpennstomeit HamopHor TpyOku OHT Annubar 485. [lpuHIMN IeWCTBUS PacxoJoMepOB
OCHOBAH Ha M3MEPEHUH pacxojia CpeJibl METOJO0M MEPEMEHHOTO Mepenaja JaBlIeHHs.

W3mepenne KOHIEHTpPAIMH BTN A0 M TOcie (GUIbTpa H3MEpsAeTcs MpH IOMOIIU
cuetunka 11 aspo3onpubix yactul Fluke 983.

B nomemennn creHaa KOHTPOJIMPYIOTCA NapaMeTphbl BO3AYIIHOW Cpeabl: TEMIlepaTypa,
JABJICHWE, BIAKHOCTh M 3alBLICHHOCTh. TeMmrmeparypa BO3AyXa H3MEPSETCA PTYTHBIM
TEPMOMETPOM, 0apOMETPUYECKOE MHaBJICHHE — PTYTHBIM 0apoOMETpOM, OTHOCHUTEIbHAS
BJIAXXHOCTh — AaCHHUPAIMOHHBIM TICUXPOMETPOM. 3aHI)IJIeHHOCTB BO31yXa YCTaHABJIMBACTCA
aHAIM3aTOPOM BTN ATMac.

IIposedenue ucnvimanuil u oghopmienue pe3yibmamos

UcnbiTanne QuibTpoB MPOBOASAT MYyTEM OYHMCTKH BO3JyXa MCKYCCTBEHHO 3allbUICHHOI'O
IKCIEPUMEHTANbHON NbUTBI0. BO3ayX mepes ero 3anbuieHueM 3a0UpaeTcs U3 OMEIeHHS.

O heKTUBHOCTD ONPEeNIIOT Ha OCHOBE U3MEPEHHsI KOJINYECTBA IMbLICBBIX YACTHI A0 H
[I0CJI€ UCTIBITHIBAEMOTO djieKTpoduibTpa [31].

Ha
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Jluist BBISIBIICHUSI BIMSHUS 1aPaMETPOB 3IICKTPO(UIbTPa Ha 3P(YEKTUBHOCTD OYUCTKH, B
XOJIe IKCHEPUMEHTa HU3MEHSUINCh TAKUE IapaMeTphl KaK HAMpPsOKCHUE IHTAaHHs, PaCcCTOSHUE
MEXIy OCAJUTENbHBIMH JIEKTPOJAMH, PpAINyC OCAIAUTENbHBIX 3JIEKTPOJIOB, CKOPOCThH
BO3YIIHOrO TOTOKa [32].

Kaxaplii 5KCHEpUMEHT NpOBOAWICS B TeueHue 20 MUHYT, U MHOBTOpsUICS 5 pas.
Pe3ynbTaThl 3KCIEPUMEHTOB CBOJMWIMCH B Ta0muily M 00pa0aThBaluCh C IOMOIIBIO
CTATUCTUYECKUX METOJOB, Ui ONPEICIEeHHs CPEJHEr0o 3HAYEHHs, OIMMOKM U OINpEeIICHUS
3 (EKTUBHOCTH OYHMCTKU. Pe3ynbTaThl 3KCIEPUMEHTA INPEICTABISAIOTCA B BHAE TPadUKOB
3aBUCUMOCTH 3()(HEKTUBHOCTH OUUCTKH BO3/yXa OT H3MEHSIEMOTO IapaMeTpa 3IeKTPODHIbTPA.

Ha ocHOBe MOJNYyYEHHBIX JAHHBIX (OPMYIMPYIOTCS BBIBOJABI O KIFOUEBBIX Iapamerpax,
BIUSOMUX Ha 3()PEKTUBHOCTh pabOThl 3INEKTPO(UIBTPA, W JAIOTCS PEKOMEHIAIMU [0
YIYYIICHUIO KOHCTPYKIMH M PEeXHUMa PabOThl. DTH HCIBITAHUS IIOMOTalOT ONTUMU3HPOBAThH
CYLIECTBYIOLIME MOJEIH M pa3pabarbiBaTh HOBbIE, Oosiee 3(QQeKTHBHbIE YCTpPOMCTBA ISt
OYHCTKH ra30B B PA3JIMYHBIX IPOMBIIUICHHBIX YCIOBHUSIX.

Takxxe ObUIM MOJYYEHBI BOJITAMIIEPHBIE XaPAKTEPUCTUKH MOKPOTO JIEKTPOQHILTPA ISt
OIMPEACIICHUS MAaKCUMAJIbHOT'O HAIIPSKCHUA. BOHLTaMHepHLIe XapaKTECpUCTUKHU 6I)IHI/I CHJATHBI IJIsd
CYXOTO pexuMa, KOTJa B dICKTPODMIBTP HE ObLIa 3alIuTa KHUIKOCTh U JJIsI MOKPOTO PEXHMA,
KOrJa 3JeKpOoQHUIBTPI OBLI HAIOJHECH KHUIKOCTHI0. OCcaauTeNbHbIC JICKTPOIBI IPHU 3TOM OBLIH
NpUBEACHBl BO BpalleHUe. BoibTaMIiepHble XapakTEPUCTUKU OBUIM CHATHI A (QHIbTpa, C
nmapamMeTpaMu, OIMMCAaHHBIMU BBIIIEC.

HpI/I CHATUU BOJIbTAMIICPHBIX XapaKTCPUCTUK 6I)IJ'II/I HCIIOJIb30BaHbl KHUJIOBOJBTMETP
TETPOH-KB20 u muminammnepmerp CA3010/2-000.

N3menenne HampsbkeHUs OBIJIO CTyNeH4YaToe, ¢ maroMm 2 KB, uisi KaXaoro 3Ha4YeHHs
HaNpsDKEHUsI M3MepsuiCs TOK, MpOTeKalmui uepe3 (uiIbTp. YBeauYeHHE HaNPsHKSHUS
OPOUCXOIHIO0 10 mpobos. [To pe3ynbTaramMm U3MepeHHil OBUTH TTOCTPOCHBI TPAaPUKU 3aBUCHMOCTH
TOKa KOPOHHOI'O pa3psAa OT HalpsHKeHUs MUTaHUS.

Peszyrvmamor (Results)

CHsimue 601bmamMnepHoll Xapakmepucmuru

PesynbraTbl 1O CHATHIO BOJBTAMIIEPHON XapaKTEPUCTUKU MOKDPOIO OJHO30HHOTO
AIEKTPODUIBTPA MPEACTABICHBI Ha PUCYHKE 4.

I mA
10
9
+ Cyxoii pexum
7 4 Moxkpslii pexum
6
b)
4
3
2
1
0
5 7 9 11 13 15 17 19 U B

Puc. 4. BomsramnepHasi xapaktepuctuka Mokporo Fig. 4. Voltage characteristic of a wet single-zone
OJTHO30HHOTO JIEKTPOPUILTPA electrostatic precipitator
*Ucemounux: Cocmasneno asmopamu Source: compiled by the author.

AHanu3 pe3yJabTaTOB CpaBHEHHs II0Ka3ad, 9YTO BOJbTAMIICPHAS XaPaKTEPUCTHKU
3IEKTPOGMIBTPA, 3AMOJHECHHOTO JKUIAKOCTBIO Kpyde. [Ipu paBHOM HAIPSDKEHUH, TOK KOPOHHOTO
paspsiia B MOKPOM peXuMe OoJiblie. DTO OOBSICHASTCS HAIMYMEM MEIKOIUCIIEPCHOTO
KHIKOCTHOTO a3P030Jis B MEKIJICKTPOJAHOM IMPOMEKYTKE, BCICACTBHEC YErO YBEIUIUBACTCS
BJIAXXHOCTH BO3AYIUIHOI'O MOTOKA, YTO U IMMPUBOAUT K IMMOBBIMICHUIO TOKA KOPOHHOTO pa3spsaa.

[IpoGoif BO3AYIIHOTO HMPOMEXYTKAa B MOKPOM pEXHMME HACTYNaeT paHbIIe, 9TO TaKKe
00BsCHSAETCS OONbIIe BIAKHOCTHIO BO3AYIIHOTO IMOTOKA, IO CPABHEHUIO C CYXHM PEXKHMOM.
IIpoGoit B cyxoM peXmMe Ui ONHCAHHBIX IapaMeTPOB JJIEKTPO(HIBTpa MPOUCXOTUT TIPH
HampspkeHun  Oonbiie 19xkB, B cyXoM pexume, TpH HampspkeHWH Oonbmie  16kB, 3To
COOTBETCTBYET HANPSDKEHHOCTH dJIEKTpUIecKoro mois 7,6 kB/cm u 6,4 kB/cM cooTBeTCTBEHHO.

Takum 00pa3oMm IS MadbHEHIINX WUCHBITAHHH MOKpPOTO OJHO30HHOTO JJIEKTpOdHIbTpa
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NPUHATO 3HAYEHUE HAINPSDKEHHOCTH 3JEKTPHUUYECKOTO I0JII B MEXKDJIEKTPOIHOM IPOCTPAHCTBE,
He Oozee 6,4 kB/cMm.

Hccneoosanue s¢pgpexmusnocmu snexkmpogduiompa

IlepBast rpynma OKCIICPUMEHTOB HAIpaBleHa Ha ONPENCICHHE 3aBUCHMOCTH
3 pexTHBHOCTH PabOTHI AMEKTPOPMIBTPA OT CKOPOCTH BO3AYIIHOTO IMOTOKA JUISI Pa3UYHBIX
3HAYEHHUH pa3MepOB a3pPO30JIbHBIX YaCTHII.

B Tabmume | mpencraBmeHa 00paboTKa pe3yNbTaTOB SKCIEPUMEHTa MJISI CKOPOCTH
BO3IyITHOTO 1moToKa 220 M3/4 1 pa3zMepa 9acTUIBl | MKM. AHAJIOTHIHBIM 00pa3oM 00paboTaHb
3HaueHUs U1 CKopocTedl Bo3aymHOTO moToka 350, 420, 500, 600 u 700 m3/4 (tabn. 2). Ilo

pesynpTataM IOCTPOCHA

3aBUCUMOCTb

3¢ GEeKTUBHOCTH  3JEKTpOPHUIBTPAa OT

CKOPOCTH

BO3JYIIHOTO TIOTOKA IS Pa3MePOB a’3po30JbHbIX YacTul] 1 MkM, 0,5 MkMm 1 0,3 MM (puc. 5).

Tabmuua 1
Table 1
Pe3ynbTathl SKCIIepUMEHTA
Experimental results
Howmep KonuuectBo yacTuil nepen KonmnuecTBo yacTuig DddeKTHBHOCTH
onbITa (GUIBTPOM, 1T nociyie GUIbTPa, T dbunapTpa
1 123648 241 0,998
2 113546 169 0,999
3 145862 208 0,999
4 135479 458 0,997
5 129746 542 0,996
Cpennee 3HaYeHHE 0,998
IorpemHocTph 0,1%
*Hemounux: cocmasaeno asmopamu Source: compiled by the author.
Tabnumna 2
Table 2

PeSyJ‘IBTaTLI IKCIICPUMEHTA
Experimental results

CKOpOCTh BO3AYIIHOIO NTOTOKA, D¢ dexTuBHOCTS QHIBTpa ITorpemnocts, %
M3/9
220 0,998 0,1
350 0,990 0,17
420 0,979 0,13
500 0,970 0,2
600 0,937 0,6
700 0,870 0,9
*HUemounux: cocmaeneno asmopamu Source: compiled by the author.
n
. ;
0,95
0.9 _® MM
*- 0.5 Mxm
0,85 . L 03 MM
0,8 ‘\ 1
0,75 R
ek
0,7 +
0,65
150 250 350 450 550 650 L, M3/4
Puc. 5. DkcrnepumeHTansHble — 3aBucumoctd  Fig. 5. Experimental dependences of the efficiency
sddexruBHOCTH dnekrtpoduisTpa oT ckopoctu Of the electrostatic precipitator on the air flow

BO3AYIIHOTO TIOTOKA JUIS adpO30JBHBIX YaCTHII
pazmepoB 1 MkMm, 0,5 Mkm 1 0,3 MKkM

velocity for aerosol particles of sizes 1 microns, 0.5
microns and 0.3 microns

*Hcmounux: Cocmasneno asmopamu Source: compiled by the author.

BTOpOﬁ prHHOﬁ OKCICPUMCHTOB ObL1a HalpaBJIcCHa Ha OHNPCACICHUC 3aBUCUMOCTU
3(1)(1)€KTI/IBHOCTI/I 3J'I€KTp0(1)I/IJ'II>Tpa OT HaNpsXKCHUA NUTaHUA. PeSy.]'[I)TaT OKCIICpUMCHTA
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MnpeacTaBJicHA Ha PUCYHKE 6.

N

1
0.9
0.8
0.7
0,6
0,5
0.4
03

0.2

0.1
6500 7500 8500 9500 10500 11500 12500 13500 1450 ] B

Puc. 6. DkcnepumeHTansHas — 3aBucuMocTh  Fig. 6. Experimental dependence of the efficiency of

a¢dexruBHOCTH 3rekTpoduibTpa OT Hampsokenus  the electrostatic precipitator on the supply voltage

[UTaHUs

*HUcemounux: Cocmasneno asmopamu Source: compiled by the author.

TpeTbs rpymmna 3KCIIEPUMEHTOB ObLIa HANIPaBJICHA HA OMPEICICHUE BIUSHUSI PACCTOSHUS
MEXIy OCAJWTCIBHBIMH DJJeKTpogamMu Ha AS(QEeKTHBHOCTH 3neKTpoduiusTpa. CHATH
SKCIIEPUMEHTAIBHBIC 3aBUCUMOCTH () PEKTHBHOCTH IMEKTPOPHUIBTPa OT CKOPOCTH BO3IYITHOTO
MOTOKA JUISI MEX3JIEKTpoAHbIX paccTostHuil 0,025 M, 0,03 M, 0,035 m u 0,04 m. PesynabTaTh
MIpEICTaBICHBI Ha PUCYHKE 7.

n

1
0.95
A _ 0025

0.9 -——
0.85
0.8
0.75
0.7
0,65
0.6

0,55

ht 0,03

- 0,035

0,45

150 250 350 450 550 650 L. M3/

Puc. 7. OkcnepuMeHTaibHas  3aBucumocTb  Fig. 7. Experimental dependence of the efficiency of
sddexruBHOCTH dnekTtpoduisTpa oT ckopoctu  the electrostatic precipitator on the air flow velocity
BO3IYIIHOTO  MOTOKa st Mexanekrpoxubix  for interelectrode distances of 0.025 m, 0.03 m,
paccrostamii 0,025 M, 0,03 M, 0,035 M u 0,04 m 0.035 mand 0.04 m

*Hcmounux: Cocmasneno asmopamu Source: compiled by the author.

Yersepras rpynmna 3KCIEpUMEHTOB Oblila HalpaBlieHa Ha BBISBICHUE BIMSHUS pajuyca
OCAJUTENbHBIX 3JEKTPOJOB Ha 3((EKTUBHOCTb 3JIEKTPO(MIbTpa. bBbulM  M3rOTOBIEHBI
ocaauTeNnbHble 31eKTpoAsl paauycoM 0,2 M, 0,3 M, 0,4 M u 0,5 m. JIng kaxnoil rpymnmsl
OCaJUTENbHBIX 3JIEKTPOJOB OBUIM CHATHI 3aBUCHUMOCTH 3P (GEKTHUBHOCTH 3JIEKTPOPHUILTPA OT
CKOPOCTH BO3JIyLIHOTO MOTOKA. Pe3ynbTaThl SKCIIEpUMEHTa PEACTaBICHB! Ha PUCYHKE 8.
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Puc. 8.  DkcmepumeHTanbHas ~— 3aBucumocTh  Fig. 8. Experimental dependence of the efficiency of
a¢dextuBHOCTH  nekTpodmibTpa oT ckopoctr the electrostatic precipitator on the air flow velocity
BO3JYIIHOTO MOTOKa MPH OCAIUTEIBHBIX dekTpomax — at precipitation electrodes with a radius of 0.2 m,
paauycom 0,2 M, 0,3 M, 0,4 Mmu 0,5 M 0.3m,0.4mand 0.5m

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

Odcyscoenue (Discussions)

AHanu3 3KCIepUMEeHTaNbHbIX 3aBUCUMOCTEH 1MoKasall, 4To:

—IpU  YBEIMYEHUH CKOPOCTH BO3MYLIHOT'O MOTOKA, A(PQPEKTHBHOCTh YJIaBIUBAHMS
a’PO30JIbHBIX YaCTHII MOKPHIM OJTHO30HHBIM 3JEKTPO(UIBTPOM YMEHBIIAETCS, YTO OOBSICHAETCS
BTOPHUYHBIM YHOCOM YacTHII a3P030JI TOTOKOM BO31yXa;

— 3¢ peKTUBHOCTH OYUCTKH JJIsl pa3HBIX Pa3MEPOB adpO30JIbHBIX YACTHI OTiIHYaeTcs. Uem
MEHbIIE pa3Mep 4acTull, TeM 3()()EeKTUBHOCTh MEHBIIE, YTO CBUACTEIBCTBYET 00 YMEHBIICHUH
neiicTBus cuibl KynmoHa Ha ocafMTENbHYIO YacTHUIy MEHBILIEro JHaMeTpa M3-3a MEHBIIEro ee
3apsna;

— 3 }EeKTUBHOCT, OYHMCTKH MOKPBIM DJIEKTPOQHUIBLTPOM TEM HIXKE, YeM HHXKe
HanpspKEeHHE MUTaHWS, Y4TO OOBACHSETCS YMEHBIICHHEM MOIIHOCTH KOPOHHOTO paspsaa H,
COOTBETCTBEHHO, YMEHBIICHHIO 3apsi/ia YacTHUI] a3p0O307Is;

— 3¢ ¢$eKTUBHOCTh OYUCTKHA MOKPBIM 3JIEKTPO(PHMIBTPOM 3aBHCHT OT PACCTOSHHUS MEXAY
0CaIUTENbHBIME 3JIEKTpoAaMu. YeM OoJIblle pacCTOSHNE MEX]Ty OCAIUTEIbHBIMHU JIEKTPOJIAMH,
TEM MEHblIe d3PPEKTUBHOCTD AEKTPOPUIBTPA, YTO OOBICHIETCS CHU)KEHHEM HaIpSIKEHHOCTH
ANEKTPUIECKOTO MOJI B MEXDIEKTPOTHOM IIPOMEKYTKE;

— 93} }eKTUBHOCT, OYHCTKM MOKpPBIM JJIEKTPODHIBTPOM 3aBUCHT OT JUaMeTpa
OCaIUTENbHBIX ANEKTPOAOB. UeM MeHbIIe JUaMeTp OCAaJUTENBHBIX 3JEKTPOJOB, TEM MEHBIIE
3¢ (HEeKTUBHOCTh DJIEKTPOPHIBTPA, UYTO OOBSICHICTCS YMEHBIICHHEM IUIONIAJN OCAXKICHHUSI

3IEKTPOPUIBTPA.
3axniouenue (Conclusions)
3KCHepHMeHTaHBHBIe HUCCJIeA0BaHUA IIO3BOJIAKOT TOJIYYUTh 3aBUCHUMOCTHU

3G GEKTUBHOCTH  MOKPOrO  OIHO30HHOTO  JJIEKTPOQHIbTPAa OT  KOHCTPYKTHBHBIX H
TEXHOJIOTHYECKUX [TapamMeTpOB.

HpOBe)IeHHBIe OKCIICPUMEHTAJIIBHBIC HWCCICAOBAHUA TIO3BOJIMJIIN ONPCACINTh CTCIICHDB
BIIMSIHUS TTApaMETPOB MOKPOT'O OJHO30HHOTO 3JEKTPOPUIbTPa Ha 3P(HEKTUBHOCTH €ro paboTHI.
Pe3yHBTaTBI ToKasaJii, 9YTO YBCIMYCHHUC CKOPOCTU BO3AYIIHOI'O MOTOKA W PACCTOAHHUA MEKIAY
QJICKTPOJaMU CHHXKACT 3(1)(1)6KTI/IBHOCTB OYMCTKH, B TO BPEMA KaK YBCIWYCHUC HANPSIKCHUA U
JUaMeTpa OCaTUTENBHBIX 3JIEKTPOJOB CIIOCOOCTBYeT Oonee 3¢ (heKTHBHOMY yIIaBIUBAHHUIO
4acTull.

HonyquHHe 3aBUCHUMOCTHN IIO3BOJIAOT TIOJIYyYUTh OIITUMAJIBHBIC nmapamMeTpbl
aNeKTpoPmIbTpa Uil €ro Hambosiee 3PGeKTHBHON pabOThl, YTO OOECIEYUT TOBBINICHUE
OKOJOTUYHOCTH U D9KOHOMHUYHOCTHU NNPOMBIINIJIEHHOTO IPOMU3BOACTBA.
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