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ITpu ouMILCHHI Ta3iB IPOMHCIIOBHX BUPOOHHUIUTB, SIKi BUKHAAIOTHCS B aTMOChEpy MepeBara HaJaeThCs CHCTEMaM OYHIICHHS Ta3iB,
SIKI € IPOCTUMH y BHTOTOBJICHHI Ta EKCIUTyarTallii, a iXxHs poOoTa He BUMarae BEIUKHX CHEProBUTpar. BogHoyac BOHM HE MOBHHHI
noTpedyBaTh 3HAYHUX KaMiTalbHUX BKIaaeHb. CydacHe ra3004ncHe 00afHaHHSI He 3aBKAM BiIOBIJa€ UM BUMOTaM. 3riHO 3 UM,
JUISL OYMIIICHHS HU3bKOHAIIPHIX ra30BHX IOTOKIB HAHOIIIbHIIIE 3a3BIYall BHKOPHCTOBYBATH YaCTHHY I'a30X0y IPHPOTHOT BUTSKKI
SIK Ta3004MCHHMIT anapar. HailOinbliie BiANOBIA0Th BUMOTaM Ta YMOBaM EKCIUTyaTallii yCTaHOBKH MOKPOTO OYMILEHHS rasy, Jie ra3o-
BHH MOTIK 00pOOIA€ThCS MIIOCKUMH BOASHIUMHU CTpyMEHSAMU. BOHM € KOMIAKTHUMHM, MarOTh HU3bKU TigpaBmidHui omip. OmHaK, mi
armapaté MaroTh MEBHI HEJOJIIKU: HEJOCTATHIil CTYIMiHb OYMILIEHHs Ta3iB, HEPIBHOMIPHE 3POLICHHS ra30BOT0 MOTOKY, HEMOXIIHBICTD
BUKOPHCTAHHS Ha 00OPOTHIM PiAMHI, 1[0 MICTHTH LIIaM, Yyepe3 abpa3uBHHUIL 3HOC ANUCIEPIYIOUNX SJIEMEHTIB, 8 TAKOXK BUCOKE CITOXKH-
BaHHS 3pOLIYIOUO] PiJUHU. 3 METOIO 3MEHIIIEHHS BUTPAT PIIMHU HA OYHIIEHHS, JUCIEePryIodi IPUCTPOI 3a3BHYail PaIiol0Th Ha 000-
POTHIi pinuHi, sika MicTHTh ILTaM. Lle, y cBOIO uepry, cipuunHse iXHe iIHTEHCHBHE a0pa3uBHE 3HOLITYBAHHA. 3MEHIIUTH 3HOC MOJKHA,
BHUKOPHCTOBYIOUH METOJI THCHEPryBaHHs PIANHU 32 JOMOMOTOIO CIiBYapHUX CTPyMEHiB. [cHy104i KOHCTPYKIIT (GOPCYHOK 3i criByaap-
HUMH CTPYMEHSIMH 3a0€311e4yI0Th JJ0CTaTHIN piBeHb AUCIIEPIyBaHHs PiIMHH, PIBHOMIPHE 3pOLICHHS ra30BOT0 MOTOKY Ta (hOPMYBaHHS
IUTOCKOTO (haKena po3niTy. Po3nIsiHyTO OCHOBHI KOHCTPYKTHBHI apaMeTpH (JOPCYHOK 31 CHIByIapHUMU CTPYMEHSIMH JUISI CTBOPSHHS
IOJIOT0 KOHIYHOTO (hakery TUCTIeproBaHoOi piAMHY MPH 3aCTOCYBaHHI X B MOKpiil ouncTi rasiB. JJ0ciiTkeHO BIUIUB T€OMETPUIHUX
napaMeTpiB GOPCYHOK Ha KYT PO3KPHUTTS MOJIOr0 KOHIYHOTO (hakeny po3muieHoi pinuau. OTpuMaHa MaTeMaTHYHa MOJIENb B3aEMO-
3B’SI3KY KyTa PO3KPHTTS IOJIOTO KOHIYHOTO (hakedy pO3MHIICHOI PiMHU 3 KOHCTPYKTUBHUMH XapaKTePHCTHKAMHU corell pOpCyHKH.
Knrouogi crosa: HM3bKOHANIPHAI Ta30BHH MOTIK, MOKPE OYHIIECHHS Ta3iB, (JOpCyHKa 3i CIIByAapPHIMH CTPYMEHSIMH, O KOHIYHIH
(haken po3NMUIICHOI PiAMHYU, KOHCTPYKTHBHI ITapaMeTpu (POPCYHOK.

Design parameters of nozzles with impact jets for wet gas purification. Kozhemiakin G.

When cleaning industrial gases emitted into the atmosphere, preference is given to gas cleaning systems that are simple to
manufacture and operate, and their operation does not require large energy costs. At the same time, they should not require significant
capital investments. Modern gas cleaning equipment does not always meet these requirements. Accordingly, for cleaning low-pressure
gas flows, it is usually most expedient to use a part of the natural exhaust gas duct as a gas cleaning device. The wet gas cleaning unit,
where the gas flow is treated with flat water jets, best meets the requirements and operating conditions. They are compact and have
low hydraulic resistance. However, these devices have certain disadvantages: insufficient degree of gas cleaning, uneven irrigation
of the gas flow, inability to use on a circulating fluid containing sludge due to abrasive wear of the dispersing elements, as well as high
consumption of the irrigation fluid. In order to reduce the consumption of liquid for cleaning, dispersing devices usually operate on
a circulating liquid containing sludge. This, in turn, causes their intensive abrasive wear. Wear can be reduced by using the method
of dispersing liquid using co-impact jets. Existing designs of nozzles with co-impact jets provide a sufficient level of liquid dispersion,
uniform irrigation of the gas flow and the formation of a flat spray flame. The main design parameters of nozzles with co-impact jets for
creating a hollow conical spray flame of dispersed liquid when used in wet gas cleaning are considered. The influence of the geometric
parameters of the nozzles on the opening angle of the hollow conical spray flame of the sprayed liquid is investigated. A mathematical
model of the relationship between the opening angle of the hollow conical spray flame of the sprayed liquid and the design characteristics
of the nozzle nozzles is obtained. Key words: low-pressure gas flow, wet gas cleaning, impingement jet nozzle, hollow conical spray
nozzle, nozzle design parameters.

AKTyalbHicTh  JocaigeHnsi. HecnpustnuBuil Huil omip OiiblIocTi razoouucHux amaparis (1o 1000

EKOJIOT1YHUM cTaH atMocdepu y Oararbox MPOMHUCIIO-
BHUX IIEHTpax YKpaiHM MOTpeOye OCHAIICHHS JHKEepen
BUKHUIB MIKIJUIMBUX PEYOBUH BHUCOKOE(HEKTUBHUMH
ra3004MCHUMH araparaMiu, OCKUTBKH MOXIIUBOCTI CYTO
TEXHOJIOTTYHHUX 3aXOJIB, 10 3a0€3MeYyI0Th CKOPOUCHHS
BUKHUJIB 0€3MOCEPETHHO Bijl TEXHOJOTIYHUX arperaris,
B 0araThOX BHIIaIKax, a00 BUUEpIaHi abo 0OMeKeHi.
3HayHa YaCTHHA MIKiJJIMBUX PEYOBUH BUKHUJAIOTHCS
B arMocepy 3 HU3bKOHAIIPHUMH T'a30BUMH TTOTOKAMHU.
KinpkicTh Takux rasiB Moxke gocsarara g0 25% 3araiib-
HOTO O0OCSTY TIPOMHCIIOBUX Ta30MOJIOHMX BUKH/IIB
B atmMoc(epy. Ane uepe3 IOCUTb BUCOKHH TiapaBiiy-

[1a i1 GinpIIe) BOHM HENPUUHATHI JUIA TaKUX YMOB a0o0
BHMAaralTh YCTaHOBKH JIOJATKOBOTO TSATOAYTTEBOTO
00JaTHaHHA, 10 HE 3aBXK]IU MOXJIIMBE 4epe3 nedirur
BUPOOHUYUX ILJIOILI.

Buxopsuu 3 1boro, JUisi OYMINEHHS HU3bKOHAMTIPHUX
ra3oBUX MOTOKIB K Ta300YMCHUX arapariB HaWOIIbIIe
JIOLIJIBHO, K MPaBUJIO, BUKOPUCTOBYBATH YacTUHY
ra30Xxo/ly IPUPOAHOT BUTSKKH.

HocranoBka npodaemu. Haii0inpmr nmoBHO BiAmo-
BiJJalOTh 3a3HAYEHMM BHUIIE BHUMOTaM Ta YMOBaM €KC-
TUTyaralii anmapatd MOKpOro O4YHIeHHs ra3y [1], B sKkux
ra3oBUM MOTIK TEPEKPUBAETHCS TUIOCKHUMY BOJISHUMHU
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ExoJtoriuni Hayku N2 3(60)

HAYKOBO-TIPAKTUYHWH XKYPHAA

CTpyMeHsIMU. BOHM KOMITaKTH1, MAIOTh HU3BKHIA T1JIpaB-
nmiyauid omip. OIHaK MarOTh PsJI HENOJIKIB, a caMe: He
3aBXKIM JIOCTATHIN CTYIiHb OUYUINEHHS Ta3iB, HEPiBHO-
MIPHICTh 3pOIICHHS Ta30BOTO IOTOKY, HEMOXIHUBICTb
eKCIUTyaTallii Ha 0OOPOTHIN PiJIMHI, IO MICTHTb IIIJIaM,
gyepe3 aOpa3WBHUM 3HOCY AWCHEPTYIOUHX IIPHCTPOIB,
BEJIMKA BUTPATA 3POLIYIOUOi PiHHU

OnHIM 3 OCHOBHHX BY3JIiB B arfaparax MOKPOTO OYH-
MICHHS Ta3iB € GOPCYHKH JUIS PO3MIIIIOBAHHS PiIIUHHU.
i mocsirHeHHs HaOLTBIIIOT €)EKTHBHOCTI OYHIIICHHS
X KOHCTPYKIIisl TOBUHHA 3a0€311e4yBaTh JOCTATHIO CTY-
MiHb JMCIIEPTYBaHHS PIWHU 1 PIBHOMIPHICTH 3pOIIY-
BaHHS T'a30BOTO ITOTOKY.

3B’5130K aBTOPCHKOI0 TOPOOKY i3 Ba:KIUBUMHU Hay-
KOBMMH Ta NPAKTUYHUMH 3aBIaHHsIMH. B mporeci
CTBOPEHHS 3acO0iB JIJII MOKPOTO OYMIICHHS Ta30BHX
MOTOKIB, 1[0 BIJINOBIAOTh CyYaCHUM BHMOTaM, Oyia
po3pobineHa (opcyHKa 31 CIIBYTApHUMH CTPYMEHSMH
[2]. BoHa no3Bosviia OTpUMaTd TIOPOXKHUCTHIA KOHIYHUIH
(haken po3nHICHOT PIIMHY, KA Ma€e XOPOIII MepCcreK-
THBH JUISI CTBOPEHHSI BHCOKOS(EKTHBHUX Ta300YHCHUX
armapariB i3 3MEHIIEHHM KparuieBHHOCOM. [lepearoro
Ppo3pobieHoT (hOPCYHKH, SIK TOKA3aIM HACTYITHI ii BUITPO-
OyBaHHSI 1 pe3y/IbTaTH EKCILTyaTallil B IPOMHUCIIOBHX YMO-
BaX, € MPOCTOTa BUTOTOBIICHHS 1 BHKOPHCTAaHHS, CTiHd-
KICTh JI0 aOpa3sWBHOTO 3HOCY, MOXIIMBICTH OTPHMaHHS
KyTa pO3KpUTTS B Mexax Bix 30° go 180°.

IMocranoBka npo6jaemu. OTpuMaTH TOPOKHUCTHI
KOHIYHHH (hakesl po3MUICHOI PIMHH, TPEICTABISETCS
MOYKJIMBHM, SIK ITOKAa3aJIH MTOTIEPENIHI JOCIIDKSHHS, TTPH
BHKOPHUCTaHHI Y (POPCYHIII COIEN 3 OTBOPAMH PI3HOTO
nmiamerpy. [Ipudomy, giaMeTp OTBOpY BEPXHBOTO COILIA
He Mae OyTH MEHIIIE JiaMeTpy HUKHBOTO COIUIA 1, KPiM
TOTO, BUXIJIHUI OTBIp BEPXHBOTO COIUIA MOXE OyTH
BHUKOHAHWH 3 po3TouyBaHHAM. J[i1s1 3a0e3nedeHHs edek-
TUBHUX PEXKHUMIB eKCIUTyarallii amapariB Oylno HeoO-
X1JIHO BU3HAUUTH ONTUMAJIbHI TEOMETPUYHI IMapaMeTpH
¢dopcyHok. Iyl BOTO TPOBENEHI JOCIHIDKEHHS IS
BH3HAYCHHS 3QJICKHOCTI KyTa PO3KPHTTS IIOPOKHUCTOTO
(hakea piHM, O PO3MUITIOBAJIACS, BiJl TEOMETPHYHUX
napaMeTpiB GOPCYHKH 31 CIIBYTapHUMHU CTPYMEHSIMHU.

Buxnaa ocnoBHoro marepiaay. Cxema mporecy
3ITKHEHHSI CTPYMEHIB piHU B (hopcyHINi 31 criByaap-
HUMH 300pakeHa Ha puc. 1.

IMmynpe Macw pigWHUM, IO BHTIKAE€ 3 BEPXHBOTO
OTBOpY, — M, V|, & 3 HIXKHOTO — M,V,. [Ipu po3umpeHHi
JiaMeTpy OTBOPY BEPXHBOTO HACAAKA PO3TOUYBAHHIM
i KyTOM @ JiaMeTp KiHII OTBOPY CKIIafe:
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ITpu 1IbOMY HIBUJIKICTH Ha BUXOJIi 3 OTBOPY:
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Pi3HuIS KITBKOCTI pyXy Mac CHIBYJIapHUX CTPYMEHIB!

~
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Puc. 1. Cxema npoyecy 3imkHenHss CmpymeHis piounu

4
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3rifiHO i3 3aKOHOM 30epEe)KECHHS IMITYJIbCIB !
AF = Mvcos [%) 4)

ITpupisnioemo Bupasu (2.3) 1 (2.4) :
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BupaskeHHs U151 KUTBKOCTI PyXy PiUHH, IO PO3Ti-
Ka€eThCs, :
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My =pv? [1 + gtg ¢J d’ +d; 6)

d, 2

[TincraBnsiemo BupaxeHHus (6) B (5) :
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[IepeTBOpIOIOUH, OTPUMYEMO:

2
cos (a 2) = 2; . ®)
[1 + dtgi] d? +d:
1
BupaskeHHs 111 KyTa PO3KPHUTTS (akey:
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SIKImo pO3TOUYBAaHHS BIJCYTHE,
HaOWpae BUTIISLY:

BupaxeHus (9)

d? —d;
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d’ +d;} (10)

1

o = 2arccos

JlaGoparopHi TOCHIPKEHHS TPOBOJUIIMCS Ha eKcIle-
PUMEHTaJIbHIHN ycTaHOBLI, 300paxkeHill Ha puc. 2.

[Ipu 3iTKHEHH1 CTPYMEHIB YTBOPIOETHCS MOPOKHU-
CTHI KOHIYHUH (haken po3nuiieHol piguHu 7, AKUH repe-
KpuBae nepepi3 Oaka. bak BukoHanmii 3 oprckia. Kyt
pO3KpuTTS axena BU3HAYABCS 3a JIOMOMOIOI0 TpaH-
CIIOPTUPY, HAHECEHOI0 Ha CTIHKY Oaka. 3polryBajibHa
piauHa mogasajach 1o TpybonpoBoay 1, TUCK 1 BUTpaTa
SIKOT BU3HAYAIMCh IO MaHOMeETpax 4 1 BUTparomipax 5
1 peryaroBanucs BeHTWIAMHU. [liametpu comen 2, 3 3wmi-
HIOBaJIMCS B Mexkax 3-14 MM, po3TOUyBaHHSI BUKOHYBa-
nocst mig kytom 0-35°.

2

Puc. 2. Excnepumenmanvua ycmaHogka 0iisi 00CAi0HCeHH s
3anexcHocmi Kyma poskpummsi (paxena 6i0 2eomempudHux
napamempie popcyHKu

Kouctpykuist (opcyHKH Ui MPOBEOCHHS IOCIHi-
JDKSHB TIPE/ICTaBIICHA Ha PUC. 3.

Pesyneratu mocnimkeHb B TpadigHOMY BHII Tpea-
CTaBIICHI Ha puc. 4.

CrpaBeIUBICTh 3aJIeKHOCTI (9), IO OTpHMaHa Teo-
PETUYHO, MEepeBipeHa 3 BUKOPUCTAHHSIM CKCICPUMEH-
TaNbHUX HaHuX [3]. Pe3ynpraru mepeBipkd IMOKa3aiw
QJICKBaTHICTh MAaTEMaTHYHOT MOJEI €KCIePHMEHTAIIb-
HUM JaHuM. TeopeTudHi pO3paxyHKH CIIIBIANAIOTh
3 TAaHUMH JOCIIDKEHB 31 CTymeHeM BiporigHocTti 0=0.9.

15204 I,5-20,

Puc. 3. @opcynxa 3 cnigyoaprumu cmpymeHamu
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Puc. 4. 3anexcnicmo kyma poskpumms gaxena
po3nuierol piouru 8i0 cniggiOHOWeHHs Oiamempis coner
npu kymi posmoyyganus ©: © — 0o; A — 150, o — 300

BucHoBku. B pe3ynbrari mpoBeIeHUX JOCTIIKEHb
BU3HAYCHI ONTUMAJIBHI apameTpu GpopcyHku. Tak Bif-
HOIIICHHSI JIIaMEeTPiB OTBOPIB COIENI TIOBHHHE 3HAXO/H-
THCS B Mexax 1-3. [Ipu 301bIIeHH] IIBOTO BITHOLICHHS
BiI0yBa€ThCs pyHHYBaHH: CTIIKOTO (hakesa po3nuiIeHo
piauau. KyT po3TodyBaHHS HE MOBUHEH MEPEBUIIYBATH
30°. Ilpu OinbIoMy KyTi pO3TOUYBaHHS BilOyBa€eThCs
BiJIPUB CTPYMEHS BiJI CTIHKH y BEpXHBOMY COILTI 1 IIOpPY-
IIy€ThCS CTIMKICTh (pakena. [nmOuHa po3TOUyBaHHS
3HaxXoauThcst B Mexkax 1,5-2 d. Ilpu MeHmmii mimOuHi
CTPYMiHb PIMHM HE YCTHUra€e cTadLIi3yBaTuCS MiCis
PO3IIMPEHHS, a IpU OLIBIIIN TOUKa PO3KPUTTA (akena

MakcuManbHe — CepelHbOKBAaIApATHYHE  BIAXWIEHHS 3HAXOAUTHCS MOOIM3Y BEPXHBOTO COILIA i (hakeln pyiHy-
0=4.7. IlorpimHicTth He nepeBultye 7 %. €TBCST 00 HOTO CTIHKH.
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