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AHHoTanusa. AKmya/1bHOCmMb Vccael0BaHus 00yCJI0BIeHa HaJJMYMeM U HEKOHTPOJIMPYEMBIM PaclpocTpaHeHUEM B BO3/Y-
Xe a3p030JIeH Pa3/IMYHbIX BEIECTB, KOTOPble OKA3bIBAIOT HETaTUBHOE BJIMSHUE HA YeJIoBeKa, GpJiopy U payHy. OcobeHHO 3Ta
npo6JsieMa CTOUT NpHU J06bIYe, TepepaboTKe U C)KUTaHUU reopecypcoB. Hanbosiee a¢ppeKTUBHBIM CIOCOGOM pelleHus: Ipo-
6J1eMbI SIBJISIETCS IPUMEHEHHE YIbTPa3BYKOBbIX KOJe0aHUH BbICOKOW MHTEHCUBHOCTH, BO3/IeICTBHE KOTOPBIX HAa a3PO30JIH
BbI3bIBAET IPOLECCh] COJNMKEHHUS U arJIOMepalMi MeJKUX YaCTHI, B KpynHble. O/JHAaKO NPU HU3KOH KOHIleHTpauuu adpdek-
TUBHOCTb KOAryJ/IsILUM YAaCTUI, HeJOCTAaTOYHA /I/Is YBeJUUYEeHHUs CTelleHH yJIaBJIMBaHHUA ra3004UCTHOro o6opyoBanHus. [lo-
3TOMY CylIeCcTBYeT HeO6X0AUMOCTb MOMCKA HOBBIX IyTeH ONTHMU3ALUH YIbTPAa3ByKOBOI'0 060PY0BaHHUS /ISl KOATYJISALUN
BBICOKO/MCIIEPCTHOBIX YACTHI] C 1leJIbI0 NOBbILIeHUs ero 3¢eKTUBHOCTHU. I]es1b: onpeseseHre ONTUMATIbHBIX YCI0BUH YJIb-
TPa3BYKOBOT'0 BO3/IeMCTBHUS Ha 3aKpPy4eHHBIH ra3oUCIepCHbIM OTOK, 06eCnedYnBaoIINX MaKCUMalbHY0 3G PeKTHBHOCTD
arJioMepanuy BbICOKOJMCIEPCHBIX YacTULL. [[poBe/ieHre CpaBHUTEBHBIX UCCJIeJOBAHUM Mpolecca Koary/asiyuy 4acTHUL] IpU
BO3/IeHICTBUM YJIbTPAa3BYKOBBIMU MOJIAMH, GOPMUPYEMBIMU PA3JUYHBIMU BUAAMH H3Jy4aTesJed U UX COBMECTHbIM BO3/eii-
CTBHEM, MO3BOJIUT ONpeJeauTb 3QPeKTUBHOCTb YJIbTPAa3BYKOBOM KOAryJslUM W ONTHUMaJbHYI0 KOHCTPYKTHUBHYIO CXeMy
YABTPa3ByKOBOI0 BO3/IeHCTBUSA. 06BEKMbI: IPOLecC KOAryJsiuy 4acTHI 0/ yIbTPa3ByKOBbIM BO3/eHCTBUEM, GOPMHUDPY-
€MbIM Pa3/IMYHbIMU TUINAMH H3JydaTeseidl. Memodsl: KOMIIbIOTEpHOE MOJieJIMpOBaHue GOPMUPYEMOro yabTPa3ByKOBOIO
10J151 METO/IOM KOHEYHBIX 3J1eMEHTOB C [TOMOIIbI0 FAPMOHHYECKOT0 aKyCTUYeCKOro aHa/IN3a; MOJieJIMpoBaHUe U pa3paboTka
JINCKOBBIX M3JlydyaTesiell MeToJOM KOHEYHBIX 3JIeMEHTOB C TOMOIIbI0 MOJAIBHOTO aHauu3a. [t onpe/ie/ieHUs: XapaKTepu-
CTHK a3p030Jis HCIO0Jb30BaH AHasnzaTop yactul Malvern Spraytec. Pe3ysasmamul. Pe3ynbTaTbl pacueToB U 3KCIIepUMEH-
TOB I0Ka3aJ/y, YTO Hanbosiee 3HeproapPeKTUBHBIM MOKET ObITh MPUMEHEHHEe B Ka4yeCTBe OCHOBHOI'O UCTOYHHKA yJIbTpa-
3BYKOBOI'O BO3/IeHCTBUSA AJ1s1 yCTPOUCTB C 3aKPY4eHHBIMHU IOTOKAMH NTPOTSX)KEHHOTO YJIbTPAa3BYKOBOI'O TPy64aTOro U3Jiyda-
TeJisl, paboTaollero Ha U3rH6GHO-JUaMeTpalbHONW MoJie KoJle6aHUH U GOPMUPYIOIIEro KOJIbLEBYIO CTOSYYIO BOJIHY C YPOB-
HeM 3BYKOBOTo JaBJjieHus1 162-165 ab. JanbHelee noBeilieHHe 3GpPeKTUBHOCTH KOATryJSALUM MOXKeT 06ecrneyruBaThCs
TOJIbKO COBMECTHBIM BO3JeHCTBHEM, TPYy6YaTbIM H3Jy4yaTeJeM U NPOJOJIbHO-KOJIEOMI0IMMCH U3JlydaTesaeM. JTO Cylle-
CTBEHHO MOAMPUUUPYET CTPYKTYpYy IoJisg U obecrneyuBaeT He TOJIbKO YBeJHYeHHe YPOBHSA 3BYKOBOI'O JiaBJIEHHUS
(mo 167 nB), HO ¥ KoJIMYeCcTBA GOPMUPYEMBIX Y3JIOBBIX TOBEPXHOCTEH (10 44).
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Abstract. Relevance. The presence and uncontrolled distribution of aerosols of various substances in the air, which have a
negative impact on humans, flora and fauna. This problem is especially acute in the extraction, processing and combustion of
georesources. The most effective way to solve the problem is the use of high-intensity ultrasonic vibrations, the effect of
which on aerosols causes convergence and agglomeration of small particles into large ones. However, at low concentrations,
the particle coagulation efficiency is not sufficient to increase the recovery rate of gas treatment equipment. Therefore, there
is a need to find new ways to optimize ultrasonic equipment for coagulation of fine particles in order to increase its efficiency.
Aim. To determine the optimal conditions for ultrasonic influence on a swirling gas-dispersed flow, ensuring maximum
efficiency of agglomeration of highly dispersed particles. Carrying out comparative studies of coagulation of particles when
exposed to ultrasonic fields generated by different types of radiators and their combined effects will make it possible to
determine the effectiveness of ultrasonic coagulation and the optimal design scheme of ultrasonic exposure. Objects.
Coagulation of particles under ultrasonic impact, formed by various types of radiators. Methods. Computer modeling of the
generated ultrasonic field using the finite element method with the help of harmonic acoustic analysis. Finite element
modeling and design of disk radiators using modal analysis. To determine the characteristics of the aerosol, a Malvern
Spraytec Particle Analyzer was used. Results. The results of calculations and experiments have shown that the use of an
extended ultrasonic tubular radiator operating on a bending-diametric mode of vibration and forming a ring standing wave
with a sound pressure level of 162-165 dB as the main source of ultrasonic impact for devices with swirling flows may be the
most energy efficient. Further increase in the efficiency of coagulation can only be achieved by the combined action of a
tubular radiator and a longitudinally oscillating radiator. This significantly modifies the field structure and provides not only
an increase in the sound pressure level (up to 167 dB), but also in the number of formed nodal surfaces (up to 44).
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BBeaenue

OCHOBHBIC YCHJIHS YKOJOTHIECKHAX CITY>KO Hampas-
JIeHBI Ha o0eclieyeHNe BBICOKOKAYeCTBEHHOW OYHMCTKH
OKPYKaloILIero BO3/lyXa, 3arps3HsAEMOro MPOMBIIIIEH-
HBIMH TIPOM3BOJICTBAMH M TEXHOTCHHBIMHU MPHUPOIHBI-
MU sBIeHISIMH. OOYCIIOBIICHO ATO TEM, UTO HANNYNEC U
HEKOHTPOJIMPYEMOE ~ pacHpOCTpaHeHHE B  BO3JIyXe
a’pO30JIeH PAa3TUUHBIX BEIIECTB OKA3hIBACT HETaTHB-
HOE BIMSHWE Ha 4eloBeka, ¢uopy u dayny [1, 2].
OcobeHHo aTa mpodiemMa CTOHUT NpH A00bIYe, Iepepa-
0OTKE W CXKUTAaHWUU reopecypcoB. OOIIENPU3HAHO, YTO
HanOoJee OMacCHBIMHU SBJLIIOTCS YaCTUIBI pa3MepoM
2,5 MKM M MeHee, ITOCKOJIbKY JIbIXaTelIbHasi CUcTeMa

BHOCHUT TaKW€ YacTHIBI B KPOBOTOK M HaKaIUIMBACT
TOKCUYECKUI MaTepual B OpraHax uenoBeka [3, 4].
OT0 ompenenseT NCKIOUUTENBHYI0 BaKHOCTh TTOHCKA
CrocoOOB  3alllUThl JIIOJCH H pa3pabOTKH CHCTEM
OUYMCTKHU BO3/yXa OT MEIKOAUCIEPCHBIX a3PO30JICH.

Bce cymiectByronye cucTeMbl OUUCTKU (cernaparo-
PBI) IPAKTUYECKH HE YNABJIMBAIOT YaCTHIBI Pa3MEpPOM
MeHee 2,5 MKM [5—8], a cucTeMbl, CIOCOOHbIE yJIaBIIH-
BaTh TakWe 4YacTHLBI (QUIBTPBI U AIEKTPOPHIBTPHI),
XapaKTePU3yIOTCSI MaJIOH TBIIEEMKOCTBIO MM Pado-
Ta0T ¢ 00pa30BaHMEM OYEHb BPEIHBIX IJISI OKPY’Karo-
mei cpebl M 370pOBbsl YEIOBEKAa OKCHJOB a30Ta U
030Ha.
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Hawubonee 3¢ ¢hexTuBHEIM cr1ocOOOM peleHus mpo-
OneMbl SBISETCSI PUMEHEHUE yIbTPa3BYKOBBIX (VY3)
KoJIeOAaHMH BBICOKOM WHTEHCUBHOCTH, BO3JEHCTBHE
KOTOPBIX Ha a3pO30JIM BBI3BIBAECT IPOLIECCHI COMMXKE-
HUS U arjioMepaluy MEJIKUX YacTUI[ B KPYIHbIE. DTOT
TIpPOIIeCC HA3BIBAETCS YIBTPA3BYKOBOW arioMeparueit
[9, 10]. Ycranosneno [11-14], uto kpome ypoBHS 1aB-
JIeHUs, CO37aBaeMoro Y3-KoJeOaHUsIMHU, OIpPEACIsio-
muM (HaKTOPOM LTS peaji3alliil MEXaHU3MOB B3aUMO-
JIEUCTBUS YaCTHUIl pa3MEpPOM MEHee 2,5 MKM SIBIISETCS
paccTosHIEe MEXIy YacTHLAMH, T. €. Y3-BO3AcHCTBUE
3(G(}HEKTUBHO TONBKO JUIS OTHOCHUTEILHO BBICOKHX
CYCTHBIX KOHIICHTPAIINH B3BEIICHHBIX YACTHII.

O4eBUAHO, YTO JUIs 00ECIEUEHHUs YIbTPa3ByKOBOM
KOaryJsiiuy 4acTHUIl pa3MepoM MeHee 2,5 MKM Heo0-
XOJMMO CO3/aBaTh YCIOBHS JJISI 00CCIICUCHHS MaKCH-
MaibHOH 3 dexTruBHOCTH BO3eiicTBUsA. B yacTHOCTH,
JUIsl  o0ecreyeHuss MaKCUMalbHOTO YpOBHA  Y3-
MABIICHUS TPEIIAraloTCs PA3IMYHBIC CHUCTEMBI ariio-
MepaIyH, UCTIONB3YIONIIe BO3ICHCTBIS HA adPO30IH B
pexxume crosueit BonHbl. HamOonee s¢dexTuBHON
CIIeyeT MPU3HATH OIBITHO-IIPOMBIIUICHHYIO YCTaHOB-
Ky, co3nanHyro XyaHoM [‘anbero-Xyapec u ap., code-
TAIOIIyI0 B cebe BIEeKTPOCTaTMYECKUH OCaIuTeNh U
KaMepy aKyCTHUSCKOH KOaryJslHii, YIAISIONIYIo cy0-
MUKpPOHHBIE dYacTwibl (cpemnuii paszmep dwactwi 0,8
MKM) M3 MOTOKa ABIMOBBIX Ta30B [15]. K coxkanenuto, B
3TOW YCTAaHOBKE NpPU MaJOM KOHIEHTPALMU YaCTHIIbI
MPaKTUYECKH HE B3aUMOACUCTBYIOT MEXIy COOOH ma-
ke B Mpejesax y3noBwix obmacted. 1o 3Toil mpuunHe
yCTaHOBKa HC HallJla IMMHUPOKOIo IMPOMBIIIJICHHOTO
pacnpocTpaHeHusl.

Takum o0pazoM, sl JATBHEUIIETO ITOBBIIICHIS
¢ dexkTuBHOCTH Y 3-KOaryJsiuyd YacTHIl pPa3MepoM
MeHee 2,5 MKM He00X0IMMO CO3aTh KOHCTPYKTUBHYIO
CXEeMy VIBTPa3ByKOBBIX arjioMepaTtopoB, CHOCOOHBIX
HE TOJIBKO 00ECIICUMBATH YBEINUCHUE aMIUIUTYBI KO-
neGaHuil BO3ACHCTBYS HA YaCTHUIIBI, HO U (POPMUPOBATH
B TIOJIC YJIBTPA3BYKOBOTO BO3ICHCTBUS JOKAIBHBIE 00-
JACTU C BBICOKOM KOHLEHTpalMel IUCIEPCHBIX 4Ya-
CTHIL.

H3BecTHO, uTO 00pazoBaHue obacTeil ¢ MOBBIICH-
HOM KOHIICHTpAIMeH YacTHIl MOXKET OBITh 00eCIIeYeHO
3a cueT (HOPMHUPOBAHUS 3aKPYUCHHOTO MTOTOKA, 3aCTaB-
JSIOUIET0 YaCTHUIIBl JIBUTAThCS K BHEIIHEMY paJnycCy
noJ1 JieicTBueM 1eHTpoOexkHbIX cuil [16, 17]. 3a cuer
JIOKQJTBHOTO TIOBBIMICHNS KOHIIEHTPAIMM YacTUI] BO
BHEIIHEW 00JIaCTH BUXPS PACCTOSIHUE MEXAY YacTh-
namMu OyJeT YMEHBIIAThCS W HAYHET BO3pacTath d¢-
¢dextuBHOCTh Y3-Koarymsinud. KOHCTpYKTHBHBIE CXe-
MBI KOAryJisTopoB, oOecrneyuBarInuX (popMHUpPOBAHUE
3aKpy4eHHBIX MMOTOKOB, IIMPOKO M3BECTHHI. B CBs3M C
STUM JajbHelIiee mnoBbineHne 3Q(QeKTHBHOCTH Koa-
TYJISIIIAA 9acTUI] HanOosee 3PPEKTUBHO peaTn30BaTh B
YCTPOMCTBAX € 3aKPYUECHHBIMH [TOTOKAMHU.

Pa3pa6oTKa y/IbTPa3BYKOBBIX U3JIydaTesiei
JUISI arJIOMepanuoOHHBIX KaMep
C 3aKpy4eHHBIMH NOTOKAMH

OpHako JUIs peald3allié YCIIOBHE SHEprodddex-
TUBHOTO YJIBTPAa3BYKOBOTO BO3ICHCTBUS HEOOXOANMO
obecrieunTh CO3J[aHMe M3JIydaresied JUIs MOBBIIICHHS
3(h(HEKTUBHOCTH KOATryJIAIMN B YCTPOHCTBAaX C 3aKpy-
YeHHBIMH MoTOKaMu. KoHcTpynpoBaHue HM3ITydareneit
YABTPa3BYKOBBIX KOJEeOaHHUH, KOTOPbIE ONPEeNsT KO-
HEYHYIO 3(()EKTUBHOCTD arIoOMepaIiy YacTHIl, He0O-
XOAUMO OCYIIECTBISITE C y4eTOM OCOOEHHOCTEH co-
3/1aBaeMbIX KaMep, B KOTOPBIX OyJeT OCYIIECTBIATHCS
KOaryJsiius (arimoMeparys) 4acTull.

VY IIbTpa3ByKOBOE BO3ICHCTBHE HA IHCICPCHEBIC Ya-
cTHIBI Hanbolee 3()(PEeKTUBHO OCYIIECTBIATH B 3aKpY-
YEHHOM TOTOKE, MMO3TOMY Hambosiee MpaBHIbHBIM 0y-
JeT WCIONB30BaHUE AarJoMEepalloOHHONH KaMephl Ha
OCHOBE TOPH30HTAIBHOTO MUKIOHA. OCOOEHHOCTE pea-
JM3alMK TaKoi KaMepbl 3aKIIF0YaeTCsi B TOM, YTO JUIs
3 PEKTHBHON arJIOMEpaIiyl YacTHI[ BHYTPH KaMephl
HEOOXOVIMO CO3[aTh PAaBHOMEPHOE YIBTPAa3BYKOBOE
MoJIe ¢ MaKCUMaJIbHO BO3MOKHBIM YPOBHEM 3BYKOBOTO
JaBleHUsS. Peanmim3oBaTh Takoe BO3ICHCTBHE BO3ZMOXKHO
TONBKO TIPU ITOMOIIY JBYX THIIOB H3JIydaTelei, CIIO-
COOHBIX (hOpPMHPOBATH YNBTPA3BYKOBBIE KOJIEOAHUS
Kak C TOPILIOB arjoMEepalOHHOH KaMepsl, T. €. Ipo-
JOJBHO BIOJb OCH KaMephl, Tak U ¢ e€ OOKOBOH CTCH-
KH, T. €. paananbHo. KOHCTpyKTHBHAs cxeMa arjiome-
paHHOHHOﬁ KaM€pbl € YKa3aHHbBIMU HaIPaBJICHUAMU
YIBTPa3ByKOBOTO BO3/ICHCTBUS IMOKa3aHa Ha puc. 1.
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Puc. 1. 3cku3 azaomepayuoHHoll kamepwl: 1 - Kopnyc az-
JI0MepayuoHHol Kamepbl; 2 — 8blmecHumens; 3 -
maHzeHYuabHblll 8x00HOU nampy6ok; 4 — maHzeH-
yuaavHulll 8blxodHOU nampy6ok; 5 - npodosbHoe
HanpaeaeHue Y3-eo3delicmeusi; 6 - paduanbHoe
HanpaeaeHue Y3-go3delicmeus; 7 - Hanpas/ieHue
deusiceHUs1 2a308bIX NOMOKO8

Fig. 1. Sketch of agglomeration chamber: 1 - body of the

agglomeration chamber; 2 - displacer; 3 -
tangential inlet pipe; 4 - tangential outlet pipe; 5 -
longitudinal direction of ultrasonic influence; 6 -
radial direction of ultrasonic influence; 7 - direction
of movement of gas flows
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Jl1s ocyliecTBIEHUS IPOAOJIBHOTO YIBTPa3BYKOBO-
TO BO3JICHCTBUA K KaMepe ¢ TOPIOB MPHUCOEANHSIOTCS
VIBTPa3ByKOBBIC W3MydaTenw. Mms ¢dopMupoBaHUs
CTOAYEH BOJIHBI BHYTPHU KaMepbl YIbTPa3BYKOBbIE U3-
JIy4aTeNu pacloIokKEHbI APYT OT Ipyra Ha pacCTOSTHUU
L. Paccrossane L 10mKHO OBITH KpaTHO IOJOBHHE
JUTHHBI BOJHBI YIBTPa3BYKOBBIX KOIEOAHUIT HA 9aCTOTE
BO3JIEMCTBUS B ra3oBoil cpene. Kpome toro, ans obec-
TIEYEHUS] BBICOKOW DPABHOMEPHOCTH Y 3-BO3JCHCTBUS
BHYTPEHHHUU JTUAMETpP arJoMEpaIioHHON KaMepsl Hu
JUaMEeTp YIbTPa3BYKOBOTO M3IIy4aTelNs JOJIKHBI COB-
aaath.

st mpakTHuecKoil peannzalnuu paauagbHOIoO yib-
TPa3BYKOBOTO BO3/CHCTBUSI caM KOPITYC arjioMeparu-
OHHOHM KaMepbl JOJDKEH OBITh BBITIOJHEH B BHUJE YIb-
TPa3ByKOBOI'O H3Jy4aTessi, KOHCTPYKTUBHO MPECTaB-
JSIOIIEr0 cO00H TpyOuUaThI M3TydaTenb, KOJICOIro-
muiics Ha W3THOHO-TMaMETPaTbHONU MOJIe KOJICOaHHH.
B nomomnenne k aToMy st (OPMHUPOBAHUS CTOSUCH
JIUaMETPATEHON BOJHEI JIOJDKHO 00ECIICUMBATHCS CIie-
Jyrolee yciaoBue: paccrosiHue L1 (pasHuma Mexmay
BHYTpEeHHUM pamuycoM D/2 TpyOuaToro maimydaTers U
HApyXXHBIM paIHycoM BBITCCHUTETSI DX/2) IDOMKHO
OBITH KPAaTHO TOJIOBHHE JJIUHBI BOJHBI B Ta30BOU Cpe-
ne. [Toaromy B panbHeieM Npu MOMOIIM MOJAEIHPO-
BaHUsI aKyCTHYCCKOTO TMOJIsI OBLT ONpeNeNeH THaMeTp
BBITeCHUTENST DX, o0ecrneynBaromuil 1uaMeTpaibHyO
CTOSTIYIO BOJIHY.

ArnoMeparnioHHas Kamepa padoTaeT CIEIYIOIINM
o0pa3oM. ['a3o0aucepCHBI OTOK, TOCTYIAeT BO BHYT-
PCHHIOIO TMONOCTh Kopmyca — 1 (KoaryssHOHHYIO Ka-
Mepy) uepe3 TaHTCHIWATbHBIA BXOMHON MaTtpyOooK — 3.
BHyTpu xamepsl, B pe3yibTaTe ABHKEHHUS 110 CIIUpPab-
HOW TPaeKTOpPHH, TMOJ JEHCTBHEM LEHTPOOCKHBIX CHII
MPOUCXOJUT PACCIOEHHE 3aKPYYEHHOIO TIa30qucHepc-
HOTO MOTOKa ¥ CMEIEHHE JUCIIEPCHBIX YacTull K Mepu-
(depuitHOI 00IacTH TOTOKA, B HANPABJICHUH BHEIIHETO
kopryca — 1. T'a3omucnepcHblii MOTOK, COJep Kalui
arJoMepaTbl JIUCIEPCHBIX YacTUll, MOKHUIAET Kamepy
4epe3 BBIXOJHOW maTtpyOok — 4. BeitecHuTens —2 wnc-
KJTIOYaeT MOMaJaHue YacTHUIl B MPHUOCEBYIO 00JIacThb, B
KOTOPOH IIEHTPOOEKHBIC CHJIBI MAJIbl U HENOCTATOYHBI
JUIS OTTeCHeHMs 4vacTtuil Ha mepudeputo. [lpu Takmx
YCJIOBHUAX YaCTULIBI CMCIIAIOTCSA B Y3JIbL crosuei BOJIHEI,
B pe3yJIbTaTe Yero B y3iax KoJeOaHWil (hOpMHUPYIOTCS
30HBI JIOKAJIBHOTO TIOBBIIIEHUS] KOHIEHTpAlMUd. ITO
MIPUBOJUT K COJIMIYKSHUIO YacTUI] U OOpa30BaHUIO ariio-
MepaToB. B TO e Bpems yBeJlM4eHHE pa3MepoB U I0-
BBIILICHUE MAaCChl arioMepaToB NPUBOJUT K JAJIbHEH-
LIeMy YBEJIMYEHHMIO CKOPOCTH CMELIEHUS AMCIEPCHBIX
YacTHIl K Iepu(epuiHoii 06JacTH NOTOKA.

Janee paccMOTpeHbl KOHCTPYKIMH YJIbTPa3BYKO-
BBIX HM3JIydaTellel TpeX THUIIOB, CIIOCOOHBIX (popMupo-
BaTh yJIbTPa3BYKOBBIC KOJeOaHUs Kak ¢ OOKOBOM CTEH-
KH, T. €. PaJUalibHO, TaK ¥ C TOPLIOB arjioMepaluoHHON
KaMepbl, T. €. IPOA0JILHO BJIOJIb OCH KaMepBl.

Y3-uszsnyuamesnwv 045 hopmuposaHus paduaibHO20
Y/1bmpaseykoeozo eo3deiicmeaust

st BO3AEWCTBHSI Ha Ta30JMCIEPCHBIA TMOTOK B
paauanbHOM HampaBieHUU OblT paszpaboTaH TpyOua-
TBI M37Ty4aTellb, BHITOJHEHHBIH B BHJE IMOJOTO ITH-
JUHAPA, KOJIEOIIOLLETOCS Ha U3rHOHO-
JUaMeTpaJIbHON Moje kojeOaHui. M3nyuaTens ogHo-
BPEMEHHO CIYXMT BHEIIHUM KOPIIyCOM arjioMepalnu-
OHHOU Kamepbl. OrpejienieHne aKyCTUYECKUX M TeO-
METPUYECKUX MapaMeTpoB U pacueT (opMbl Kojeda-
HUI M3ITyyaTens OCYLIECTBISUICS HPU IOMOIIM MO-
JaTbHOTO aHAIN3a B CHCTEME KOHEYHO-3JIEMEHTHOTO
MojenupoBanus (maket Ansys). Ha puc. 2 npexncras-
JIeHa TOJydeHHasl MO pe3yJabTaTaM pacdyeTOB KOH-
CTPYKIHS TPyOYaToOTo M3Iydaress U gopma ero Ko-
nebanwnii. Ha puc. 3, ¢ mokasano ¢poTo M3roTOBICHHO-
ro mnyyatens. PaspaOoTtanuslii n3ny4arens hopMu-
pyeT HW3THOHO-AMaMeTpaJbHBIe KoJeOaHWs 10 BCel
JUTMHE, YTO IO3BOJIIET CO34aTh PETYISAPHYIO paBHO-
AMIUTMTYIHYIO CTPYKTYpy KosieOaHui OONbIION mpo-
TSOKEHHOCTH. 1103TOMY IPOTSKEHHOCTh TAKOTO M3IY-
qaTelss OrpaHNYeHa TOJIBKO 3aTyXaHHEeM KOoJeOaHui B
MaTepualie HU3IydaTessi, MOUTHOCTBIO MbE303JICKTPH-
YEeCKOro Ipeodpa3oBaTeist 1 MEXaHHUCCKOW MPOYHO-
CTBIO y3JIa MPUCOCANHEHNS H3ITydaTels K be303JIeK-
TPHUUECKOMY NPEoOpa3oBaTEIIIO.

Co3nanue peryasipHON CTPYKTYphl KojieOaHui 1Mo3-
BOJISIET HCIIONB30BAaTh TPYOWaTHIA M3TydaTeslb Kak
KOpITyC arjioMepalMoHHON KaMephl TH00 KaK y4acTOK
ra3oxofa ¢ IeJIbI0 YBEIMYCHHS BpeMEHH Y3-
BO3JICHCTBHS Ha Ta30JUCHEPCHBII TOTOK MPU MHUHH-
MaJIbHOM THJIPABINYECKOM COTIPOTHBIICHHH.

Y3-uzayuamenau 0415 hopmMupoeaHus
npodo/1bHO20 Y 16MpPa38yKo8020
go3delicmeus

[Ipu npogoasHOM BO3/IEHCTBUN (C TOPIIOB arjiome-
PaIMOHHON KaMepbl) YIbTPa3BYKOBBIMH KOJICOAHHSIMHU
Ha 3aKpY4YEHHBIM Tra30JUCHEPCHBIH IIOTOK JIUaMETp
YIIBTPA3BYKOBOTO W3JIy4aTelisi JOJKEH COOTBETCTBO-
BaTh BHYTPEHHEMY TUMETPY arjioMepariioHHON Kame-
pel. [TockonbKy B KauecTBe KOpIyca arjioMepariioH-
HOM KaMepbl BBICTyIHAeT TpyOUaThlii n3nydareib (OMu-
CaHHBIN B TIPENBIIYIIEM pasfelie), TuaMeTp MPOEKTH-
PYEMBIX U3Jy4aTeneld JOKEH COOTBETCTBOBATh BHYT-
peHHeMy AuaMmeTpy TpyOuaToro uaiydarend. Jus co-
31aHUS yIABTPA3BYKOBBIX KOJIEOAHUH C TOPIIOB arjioMe-
pallMOHHOW KaMmephl B KAauecTBE H3ITYYarolIero JJie-
MeHTa Haubonee d()(HEKTHBHO HCIIONB30BATh HU3BECT-
Hble W3rHOHO-KOJICOMIOUIMICA AUCK WM TPOJIOJIbHO-
kojeOmomuiics nuiauHap. Ha puc. 3 mpencraBieHbl
9CKU3bI, POpMBI KoJIebaHuit u Gororpadun nuzmydare-
JIeH.

B 3aBucuMocTH OT THNa M3My4arOUUH 3JIEMEHT
MOJKET OBITh BBHITIOJIHEH B BUJIC:
e ucKka (BO3MOXKHO, CO CTYNEHYAaTO MEPEMEHHOM

TOJIITMHON ), N3THOHO-KOJICOTFONIErocsi Ha YacToTe,
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KpaTHOH ocHOBHOH dacTtoTe aucka [18]. [Tockonbky W3Iy4aTens MpeAcTaBisieT coOoi mocienoBaTesb-
u3NIy4arenb paboTaeT Ha BBICHIMX MOjax KojeOa- HOCTh M3TMOHO-KOJICOIONIUXCS KOJIBIIEBBIX y4acT-
HUH (JUIst 00ecIIeYeHNsT YacTOThl KoJieOaHuii Ooee KOB, pa3lelCHHBIX HYISIMH KojcOaHWi (B BUJE
20 x['m), popma koseGaHU MOBEPXHOCTH TAKOTO OKPYKHOCTEH).

20z

201

ala 6/b 6/c

Puc. 2. 3cku3z Y3-uzayuamesi ¢ us2ubHo-koaebawouelics mpyo6ot (a), popma kosae6auuii (6) u ggomo (8): 1 - uzayuarowuil
a/siemMeHm 6 8ude U32UOHO-KO/1e61uje2ocss Nno/a020 YUAuHOpa;, 2 - KOHYeHmpamop nve3onpeobpaszosames;
3 - nvesokepamuyeckue sn1emeHmul; 4 — ompascarowas Hak1aoka; 5 - kopnyc; 6 - aauey; 7 - ycuseHHas o6aacmso
0413 pe3bb608020 omeepcmusi; 8 - 061acmb Koppekyuu amnaumydsl mopyos usayuamens; L - dauxa ussyvyamens;
D1 - egHympenHulii duamemp; D2 - enewHutl duamemp

Fig. 2.  Sketch of an ultrasonic radiator with a bending-oscillating pipe (a), vibration shape (b) and photo (c): 1 - radiating
element in the form of a bending-oscillating hollow cylinder; 2 - piezoelectric transducer concentrator; 3 -
piezoceramic elements; 4 - reflective pad; 5 - body; 6 - flange; 7 - reinforced area for threaded hole; 8 - area for
correction of the amplitude of the radiator ends; L - radiator length; D1 - inner diameter; D2 - outer diameter

ala o/b 8l/c
Puc. 3. 3ckusz Y3-usayuamens ¢ usa2ubHo-kosnebarouumcs duckom (a), popma koaebanull (6) u pomo Y3-uzayuameans (8):
1 - uzayvarowjuti snemerm (Quck uau yuauHmop); 2 - KOHyeHmpamop nve3onpeobpasosames (uUsayyarowas Hakaaod-
Ka); 3 - nbesokepamuieckue 31eMeHmel; 4 - ompasxcarowas Hakaadka; 5 - kopnyc; 6 - aaHey
Fig. 3. Sketch of an ultrasonic radiator with a bending-oscillating disk (a), vibration shape (b) and photo of an ultrasonic
radiator (c): 1 - radiating element (disk or cylinder); 2 - piezoelectric transducer concentrator (radiating pad); 3 -
piezoceramic elements; 4 - reflective pad; 5 - body; 6 - flange
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OCcOOEHHOCTBIO TaKOTO H3JydaTells SBISETCS TO,
9TO COCEIHUE KOJBLEBBIC 00JacTU Iucka (He MMEIo-
IIero M3MEHEHUH TONIIUHBI BIOJbL paamyca) hopmu-
PYIOT paBHOAMIUIUTY/IHbIC KOJcOaHUs B MPOTHBOdA3E.
D10 oOycnaBiuBaeT GOpMUPOBAHUE TIOJIS CO CIOKHOM
CTPYKTYpOH, B KOTOPOM OOJIACTH, KOJeOIfoIuecs B
npoTrBo(das3e, pacIoOKECHBI HE TONBKO BIOIH OCH
U3JIyYCHHs W B HAMPABICHUU MEPICHIUKYJIIPHOM CHl.
3a cUeT 3TOro MOXKET MPOUCXOIUTH CHIDKCHUE YPOBHS
3BYKOBOTO JaBlieHUS (B3auMHast KoMrieHcanwus). OiHo-
BPEMEHHO C 3THUM TaKas CTPYKTypa aKyCTHYCCKOTO
TIOJIS CTIOCOOCTBYET MHTEHCUBHOMY Pa3BUTHIO aKyCTH-
YeCKUX TCUCHUH, YTO TOJOKUTECIBHO BIUSCT HA (-
(EKTHBHOCTH arJIOMEPAIiU TUCTIEPCHBIX YaCTHII.

e [WIMHAPA JJIMHOH, KPaTHOH IOJOBUHE JJTHHBI
BONHBI Y 3-K0Ie0aHuil, COBEPIIAIOIIETO IPOIOIb-
Hele kojeOanus [19]. Tlpu pacyerax B KadyecTBe
KPUTEpUsT HEPAaBHOMEPHOCTH aMIUTUTYIbI KoJieOa-
HUA OBUIO HCIOJB30BAHO OTHOCHTENBHOE CpEIHe-
KBaJ[paTHYHOE (CTaHIAPTHOE) OTKJIOHCHHWE aMILIU-
Tyl KOJeOaHUI TOYEK TOPIEBOH MOBEPXHOCTH,
KOTOpOE ISl NAHHOTO W3JTydaTessl COCTaBIIIO HE
oonee 2 %. [lnamerp 00ouX pa3paOOTaHHBIX U3IY-
yatenel paseH 120 mM. Pezonancnas yactora juc-
KOBOT'O m3iydaTens paBHa 22,5 kl'm, a mumuHIpu-
yeckoro — 22,4 xI'm,.

OnpedesieHue MmexXHU4eCKUX napamempos
Y3-uzayuameaeii

OCHOBHBIMH TEXHHYECKHUMH MapaMeTpaMHu CO37aH-
HBIX HM3JydaTesied SABISAIOTCS: aMIUIMTyIa M 4YacToTa
KoJie0aHMid, Co3aBaeMbIii YpOBEHb 3BYKOBOTO JIaBJIie-
HUS (M3Tyd9aeMasl aKyCTHIecKasi SHepTusl) U moTpeOs-
eMas DJICKTPUYECKast MOLIHOCTb.

W3mepenus 3HaueHui aMIuIMTY]] KojeOaHui, obec-
[I€YUBAEMBIX CO3JAHHBIMU U3JIydaTelsIMHU, IPOU3BOAU-

Tyna

0,93

OTHOCHTENBHAA AMNNKTYga KoneBaHnin

OTtHOCH

0,92
1 0,5 0 0.5 1
OTHOCHTENbHBIA paguyc

ala
Puc. 4.

OTHOCHUTENLHEIH paguyc

PacnpedesneHuss omHocumenbHblx amnaumyd KosebaHull usayvyameseti:

JIOCh IPU MOMOIIU 3JIEKTPOHHOTO M3MEpUTENs Iepe-
memennii Shahe 5310-10 ¢ TouHOCTEIO £2 MKM. M3Me-
peHUs MPOBOAWIMCH BAONb IAUAMETPAIBHON JIMHUM
U3Tydaromieil OBEPXHOCTH AUCKOBOTO U LIIMHAPUYE-
CKOT0 M3iIydaTenel u mo obpasyroel TUHUM IHINH-
JpUYeCcKOoro unyyaress. Mi3smepeHHble pacipeienenus
OTHOCHUTETIHHBIX aMIUIATY] KoJeOaHWid BIONb H3Iyda-
IOIIMX TOBEPXHOCTEH BCEX MCIHOJIb3YEMbIX H3IIydaTe-
nel mpencrtaBieHsl Ha puc. 4. Ha aTom xe pucyHke,
JUIs CPaBHEHUS], NIPEJCTABIIEHbl pacueTHbIE pacrpese-
JIeHUs KojeOaHui, MOTy4eHHbIC MPU NMPOSKTUPOBAHUU
M3IIydaresneil B cucreMe Ansys.

W3 npencraBneHHBIX 3aBUCUMOCTEH CleqyeT, 4YTo
JIICKOBBIN H3JIydaTelnb MMEET JBE KOJIBIIEBBIE 30HBI
«HyJeH» KonebaHuil, COOTBETCTBEHHO, OH KOJIEOIeTCs
Ha BTOPOM KOJBIIEBOM MOJIE KOJICOAHUH, TIPH STOM aM-
MTya KojeOaHWi B IIGHTpE H3JIydaTelis paBHa
35 MkM. JIUCKOBBIN U3IydaTesb CIIPOEKTUPOBAH TAKUM
00pa3zom, 9TOOBI aMIUTUTYIA KOJIeOaHUi B IIEHTpe ObI-
JIa MEHBIIIE, UM B IPYTUX KOJBIEBBIX 001acTsIX. Mak-
CHUMaJbHAsl aMIUTUTYyJa KOJeOaHMH KONbBILEBBIX 00ma-
CTe MPEBBIIIACT 55 MKM M TaKoe pachpeaeiieHHe
obecrieunBaeT CHIKEHHEC MAaKCHMAJIbHBIX MEXaHHYe-
CKHX HaIlpsDKEHUI.

AHamm3 pacrpeleneHus aMIUTUTYI KojJeOaHui
MIPOIOIFHO-KOJICOITIOIETOCST H3ITyJaTeNs TTOKa3al, 9T
pa3HHIIA MEXIYy MUHUMAaIbHOW M MaKCHUMaJbHOW aM-
IUIUTYA0H KoseOaHui (pOHTATBHOIN MOBEPXHOCTH H3-
Jy4yaTens He mpeBblmaeT 5 %, Mpu 3TOM BCS U3Iyda-
I0II1ast HOBEPXHOCTH KoJIeOIeTcs CuH(pa3Ho.

AHanmuM3 pachpeleiieHdss aMIUTUTYA  KoJeOaHHi
TpyO4aToro usiyuaresis MOKa3aa, 4TO B IPOJOIBHOM
cedeHNH (HPOPMHUPYIOTCS U3THOHBIC KOJIEOAHUS C BOCH-
MBIO «HYJISIMH» KOJICOAHHH, IPU 3TOM YacTh o0sacTeit
KonebueTcst cuHdasHo, a yacTh — B MPOTHBO(a3e.

OTHOCHTEABHAA AMNANTYAA KoneBaHmi

OTHOCHTENBHAA ANMHA

0/b 6lc

a) u3eubHo-Kosebaue20css JucKa;

6) npodoabHO-K0Ae6.110Uje20cs1 YUAUHOPA; 8) duamMempaabHo U32ubHo-ko1ebaowelicss mpy6bl; Henpepul8HAsl AUHUS —
pacyemHbule 3a8UCUMOCMU; NYHKMUPHASL AUHUS — IKCNEPUMEHMANbHbIE 3A8UCUMOCMU.

Fig. 4.

Distributions of relative vibration amplitudes of the radiators: a) flexural-oscillating disk; b) longitudinally oscillating

cylinder; c) diametrically bending-oscillating pipe; continuous line - calculated dependencies; dotted line -

experimental dependences
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ITpu ananmuse ¢popMel KoJaeOaHUH TPYOUATOro U3IYy-
9aTessi B MOMEPSYHOM CCUCHUH OBUTO YCTAHOBJICHO, YTO
B KaXIIOW KOJBIICBOW OO0JIACTH, HAXOISIICHCS MEKIY
«HYJIIMU» KoyieOaHui, (HOPMUPYIOTCS JUAMETPATbHO-
HalpapJIeHHbIE KOJeOaHust — JiaMeTpajibHas Moja Ko-
nebanuid. TakuM 00pa3oM, B COBOKYITHOCTH TaKOW H3-
JyJartellb padoTaeT Ha W3TMOHO-IHaMETPaIbHON MOJe
KoJicOaHUl. AHANIN3 TOJTyIeHHBIX JaHHBIX ITOKA3aJl, YTO
pacueTHBIC U SKCIIEPUMEHTAIbHBIC 3HAUCHUS aMIDTATY]L
KoneOaHuil pasnuyarorcst He O6omee yeM Ha 10 %. OT0
MO3BOJISIET HA TPAKTHUKE KCIOJIL30BaTh ITOJYUCHHBIC
(c IOMOIIIPIO MOJIATTLHOTO aHajHM3a B CUCTEME AnNSYs)
pacnpeneneHns aMIDIATYT KOTeOaH .

B cBoro ouepenp, U3nydaemasi akycTHYECKasi MOIII-
HOCTb ONpeJieNisulach KaK pa3HUIa MEXIy MOJIHOU I10-
TpeOIIIeMOH ANEKTPUIECKOH MOIIHOCTBIO H3ITyJaTells
U MOIIHOCTBIO COOCTBEHHBIX MOTEPh B H3ITydyarele.
MOoIIHOCTh MOTEPh OMpeesliach B BAKYYMHOU Kame-
pe (ocrarounoe naienue 1000 I1a). TIpoBeneHHbIC
HCCIICIOBAHUS TTO3BOJIMIIN OTPEIEIIUTh OCHOBHBIC TEX-
HUYECKUE XapaKTePUCTHKH pa3pabOTaHHBIX U3JTydaTe-
neit (tabmuia).

Ta6auya. TexHuveckue XapakmepucmuKu Y/bmpaszeyKo-
8bIX U3/lyHameeti 0415 2a308bIX cped
Table. Technical characteristics of ultrasonic radiators
for gaseous media
[lapameTp/Parameter 3Hauenue/Value

Tun u3syyaroliero sjeMeHTa Juck  |Luaungp TpT};?;a-
Type of radiating element Disc Cylinder Tubular
S::IM,EEH W3J1y4alolen MoBepxXHo- D2=136
Dimensions of the radiating surface, Rl Rl 13111_:219250
mm B
YacroTa Kosieb6aHui, K1y
Oscillation frequency, kHz 225 224 22,2
3ne1<T'pnqec1<aﬂ MOIIHOCTB, BT 101 130 150
Electrical power, W
AmninTyza (pa3max) Kosie6aHui
MMOBEPXHOCTHU MAaKC-MUH, MKM _ _ _
Amplitude (peak to peak) of surface 55-35 55-53 55-45
vibrations max-min, pm
AKyCquecxaﬂ MOIIHOCTB, BT 67 86 105
Acoustic power, W

Jlasiee Ha OCHOBaHMM HW3MEPEHHBIX TEXHHUYECKUX
XapaKTEPUCTHK U MOJYUYESHHBIX (POpPM KOJICOaHUH yiib-
TPa3BYKOBBIX M3JIydaTeliei ObLIO MPOBEICHO MOJICIH-
poBaHue (GOPMHUPYEMOro CO3/aHHBIMH H3JTydaTelIs MU
YABTPa3BYKOBOT'O MOJIS.

OnpepesieHne napaMmeTpoB GpOPMHUPYEMOro MOJIS
Y3-ko/1e6aHMil B 06 beMe KOaryJsiMOHHOM
KaMepbl

W3BecTHO, 9TO pacmpeeneHne ypoBHS 3BYKOBOTO
JIABJICHUS B 00bEeMe arjioMEepalioOHHON KaMephl SBIIs-

€TCsl OJTHUM W3 OCHOBHBIX (DAKTOPOB, OMpEACISIOIINUX
s¢dextuBHOCTh Y30 Koarymsuuu. TouHoe n3MepeHue
pacnpesneneHuss YpoBHS 3BYKOBOT'O JIaBJICHHUS BHYTPHU
arfJoMepalMoOHHON KaMephl 3aTPyJHEHO, IMOCKOIBKY
pa3Mepbl U3MEPUTENLHOTO MUKPO(OHA COTIOCTABUMBI C
JUIMHOW BOJIHBI Y3-KOJICOAHUN U BHOCSIT VCKAKEHUS B
KapTUHy peructpupyemoro nomns. [lostomy ObiT TIpo-
BEJIEH pacyeT pacIpe/ielieHus] YPOBHS 3BYKOBOTO JIaB-
JIEHUs! TIOCPEJCTBOM KOHEYHO-3JIEMEHTHOIO aHalln3a B
cucteme ANSYS. Ilpu 5ToM HCHONB30BANCS MOAYIH
TapMOHHUYECKOT0 aKyCTHYecKoro anammsa Harmonic
Acoustics.

[Ipu MonmemupoBaHU¥ OBLTH YCTAaHOBJICHBI TPAaHIU-
HBIE YCIIOBHSI Ha OCHOBE IOJYYEHHBIX JKCIEPUMEH-
TaJbHBIX JAHHBIX O MMapaMeTpax pa3padoTaHHBIX U H3-
TOTOBJICHHBIX YIBTPa3BYKOBBIX H3ITydarelei (Jacrtora
KoJeOaHW W pachpesieiicHue aMIUTUTY KoleOaHuin
n3mydaromeil moBepxHocTH). IIoBepXHOCTH BHYTpEH-
HUX CTEHOK KaMepbl 3aJlaHbl KaK OTpaKarollue rpaHu-
LBl C OIpelesIeHHbIM ypoBHeM mnorioueHus. Ilyrem
CpPaBHEHHUs Pe3yJIbTATOB MOJCIHPOBAHUS CO 3HAUCHH-
SIMH YPOBHSI 3BYKOBOT'O JIaBJICHUS, U3MEPEHHBIMHU JKC-
MEePUMEHTAJIbHO, ONPEAENeH YPOBEHb IMOTJIOLICHUS
V3-koneGaHuif CTEHKaMU KOAryJSIIHOHHOM KaMepsl,
KoTopblid coctaBui 11 %. D10 3HaueHUe MPUHATO B
JampHeNIINX pacuerax. JIMHEHHBIA pa3Mep 3JIeMEeHTa
TETpa’ApaTbHON CETKU COCTABUII 3 MM.

Ha mepBoM stame ObLT ONpeAescH ONTUMAIbHBIHN
IaMETP BBITCCHUTENS, 00CCIICUNBAIOIINI YCTaHOBIIC-
HUE KOJIBIIEBOM CTOSYE BOJHBI B KOAryJISIIUOHHON
KaMmepe JJIs clydasi, Korja B Ka4eCTBe nu3iydarens O0y-
JIET MCIIOJIBb30BAaThCS TOJBKO TPYOUAThI H3IIydaTellb.
HadanpHoe 3HaueHwe auamerpa ObLIO BBIOPAHO pPaB-
HbIM 1/3 OT BHYTpEHHETO JMaMeTpa KOaryJsIHOHHON
kamepsl [20]. OntumalbHBIA JUAMETP BBITECHUTENS
ONpeeNsicd Ha OCHOBE pe3yJbTaToB psila aKycTHue-
CKHX PAcyeToB, IIPH 3TOM OT pacueTa K pacyery Ipo-
BOAMJIACH HUTEpallMOHHasi KOPPEKTHPOBKa JHaMeTpa.
Kpureprem ONTHMATBHOCTH CYHTAIOCH OOCCIICUCHHE
MaKCHMAJIBHOTO YPOBHSI 3BYKOBOTO JIABJICHUS TIPU Ya-
CTOTE BO3JICUCTBUS, COOTBETCTBYIOIICH COOCTBEHHOMN
4acToTe Pa3pabOTaHHOTO M M3TOTOBJIEHHOIO H3JIyda-
Tens 22,2 kI,

Ha cnenyromem starne y4uThIBAIOCH KaK CAMOCTOSI-
TeJIbHOE, TaK W JOMOJIHUTENIbHOE MpOoJoJbHOE VY 3-
BozaeiicTBue. Ilpu 3TOM Ompenensaoch paccTOSHUE
MEXIY H3IIydaTelIsiMH, OOCCICUMBAIOIINMHU YCTAHOB-
JIEHUE MPOJIOJIBHON CTOsYE BOHBI. M3iydarenu Kax-
JIOTO THUIA PacIoyiarajuch B KOJIMYECTBE JBYX IITYK C
000MX TOPIIOB arJIOMEPAIIOHHON KaMepHI.

Ha puc. 5 npuBeeHbl pacnpeneneHus ypoBHS 3BY-
KOBOT'O JaBJICHUS, (POPMUPYEMOTO B KOATYJISIIIUOHHOU
KaMmepe, IIpU MCII0JIb30BaHUU TOJIBKO AMCKOBOI'O M3IY-
yarens (a), TOJNBKO POJIOILHO-KOJICOIIONIETOCS U3ITy-
yarens (0) U TONBKO TpyO4yaToro uiryyarens (B).
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uamesieli: dUCk08020 us/yyameJs (a), npodoibHO-Ko1e6.110Uje20cs1 uzayyames (6) u mpy6uamozo uzayyameds (8)

Fig. 5.

Distribution of the sound pressure level in the coagulation chamber when using different types of radiators: disk

radiator (a), longitudinally oscillating radiator (b) and tubular radiator (c)

JlanpHelimuye pacdyeTs! ObIIM HANpaBICHBI HA aHa-
i3 3QPEKTUBHOCTH BO3ACUCTBUSA Y3-KojicOaHUi Ha
ra3oBYyIO Cpely IPHU COBMECTHOM HCIOJB30BAaHUH JIBYX
TUIIOB M3JIydaTeneil — TpyOouaToro u Imo JBa M3IydaTe-
51 OJJMHAKOBOTO THIIA C 0OOHMX TOPIIOB arIOMEPAaIOH-
HOH kamepsbl. [Ipu omHOBpemMeHHOM Y 3-BO3IEHCTBUU
TpeMsl H3IydaTensiMu (TpyOuaThlii M JIBa TOPIIEBBIX)
pacyer pacmpenerneHus mois Y3-koiebaHuil B kKaMmepe
TIPOM3BOAMIICS C YUCTOM IIPHUHIIHIIA CYTICPIIO3UIIHH.

Jlanee mpoBenaeHbI pacdeTsl GopMmupyemoro V3-
TIOJIS TPU COBMECTHOM BO3JICHCTBUM Pa3IUUHBIX THUIIOB
uznyyaresnei (puc. 6).

B Tabnmuie mpencraBieHBl pe3yibTaThl PAacdyeTOB
MapaMeTpoB YIbTPAa3BYKOBOTO BO3JCHCTBHSI BO BCEX
UCCIICIOBAaHHBIX BApUAHTAX.

AHau3 NoIy4eHHbIX MapaMeTpoB Y 3-Bo3eicTBUS
U pacHpeAeiIeHUl YpOBHS 3BYKOBOTO JABJICHUS MOKa-
3a1 cleyolee:

Sound Pressure Level 2
Type: Sound Pressure Level

Sourd Pressure Lot 2
Type: Sound Pressure Level
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o/b

IIpu wucnonp30BaHMM  HM3TMOHO-KOIEOIIOIIETOCs
uzny4datens (puc. 6, a) CpeaHuil ypoBEHb 3BYKOBO-
ro naejeHus coctaBua 158 ab, mpu stom dopmu-
pyeTcs perymspHas CTPYKTypa H3MEHCHHsS IO
BIIOJb KaMepbl, B KOTOPOH NMUKOBBIC 3HAYCHUS HO-
cturaror 174 nb.

[IpononapHO-KONEOMOIIMNCS U3Ty4aTenb (puc. 6, 6)
obecrieunBaeT BBICOKYIO PaBHOMEPHOCTH YIBTpa-
3BYKOBOT'O MOJIs, B KOTOPOM CpeHUI YPOBEHb 3BY-
KOBOTO JlaBiieHus1 coctaBui 165 ab, u perynspHyro
CTPYKTYpPY H3MEHEHHH YJIbTPa3BYKOBOTO TIOJIA, B
KOTOPBIX IMHUKOBBIE 3HaueHus gocturaiotr 174 nb.
[Ipu sToM QopMupyercst perymispHas CTpyKTypa ¢
obpa3oBanreM 44 y3JI0BBIX MJIOCKOCTeW. [loHU-
KEHHBIH CPEeJHHI YpOBEHb 3BYKOBOT'O IaBJICHHS B
KaMmepe OOYCIIOBJIGH B3aUMHOW KOMIICHCAITHEH
poTUBO(A3HBIX KOICOAHHH COCETHUX 00JIACTEH.

Pacnpe@e/leHue YPOBHA 38YKOB020 dassieHus 8 KOCIZy/Iﬂl,{UOHHOﬁ Kamepe npu co8MeCcmHOM UCno/16308aHUU pa3au4-

HbIX MUNo8 usayyamesell: u3zubHo-ko1e6a10we20cs U mpy6uamozo udayiames (a), npoodoabHO-KoAebauezocs u

mpy6uamoezo uzayuamens (6)
Fig. 5.

Distribution of the sound pressure level in the coagulation chamber when using different types of radiators together:

flexural-oscillating and tubular radiator (a), longitudinally oscillating and tubular radiator (b)
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e Ilpu wuCHONB30BAaHMU TPyOUATOTO M3ITydaTENs
(puc. 6, 6) dopmupyeTcs peryispHas CTPyKTypa
W3MCHEHHUH YIBTPa3BYKOBOTO TIIONISL, TPH ITOM
CpellHuil YpOBEHb 3BYKOBOT'O JABJICHUS COCTABHII
169 nb, nukoBsle 3HaueHus gocturaau 184 nb. 3a
cYeT U3ruOHO-AMaMeTPaIbHBIX KoJeOaHui TpyOJa-
TOTO M3Iy4arenst GOpMUPYETCs KOJbIEBas CTOSYAas
BOJIHA C MHO>KECTBOM Y3JI0B KojebOanuil (36 y3io-
BBIX 00JlacTell) — 6 y3JIOBBIX KOJIBIICBBIX TTOBEPXHO-
CTCH B IIOTIEPEYHOM HATIPABICHUH U 6 Y3IIOBBIX
IJIOCKOCTEH B MPOJIOJILHOM HAMpaBJICHUH.

e [lpu omHOBpEeMEHHOM BO3ICHCTBUH TPYOUATHIM H
M3TUOHO-KOJICOIFOIIUMCS U3ITydaTessiMu (puc. 7, a)
Ha Ta30BYIO0 Cpely YPOBEHb 3BYKOBOTO JaBJICHUS
coctaBui 170 nb, MKOBBIE 3HAYECHHUS JOCTHUTAIIH
185 nmb. Ctpykrypa dopmupyemoro Y3-mois To-
X0%a Ha CTPYKTYpY IOJISl IIPU BO3JEHCTBUM TOJIBKO
TpyO4aTeIM m3myudaTeneM. IlpogoasHoro pesoHanca
MPaKTUYECKH HE HAOIIOMACTCSI.

e [lpu omHOBpEMEHHOM BO3JCHCTBUU TPyOUaTHIM H
MIPOJI0IBHO-KOJIEOTOIIUMCS U3ITydaTessiMu (puc. 7,
0) YpOBEHb 3BYKOBOTO MaBIeHHs cocTaBmi 171 nb,
NMKoOBbIE 3HaueHus Bhiie 185 nb. fpko BeipaxeH
MIPOONIBHBIN pe3oHaHc. Ilpu aToM cTpykTypa dop-
MHUpPYEeMOTro Y3-TIOJs CyIMIECTBEHHO HW3MCHUIIACH.
OmHOBpEMEHHO ¢ (POpMUpPYEMOH 3a CUET W3THOHO-
JIMaMeTpaNIbHBIX KoJieOaHUi TpyOuaToro m3mydare-
JS1 PEryISIPHON CTPYKTYPOU MPH JOMOTHUTECIHHOM
BO3/ICHCTBHU TIPOIOIBEHO-KOJICOMIOMIMUCS U3y~
qaTessIMU (POPMUPYETCST KOJIBLIEBAs CTOSYast BOJIHA,
pas3jeneHHass B IONEPEYHOM HAIPABICHHU IPO-
JIOJIBHOM CTOSTYEN BOJHOM C MHOXKECTBOM Y3JIOB
KoseOaHuit (264 y3110BBIX o0nacteil) — 6 y3JI0BBIX
KOJIbLIEBBIX IIOBEPXHOCTEH B IONEPEYHOM HaIIpaB-
TeHnd U 44 y370BBIX IOBEPXHOCTEH B MPOIOIHHOM
HaIpaBICHNH.

JKcnepUMeHTa/IbHasA YCTAHOBKA U MU3MEPUTEJIb-
HoOe 060pyAoBaHNe

DKCNepUMEHTaIbHasl YCTAHOBKA COCTOSIA U3 arjio-
MEpPALMOHHOM KaMepbl, BHEIIHUM KOPILyCOM KOTOPOM
CIIY)KHUT TpyOYaThlil M3IydaTeslb. ITTO K€ U3Iydareib
WCIIOJIB30BAJICS TSI CO3JaHUS YJIBTPA3BYKOBOTO BO3-
JIEHCTBHSI B pajualibHOM Hampaeienud. s obecrie-
YeHUsI BO3JICHCTBHS YIIbTPa3BYKOBBIMH KOJICOAHUSIMHU B
MIPOJOIBHOM HAIpaBlieHUH (BAOJb ariioMepaluoHHON
KaMepbl) UCIIOIh30BAJIOCH JIBA THITA M3JTydaTeJICh: U
B BHJE M3TMOHO-KOJIEOIIOMIECIOCS AUCKA, WJIM B BHIE
MPOAOIbHO-KOEOIoIerocss uwinHapa. Wsmyuyartenu
KOKAOro THUIA pacloyiarajiicb B KOJUYECTBE IBYX
HITYK C 000MX TOPIIOB ariioMeparmoHHON Kamepsl. Jliis
CUHXPOHHU3AIMH YacTOTHI U (ha3bl KOJNCOAHMH M3ITy4a-
TeJe MX MUTAHUE OCYILECTBIIIOCH OT BJIEKTPOHHBIX
TeHEepaTOpPOB C HE3aBUCHUMBIM BO30YKICHHEM, HMEIO-
X OOIMN 3a/1al0NUi TeHEpaTOp U Pa3felibHbBIC BbI-
XOJIHBIE YCHIINTENIbHBIE KaCKa bl

BuyTpu kamepbl OblT pacriofioKe€H BBITECHUTEINb,
JUaMeTp KOTOpOro ObLI MPEABAPUTEIBHO PACCUUTaH
Ha TpeapaymeM dtamne. [ Bepuukannu mpoBeacH-
HBIX PacyeTOB pa3MepOB BHITECHUTENS ObUIO M3TOTOB-
JIEHO BOCEMBb OOpa3llOB BBITECHUTENEH C pa3HBIMU
BHEITHUMHU JuameTpamMu oT 37 mo 58 MM, KOTOpbIe
00eCTIIeunBaIOT IMUPHUHY KOJBIIEBOTO 3a30pa (pasmep
L1) B nuanasone ot 31 go 41,5 mm. st kaxmoro us-
TOTOBJIEHHOI'O BBITECHUTENSI OIPEIENAICS YPOBEHb
3BYKOBOT'O JaBJIEHUS B KaMepe U CTENEeHb YKPYIHEHUs
yactull. CTerneHb YKPYIMHEHHsI PacCUMTHIBAIACH Kak
OTHOIIICHUE CPEITHETO 0OBEMHO-TTOBEPXHOCTHOTO TTHA-
MeTpa YacTHI[ Ha BBIXOAE H CPETHET0 OO0BEMHO-
MOBEPXHOCTHOTO JMaMeTpa Ha BXOJie B Kamepy arjo-
Mepaluu.

BxonHoii matpy0ok oOecreurBall TaHT€HIIMATbHBIH
BBOJ M ()OPMHUPOBAHUE 3aKPYUYECHHOT'O MOTOKA BHYTPH
arJoMepalMoHHON Kamepbl. CKOpPOCTb BO3IYLIHOTO
moTtoka wu3Mepsuach anemomerpoM Kimo LV-110.
JucnepcHble YacTHULbl BBOJWJINCH B BO3AYLIHBIA IO-
TOK TIpYM TIOMOIIM KEKIIMOHHOTO amcrepraTopa. B
KayecTBe JUCIIEPCHOIO MaTepuaja HCIOJIb30BaJICS
JUOKCHJI KPEMHHs C Ha4aJbHBIMU pa3MepaMu 4acTHULl
ot 0,5-2 mMxM Mapku Aspocuit A 175. M3mepenue pas-
MEpOB YacTHUL OCYLIECTBIIIIOCh MPU MOMOIIM Ja3ep-
HOrO m3Meputens Malvern Spraytec. YpoBeHBb 3BYKO-
BOTO JIaBJICHUS U3MEPSJICS IIyMOMEPOM-BUOPOMETPOM
Oxodusnka-110A ¢ muxpodornom BMK-401.

06cyxeHue NOJIyYeHHbIX pe3yIbTaTOB

Ha mepBom 3Tame ObUIM YCTAHOBIIEHBI ONTHMATh-
HBIC PE30HAHCHBIC PACCTOSIHUS MEXKIY H3ITydaTeiIsiMU
(I3 POIOJIBHOTO YJIBTPAa3BYKOBOTO BO3JCUCTBUS) H
MEXIy TpyO4aTeIM H3IydyaTeleM ¥  BBITCCHUTE-
Jem/oTpakaTeneM (Ui paJuallbHOTO YIBTPa3ByKOBO-
TO BO3ICHCTBHS) B PEANbHBIX YCIOBHAX. Kputepuem
ONITUMAJIBHOCTH SABJISAJIOCH JOCTHXXCHHEC MAaKCUMAJIbHO-
rO ypPOBHSI 3BYKOBOTO MABICHHS MpU (HOPMHPOBAHHUU
BHYTPU KaMephl CTOSIYCH BOIHBI C MAKCHMAIBLHOU am-
ATy 10 Konebannii. D(h(hEeKTHBHOCTD Mpoliecca Koa-
TYJSIUN OIICHUBAJIACH IO CTEIICHH YKPYIHCHHS 4Ya-
ctui. VccrnemnoBaHusl MPOBOIMIINCH TIPH  CIICTYFONIIX
YCIIOBHSIX: CKOPOCTh Ta30/JUCIIEPCHOTO MOTOKA — 5 M/C;
KOHLEeHTpauus — 1 F/M3; pasmep NoJaBaeMbIX YaCTHUL] —
1 mMkM. [TomydeHHBIE 3aBUCUMOCTH CTCIICHH YKpPYITHE-
HUSI 9aCTHUIl U YPOBEHB 3BYKOBOTO MABJICHHS OT IHa-
MeTpa BhITeCHUTENS (OT paccTossHus L1) mis koaryns-
UOHHON KaMephbl, UCIOIB3YIOUIeH TOJNBKO TPyOUaThIi
W3JTydaTelb, IPEACTaBICHBI Ha puC. 7.

AHanmM3 TONYyYCHHBIX JAaHHBIX MO3BOJIMI YCTaHO-
BUTh, YTO MAaKCUMAJbHBIH YPOBEHb 3BYKOBOTO JaBIic-
HUS U MakcuMajibHas 3(QGEKTHBHOCTh KOAryJsIuu
obecnieunBaeTcs npu paccrosHusix (L1) paBHbix 32,5 u
40 MM, T. €. TIPU YCIIOBHH YCTAHOBJICHUS CTOSIUCH BOJI-
Hel. Ilpu paccrosiHun 35-37 MM ypOoBEHb 3BYKOBOTO
JIABJICHUST W OJIHOBPEMEHHO C 3TUM 3(P(PEKTUBHOCTH
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KOaryJisiiyy MajaeT 10 MUHAMAIILHOTrO 3Ha4YcHus. Ba-
pualys AuamMeTpa BBITECHUTENS H, COOTBETCTBEHHO,
IUIOIA/IU MOMEPEYHOTO CEUCHUSI KaMEPhI IPAKTUICCKU
HE BJIMSUIO HAa PEKUM TEUCHUS Ta3a, OJJHAKO IpPUBEIa K
HE3HAYUTEIBHOMY HM3MEHEHHI0 3(deKkTHBHOCTH KOa-
ryssiud. [Ipy 3TOM OCHOBHBIM BIHSIOIMM (PaKTOPOM
SIBISICTCSL BpeMsl Y 3-BO3/IEHCTBUS HA Ta30UCIICPCHBIN
MOTOK.

148

Crenens ynpynuenua

]
LY

Yposews 10yx0e0r0 Saonemmna, 3b

Puc. 7. 3asucumocmu cmeneHu YKpynHeHusi OUCNEpPCHbIX
yacmuy (kpueasi 1) u yposHsi 36yk08020 das/ieHusi
(kpusas 2) om paccmosinus (L1) npu ucnosv3osa-
HUU MO/bKO mpy64amozo uzayyamensi

Dependences of dispersed particles coarsening de-
gree (curve 1) and sound pressure level (curve 2) on

distance (L1) when using tubular radiator

Fig. 7.

AHaIIOTHYHBIE UCCIICIOBAHUS OBLIN TPOBEACHBI IS
onpeeNeHuss ONTUMAIBHOTO PACCTOSIHUA MEXIY W3-
TydaTeIsIMU [Tl KOH(DUTYpaIy KOAryJISIHOHHON Ka-
MEphl C MCTOYHUKOM YIBTPa3BYKOBBIX KONCOaHWH B
BUJIE HW3rMOHO-KOJNEONIOMErocst JUCKOBOTO W IPO-
JIOJIbHO-KOJICOJIIONIEro M3jyvaresieid. Y cIoBUsl MpoBe-
JCHUS IKCTIEPUMEHTA OBUTH aHATIOTHYHBIMH MPEIBIITY-
UMM, TIPU ITOM PACCTOSHUE MEXAY H3IIydaTess MU
U3MeHsUIoCh B mpenenax ot 321 mo 331,5 mm. B pe-
3yJbTaTe UCCICIOBAHUH TOMYUYCHBI CIEAYIOIINE 3aBH-
cumocTu (puc. 8).

AHanu3 TaHHBIX MOKa3aj, 4To 3()(HEeKTUBHOCTh KOa-
TYJSIUA 3aBUCHT OT CTPYKTYphI hopmupyemoro ¥Y3-
MOJSI U YPOBHSA 3BYKOBOTO JaBJICHUS. Y CTaHOBICHO,
YTO MakcuMaibHas 3()(HEeKTUBHOCTD KOArYJISIIIMUA 00ec-
reyuBaeTcst pu pacctossHusx 322,5 u 330 mwm.

Ha crmemyromem »Tame WCCIENOBAIOCh BIHSHUC
CKOPOCTH Ta30/JUCIEPCHOT0 TMOTOKAa Ha 3(PEKTUB-
HOCTb KOAryJSIIUK MPH BBISIBICHHBIX HA MPEAbLIYIIEM
dTarle TEOMETPHUYCCKHAX TMapaMeTpax KoaryJsIIuOHHOU
KaMepbl (JUaMeTpe BBITECHUTENIS) U PACCTOSIHUU MEX-
Ny W3Iy4aTesiMH. DKCIIEpUMEHTAlIbHbIE HCCIel0oBa-
HUSI TIPOBOIIIIUCH IIPH CIEAYIOMINX YCIOBHSX: CKO-
pocTh razoamcrepcHoro noroka — ot 0,8 mo 7,4 m/c;
KOHLEHTpanus — 1 r/M%; ypoBeHb 3BYKOBOIO JaBJie-
uus — 160 nb; pasmep momaBaeMbIX dacTuil — | MKM;
nuaMeTtp BbITecHUTENS — 40 MM; pacCTOSHHE MEXKIY
U3Iy4yaTeNeM U oTpakaTtesieM — 322,5 MM.

Creness yepynmenns

YpCeams I0y=Ceoro aasemna, 36
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ala

Crenens yRpynuenmns

L T )
o/b

3asucumocmu cmeneHu YKpynHeHusl OUCNEpCHbIX
yacmuy (kpueasi 1) u yposHs 38yko8020 das/eHus
(kpusas 2) om paccmosinua (L) medxcdy npodoavHo-
Kosebarwumucsl (a) u duckosvimu (6) usayuame-
ASIMU

Dependences of dispersed particles coarsening de-
gree (curve 1) and the sound pressure level (curve 2)
on the distance (L) between longitudinally oscillat-
ing (a) and disk (b) radiators

Puc. 8.

Fig. 8.

B pesynbprare SKCHEpHMEHTANTBHBIX HCCICIOBAHUIA
MIOJTYYCHBl 3aBHCHMOCTH CTEIICHH YKPYITHECHHS [IHC-
MEPCHBIX YaCTHUI[ OT CKOPOCTH Ta30BOrO IMOTOKA MpPU
UCIIOJIb30BAHUU  HM3IyYaTelicll  pa3iMdHbIX  THUIIOB
(puc. 9). Jlns cpaBHEHHsT IPUBE/ICHBI JJAaHHBIC O CTeIIe-
HU Koaryysinuu 0e3 Y3-Bo3JeHCTBHsA. AHAIM3 TONY-
YCHHBIX JAHHBIX [IOKA3ajl, YTO CKOPOCTh ra30BOr0O IO-
TOKa CYIIECTBCHHO BJIASACT Ha PPEKTUBHOCTH KOary-
nsmmu. [Ipu 5TOM CTereHb BIUSHHS CKOPOCTH Ha (-
(EKTHBHOCTh KOATyJSIIIMUA 3aBUCUT OT HECKOIBKHUX
(dakTopoB.

W3 monmydeHHBIX 3aBUCHUMOCTEH CIEIyeT, YTO IMPHU
YBEJIMUCHUH CKOPOCTH Tra30BOT0 MOTOKa 3()deKTHB-
HOCTh YJIBTPa3BYKOBOHM KOAryJsIlIMM CHIDKACTCSl 3a
CYET yMEHbIICHUs BpeMmeH:n Y3-Bozaewctsus. [lpum
3TOM, HANPOTHB, NIPU OTCYTCTBUH Y3-BO3JCHCTBHUS Ha
ra30UCICPCHBIN MTOTOK YBEIHUEHHE CKOPOCTH MPUBO-
JIUT K HE3HAYMTEIILHOMY BoO3pacTaHuio 3(h(EeKTHBHO-
CTH KOATyJIAIUH BCIECTBUE TypOyIH3anH MOTOKA.

[lpy wWCHONB30BAaHUM MOPIIHEBOTO HU3ITydaTeIs
YBEJIMUEHUE CKOPOCTH IMOTOKA MPUBOIUT K MOHOTOH-
HOMY CHIDKCHUIO 3(p(h)eKTHBHOCTH KOATYIISAIIIH YACTHII.

[Ipu WCHONB30BAaHUU JUCKOBOTO H3Iydarens d¢-
(EKTHBHOCTh KOATYJISIIIMN HAYWHAET PE3KO CHIKATHCS
IIPH CKOPOCTH TIOTOKA OT 2,5 10 4 m/C.
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CKOPOCTE FA30BOT0 NOTOKA, M/c

Puc. 9. 3asucumocmu cmeneHu YKpynHeHusl OUCNEPCHbIX
yacmuy om ckopocmu 2a308020 nomoka: 1 - npo-
do/1bHO-Koeb W ulicsl usayyamens; 2 — JUCKO8bIU
usjsyuamenv; 3 - mpyéuamolli usjayuyamens;, 4 -
mpy64yamultli+duckogblll uz/ayyamens; 5 - mpy6ua-
mblii+npodoabHo-Ko1ebaowulicss usayyamens; 6 —
6e3 ¥Y3-e03deticmausi

Dependences of dispersed particles coarsening
degree on the gas flow velocity: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator; 6 -
without ultrasonic impact

Fig. 9.

DTO CBS3aHO C Pa3pylIeHHEM CTPYKTYphl aKyCTH-
YEeCKUX MMOTOKOB, MO3BOJISIFONIUX MEPEMEIIATh YaCTUIIBI
KaK B Ipe/eiax y3JOB CTOSYCH BONHBI, TAK U MEKIY
HUMHU. 32 CUET aKyCTHYECKUX MOTOKOB APPEKTUBHOCTH
KOAryJisiliid YacTUI[ BBIIC MPU HCIOJH30BAHUH [IHIC-
KOBOT'O HM3IYYaTelisi B CPAaBHEHUH C A(PPEKTHBHOCTHIO
KOaryJsiiuy, 00ecTIednBacMOi MOPIIHEBBIM U3ITydaTe-
JeM.

[Tpu wcnonb30BaHUU TPYOUATOrO M3TyYATEINs TaK-
ke (OPMHPYETCSl CTOSYash BOJHA C aKyCTHUCCKUMH
MIOTOKaMH, KOTOPBIC CYIIECTBEHHO MOBBIMIAIOT 3dek-
TUBHOCTh Koaryisimuu. [Ipm STOoM 3a cueT Ooibliei
TUTOIAIA aKYCTHIECKOTO BO3ICHCTBHS HHTEHCHBHOCTH
(opMHpyeMBbIX MOTOKOB BhIIIE. [loaToMy yBennueHue
CKOpPOCTH Ta30AWCIEPCHOTO MOTOKA B JIHAMa30HE OT
3,2 10 5 M/c IPUBOAUT K PE3KOMY CHUKEHHUIO (P peK-
TUBHOCTH KOATYIISLIUH.

JlanbHelmme uccneaoBaHus ObUTH HANpaBJICHBI Ha
OTIpeIeNICHHE BIUSHUS YPOBHS 3BYKOBOI'O JIaBJICHUS HA
3¢ (HEeKTUBHOCTL KOArysiuy 4acTuil. [Ipu 3ToM Hc-
CIICZIOBaHMS TIPOBOIMIINCH MTPH MaKCHUMAIIbHON KPUTH-
YeCKOW CKOPOCTH ra30IMCIePCHOr0 MOTOKa, IPU KOTO-
poit 3¢ (HEKTHBHOCTH KOATYJISIIMNA OCTACTCS CIle BBICO-
koi. Ha mpenpimymem starme ObUIO BBISBICHO, YTO
MaKCHMaJIbHAsI KPUTUYECKasi CKOPOCTh COCTABJISIET HE
oouee 3,2 m/c.

DKCIIEpUMEHTAIBHBIC HCCIICIOBAHUS TTPOBOIUIIUCE
IpU CIEIYIONINX YCIOBUSIX: YPOBCHb 3BYKOBOTO JaB-
nenust — 140-167 nb; ckopocTh ra3oUCIepcHOro Imo-
TOKa — OT 3,2 M/C; KOHIeHTparws — 1 r/M”; pasmep mo-
JaBaCMBIX Ha KOATyJALUIO YacTHIl — 1 MKM; IHaMeTp

2 3 4 5 6 7 8

BbITecHUTENST — 40 MM; paccTOsSiHUE MEXAy U3Iydare-
JIeM | oTpaxkatesieM — 322,5 MM.

B pesymprare sKCHepHMEHTANIBHBIX HCCIICTOBAHMMA
MOJTyYeHbl 3aBUCHUMOCTH CTENEHH YKPYIHEHHUS JHC-
MEPCHBIX YACTHIl OT YPOBHS 3BYKOBOTO JIaBJICHUS,
(hopMHUpPYyEeMOTO pa3TUIHbIMA U3TydaTesiMu (puc. 10).

= e
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YposeHb 3ByKOBOro gasnenun, ob

Puc. 10. 3asucumocmu cmeneHu YKpynHeHusl OUCNepCHbIX
yacmuy om ypoeHsl 38yk08020 dasseHusi: 1 - npo-
dobHO-Koebaowulics usayyamens; 2 — AUCKO8bIU
usayyamenv; 3 - mpyéuamoelll usayuamens; 4 -
mpy64yamulii+duckogblll usayvamens; 5 - mpy6ua-
mblli+npodo1bHO-Ko1e6.AI0Wulics u3ayiament

Fig. 10. Dependences of dispersed particles coarsening
degree on the sound pressure level: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator

AHanu3 TOJYYEHHBIX 3aBHCUMOCTEH TMO3BOJISET
CICaTb BbIBOA O TOM, YTO IPHU OJAMHAKOBOM YPOBHC
3BYKOBOTO JaBJICHHS HCIIOJB30BAHHE IPOJOIBHO-
KOJIeOJIIoIIerocs: u3iryyaTensi o0ecreynBaeT MEHbIIYIO
CTCTICHb YKPYIHEHHS, YeM IPU HCIOIB30BAHUH [IHIC-
KOBOTO M3Iydarens. Takas 3aBUCHMOCTH CBs3aHa C
(hopMHpOBaHHEM aKyCTHYCCKUX IIOTOKOB, KOTOPBIC
TypOYJIM3UPYIOT MOTOK, YTO IMPHUBOIUT K IepeMelie-
HUIO YaCTHI[ OT OJIHOW Y3JI0BOH 00NacTu K JAPYrou, a
Takke o0ecleunBacT IepeMEIICHIe YacTHIl B IMpere-
Jax y3inoBbIX oOiacredl. IIpu ucmonb30BaHUM MpO-
JIOTBHO-KOJICOTIONIETOCS M3ITydaTens YacTHIbI yaep-
JKUBAIOTCSl B Y3JIOBBIX O0JIACTSX, @ UX IEpeMelIeHre
MIPOUCXOUT TOJBKO 33 CHET TEUEHHUS ra30BOr0 MOTOKA.
[Ipu CKOPOCTSX Ta30JUCIEPCHOTO TMOTOKA ONHM3KHX K
HYJIIO YacTHIBl HE TEPEMEINalOTCs B Y3JIOBBIX 00Ja-
CTSIX U MEXKIy HAMH, 4TO OIpeaeiseT HUu3Ky 3ddek-
TUBHOCTH KOATyJISIINH.

Taxoke ycTaHOBJIEHO, YTO IIPHU PAaBHOM yPOBHE 3BY-
KOBOTO JIaBJICHHsI CTENEHb YKPYIHEHHs BBILIE MpPU
03BYYMBAaHUHU Ta30JMCIIEPCHOrO IOTOKA C IOMOLIbIO
TpyO4aroro m3my4arens. Jlocturaercst 3To 3a CUET TO-
ro, 4TO TPpyOYaThIN M3IydaTeNb paboTaeT Ha H3THOHO-
UaMETPAIBHON MoJie. DTO MO3BOJIET (POPMUPOBATH

PETYISIPHYIO CTPYKTYPY YIBTPa3ByKOBOTO IOJS: (op-
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MUpYyeTCS IuaMeTpaibHas CTOsiuas BOJHA B MaleHb-
KOM KOJIBLIEBOM 3a3ope (He Oosiee Tpex AJIUH BOJH),
IIPH 3TOM COCETHUE KOJIBIICBBIC 30HBI CTOSYCH BOJHBI
kosneOmotrcs B mpoTuBodaze. Ha rpanune sTux 30H
(hOPMUPYIOTCS aKyCTHUECKHE TeUEHUs] KaK BJOJb, TaK
W TIONepeK TpyO4yaToro M3irydaTelis. 3a cYeT BO3HUK-
HOBECHHS OOJIBIIOTO KOJIHMYECTBA TAaKHUX 30H IPOHMCXO-
JIUT MHTEHCU(UKAIUA Tpolecca Koaryasiul YacTHIL.
Kak BusiHO W3 TpamKoB, MPH YPOBHE 3BYKOBOTO JIaB-
nenust 160 n1b nmocturaeTcsi cTeneHb YKPYITHEHUS, PaB-
Has 7, a TUCKOBBIE U3Ty4aTeNIH MPH ITUX K€ YCIOBHUAX
00eCIeunBaroT CTEeNeHb YKPYITHCHHSI, PABHYIO 5.

[IpoBeneHHbIC WCCIIEOBAHMS ITO3BOJIMIIN YCTaHO-
BUTh TaKXKe, YTO CYIIECTBEHHBIA POCT 3(h(HEeKTUBHOCTH
KOaryJysiliid HauuHAeTCsI TIPH YPOBHE 3BYKOBOTO JaBie-
Hus Oomee 150-155 nb. Crmemyer OTMETHTh, YTO TIpH
TIOBBIIIICHUN YPOBHS 3BYKOBOTO AaBieHus 6osaee 160 nb
pocT 3 HEKTUBHOCTH KOArYJISIIIN 3aMETHO CHUXKACTCSI.

Ha cienyromem srarme moirydeHa 3aBUCHMOCTD 3(¢-
(DEKTUBHOCTH KOATYJISALHUK YACTHI[ OT KOHIICHTPAITUH
JuctepcHbIX dactuil (puc. 11). DkcrnepuMeHTalbHbIC
WCCJICJIOBAHUS TIPOBOIMIIMCH TIPH CIICAYIOIINUX YCIOBH-
SIX: YPOBEHb 3BYKOBOTO AaBieHus — 160 nb; ckopocTh
ra30UCIIEPCHOTO TIOTOKa — OT 3,2 M/C; KOHIICHTpa-
st — 0,05-1,8 F/M3; pasMep 4acTui — | MKM; IuaMeTp
BbITecHUTENS — 40 MM; paccTOsSTHUE MEXIy U3JIydare-
JIeM U oTpaxkaresnem — 322.5 mwm.
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CTeneHb YKPYNHEHMA

Puc. 11. 3asucumocmu cmeneHu YKpynHeHusi OUCNepCHbIX
ygcmuy om koHyeHmpayuu: 1 - npodosvbHo-
Kosiebrowulicss usayyameab; 2 - Ouckoswvll U3/y-
yamesav; 3 - mpybuamslli usayvyamens; 4 - mpyo-
yamulii+duckosslll usaydamenv; 5 - mpy6ua-
mblii+npodo1bHO-KoAebAwulics usayyamens, 6 —
6e3 ¥Y3-so3delicmsus

Dependences of dispersed particles coarsening
degree on concentration: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator; 6 -
without ultrasonic influence

Fig. 11.

Pe3ynbpTaThl SKCHEPUMEHTANBHBIX HCCIEIOBAHUI
MO3BOJIMIIA YCTAHOBHUTDH, UTO TPH MAaJOH KOHICHTpa-

uuu, pasHoit 0,05 F/M3, IIpY UCTOJB30BAHUN KaK JUC-
KOBOT'O, TaK M MPOJOIBbHO-KOJICOMIONIErocs: n3IydaTe-
151, oOecreuynBaeTcsl JAOCTATOYHO HU3Kast dPPEKTHB-
HOCTh KOATyJISIIIMU, CTEIICHb YKPYIMHEHHUS COCTaBIISIET
1,3-1,5. Ognako 3a cueT MpUMEHEHUs] TpyOuaToro m3-
JyJaTels IpU TOH e KOHICHTPALUU CTeTIeHb YKPYII-
HEHUS BO3PACTaeT 110 2,8.

Takum 00pa3oM, ObIJIO YCTAHOBIIEHO, YTO TYpOYIH-
3aIUsl TTOTOKA 33 CYET aKyCTUYECKUX TCUCHHH, BO3HU-
KaIOIINX Ha TPAaHWIAX KOJBIEBHIX 00IAaCTeH CTOSYUX
BOJIH, KOJICONIONIMXCSI B MPOTHBO(A3E, MPUBOIUT K
YBEIIMYCHHUIO A(PPEKTUBHOCTH KoaryJsuu. [1pu sTom
TpyOUYaThId U3IydaTeidb 00eCIeYrBacT OOJBIIYIO MPO-
TSOHKCHHOCTh YJIBTPA3BYKOBOTO BO3ICHCTBHUS B TaKHX
yCIOBUsX (KOJBLEBON 3a30p HE MPEBBIIIACT 3—5 IIHH
BOJIH).

BcemencrBue TOro, 4To HM3THMOHO-KOJIEOTIONIHICS
U3JIydaTeab HECYHICCTBEHHBIM 00pa3oM H3MEHSET
CTPYKTYPY VIBTPa3ByKOBOTO IO, (HOPMHPYEMOTO
TpyOYaThIM W3IMydaTeneM, H IPU dTOM HEMHOTO YBe-
JIUYUBACT CPSTHUNA YPOBCHD 3BYKOBOTO JABJICHUS, d(-
(DEKTHBHOCTH KOATYIISIMHA HE3HAYUTENHFHO MOBHIIIACT-
csl.

OnHako MpH OJHOBPEMEHHOM BO3JCHCTBHH IPO-
JOJTBHO-KOJCOMIOMIMMCST ¥ TPYOUaThIM H3ITydaTeIsiMU
Ha Ta30BYIO CPEIy 3a CUET CYIIECTBEHHOTO M3MEHECHUS
CTPYKTYpbl ¥Y3-1II0JIs1 M MOSBICHUS MHOMKECTBA OIOJI-
HUTEJIBHBIX Y3JOBBIX MOBEPXHOCTECH BO3HHKACT TAKKE
U MHOKECTBO aKyCTHYECKUX ITOTOKOB, MHTCHCHU(DHUIIH-
PYIOIIHMX MPOIECC B3aUMOJACHCTBUS MEXIy YacTUIla-
Mu. bnaromapst 3tomy 3¢QGEKTHBHOCTh KOArylsiuu
CYIIECTBEHHO Bo3pacraeT. CTENeHb YKPYITHEHUS BO3-
pactaer 10 9 (npu KoHLEHTpauuu | F/M3) 10 CpaBHe-
HUIO C 3(QEKTUBHOCTBIO KOATYISINH, PaBHOH 7,
00ecIeunBacMOi TOIBKO TPYOUAThIM H3ITydaTeIeM.

3ak/royeHue
Hns moBelmeHuss 3(P(EKTHBHOCTH KOAryJSIIAN B

YCTpOMCTBaX € 3aKPYYCHHBIMHA MOTOKaMH OBUIH TPO-

BEJICHBI TCOPETHUYCCKUEC U IKCIICPUMEHTAIBHBIC HUCCIIC-

JOBaHHsS, TO3BOJUBINUC pa3paboTaTh W MPEITIOKHTH

HCTOYHUKHU YJIBTPAa3BYKOBOTO BO3JCHCTBHS TPEX TH-

IOB.

1. Hcnonp3oBaHue B KaueCTBE UCTOYHMKA YIbTPa3By-
KOBOT'O BO3JICHCTBUS TOJIBKO U3THOHO-
KOJICOJIIOIUXCST M3JTydaTelel, yCTaHaBIMBAEMBIX
Ha TopIax KOaryJsIHOHHON KaMmepbl, o0ecreunBa-
eT (opMUpOBaHUE CTPYKTYPUPOBAHHOTO TMOJS C
MHOKECTBOM Y3JIOBBIX TMOBEPXHOCTEH M CMEXHO-
PACTIOJIOKECHHBIX KOJICOIOIIMXCS B MPOTHBO(DA3e
obnacteil. BenenctBue TOro, 4ro 4acTh JHEPTHH
YIBTPa3BYKOBBIX KOJCOAHUH B CMEKHBIX 00JIaCTIX,
KOJIeOMIomuXcss B NpoTuBOodase, TepseTcs Hu3-3a
B3aUMHOI KOMIICHCAIIUH, CPEIHUN YPOBEHb 3BYKO-
BOT'O JIaBJCHUS, O0CCICUMBACMBIA TAaKUM HU3ITyda-
TeneM, He BhICOK M coctapisieT 162 ab. Ilpu atom
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WCIONB30BAHUE TOJBKO TAKOTO HM3JIydaTelns oOec-
MIEYMBACT JIOCTATOYHO BBICOKYIO CTEIICHb YKPYITHE-
HUs jaucriepcHbIxyactuil. OOyCIOBICHO 3TO (op-
MHUPOBAHUEM AaKyCTUYECKUX IOTOKOB, IO3BOJISIIO-
IIMX MEPEMEIIaTh YaCTUIIBI MEXKIY Y3JIOBBIMH 00-
JIACTSIMH, HHTCHCU(UITUPYSI Tporiecc 00heTHHCHHS
YaCTHII.

Hcnonk3oBanue TOJIBKO MPOIOIBHO-
KOJICOFOIUXCS M3TydaTeie W BO3JICHCTBHE MMHU
Ha Ta30JUCIEPCHBIN MOTOK (POPMHUPYET ILIOCKYIO
CTOSTYYIO BOJIHY C 44 y3JOBBIMU TOBEPXHOCTSIMHU
MapaIeTbHBIMA H3TYJaTeIsIM, TIPH 3TOM YPOBCHb
3BYKOBOTO JaBJICHHS JTOCTHTaercsi Bhimie 165 nb.
®dopMHUpoBaHUE TaKOW CTPYKTYphl Y3-mosisa obec-
MCYMBACT YICPIKAHUE YACTHIL B Y3JIOBBIX O0JIACTSX.
OpmHako mepeMerieHue MeXITy HUMHU OCYIIECTBIIS-
€TCsl TOJBKO B OJHOM HAINpPaBJICHUHU 3a CUYET BO3-
JNICUCTBMS HA 4YacTULBI IIOTOKA Tasza. B3aumojei-
CTBHE MEKIY YaCTUIIAMU 00ECIICUNBACTCS TOJIBKO B
mpenenax y3JMOBBEIX 00nacTel, COOTBETCTBEHHO,
3¢ (HEeKTUBHOCTH KOATYJISIIMHA HEBBICOKA.

. B xadecTBe OCHOBHOT'O MCTOYHHMKA YJIBTPa3ByKOBO-

TO BO3JIEHCTBHSA [UI CO3JAaHHOIN KOHCTPYKIIMH KOa-
TYJISIUOHHON KaMephl Haumboinee 3(p¢EeKTUBHO HC-
MOJb30BaHME MPOTSKEHHOIO  YIBTPa3ByKOBOIO
TpyOuaToro msnmydarens, paboTaromero Ha H3THO-
HO-IMaMeTpaJbHON Moje konebaHuil u dopmupy-
IOIIETO KOJIBIIEBYIO CTOSIYYIO BOJIHY C YPOBHEM
3ByKoBOTO AaBienus 162—165 nb. Ilpu aTom Takoit
U3IydaTenb SIBISCTCS OJHOBPEMECHHO BHEIIHUM
KOpPITyCOM KaMephl. 3a CYeT HaJH4YUsl COCEHHUX
KOJIBLIEBBIX LMIMHAPUUECKUX IOBEPXHOCTEH, KO-
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