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Hccnenytores pacliMpeHue U CXJIOMNbIBaHWE KaBUTAIMOHHOIO IMy3bIpbKa TMpPU JIa3€pHOM Harpese
Y BCKUTTAHWY BOIBI HEMOTPETO 10 TeMIIepaTyphl HACKHIIIIEHNST B OKPECTHOCTU KOHUMKA ONTOBOJIOKHA
(Jta3epHOTO HATPEBATENBHOTO 3JIEMEHTA), YCTAHOBIEHHOTO B 3aTIOJIHEHHYIO BOIOU CTEKIISTHHYIO TPYOKY,
MOTPY>XEHHYIO B OTPAaHUUYEHHBIN 00BbEeM, 3aTIOTHEHHBI KUAKOCThIO. YCTAHOBIIEHO, UTO BhITEKAIOIIME
U BTEKalolIMe MOTOKU Pa30TPETOil XUAKOCTU B TPYyOKe, BO3HUKAIOIIUE MPU POCTE U CXJIOMBbIBAHUU
KaBUTAILIMOHHOTO MTapOBOTO My3bIpbKa, MPUBOISAT K MHTEHCUBHBIM FOPU30HTAIBHBIM MOTOKAM KUIKOCTH
B 3a30p€ MEXIy JHOM KIOBEThl U HUXXHUM TOPLIOM TpyOKu. IlokazaHo, YTO B HaYaJIbHbIE MOMEHTHI
YCKOPEHHOTO POCTa M, OCOOEHHO, B MOMEHT KOJuIarica TapoBOTO My3bIpbKa BOJIW3M JHA KIOBETHI
MO/, HUKHUM TOPLIOM TPYOKU BO3HMKAIOT MOIIHBIE MMITYJIbChI JABICHUSI, CIIOCOOHBIE (D (HEKTUBHO
BJIUSITh Ha TIOBEPXHOCTh JHA KIOBETHI, TOTMa KaK MPU CXJOMbIBAHUU Iy3bIpbKa MOTOKU XXKUIKOCTHU
yCTpeMJIEHbI B 0OpaTHOM HalpaBjieHUU B TpyOKy. OOHapykeHHbIe 3(P(HEKTh MOTYT ObITh UCITOIb30BAHBI
I1s1 2 hEeKTUBHOM CENEKTUBHOUM OUMCTKU MOBEPXHOCTH.
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Kaputanus (sIBeHre pa3pbiBa KaneJlbHOU XXUIKO-
ctu [1] MOXeT BO3HMKATh KaK B YCJIOBUSIX TTOHUXKEHMUS
JABJIEHUS HUXE NABJIEHUS HACBIIEHUS B XKUIKOCTU MPU
MOCTOSIHHOM TeMIlepaType, TaK U MPH MOBBILIEHUU TEM -
repatyphbl BbllIE TEMIIEPATYPbl HACBILIEHMS TIPU MOCTO-
STHHOM JaBJeHun. B 000X ciyyassx XKUAKOCTh BCKUTIA-
eT. JlazepHas (Jia3epoMHIyLIMpPOBaHHAs) KaBUTALIUSI —
9TO MapoBasi KaBUTaLMsI, 00pa3yrolascs Mpu ObICTPOM
Jla3epHOM HarpeBe U BCKUMAHUM XUIKOCTU, HAXOMS -
mieiicss B OTHOCUTEIBHO “XOJOTHOM” OKPYKEHUM, HEIO-
IPETOM JI0 TEMIIEPATYPbI HACBIIICHUS (KUTIEHUE C HEMO-
rpesoM) [2, 3]. [1pu 3TOM BO3HUKAIOIIWIA MPU BCKUTA-
HUU [MapOBOi My3bIpeK CHavaja ObICTPO YBEIUUYMBAETCS
JI0 HEKOTOPOT'O MaKCMMaJbHOTo 00beMa, a 3aTeM, BCIIe/l-
CTBHUE KOHTAKTa C “X0JIONHBIM” (HEAOTPETHIM) OKpYXKe-
HUEM, YCKOPEHHO CXJIOTIBIBAETCS, UTO OMPENENSIET Er0
KakK KaBUTALUMOHHBIN [2, 3]. MHULIMUpOBaTh KaBUTa-
LIMI0 MOXHO HCITOJIb3ysl Kak uMImyjabcHoe [4—10], Tak
U HempepbiBHOE [2, 3, 11—14] na3zepHoe u3ny4eHue.
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B naHHOIi paboTe paccMaTpuBaeTCsl KaBUTalIMsI,
BO3HHUKAIOIIAS IIPY HArpeBe XXUAKOCTU B OKPECTHOCTU
KOHYHMKA ONTOBOJIOKHA, [IOTPYKEHHOTO B BOAY, IO KO-
TOPOMY PacIpoCTpaHseTCs HeIPePhIBHOE JIa3epHOE 13-
nydyeHue. Ecim uznydyenue 3@GeKTHUBHO MTOMIOIIACTCST
BOJIOM, KBapLEBbIi HUJIMHAPUYECKNIA KOHYMK ONTOBO-
JIokHa majioro nuamertpa (0.1—1 mMm) Oynet sSIBASIThCS
COCPEIOTOYEHHBIM HarpeBaTeIbHLIM 3JIEMEHTOM J1a3ep-
HOT'0 HarpeBaTeIbHOTO IIPUO0pPa, CO3MAIONINI OOIBIIONM
TETIOBOM MOTOK ITPU BBIXOE U3TYYSHUS B XXKUIKOCTh
[2, 3, 12, 13]. ZKuakocTb OBICTPO HarpeeTcs 10 TeMIIe-
paTyphl KUTIEHUs] U HA TOPIIe ONTOBOJIOKHA 0Opa3yer-
Csl ITy3bIpEK, KOTOPHIN MPY CXJIONBIBAHUM TepsieT cie-
PHUYHOCTH, YTO B CBOOOIHOM MPOCTPAHCTBE TPUBOIUT
K TeHepaluy KyMYJISTUBHBIX 3aTOIJICHHBIX CTPYI, Ha-
MpaBJICHHBIX K TOPILY U OT TOplia ONTOBOJOKHA BIITyOb
XuakocTu [2, 3].

CoBepllleHHO MHAas CUTyalusi BO3HMKAeT, KOria
ONITOBOJIOKHO pa3MellieHo B Tpyoke [12, 15]. B Takom
cJlydae Ha CTaJuy POCTa My3bIpbKa XXUIKOCTh OyIEeT BbI-
TaJKMBAThCS U3 TPYOKHM, a Ha CTAJUU CXJIOTIbIBAHUS OY-
JIET BTeKaTh (BcachIBaThCs) B TPYOKY. DTU CBOMCTBA MO-
T'YT UMETh OOJIbIIIOE TTPAKTUIECKOE IIPUMEHEHNE B TEX-
HUKE U MeJULIMHE, B CBSI3U C YeM OCOOEHHBIN MHTEPEC
MpeACTaBIseT ucciaeqoBaHe MHULIMUPOBAHHBIX TWHA-
MMKO JIa3epOMHIYLIMPOBAHHOIO KABUTALIMOHHOTO My~
3bIPbKa MMOTOKOB XMIKOCTH HE TOJIBKO B TpyOKe, HO
U B OTPAaHUYEHHOI 00JIACTH 3a ee IpeaeIaMu.
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Llenb uccaenoBaHus — MTOKa3aTh, UTO Jla3epHast Ka-
BUTALIM B TPyOKe, MOTPYKEHHOI B OrpaHUYE€HHBIN 00b-
€M, 3aTIOJTHEHHbIN XXUIKOCThIO, CIIOCOOHA IMPUBOAUTD
K OYKCTKE, CAHALIMU TTIOBEPXHOCTEM, a TAKXKe OMHOMO-
MEHTHOMY YJIAJIEHUIO ITPOAYKTOB OUMCTKU 3a MPECITbI
MOJIOCTH.

YucaeHHOE MOIETUPOBAHUE PEATM30BAHO B KOM-
MepueckoMm Takere Ansys Fluent 2021 ¢ ncrnoin3oBa-
HueMm Metona “Volume of Fluid”, B koTopoM paccMar-
puBaetcs aByxdas3Has cpena “Boma—Iiap”. B pamkax
JMTAHHOTO MEeTOoMNa ISl TUIOTHOCTH P, TeTUIONIPOBOIHO-
CTU A, BA3KOCTHU | U TEIJIOEMKOCTHU ¢, TPUHUMAIOTCS
3aBUCHMOCTHU:

P =0gPg + 0P, A= Oghg + OGN
P=Oghle + Qs
e oy + o = 1 —0ObeMHBIE NOJIU Ta30BOM U XKUIKON
¢da3sl B 3aJaHHON TOYKE IMMPOCTPAHCTBA.
Hnst nByxda3Hoit cpenpl pelaeTcsi CucTeMa ypaBHe-
Huit HaBbe—CTOKCa 1 TEIJIONPOBOAHOCTH:
opU
ot

(1)

Cp = UgCpg + o Cpis

+V-(pUU)=-Vp+V [p (U+ UT)] +Fy, (2

dapc,T

ot
B kxauecTtBe MexaHu3Ma Mexda3zHOro Maccooo-
MEHa MCHOJb3yeTCs MOIeIb HUCIapeHUsSI—KOHIeHCa-
myu JIu [3], B KOTOpOii CKOpPOCTh ITapooOpa30BaHUS
U KOHJEHCAILIMU TTPOTIOPLIMOHAIbHBI PA3HULIE MEXKIY
TEKyIIel TeMIepaTypoil 1 TeMIIepaTypOil HACHIIIEHUSI:

+V - (Upe,T) = VOAVT) - Ling. — (3)

ST T- Tsat
mg =—-m = Yg(xlpl T— ) T> Tsatv
sat
. . Tsat -T (4)
mp=—mg ="7Y0gPg T— , T< Ty,
sat

IIE Vg, Vi — KOOPOULMEHTEL, ONPEAEIAEMbIE U3 SKCIIE-
PUMEHTAJIbHBIX TaHHBIX, L. — CKpbITasl TETJIOTa Mapo00-
pazoBaHusl, Fy — cuibl TOBEpXHOCTHOTO HATSIKEHUS.
Cxema pacyeTHOU 00yiacTy TIpeacTaBieHa Ha puc. 1.
OnToBoJIOKHO (3) ycTaHOBJIEHO B TPYOKY (2), KoTopas
YCTaHOBJIEHA B 00bEM, OTPAaHUYEHHBI MTOBEPXHOCTSI -
mu (1), 3anoiHeHHBII Bonoit (4). Bapeupyemele mapa-
MeTpbl — Al u h2. PacyeT BBINOJTHEH B 0CECUMMETPUY -
HOIi IByMEPHOM MOCTAaHOBKE C UCIOJIb30BAHUEM PaB-
HOMEPHOI KBaApaTHOM CETKM CO CTOPOHOM 3J€MEH-
Ta 6.25 MmxMm. Havano KoopauHaT COOTBETCTBYET LIEH-
TPy TOp1ia ONTOBOJIOKHA. OCh CUMMETPUM 0003HaAYEHA
KpacHOM MyHKTUpHOI nuHueit. Ha rpanunax I, 2, 3
3aJaHbl CTAHAAPTHBIE YCIOBUSI MPUIUTIAHUS (BEKTOD
CKOpPOCTH BYX(ha3HOI Cpelibl paBeH HYJIO0) U HYJIEBOTO
TETJI0BOTO MnoToka. [TapameTpbl MOneIMpOBaHKS BbIOV -
pajinch TAKMM 00pa3oM, YTOOBI JMHAMUKA MeX(da3HO
TPaHUIIbI B YMCIIEHHOM pacyeTe COOTBETCTBOBAIA T -
HaMUKe pOCTa,/CXJIOMbIBaHMS My3bIpbKa B 9KCIIEPUMEH -
te [12]. B HayabHBII MOMEHT BpEMEHHU Ha TOPIIE OITO-
BOJIOKHA 33/IaH MapOBOH My3bIPEK C panuycoM 30 MKM,

JOKJIAJTBI POCCUMICKOM AKAJTEMUU HAVK. ®U3UNKA, TEXHUYECKUE HAVKH

temnepatypoit 430 K u naBneHuem 6 at [13]. Bokpyr
IMy3bIpbKa 3amaH chepruIeCKMid CI0M IMeperpeToil XK/ -
KOCTHU ToJIMHOM 600 MKM, TeEMIIepaTypa KOTOPOTo J1-
HeliHo yMeHbInaetcs ot 433 no 300 K B HanpaBieHUn
OT I'paHulIbl pasnena ¢asz. OcTtabHOM 00beM pacyeT-
HOI 00J1aCTV B HayaJIbHbIII MOMEHT BPEMEHMU 3aroJ-
HEH XMIKo ¢pa3oii ¢ TeMnepaTtypoii 300 K u umeronieit
Teruiopu3ndeckue cBoicTBa Boabl. CXOTMMOCTh YKC-
JICHHOTO peIlIeHNs TTPOBePsUIach Ha CETKaX C pa3MEepOM
KBaJpaTHOTO 3jieMeHTa 2, 4 u 8 MKM. B KauecTBe usme-
psieMoii BeJIMYMHBI BbIOUpasiach 3aBUCMOCTb U3MEHe-
HUs 0ObeMa MapoBoit ha3bl B Mpoliecce MOAEIUPOBa-
HUS1. BbII0 ycTaHOBJIEHO, UTO AJIS CETOK C pazMepamu 4
1 8 MKM MaKCUMaJIbHOE pa3iniyue B 00beMe COCTaBIISIET
9%, a BpeMs JOCTIDKEHHST MAaKCUMAJIbHOTO 00bheMa OT-
myaetcs Ha 22%. [1pu 3TOM TSI CETOK C pa3MepaMu 2
U 4 MKM pa3finuue B MaKCUMaJIbHOM 00beMe TTapoBOit
dazbl coctansieT MeHee 1%, a BpeMs JOCTHKEHUST MaK-
CHMaJIBHOTO o0beMa pa3jinyaeTcsl MeHee yeM Ha 4%.
Hanee ucronb3oBagach C€TKa ¢ pa3MepoM 3JIEMEHTa
4 MKM, KaK HanboJiee ONTUMAITbHAsI C TOYKW 3PECHUS
KOPPEKTHOCTHU YHCIEHHOTO PE3yJIbTaTa U CKOPOCTH pac-
YyeTa MPU pa3IMIHbIX MapaMeTPax MOIAETUPOBAHUS.

Ha puc. 2 mokasaHbl Kaapbl YMCJIEHHOTO MOJIE-
JIMpOBaHMS Mpoliecca poCTa U CXJIOIbIBAHUS B AWHA-
MUKe TTapOBOrO My3bIpbKa B OKPECTHOCTH KOHYMKA
OIITOBOJIOKHA, BHITIOJIHEHHBIE JJISI pACUETHOM 00J1aCTH
puc. 1, toe Al = 0.3 MM, h2 = 0.5 mMm. ITepBrie 1Ba Kaapa

I 5mu
0.3Mm .
8 MM
1 1
2 2
L—’L 1 MM
4 — hl
h2
[
1

Puc. 1. Cxema pacueTHo# o61acti. ONTOBOJIOKHO 3 yCTaHOBJIE-
HO B TpYyOKY 2, KOTOpasi ycTaHOBJIeHa B 00eM, OTpaHMYEHHBIIA
TIOBEPXHOCTSIMU [, 3aTOJTHEHHBIN Bomoi 4. BapbupyeMeble ma-
pameTtpbl — Al 1 h2. Ha BepxHeii rpaHulie pacyeTHOI1 001acTr
(CUHSIS1 yHKTUPHAs JTUHUS) 3aJ]aHO aTMOchepHOe NaBeHUE.
BuyTpeHHuii nuameTp TpyOoKu 3.3 MM, TMaMETP pacyeTHOI 006-
snactv 10 MM.
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(t =0.05 Mc 1 t = 0.3 MC) TOKa3bIBAIOT (PparMeHTHI PO-
CTa apOBOTroO Iy3bIpbKa, KOTOPBIA K MOMEHTY ¢ = 0.3 MC
JIOCTUTAET MAaKCUMaJIbHOTO pa3Mepa. PocT my3bipbKa
MOPOXAAET TMOTOKU, BBHITAIKWBAIOIINE XKUIKOCTh U3
TpyOKU (HampaBjieHHbIE BBEPX U BHU3 B TPyOKe), TO-
PU3OHTAJIbHbIE TOTOKM B 3a30P€ MEXTY THOM KIOBEThI
U HUXKHUM KOHUYMKOM TPYOKM M TTIOTOKM, HaTlpaBJieH-
Hble K CBOOOJIHOI MOBEPXHOCTU BBEPX 3a MpeneaaMmu
TpyOoKH. VI3 puc. 2 cieayer, 4To IpU POCTE ITy3bIphKa
K MOMEHTY BpeMeHHU ¢t = 0.05 MC CKOpOCTb ITOTOKA B 3a-
30pe MEXIY THOM KIOBETbl U HUXKHUM TOPLIOM TPYOKU
JocTuraet 2—2.5 M/c, Tora Kak K MOMEHTY TOCTUKe-
HUSI My3bIPbKOM MaKCMMaJIbHOTO pa3Mepa 3Ta CKOPOCTh
YMEHBIIAETCS MPOMOPLUUOHAIBHO YMEHBILIEHUIO CKOPO-
CTM pocTa nmy3bIpbKa 10 1—1.5 m/c. OTMeTuM, UTO 3Ta
CKOPOCTb 3HAYUTEIbHO MTPEBOCXOAUT CKOPOCTh ABUXKE-
HUS BOJBI 3a MIpeneiaMu TpyOKH.

Crnenyromme Tpu Kaapa (f=0.5wmc, 0.57 mc,
0.68 MC) OXBaThIBAIOT MEPUO, CXJIOTIBIBAHUS TTApOBOTO

My3bIpbKa. B 3TOT Tepmon KapTWHaA MEHseTCsS Ha
IIPOTUBOITOJIOXHYIO — IIOTOKM BOIBI YCTPEMIISTIOTCS
K My3bIpbKY. [1y3bIpeK HaUMHAET BTATUBATH KUAKOCTh
B TpyOKy BILJIOTb JO MOMEHTa KoJIjJarca, Korma OH
JIOCTUTAaeT MUHUMAaJbHBIX pa3MmepoB (f = 0.68 Mc).
B mepuon cxyonmbIBaHMs TOPU3OHTAJBHAS CKOPOCTh
TTOTOKA BOIBI B 3a30pe MEXIY JHOM KIOBETHI M HUXKHEM
rpaHbIO TPYOKM B MOMEHTHI BpeMeHu ¢ = 0.5 mc, 0.57 mc
nJocturaet 3 M/c. B ominune oT nepuona pocTa, B repu-
OII CXJIOTTBIBAHMSI ITy3bIpbKa TOPU3OHTAIbHBIEC TTOTOKU
HaIpaBJIeHbl B CTOPOHY OCU CUMMETPUH pacdeTHO
obmactu. Ha xagpax t = 0.5 mc, 0.57 MC BUIHO, UTO
Ha HIDKHEM TIOJIOCe My3bIpbKa W B OOJIACTH TOpIia
OITOBOJIOKHA (DOPMUPYIOTCS 30HBI TOBBIIIEHHOMN
CKOPOCTH IBWKEHMS BOIBI, TIEe CKOPOCTDb TOCTHUTAET
6 M/c u 6osee. 3nech (HOPMUPYIOTCS CTPYU, OAHA U3
KOTOPBIX (aKCWajbHasI) yCTpeMJIeHa CHU3Y K TOPILY
ONITOBOJIOKHA, pyrast (paauaibHasi) CBepXy K LEHTPY
ny3bipbKa [12]. K MOMeHTY KoJarca CKOpocTh JBU-

Puc. 2. IlnHaMuyKa ImapoBoii a3kl KABUTAIIMOHHOTO My3bIpbKa M IIOTOKOB JKUIKOCTU B pacuyeTHOM obactu puc. 1. [TapoBas ¢aza

0003HaYeHa YEPHOI KOHTYPHOM JIMHUE.
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JKeHUs BOIOBI BOJIM3M TOPIIA ONTOBOJIOKHA JOCTUTAET
46 M/c n 6onee. B 3TOT MOMEHT akcualibHasl CTPYS
CTaJIKMBAETCSl C TOPIIOM OITOBOJIOKHA, YTO B MTOTE
MPUBOAUT K TePECTPOiiKe HampaBJIeHUST IBVKEHUS
IMOTOKOB XUIKOCTU C 0O0pa3oBaHUEM TOPOUIATbHBIX
BUXPEBBIX CTPYKTYp — “OTCKOKOB” [14] (kamp ¢t = 1 mc).

B xauecTBe OLIeHKM BO3IEMCTBMS Mpoliecca Ja3ep-
HOI KaBUTaIlMU B TPyOKe HA CTEHKU KIOBETHI BHIOpA-
Ha 00J1aCTh C MAKCMMaJIbHbIM U3MEHEHUEM JIaBJICHUS
BOJIM3M CTEHOK: MaBJICHUE PACCUMTAHO JJISI TOPU30H-
TaJIbHOM TIOIIAAKU 1uaMeTpoM 0.2 MM C LIEHTPOM Ha
ocy cMMMeTpur Ha pacctostHUU 0.05 MM OT HUXKHEN
TPAHUIIbI KIOBETHI /1 Pa3IMYHbBIX TapaMeTpoB Al u h2.
Ha puc. 3 mokas3aHbl pe3yabTaThl TaKoro pacuera. M3
puc. 3 ciienyert, YTO K MOMEHTY Hauaja pocTa Iy3bIpbKa
Ha IHe cocyaa (KIOBEThI) B IIPOEKIIMU TOPLIa OITOBOJIOK-
Ha B MOMEHT YCKOPEHHOT'O pOCTa My3bIphbKa BOZHUKAET
CKa4OoK JaBJIC€HUS, KOTOPHIM B 3aBUCMMOCTH OT Iapa-
METPOB hl, h2 MOXET MPEBOCXOAUTH 2 aTM, @ B MOMEHT
KoJuTarnca aaBjieHue gocturaet 13 atm. OTMeTUM, UTO
CKa4KHU JaBJICHUS OYEHb KPaTKOBPEMEHHBI — B Hayaje
YCKOPEHHOTO pOCTa IMy3bIpbKa ~ 30 MKC, a IpHY KoJLIal-
ce ~ 4 mxc. OTCIoma MOXHO IIPEANOI0XUTh, YTO 3TO
JIaBJICHUE CO3Aal0T yAapHbIE BOJHbBI, KOTOPbIE MOTYT
BO3HUKATh B IEPUOI YCKOPEHHOI'O POCTa U, OCOOEHHO,
MPU KOJIJIariceé KaBUTAIIMOHHOTO TTy3bIpbKa.

Yepes 0.1 Mc mociie Havayia pocTa Mmy3bIpbKa AaB-
JIeHUe Ha IHEe KIOBEThl CTAHOBUTCSI PaBHBIM aTMochep-
HOMY M Jajee yMmeHblnaetrcs Ha 0.25 at™ mo 0.75 at™m
B MakcuMyme yepe3 0.3 Mc (cM. Bpe3Ky Ha puc. 3). Co-

P, atm
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[JJaCHO PUC. 2 3TOT MOMEHT COOTBETCTBYET NOCTUXKEHUIO
IMY3bIPHKOM MaKCUMaJIbHOTO 00beMa. MOXHO mpearo-
JIOXWTb, YTO CKAYOK JABJICHNS, BbI3BAHHBI YCKOPEH-
HbIM POCTOM Iy3bIpbKa, MHULIMUPYET YCKOPEHHOE IBU-
JKeHUe XUIKOCTU U3 TPYOKM K HUXKHEN TpaHUIEe KO-
BEThI, UTO B UTOTe MPUBOAUT K paaiuaibHOMY pacTeKa-
HUIO XUIAKOCTU BIOJb JHA U, KaK CJIEACTBUE, MOCTe
CKayKa K YMEHbIIIEHUIO IaBjieHus. PacTekaHue XuaKo-
CTH BIOJIb TOBEPXHOCTU JJTUTCS BIUIOTh 10 OCTAHOBKU
pocTa Mmy3bIpbKa, a Jajiee HaUMHAEeTCsl ero CXJIOMbIBa-
HUe U 0OpaTHBI MPpOoLeCcC BCaChbIBaHUS BOIbI B TPYO-
Ky. Pazauia B 0.25 aT™ IIpuBeOeT K TOMY, YTO B IIepU-
OJl CXJIOTIbIBAHUS IMy3bIpbKa BOAA Yy JHA KIOBETHI MO
napyieHueM p = 0.25 at™ OyzneT NBUTaThbCs OT IHA KIOBe-
THI CO CpefHeli ckopocThio U = (P/p)l/2 =5 M/c B TpyO-
Ky (BcachlBaThcs), IIOTHOCTb BoAbI p = 10° kr/M>. D10
3HauYeHUE, MOJYYeHHOE YUCIEHHO, OJIM3KO K SKCIepU-
MeHTallbHOMY — 4 M/c [12]. Habmomaemble Ha puc. 3
MUKU JaBJIEHUS, CJENYIOIINE 32 OCHOBHBIM, BO3HUKA-
10T B pe3yJibTaTe BTOPUYHOTO BCKUMAHUSI XXUIKOCTU —
“orckokoB” [13].

Ha puc. 4 noka3aHbl pe3yibTaThl 9KCIIEPUMEHTa,
BBITTOJTHEHHOTO ¢ TPYOKOI, pa3MellleHHOI B KIOBETeE,
JTHO KOTOPOM BBIIIOJIHEHO U3 JINCTA OyMaru, mouBep-
KeHHoro nedopmanuu (n3rudy). Krosera u TpyoKa 3a-
MOJIHEHBI BoAO#. B TpyOKe HaxXoauTCsl ONTOBOJIOKHO,
KOHYMK KOTOPOTO MorpyxeH B Boay. [1o onToBosOKHY
pacIpocTpaHseTcs Ja3epHOe U3TYyYEeHUE MOITHOCTBIO
7 Bt ¢ nnuHoii BojHBI 1.47 MKM, KoTOpoe 3¢ (EeKTUBHO
norsolaercs B Boze ¢ koadduuuentom 25 cm~ . IMox

— n1=0.3MM, 12 =2.0 MM
- h1=0.3mm, 12 =0.5 Mm
— Wl =0.15MmmM, h2=2.0 Mm

LA AL

1, MKC

T T
0 200 600

T T 1
800 1000 1200

Puc. 3. CpenHee maBiieHue Ha TOPU3OHTAIBHOM ITIOMIaKe paguycoM 200 MKM (puc. 1), Ha paccTossHUM 50 MKM OT HUKHEH TpaHUIIbI

pacyeTHoi 061acTu.
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Puc. 4. Kanpsl pocta v cXJIONBIBAHKS MTAPOBOTO My3bIphKa B OKPECTHOCTH KOHYMKA ONTOBOJIOKHA, Pa3MEIIEHHOTO B CTEKJISTHHOMI
TpyOKe, KOHYMK KOTOPOil HAXOMUTCSI Ha paccTOsTHUU 0.5 MM OT IHA KIOBETHI (JTUCT OyMaru).

JIeiCTBUEM U3JIyYeHMSsI BOla HarpeBaeTcsl U BCKUIIAeT.
Ha puc. 4 moka3aHbl Kapbl pOCTa ¥ CXJIOIIbIBAHUS IIAPO-
BOTO My3bIpbKa Ha TOPIIE ONTOBOJIOKHA C TUAMETPOM I10
KkBapiy 0.6 MM, pPacIiOJIOKEHHOM B LIEHTPE CTEKJISTHHOM
TpyOKU C BHYTPEHHUM IUaMETPOM 3 MM, TOJIIIIMHOM
creHoK 1 MM. CbeMKa MpoUu3BOAUIACh CKOPOCTHOM Ka-
mepoit FASTCAM SA-Z co ckopocthio 50400 kagpoB
B ceKyHy. PaccTosiHME OT TOplia ONTOBOJIOKHA A0 AHA
KIoBeThI (Jiicta 6ymaru) 0.5 mm. Temmepatypa BOIbI
B k1oBeTe 300 K.

Ha puc. 4 oTueTIMBO BUAHO, YTO JIMCT OyMaru B Iie-
pUO CXJIOIbIBAHUS ITy3bIpbKa (Kaapbl 5—8) BhIruda-
€TCsI B CTOPOHY TpYyOKM U Jajiee BO3BpAIlaeTCs B WC-
XOIHOE COCTOSIHUE TTPU 3aBEPILIEHUU CXJIOMbIBAHUS ITy-
3pIpbKa. M13rub arcra Oymarv BO3HUKAET B pe3ysibrare
pPacCMOTPEHHOTO BbIlIE MaJACHUS TaBJIEHUS B XKUIKO-
CTHU HaJ JHOM KIOBETHI HIKe aTMocepHoro. Makcu-
MYM B U3THOe JucTa Oymaru coctapisieT 0.6 MM, KO-
TOpBI JocTUraeTcs 3a BpeMs ¢ ~ 1.1-107* ¢. Takum
00pa3oM, CKOPOCTb OBIZKEHMS M3TH0a JIcTa Oymaru
BBepx U ~ 5.5 M/c, OTKyna ruipodMHAMHUYECKOE TaBJie-
HHE B KMIKOCTH, BCachIBaloleiics B TpyoKy P = pUz,

AN

~ (0.3 aTM. JTa olieHKa OoYeHb OJIM3Ka K paccuuTaH-
HOMY AaBjieHUIO Ha puc. 3 mia caydas hl = 0.3 Mmm
u h2 = 0.5 mM (0.25 at™).

CkazaHHOE€ BBIIIIE TTO3BOJISIET UCIIOb30BaTh SIBJIE-
HUE JIa3epHOM KaBUTaIlUM B TPYyOKe, pa3MelleHHOM
B KIOBETE, 3alIOJJHEHHOM XXUIKOCTHIO 1711 3 (PEeKTUB-
HOI CEJIEKTUBHOM OUMCTKHU TTOBEPXHOCTH KIOBETHI U O/l -
HOMOMEHTHBIM yJaJIeHUEM TTPOIYKTOB OUUCTKU U3 TIO-
JIocTH yepes TpyoKy. [1pu nepemeltieHur HUKHETO KOH-
yyka Tpyoku Ha pacctosiHuu 0.5—1 MM OT MOBEPXHOCTH,
KOTOPYIO CJIeNyeT OYUCTUTh, CKOPOCTh MOTOKA B 3a30pe
MEXI1y TOBEPXHOCTbIO U HUXKHEH IPaHblO CTEHOK TPYO-
KU gocturaet 2—3 M/c, 4TO MO3BOJISIET 3(Pp(HEeKTUBHO
CcOMBaTh YaCTULIbI, TpeIHA3HAUYEHHbIE K OYMCTKE B MO~
TOK, BCaChIBAIOIIEICS MO faBaeHeM ropsaka 0.25 at™
B TpyOKy Xunkoctu. [IomoOHbII METOI OYMCTKI MOXKHO
MPUMEHUTD TS JICUEHUSI THOWHBIX U XDPOHUYECKUX PaH,
rae mpo0OjemMa yaajeHus BOCIaJUTEeIbHOIO areHTa CTo-
UT oueHb ocTpo. Ha puc. 5 mokazaHa cxema 1mogo0OHO
MaHUITYJISILIMU, T (pU3nosoruyeckuii pactBop (Bom-
HeIii pactBop 0.9% NaCl) BBoouTcsl HETIOCPEICTBEHHO

B paHy U TPYOKYy.

Macmtab g

lcm '

Puc. 5. Cxema OUMCTKY THOMHOM paHBI ¢ UCITOIb30BAHUEM SIBJICHMS JTa3¢PHOM KaBUTALIUK B TPYyOKe, pa3MEIeHHOM B TTOJIOCTH, 3aI10JI-
HEHHOI (OM3MOJIOTUIECKUM PacTBOPOM. | — MEIULIMHCKUI J1a3ep, 2 — ONTOBOJIOKHO, 3 — TpyOKa C BCTaBIEHHBIM ONTOBOJIOKHOM.
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OTMeTHM TaKKe, YTO CKAYKM JaBJICHUS BOJIMU3U 00-
pabaTbIBaeMoii IIOBEPXHOCTU MOTYT OBITh MCITOJIb30Ba-
HBI JJ151 CEJIEKTUBHOTO YIIPOUHEHUS MaTepuaa, 1100
pa3pyllieHus MoaeXalluX CTPYKTYp, HalpuMep, cTe-
HOK KalIMJUISIPOB, C LIEJIbIO M3BJICUECHUSI CONEPXKAIIIETOCS
B HUX MaTepuaja. B Oonee KpymmHbBIX MaciTabax momy-
YeHHBIE Pe3YJIBTaThl MOTYT OBITh MCIIOJIB30BaHKI B ITPO-
MBbIILIEHHOCTH JIsI JOOBIYM XUIKUX 1 Ta3000pa3HbIX
HMCKOITaeMbIX.

NCTOYHUK PUHAHCHUPOBAHUA

PaboTta nipoBeaeHa npu (GMHAHCOBO TMOAIEPKKE
Poccuiickoro HayuHoro ¢onga (Ne 22-19-00189).
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LASER CAVITATION IN A TUBE IMMERSED IN A CONFINED VOLUME
FILLED WITH LIQUID

Academician of the RAS M. A. Guzev?, Corresponding Member of the RAS Y. V. Vassilevski?, E. P. Dats?,
I. A. Abushkin?, E. V. Khaydukov¢, V. M. Chudnovskii*

@ Institute of Applied Mathematics Far Eastern Branch of the Russian Academy of Sciences, Viadivostok, Russia
bG. I. Marchuk Institute of Computational Mathematics of the Russian Academy of Sciences, Moscow, Russia
¢ National Research Center “Kurchatov Institute” of the Russian Academy of Sciences, Moscow, Russia

The expansion and collapse of a cavitation bubble during laser heating and boiling of water underheated to
saturation temperature in the vicinity of the tip of an optical fiber (laser heating element) installed in a glass
tube filled with water and immersed in a limited volume filled with liquid are studied. It is established that the
outgoing and incoming flows of heated liquid in the tube, arising from the growth and collapse of cavitation
vapor bubble, lead to intense horizontal liquid flows in the gap between the bottom of the cuvette and the
bottom end of the tube. It is shown that at the initial moments of accelerated growth and, especially, at the
moment of vapor bubble collapse near the bottom of the cuvette under the bottom end of the tube there are
powerful pressure pulses that can effectively affect the surface of the bottom of the cuvette, while at bubble
collapse liquid flows are directed in the opposite direction into the tube. The discovered effects can be used
for effective selective surface cleaning.

Keywords: lasers, cavitation, numerical simulation
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