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AHHOTAIIUSA

B paborte mpexncraBieHbl pe3ynbTaThl 3KC-
NEPUMEHTAJIBHBIX HCCIEIOBAHUN IO T€HEpaluu
KaBUTAIIMOHHBIX BUXpeBBIX Koirell (KBK) B Bome
C IOMOIIBIO 3aTOIJIEHHOTO LMIMHIPUYECKOTO
ctBosia ¢ auamerpamu 20 — 40 mm u ainuHOou 30 —
100 mm. MccnenoBana nuHaMuKa 00pa30BaHUS U

BBEJEHUE

Junamuka oOpa3oBaHHS W pacmpocTpaHe-
HHUS BHUXPEBBIX KOJel B aTMocdepe H3ydeHBI
moctarouHo Tiryooko [1]. JleTanpHBIE HcCIe-
JIOBAHUS PACTIPOCTPAHEHUS BUXPEBBIX KOJIEIl B
BOJI€ MPOBEJCHBI TOJBKO JUISI 3HAYCHUH dYHCIia
Petinonpaca Re < 2¢10°, mpu CKOPOCTAX CTPYH
nmo 0,3 m/s. IIpu Takux mapameTpax KaBUTaIH-
OHHBIE TIPOIIECCHl HE Pa3BUBAIOTCSA, MOITOMY
BOTIPOCHI 00pa3oBaHUA M MyJIbCAaIlMi KaBHUTa-
IMHOHHBIX BUXPEBBIX KOJEI[ TTOKa OCTAIOTCS OT-
KPBITBIMHU HM3-3a HEJAOCTAaTKa dKCIEPUMEHTalb-
HBIX HcciemoBaHui [2-4]. B pabore [2] mox-
poOHO M3yYaTnuCh «OCOOCHHOCTH 00pa30BaHUS
W NIBW)XEHUS KOJBIIEBBIX BUXpEH B BOAE» IS
reseparopa Buxpei ¢ auamerpom d; = 35 mm
MPU CKOPOCTAX MOTOKA BOJBI U3 cTBoJa oT 0,04
1o 0,28 m/s. Peructpanust BUXpei oCcymecTBIsI-
jJjach C MOMOIIBI Kpacutejei. B aTtux skcne-
pumentax KBK He peructpupoBaiuch, 0JlHaKO
aBTOpP OTMEYAEeT, UYTO NMPHU yBEJIWUYEHHUH CKOPO-
CTH METaeMoro ctojiba BOABI S/IPO KOJBIIEBO-
r0 BUXPS C KpacuUTeJeM paclnpoCTPaHsIIOCh Ha
paccrostausg no 30 - 40 kanubpoB oTBepcTHs. B
pabote [3] m3ydanuch «CBOOOIHBIC KOJTBIIEBBIC
BUXPH B XHUJAKOCTH» JJII TeHEPaTOPOB BUXpEH
¢ nuamerpamu orsepctui d; = 70 - 130 mm,
C perucTpamnueil aKyCTHIECKOTO H3JIYyYEHHUS OT
JIBWIKYIIETrocss BUXPSA C MOMOIIBIO THAPOQOHA.
Peructpupyembie TylTbCcalid aKyCTHYECKUX

pacnpoctpanenusi KBK B Boje B 3aBUCUMOCTH OT
CKOPOCTHU METaHUs BOJbI. YcTaHoBIeHO, 4To KBK
B BHUJIE TIOJIOTO TOPa 00pa3ylTCs MPU CKOPOCTIX
ctpyu 6omnee 2 m/s. [Ipu ckopoctsix ctpyu Oomnee
6 m/s ONTUYECKUMH METOJ[aMH BIIEPBHIE 3aperH-
CTpUPOBaHbI paauaibHbie nmynbcanuu KBK.

CHTHAJOB HWHTEPIPETHPOBAINCH KaK IylbCca-
MU KaBUTAIIHOHHOM MOJOCTU BUXPA.

B pabore [5] 0BT OocymiecTBIEH TeOpeTHde-
CKHUM pacueT MmyJbCaluii MONEPEYHOI0 CEYECHUS
BUXPEBOU nojocTu. MccnenoBanus NpoOBOAUINUCH
C 1IeJIbI0 U3y4YeHus 3po3uoHHbIX cBoiicTB KBK B
CpaBHEHHH CO CPepHIeCKO MOI0CThI0. BrImon-
HEHHBIE OIIEHKH ITOKA3BIBAIOT, YTO B CIIydae KOJIb-
1[eBO MOJOCTHA OHU JAOJDKHBI OBITH BHIIIIE.

B nmanmnoit paboTe mpeacTaBICHBI Pe3yib-
TaThl DKCIEPUMEHTAIBHBIX HCCIEIOBAHUN TH-
JIPOAMHAMUYECKUX TTPOIECCOB, MPOUCXOIAIIUX
npu 00pa3oBaHWW KAaBUTAIIMOHHBIX BUXPEBBIX
konenr (KBK), koTopsie TeHepHUpOBATHUCH B3PHI-
BOM TOPIOYHMX Ta30B B HUJIWHAPUYECKUX CTBO-
Jmax, pacmojaraemelx B Boje. nsa perucrtpa-
WU TUIPOJUHAMUUECKUX MMapaMeTpPOB MOTOKA
KUAKOCTH TPUMEHSIHCh METOJBI BBICOKOCKO-
pocTHOW kKMHOCHeMKH. C mOMOIIbI0 pa3zpabdo-
TaHHbIX MeToJ0B TeHepanuu KBK u perucrtpa-
MU TIOJISI CKOPOCTEN MOTOKA YKUJIKOCTH B TPO-
CTPAaHCTBEHHO-BPEMEHHOM MacmrTabe Hemo-
CPEACTBEHHO 3aperHCTPUPOBAHBI pajguaTbHBIE
nynscanun KBK m oOHapykeHa KOppemsmus
U3MepSIEeMBIX TapaMeTPOB.

Pe3ynbrarhl JaHHBIX HMCCIEJOBAaHUNW MOTYT
HaliTH MpUMEHEHNE B YCTaHOBKAX IOJBOJHOTO
OypeHUs M OYNCTKH MMOBEPXHOCTEH B IEJAX yBE-
nudeHus ux 3ppekTuBHOCTH [6].
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IIOCTAHOBKA SKCHHEPUMEHTOB

T'enepauus BUXpEBBIX KOJEL B BOJIE OCYILECT-
BIJIACh METAHHMEM JKUJIKOCTH M3 3aTOIUICHHBIX
BEPTHKAJIBHO B BOJE NPO3PAYHBIX HHUIWHIpUYE-
cKux cTBOJOB ¢ AuameTpamu 20 — 40 mm, u 1au-
Hoii 30 — 100 mm (puc. 1).

glas tube

09 ms 12 ms 13 ms 17 ms

Cxema TIOCTaHOBKHU DKCIEPUMEH-
TOB W KHHOIpaMMa Ha4daibHOU
CTaJUu TpoIlecca pacIlupeHus
MPOAYKTOB CTOPAHUSI U HCTCUCHUS
KUJAKOCTH W3 UIHHJIPUIECKOTO
CTBOJIA.

PE3YJIBTATBI DOKCIIEPUMEHTOB
. 313mm

vortex edge

CTBOJI, PacToOJIOKEHHBIH B BOJIE, YACTUYHO 3a-
MOJHAJICA TOPIOYEN MNpPONaH-KUCIOPOJHON cMe-
CbI0, KOTOpas MOMKHUrajach BBICOKOBOJBTHON
uckpoil. CKuraHuem 3alaHHBIX NMOPLUUH ra3oBON
cMecH 00ecCIeYrBajIoCh BBITAJIKWBAHHE CTOI0A
BOJIBI M3 CTBOJIA BHHU3 O HEOOXOAMMOH CKOpO-
ctu. IIpu 3TOM Ha cpese CTBOJA T€HEPHUPOBAICS
KOJIBLIEBOW BHUXPb, KOTOPBIH pacupoCTpaHsics B
HAIPaBJICHUH MOTOKA KUIAKOCTH.

OKCHEepUMEHTBl TPOBOAMIINCH MIPU aTrMocdep-
HOM JaBJICHHWH, NPH TEMIIepaType BOAOIPOBO-
nHoi Bogel t° = 24 — 25 °C. JluHaMuKa THIPOIH-
HaMHYECKUX MPOLECCOB U3ydasach C MOMOIIBIO
TEHEBON CKOPOCTHOW KMHOCBhEMKHU. KnHOCBHEMKA
ocymecTBisiach kamepoit «MotionXtra HG-LE»
npu vactore cbéMku 1o 10000 kaxpos/c. Cko-
POCTB KHUAKOCTH B CTBOJIC U B «aTMOc(hepe» BUX-
Pl U3MEpSIIACh 110 TPEKaM YacTHUL] U3 MOJIUCTHPO-
aa (p = 1,05 g/sm?, d = 100 mkm).

JlaHHas moCTaHOBKA 3KCIEPUMEHTOB MO3BOJISACT
BECTH UCCIIEJIOBAHUS UCTEUEHUsI JKUIKOCTH U3 CTBO-
Jia B IIUPOKOM HANa30He TEOMETPUUECKUX U THAPO-
JTUHAMUYECKUX [TapaMeTPOB. YCTPOUCTBO MO3BOJISIO
OCYIIECTBIISITH PA3roH cTos10a Boxb 10 16 m/s.

Ha Puc. 2 npencraBneHsl Kaapbl TEHEBOW KH-
HOCBHEMKHM 00pa30BaHMS U IMHAMHMKH KaBHUTALM-
OHHOT'O BHUXPEBOTO KOJbIA IIPM METAHHM CTOJI0A
BOZBI BbICOTOM h) = 40 mm w3 cTBONA MIMHON
47 mm, ¢ BHyTpeHHUM auameTpom d; = 29 mm
¥ BHEWHUM quamerpom D = 31,3 mm. [lna nan-
HOW KMHOTPaMMBI CKOPOCTH CTOJI0a BOABI (CTPyH)
Ha ocu cTBojia B mHTepBaie 0-3 ms Bo3pacrana
nuHEeHo 1o 13 m/s. CKopocTh CTPYH Ha OCH Cpe-
3a CTBOJIa B MOMEHT o0pa3zoBaHus n orpbiBa KBK
Obta B okpecTHOCTH V| = 11 m/s + 10%.

Ha Puc. 3 mpencraBneHsl pe3ynbTarsl o0Opa-
0oTkH BCeX Kanpos KuHorpammsel Puc. 2. (V =11
m/s, = 10%). D(t) — paccTogHNe MEXKy BHEITHHU-
mu rparunamu KBK, d(t) - nmameTrp momepedno-
IO CEUCHUS KOJBIIEBOH MmojocTH, V(t) — 3HAUCHUS
ckopoctu aemwkerns KBK Bgons ocu ctBoma. Oc-
pennennsie 3HaueHns ckopoctn KBK (Ha rpadu-
K€ TOKa3aHbl CTUIONIHON JIMHUEH) B TPOMEKYTKE
BpemeHHu 4-16 ms HaXOAMIHCH B WHTEpBaie 3,5
-4,5 m/s.

Ha Pwuc. 4 nmpencrasnens 3aBucumoctu D (t),
d () mV(t) mna V=9 m/s (+ 10%). Ocpennen-
Hble 3HaueHus ckopoctu asuxenuss KBK B mpo-

Puc.2  BribopouHble Kaapbl TEHEBOI CheM- MEXYTKe BpeMeHHU 4-16 ms HaXOAUINUCh B HHTEP-
ki KBK (V= 11 m/s + 10%). Base 3-4 m/s.
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Puc.4  3aBucumoctu D (t), d (t) u V(t) nus

V=9 m/s (+ 10%).

AHAJIN3 SKCIHHEPUMEHTAJIBHBIX PE3YJIBTATOB

N3 pannpix Puc. 2-3 HarmsaaHo cieayeTt, 4To
ob6paszoBannblii KBK pacmupsiercss OTHOCUTEIBHO
nuaMeTpa CTBOJa A0 3HaueHus D = 1,5°DO. Ha-
nee KBK nynscupyer ¢ nepuogom T ~ 1,5 ms. Ha
moclieJHEM KaJpe KUHOTpaMMbl Puc. 2 moka3ana
atMocdepa BHXPS ¢ MepeaHuM (POHTOM Bpalia-
romeiics xkuakoctu Bokpyr KBK. B nannowm ciy-
yae KBK, B repmunonoruu [1-3] aBaseTcs ssapom
BHXPEBOTO KOJIBIIA.

[IpencraBnenusie Ha Puc. 3 u Puc. 4 3aBu-
CHMOCTH HATJISIHO JEMOHCTPUPYIOT MPOIIECCHI
napaMeTpU4IeCKOl KOPPEIsIUA U3MEepsieMbIX Ta-
pametrpoB. HaOmiomaercs ¢a3oBas Koppensmus
nynbcanuii Makcumanpaoro nuamerpa KBK (D) u
JIMaMeTpa IMOMEePEeYHOTO CEYCHUsT KOJBIIEBOH I0-
noctu (d). [Ipu 3TOM OTCIe)KUBaETCS YBEIHUCHUE
YCPEIHEHHOW CKOPOCTH V C YMEHBIICHUEM pa3-
mepoB KBK.

N3 nanneix Puc. 3 u Puc. 4 HarnsanHo cnenyer,
4TO C yMEHBIICHUEM V| YMEHBIIAIOTCSA 3HAYECHUS
D(t), d(t) u mepuon mymscanmit KBK. JlanpHeli-
IIEe yMEHbIIEHHE V  NPUBOJUT K HCYE3HOBEHHIO
peanpHO HaOmomaembix mynbcanuii KBK, T.e.
KBK nabmronaercsi, HO MmMynbCamui HE pa3iudu-
Mbl. [Ipu ckopocTsax crpyu 2 — 3 m/s Habmoga-
FOTCSI TOJIBKO TOHKUE HUTH B BUJIE «OKEPEIbs» U3
My3BIPEKOB, C pa3pblBaMU MEXIy ITy3bIpbKaMH.
3amerHble paguanbable mynbcanuun KBK Ha6umro-
JA0TCs TIPH CKOPOCTAX CTpyn V > 6 m/s.

CxopocTh MOTOKa BOABI W3 CTBOJIA, MPHU KO-
TOPOW HAYMHAIOT HAONFONAThCS KaBUTAI[MOHHBIE

MpOLIECCHl Ha cpe3e CTBOJIA, Oblla B MHTEpBaJC
V, = 2-3 m/s. DTOT mOpor COOTBETCTBOBAJ YHUC-
nmaMm PeitHonbaca Re = V0°d0/v > 2¢10% rHme v —
BsA3KOCTh BOabI tipu t° = 25 °C. Ilpu manpHeiimem
YBEJIUYCHUHU CKOPOCTH METaHUs BOASHOTO MOPLI-
Hs1 obecrnieunBaeTcsi GOPMUPOBAHUE YCTOWUUBBIX
KBK B BuJ€ KaBUTAIIMOHHOTO TOPA.

[Topor BO3HMKHOBEHHSI KaBUTAUMH MOX-
HO OIICHMBATh IO IMapaMeTpy KaBUTALHOHHOTO
gyucna (€) Ha OCHOBAaHMM 3aKOHa bepHymnmm Kak
£ = PO/(p-Vz) (3mech P, — ruppocratuyeckoe nas-
JICHUE, p — IUIOTHOCTh XKUAKOCTH, V — CKOPOCTb
MOTOKa JKUIKOCTH). B Hamem ciydae 3HaueHHE
KaBUTAIIMOHHOTO YHCJIa HaXOJUTCS B MHTEpBaJe
g€ = 21-22, 4TO Ha MOPANOK OTIUYAETCA OT paHee
MOJIyYeHHBIX 3HAUEHUH [UIsl «KaBUTALHOHHOTO
BHUXps1» B pabote [7]. Bo3aM0OXHO, 4TO pe3ynbTarhl
3TOH pabOTHl OKA3aJIHCh CACPKHUBAIOLINM (aKToO-
pom B uccaenoBanusax KBK, tak xak B 3T0il pa-
00Te «KaBUTALIMOHHBIC BUXPU» OBUIM MOJIyUYECHBI B
Maclie Mpu CKopocTsax ctpyu ~ 100 m/s u muuHe
cTonba xuakoctu 10 mm u3 cTBOJIA THAMETPOM
15 mm, 4TO SBISIIOCH OTHOCHUTENBHO CIOXKHBIM
TEXHUYECKUM peuieHueM. [Ipu aTom cnenyer yuu-
TBIBaTh, 4YTO B paboTe [7] OBLI MONy4YeH U u3ydal-
Csl «KaBUTALMOHHBIA BUXPb» THIa chepousa, a B
JAHHOM CJIydae pacCMaTpUBAETCA KABUTALIMOHHOE
KOJIBLIO, KaK JIpO KoJblieBoro Buxps. [lo mapame-
TpaM CKOPOCTH CTPYH M3 CTBOJIA BBISIBJICHBI IOPO-
TOBBIE MapaMeTpbl KABUTAIIMOHHBIX MPOLIECCOB H
o0pa3oBaHus ycToiuuBo nmynbcupyromux KBK.
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BbBIBOJbI

e Pa3paboTaH OTHOCHTEIHHO MPOCTOH METOJ
renepauuu KBK B Bozje ¢ moMo1p10 METaHUS CTOJI-
0a BOJIBI 10 CKOpOCTel 16 m/s ¢ MOMOIIBIO B3phIBa
ra3oBbIX CMeCEe B HMJIMHAPUYECKUX CTBOJIAX.

e DKCHepUMEHTaJIbHO ITOKa3aHo, uTo KBK B
BOJIC BOBHUKAIOT IIPU CKOPOCTSAX UCTCUCHUS KU~
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