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AHHoTanus. VccnenoBanre BCIUIBITHS Ta30BbIX MY3bIPHKOB B KOJIBLIEBOM KaHAJIE MaJIOTO CEYCHUS
MPECTABISACT 3HAYUTEIbHBIN HHTEPEC ISl MOJICIMPOBAaHUS IBYX(Da3HbBIX TEUCHHI B aKTUBHOM 30HE
SJIEPHBIX PEAKTOPOB, OCOOCHHO B aBapUMHBIX pekUMax. B maHHOM paboTe 3KCIIEpUMEHTAIBLHO U3Y-
YEHO TIOBEJICHUE IMy3bIPbKOB B KOJIBLIEBOM KaHaie (BHEMHUN auamerp — 20 MM, BHYTpeHHMH — 11
MM), 3aMIOJIHEHHOM JTUCTHIITUPOBAHHOM BOJ0M. MHXKEeKIus ra3a ocyiecTBIsIach Yepe3 Kanuusiphl
pasHoro auametpa (0,2 u 0,4 MM), pacrionokeHHbIE B HIDKHEH YyacTu HeHTpalibHOU TpyObl. [y Mu-
HUMU3ALUN ONTHYECKUX MCKAKEHUH MCIOJIb30BAJICsI UMMEPCHUOHHBIN OJI0K, a perucTpanus JBUkKe-
HUS Iy3BIPHKOB IIPOBOAMIJIACH METOJOM TEHEBON BBICOKOCKOPOCTHON CBHEMKHU C IMPHUMEHEHUEM CH-
CTEMBI 3€pKaJl, MO3BOJIsIoMEeNd (UKCUPOBATh IBE MPOCKIIMU Ha OAHOM H300pakeHuu. OOpaboTka
JAHHBIX BBIMOJIHSIIACKH C TOMOIIIBIO adroputMa Ha Python, Bkitogaromiero OnHapu3amnuio, cerMeHTa-
LMIO0 U pacyeT KOOpJAUHAT, CKOPOCTH U SKBHUBAJIEHTHOTO TUAMETpa My3bIPHKOB. Y CTAHOBJIEHO, YTO
yBEJIMYEHHUE JUaMETpa Kamuuisipa IPUBOIUT K POCTY OTPBIBHOTO U CPEHETO IUAMETPOB ITY3bIPHKOB
(4,1 mm mpoTHB 3,3 MM), a TaK)Ke€ CHHKACT YaCTOTy WX KoyieOaHMW Mpu BCIUIBITUH. [lomydeHHBIC
pe3yabTaThl MOTYT OBITh MCIOIB30BAHBI JJ1s1 BEpU(UKAIIUHN PACUCTHBIX MOeNeH IBYX(ha3HbIX MOTO-
KOB B CJIOXHBIX T€OMETPUUECKUX KOH(UTYpaIHSIX.

Ki1roueBble cj10Ba: KOJIBIIEBOW KaHaN, IBYX(a3HBINA MMOTOK, BCIUIBITHE My3bIPHKOB, TEHEBAsK BU3ya-
JHU3anus, ONTHYECKas IMarHOCTHKA, 00paboTKa M300paKeHn i
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Abstract. The study of the ascent of gas bubbles in an annular channel of small cross-section is of
considerable interest for modeling two-phase flows in the core of nuclear reactors, especially in emer-
gency modes. In this paper, the behavior of bubbles in an annular channel (outer diameter — 20 mm,
inner — 11 mm) filled with distilled water is experimentally studied. The gas was injected through
capillaries of different diameters (0.2 and 0.4 mm) located in the lower part of the central pipe. To
minimize optical distortion, an immersion unit was used, and the bubble movement was recorded
using high-speed shadow photography using a mirror system that allows two projections to be fixed
on one image.Data processing was performed using a Python algorithm that includes binarization,
segmentation, and calculation of coordinates, velocity, and equivalent bubble diameter. It was found
that an increase in the capillary diameter leads to an increase in the tear-off and average bubble di-
ameters (4.1 mm versus 3.3 mm), and also reduces the frequency of their oscillations during ascent.
The results obtained can be used to verify computational models of two-phase flows in complex ge-
ometric configurations.
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Beeoenue

KosbueBble KaHambl SBISIIOTCS HEOTHEMIIEMON YaCThIO PA3JIMYHBIX TEXHUYECKUX
YCTPOMCTB KaK B MPOMBILUIEHHOCTH, TaK U B 3HEpreTuieckoil orpaciu [1,2]. B yact-
HOCTH, KOJIBLIEBOM KaHAJI MAJIOI'O CEYEHHUSI MOKET BBICTYIIaTh B KAUECTBE NIEPBOTO MPH-
ONMMKEeHHsI MOJICTUPOBAHUS OOTEKaHUs MydKa CTEPKHEM — TEIUIOBBLACISIONIUX dJie-
MEHTOB B aKTMBHOU 30HE peakTopa aTOMHOU aneKTpocTaHuuu. VccienoBanus oHO-
(ha3HBIX TEYEHHUI B KOJIBLIEBBIX KaHAJIAaX IIMPOKO MPEJCTABIEHbI OOJBIIMM KOJUYe-
cTBOM paboT. TeueHus nByx(}a3HbIX MOTOKOB HAMPOTUB — M3YyYEHBI HEJIOCTATOYHO.
[Ipu sTOM HccnenoBaHue AByX(a3HOro MOTOKA B aKTUBHOM 30HE peakTopoB Tuna BBP
OCOOEHHO aKTyaJbHO B KOHTEKCTE MOJEJIMPOBAHMS aBapUiHON cutyauuu. OcoObli
MHTEPEC MPEACTABISIET U3yYECHHUE IIPOLIECCa MHKEKIMM ITy3bIPbKa C MOCIEAYIOIIHUM
BCIUIbITUEM. B naHHON pa®oTe MpOBEAEHO HCCIIEIOBAHUE BCIUIBITHS Iy3BIPHKOB B
KOJIbLIEBOM KaHaJI€ C BHEIIHUM JuaMeTpoM 20 MM U BHYTPEHHHUM aAuameTpom 11 Mm.

Memoowvt u mamepuaol

DKcrnepuMeHTallbHasl yCTaHOBKA MIPEJICTaBIsIeT COOO0M HEMOCPEICTBEHHO KOJIbLie-
BOW KaHaJ, 3alOJIHEHHBIM AUCTWLIMPOBAHHOW BOAOM, B KOTOPOM, IPHU MOMOIIX Ka-
NWUIAPOB PAa3HOro JIUAMETPa, OCYIIECTBISIETCS MHKEKIUS ra3a (Kanwusip pacrosia-
raeTcs BHU3Y LIGHTPAJIbHOM TPyOKHU KOJBIIEBOTO KaHana) (puc. 1). JlaHHbBIH KOJIBIEBOM
KaHaJl MIOMEIIEH B UMMEPCUOHHBIN OJIOK C LIeJIbI0 HUBEJIUPOBAHUS UCKAXKEHUS U300-
pakeHus BCIEJACTBUE MPEJOMIICHHS CBETOBBIX JIydueil Ha MOBEPXHOCTH TPyOKkH. B ka-
YEeCTBE METOJa MCCIEI0BAHMS UCIOJIb30BAIACh TEHEBAs BHICOKOCKOPOCTHAs ChEMKa
(ucnosib3oBana Bujeokamepa JET-19) ¢ mocneayromieit KOMnbIOTEpHONH 00pabOTKOM
n3o00paxkeHuid. C 1eJIbl0 BOCCTAHOBJICHUSI TPEXMEPHOU TPAECKTOPUU ABUKEHUS ITy-
3bIPHKOB I'a3a OCYIIECTBIISUIACH PETUCTPALIMM JABYX MPOEKIUN My3bIPHKOB HAa OJHOM
U300pa’KEHUH, TP TOMOIIU ONITUYECKON CUCTEMBI 3epKall. JJaHHBII aclIeKT MO3BOJISET
IPOBECTH U3MEPEHMUSI, UCIIOJIb3YS JIHILb OJHY KaMepy BMECTO JIBYX, U N30aBISET dKC-
NepUMEHTAaTOpa OT HEOOXOIMMOCTH TONIOJHUTENIbHON CHHXPOHU3ALUN N300paKEHUI.

ABTOMaTHUueckas 00paboTka N300paKEHUH OCYIIECTBIISLIACH C TIOMOIIBIO aJro-
puTMa Ha s3bike Python. Anroputm 006paboTku BeIrIsiien cienytommm oopazom. CHa-
Yasia MpPOUCXOANUJIO YTeHHE H300pakeHHs, 3aTEM BBIOOD MOPOTa SIPKOCTHU C MOCIIETYIO-
el OMHapu3aluei, mocie Yero yxe Ha OMHAPHBIX N300paKeHUAX MPOUCXOANTIA CET-
MEHTalUs UCCIIETyEMBIX 00BEKTOB — ITy3bIPHKOB I'a3a. 3aTEM OCYILECTBIISIIOCH BHIYKC-
JIeHUE KOOPANHAT LEHTPOB Iy3bIPHKOB, U KaK UTOT 00PaOOTKH — BBIUMCIIEHUE JIOKAJIb-
HOM CKOPOCTH M SKBUBAJIEHTHOTO InaMeTpa. BeiOop mopora sipkoCTH py 3TOM UTPAET
KJIFOUEBYIO POJIb B OIPEACIICHUH IpaHuI] my3bipbka. Ha puc. 2 npuBeneHa auarpamMmma
SPKOCTU U300pAKEHUSI OJJMHOYHOTO My3bIpbKa.
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Puc. 1. DxcniepumenTanbHast yCTaHOBKA. 1 — pabounii y4acTok; 2 — Kanuuisp; 3 —
MMMEPCUOHHBIN 0JI0K; 4 — pacxomomep; 5 — kommpeccop; 6 — Bujgeokamepa; 7 —
LED-marpuna; 8 — ontudeckas CucTeMa 3epKal
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Puc. 2. OtpaboTtka n3obpaxeHuit

Pesynomamot

N3mepenust IpoBOAMINCH TIPU JBYX PA3IMYHBIX 3HAYCHHUSIX OTHOCUTEIIBHOTO T'a-
3ocoaepxkanus 31=0,05 u 32=0,07 u AByX 3HaUCHHUSIX AUamMeTpa Kanwuisapa d1=0,2 MM
u d>=0,4 mm. Ha puc. 3 npeacTaBicHbl TCHEBbIC H300paXKCHHS MY3bIPHKOB T'a3a MpH
WHXKEKIIMH U3 KalLIIPOB Pa3HOTO JUaMETpa.
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Puc. 3. TeneBble n300pakeHUsI BCIUIBITUS MTy3bIPHKOB: ciieBa — d2=0,4 MM,
cupasa — d1=0,2 mm, B1=0,05

Ha puc. 4 npencraBieHsl TpPa€KTOPUM BCIUIBITUS OJMHOYHOIO ITy3bIpbKa IIPU UH-
KEKIUU U3 KallWUISPOB Pa3HOro IHaMeTpa.
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Puc. 4. Tpaextopuu BCIUIBITUSI OIMHOYHOTO My3bIpbKa: ciieBa — d>=0,4 Mm,
cupasa — d1=0,2 mm, 1=0,05

Oobcyxncoenue

[Tpu yBennueHnn quaMeTpa Kamujuisipa 3HAYUTEIIBHBIM 00pa30M yBETMYUBACTCS
KaK OTPBIBHOW AWAMETP My3bIpbKa, TaK U CPETHUN TUAMETP ITy3BIPHKOB MO BBIOOPKE
n3o0paxeHui, 3a)UKCUPOBAHHBIX 3a 2 MUHYTHI. CpeiHue AUaMETPhI JIJIsl ABYX HUCCIIe-
JyEMBIX CJIy4aeB paBHbI, COOTBETCTBEHHO, D1 =4,1 MM, D> = 3,3 mMm. IToMumo 3toro,
MIPU UHXKEKIIMU ¢ 00Jiee MEJIKUM KamuuIsIpoM HaOJro1aeTcsi 00bInas 4acToTa KoJie-
OaHUM BCIUIBIBAIOIIETO My3bIPhKa IO JJIMHE KaHaa.

195



3aknrouenue

Pa3paborana ontuueckas cuctema 3epKai, MO3BOJISIONIAs peruCTPpUPOBaTh JBE
NEepPIEeHINKYIAPHbIE MPOEKIINH UCCIEAYEMOro 00beKTa Ha 0JHOM n300paxenuu. [1o-
JTy4YEeHHbIE B Pe3yJIbTaTe BBIMOIHEHHON paOOThI JAHHBIE MOTYT CIIYKHUTh 0a30ii 17151 Be-
puUKalUU PacUETHBIX KOJIOB, OMHUCHIBAIOMIMX ABM)KEHHE ABYX(a3HBIX IMOTOKOB B
YCJIOBHSX CIOKHOW F€OMETPHU.
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