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AHHOTALUA

BBepeHue. B rmapoTexHUYECKOM CTPOUTENbCTBE LUMPOKO WCMOSMb3YIOTCS 3aKpyYeHHble MOTOKU, B YaCTHOCTU B
BOOOCOPOCHBIX CUCTEMaX rMOPOY3OB 1 racuTensxX KMHETUYecKon aHeprum. OnucbiBaeTCst 3KCNeprMeHTanbHasi ycTaHoBKa
ONst UCCNEeAoBaHUS LIMPKYNSILMOHHBIX TeYEHU BECKOHTaKTHbIM Na3epHbIM 06beMHbIM MeToaoM. [puBoasTCS NPUHLMN
MeToda W OCHOBHble XapaKTEPUCTUKW perucTpupylowle annapaTtypbl. [laHHas ycTaHoBKa MO3BOMSET NpPOBOAUTH
hr3nyeckoe MoOAENMPOBAHUE CIIOXHBLIX TEYEHWUI C NOMYYEHNEM KMHEMATUYECKUX U AUHAMUYECKUX XapaKTEPUCTUK MOTOKa.
MaTtepuanbl u metoAbl. V3yyeHne pasnunuHbix U3MYecKnx siBNeHun TpebyeT cobniogeHus onpefeneHHbIX 3akoHOB
MozenvpoBaHus. [Mpy MoaenMpoBaHUN MMAPOANHAMUYECKMX SIBIIEHUI HYXXHO COBNoAaTh reOMEeTPUYECKOE, KUHEMATUYECKOE
1 OuHamudeckoe nogodus. OgHMM 13 Hanbornee BaXKHbIX MOHATUMA MOObIX BUOOB MOAENUPOBAHUS SIBMNSIETCS KPUTEPUIA
nogobusi. Ha ocHoBaHMM 3TUX KPUTEPUEB CO3[aH JKCMEpPMMEHTamnbHbIA CTeHA. Bo3ayliHbIi MOTOK reHepupyeTcs
aspoaunHamumyeckon Tpybown AerolLab. B kavecTBe nsameputensHon annapatypbl ucnonesyetcsa PlV-cuctema, cocrosiuas
n3 aByx kamep Imager HS n nasepa NL 200-15. [ins 3akpyTku notoka NpUMMEHSETCS MOAENb MOKanbHOro fonaToyHoro
MOHO3aBUXPUTENSt OCEBOro TuMa. B ponu YyacTuy, nHAMKaTOpPOB ANsi CbEMKM BbICTYMNAET CUHTETUYECKOE MacTo.
Pe3ynbTaThl. PazpaboTaHbl 3KCnepMMeHTanbHbI CTEHA ANst MOAENbHbIX UCCrefoBaHMI BUXPEBbLIX MOTOKOB B MPOTOYHOM
TpakTe rmapoTypOuHbI, ONTUMaribHas CXeMa paccTaHOBKY U3MEPUTENBHON annapaTypbl U NOMyYeHbl 3Mopbl pacnpeaeneHns
cKopocTel BAOSb M Monepek noToka.

BbiBogbl. PaspaboTaHHasi cxema pacCTaHOBKM annapaTtypbl MO3BONSeT MnomnyvaTb KayeCTBEHHble CHUMKWM MOTOKa,
npurogHble Ans fanbHevwen obpaboTku. MNocTpoeHHble B pedynbTaTe 9KCNepyMEHTOB 3Miopbl pacnpeaeneHns CkopocTen
COOTBETCTBYIOT paHee MOoMyyYeHHbIM ApyrumMn uccriegoBatensMu. CosgaHHbIi 3KCMepUMEHTarnbHbI CTEHA CMOXeT
MCMOMb30BaTbCSA NS BbINOMHEHUS LUMPOKOro psida 3ajad, Hanpumep Anst UCCrefoBaHUs BO3MOXHOCTM UCMOMb30BaHUS
cnuparnbHbIX Kamep B Ka4eCTBe BOAOCOPOCOB C KOHTPBUXPEBLIMY raCUTENSMU SHEPTUN.
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path of hydraulic turbines
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ABSTRACT

Introduction. Swirling flows are widely used in hydraulic engineering particularly in the spillway systems of hydroelectric
systems and kinetic energy absorbers. An experimental setup for the study of circulation flows by non-contact laser volumetric
method is described. The principle of the method and the main characteristics of the recording equipment are given.
This installation allows to carry out physical modelling of complex flows to obtain kinematic and dynamic characteristics
of the flow.

Materials and methods. The study of various physical phenomena requires compliance with certain modelling laws. \When modelling
hydrodynamic phenomena, it is necessary to observe geometric, kinematic and dynamic similarities. One of the most important
concepts of any kind of modelling is similarity criteria. Based on these criteria, an experimental stand is designed. The air flow is
generated by AeroLab wind tunnel. PIV system consisting of two Imager HS cameras and NL 200-15 laser is used as measuring
equipment. To swirl the flow, a local mono-vortex axial type vane swirler is used. Synthetic oil is used as indicator particles for imaging.
Results. An experimental stand for modelling studies of vortex flows in the flow path of a hydraulic turbine, an optimal
scheme for the arrangement of measuring equipment was developed and velocity distribution diagrams along and across
the flow were obtained.
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Conclusions. The developed scheme of instrumentation arrangement allows obtaining high-quality images of the flow
suitable for further processing. The velocity distribution diagrams constructed as a result of the experiments correspond to
those previously obtained by other researchers. The created experimental stand can be used to fulfill a wide range of tasks,
for example, to study the possibility of using spiral chambers as spillways with counter-vortex energy dampers.
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BBEJIEHHUE

3aKpy4eHHBIE TOTOKH B CBSI3U C MIEPCIIEKTHBHEI-
MH BO3MOXXHOCTSIMH UX Pa3HOOOPA3HOTO MPUMCHECHHUS
UTPAIOT 3HAYUTEIBHYIO POJIb B PA3BUTHH COBPEMECHHOM
ruapoarHaMuky. CI0KHOCTh B U3YUEHUH JaHHBIX Te-
YeHHH TOOYKIAaeT UCTIONB30BaTh COBPEMEHHBIE METO/IBI
uccrenoBanns. Bee Golee mmpokoe pacpocTpaHeHHe
MIOJTyYarOT METO/IbI OECKOHTAKTHOTO U3MEPEHHUSI, T03BO-
JIFOIIHE cOOMpaTh HH(GOPMALIHIO O TIOTOKE, HE BIIHSSI
Ha CIIOKHBIE THAPOAMHAMUYECKHUE TPOIIECCHI B 3aKpy-
YECHHOM TCUCHHU.

DKOHOMUYHOE KOHCTPYHPOBAHUE MACIITaOHBIX
THJIPOTEXHUYECKUX YCTPOUCTB MOXKET OBITH yCOBEp-
IICHCTBOBAHO OJaroiaps MpUMEHEHHIO MaTeMaTHde-
CKOTO U (PU3UIECKOT0 MoerpoBaHms. COBEpIICHCTBO-
BaHHE YTUX METO/IOB IO3BOJISIET CYIIECTBEHHO CHU3UTh
3aTpaThl BPEMEHU U CPEJICTB Ha CO3JaHHE HOBBIX T'H-
JIPOTEXHUYIECKUX COOpyxeHuit [ 1-8].

3aKkpydeHHBIC TeUCHUSI 00pa3yloTCs B pe3yabTaTe
MIPUAHUS IOTOKY CIIUPATIBHOTO JIBHKCHUS C IIOMOIIBIO
3aKpyYUBAIOIIUX JOMATOK.

CeroHs 0O4eBHIHO, YTO, HE YACTHB TOJDKHOTO BHU-
MaHUsI UCCIICTIOBAHUIO TPEXMEPHOU CTPYKTYPHI 3aKpy-
YEHHOTO MOTOKa, HEBO3MO)KHO OLIEHUTD (P PEKTUBHOCTD
HOBBIX KOHCTPYKTOPCKUX PELIEHH, KPOME TOTO, HEJIb3SI
OTIPENeNUTh, TOCTUTHYTA JIN MaKCUMaJbHas Y(PdeKTHB-
HOCTb B UMEIOILIMXCS] TEXHUYECKUX perieHusx [9—15].

MATEPHUAJIBI U METO/bI

W3yyas pazimuaHble (U3HICCKUEC SBICHUS, IPOUCXO-
JIAIIIHE B IPUPOJIE U TEXHUKE, YUCHBIE YaCTO UCIIONB3YIOT
METOJl UX MOJACTHPOBAHUS B JaOOPATOPHBIX YCIOBUSAX.
10 TpeldyeT COOTFOICHNUS 3aKOHOB MOJICTTHPOBAHHSI.

[Ipu MomeIMpOBaHUN THAPOIUHAMHUCCKUX SIBJIC-
HUI HYy’)KHO COOJIFOIaTh TeOMETPHUYECKOe, KHHEMaTH4e-
CKO€ ¥ TUHAMUYIECKOE MTOJO0MS.

OmHuM U3 HamOoJIee BaKHBIX MOHATHH JIFOOBIX
BHJIOB MOJICJIUPOBAHUS CIIYKHUT KPUTCPHUH MOA00US.
Kpurepuem nomobust Ha3pIBaeTcsi Oe3pa3MepHBIA CTe-
[IEHHOM KOMIUIEKC, COCTABJICHHBIN U3 BEJIMUMH, XapaK-
TEPU3YIOIINX MOACITUPYeMBId 00beKT. Ha ceromusmi-
HU# JIeHb OCHOBHBIMH KPUTECPHSIMH MOI0OUS SBISIFOTCS:
Fr — uucno ®@pyna; Eu — gucno Ditnepa; Sh — vucio
Crpyxaist; Re — guncio PeftHonbca.

Ecmu nBuxenue xuIKOCTH TypOyJIEHTHO, TO B TO-
JIOOHBIX ITOTOKAX, IOMUMO YKa3aHHBIX YHCEN MOI00us,
JIOJKHBI OBITH OJTTHAKOBBIMU OCHOBHBIC XapPaKTEPUCTUKH
TypOyJICHTHOTO MOTOKA: CTETIEHb TypOyJIeHTHOCTH, Mac-
mrad TypOyIEHTHOCTH U CPEHSIS YaCcTOTa ITYIThCAITHIA.

He BcCeraga HpI/I MO}ICHHpOBaHI/II/I I‘I/I}IpO}II/IHaMI/I‘-IC-
CKHX SIBICHUH HEOOXOAMMO COOTIONATh BCE yCIOBHUS
JTUHAMUYECKOTO mogoowms. CyIecTByeT MHOTO CITy4JacB,
KOTJ1a MOYKHO CII€ZI0BaTh JHUIIb OJJHOMY U3 TIEpEeUHCIIeH-
HBIX yCcJOBHA. Hampumep, mpu MOAEIUPOBAHUN JIBH-
JKCHHSI BOJIBI B TPYOOIIPOBOJIE JOCTATOYHO BBITOJIHHUTH
TOJBKO OJMHAKOBOCTH 4Kcia PeliHomb CAa.

HacTo npu MOIETUPOBaHIH HE Bce TpeOyeMble yc-
JIOBUA MOFyT 6I)ITI) BBIITOJIHCHBI. B TaKux cnyqaﬂx CTO-
WT 3HATh, KaK BEJIUKO BIUSHUE KaXI0r0 YKCIIa MOoa00us
Ha HCCIICyeMOe SBIICHUE, C TEM YTOOBI BEISICHUTD, KAKHe
YCIIOBHSI TTOJIOOHSI HAJIO CTPOTO COOIIONATh TIPH MOJIENH-
POBaHUW TAHHOTO SIBICHUA. B mpaxTuke, Kak mpaBuiio,
HE BCE HECOOXOMMBIC YCIIOBHUS BBIMIOJIHSIOTCS H, CIIC/IO0-
BaTEIILHO, SIBTICHUSI MOJCTMPYIOTCS JIIIIb TPUOTKEHHO.

PaccmotrpuM yciioBus mogo0Ous, UMEIOIIUE CyIIIe-
CTBCHHOC 3HAUYCHUC HpI/I MOZ[GJ'H/IpOBaHI/II/I FI/I)IpaBJ'II/I‘IC-
CKHX TypOWH.

Yucio Ditnepa aist THAPABIMYECKUX TYpOUH MO-
JKeT OBITh MPEJICTABICHO B BUJIC:

gHD*
S0
Ha npaxkTuke ruipoTypOMHBI MOAEIUPYIOT

\
1o npuseaeHHoMy pacxony (',. Ero 3Hauenue paBHO
KOPHIO KBaJIpaTHOMY M3 00paTHOTO 4ncia Diepa:

QH — QM
D;\gH, D;\gH,

Eu

nin
"
QIM - QIH'
le/l HCYCTAaHOBUBIIUXCA ABUKCHHUAX B YCIIOBUSA

mogo0Ous ABICHNHN OJKHO BXOJUTH PABEHCTBO YHCEI
Crpyxans:
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3a xapakTepHOe BpeMsi IPUHUMAEM TIEPUO OJJHO-
r0 000pOoTa KoOJIeca:

XapaKTepHOH [UIMHOW CITY’KUT THamMeTp pabodero
koineca D.

BennunHa cKOpOCTH MOTOKA MPOMOPLHOHANIbHA
3HAYEHUIO +/gH .

CaenosarensHo, yncino CTpyxais 3alichIBacTCs
B crientyromiet popme:

nD
J

OO6wryHO BMecTo uncia CTpyxais IpPUMEHSECTCS
IPUBEIEHHOE YHUCIIO 000POTOB:

Sh =

, nD
n, =——.
NH
Eciu cpaBHUBAIOTCS MOJICITH C OIMHAKOBBIMH JIHa-
MeTpaMu pabodnx KoJiec, TO ISl TOA00HS T0CTATOUHO,
9TOOBI OBLITH OAMHAKOBBIMH YHCIIO 000POTOB U Pacxo-
JIbI, TIPUBCIICHHBIC K OTHOMY METPY Haropa:

P Q9
, = .
JH JH
[Ipn opmHAKOBBIX HAroOpax Mogo0ue COXPaHHUTCS,

ecau OyayT OIMHAKOBBIMU YHCJIO 0OOPOTOB M PACXOIBI,
MIPHUBEJICHHBIE K OZIHOMY METPY JIaMeTpa pabodero Koeca:

9
D

uQ =

n'=nDu Q'=

W3 ycnoBust mogo0ust mo 3TUM IapaMeTpam ompe-
JIETISIFOTCST PACXO M YMCII0 000POTOB JUTST MOJICIIH:

DA,

i, 2P

0, Q,,

o DA P
R

Taxum o0pazom, Mpu MOAETUPOBAHUU TYpOUH
Ha adpocrerze (D =460 mm u H = 100 MM BOI. CT. ¥ Hau-
6onpiune 3nadeHust Q; =2,6 M¥/c u n; =200 006/MuH)
MaKCHMaJbHBIA Pacxon BO3ayxa mocturaet 4,5 m'/c,
a MaKCHMaJbHBIe 000pOoTHl Kojeca — 4340 o06/MuH.
Co3naHue Ha a’dpOCTEH/IE YKa3aHHBIX PACXOJ0B U YUCEI
000pOTOB HE TpezCcTaBIsIeT 0coObIX 3arpyaHeHuit. Cie-
JIOBATEIbHO, MOJEINPOBAHNE THIPOTYPONH MOXKHO TIPO-
BOJIUTB HA adPOCTEH/AX.

Juis mpoBesieHns SKCIIEpUMEHTa 110 HCCiel0Ba-
HUIO TPEXMEPHOM CTPYKTYpPBI OTOKA B y4eOHO-HAYY-
HO-IIPOM3BOJICTBEHHOM J1a00paToOpuy a’poJHAMUYE-
CKHX U a3p0aKyCTHYECKHX HCIIBITAHUN CTPOUTEIBHBIX
koHCcTpykmi (YHITJI AAUCK) co3nan sxkcnepuMeH-
TaNbHBIN cTenn (puc. 1, 2). Mozaenb cinpanbHON Kame-
PHI TIOKa3aHa Ha puc. 3.

Bo3zaymiHblii MOTOK OyAeT reHEpUPOBATHCS a3Po-
IuHaMu4eckoil Tpy6oit AeroLab (puc. 4). JlarHOC
YCTPOHCTBO MO3BOJISIET PETYIUPOBATH CKOPOCTH MOTO-
Ka u ero jpasienue. CKopocts GpopMUpyeMOro nNoToka
B MOJIETBHOM 30HE cocTaBisieT oT 0 1o 60 m/c. YpoBeHb
TypOyJaeHTHOCTH 00bI4HO He npesbimiaet 0,25 % (B 3a-
BHCHMOCTH OT J1a00paTOpHbBIX YCIOBHM)'.

s obecniedeHnst 6€30MACHOCTH W HETOMYIICHUS
MOTIAAaHUS TPACCEPHBIX YACTHUI] B OKPY>KAIOIIYIO CPeIy
CTEH]] IMEET 3aMKHYTYIO CUCTEMY, TPUMEHSETCS THO-
KW BO3MyX0BOA (cM. puc. 1, 2).

B xauecTBe M3MEpUTENBHOH ammapaTypsl HC-
nonb3yercs PIV-cucrema, cocrosiiias U3 JIByX Kamep
Imager HS (puc. 5) u mazepa NL 200-15. Pa3pemenne
kamepsl cocrasisieT 2016 x 2016 nukceneid, ¢ yacToTon
ceemkd 110 1,3 kI'm. [Ipu 3TOM TIHKCENTh IMeeT pa3Meph
11 % 11 MxM. MUHUMAJIBHBII BpeMEHHON HHTEPBAT MEXK-

! Educational Wind Tunnel. URL: https://www.aerolab.com/
products/educational-wind-tunnel-ewt/

MePEeXOHON y4acToK; 4 —

1
e
2000
Puc. 1. DxcrniepuMeHTaNbHBIN CTEH/ B IUTaHe: / — Maiasi adpoIuHaMuuecKast Tpyoa; 2 — MOJIeNb CIIUPATbHON KaMephl; 3 —
TpyOa 13 OpreTekiia; 5 — MepexopHoi KOHYC; 6 — ruOKUI BO3TYXOBOA
Fig. 1. Experimental stand in plan: / — small wind tunnel; 2 — model of the spiral chamber; 3 — transition section; 4 — plexi-

glas pipe; 5 — transitional cone; 6 — flexible duct
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Puc. 2. DxciepuMeHTaNbHBIN CTEHA, BUJ COOKY: /| — Manas adpoJuHaMuueckas Tpyoa; 2 — MOAEb CIUPAIbHON KaMephl;

3 — mepexoaHOM yyacTok; 4 — Tpyba U3 OpreTexiia; 5 — MepexoaHOi KOHYyC; 6 — HOKUI BO3IyX0BOJ

Fig. 2. Side view of the experimental stand: / — small wind tunnel; 2 — model of the spiral chamber; 3 — transition section;

4 — plexiglas pipe; 5 — transitional cone; 6 — flexible duct

LY XeYel
SHOT ON POCO X3 NFC

Puc. 3. Mozens criupanbHON KaMepsl

Fig. 3. Spiral chamber model

Puc. 4. Asponunamuueckas Tpyoa AeroLab

Fig. 4. AeroLab wind tunnel

ny kanpamu — 3,15 mkc?. Cpei [NIaBHBIX XapaKTePUCTHK
Jla3epa MOYKHO OTMETHUTB: YacTOTY TIOBTOPEHUSI HMITYITb-
coB 0—15 I', tmaMeTp J1a3epHOro Jyy4a, paBHbIN 6,5 MM,
a TaKoKe JUTUTEIFHOCTh CBETOBOTO UMITYIIBCA OT 6 10 9 HC.

B ponm yacTuil HHANKATOPOB Ui CHEMKH NPH-
MEHSETCSI CHHTETHYECKOE MacylO, PACIbIIICHHOE ITyTeM

2 Cameras for PIV. URL: https://www.lavision.de/en/products/
cameras/cameras-for-piv/index.php

Puc. 5. CserouyscTBuTenbHAA Kamepa Imager HS

Fig. 5. Imager HS light-sensitive camera

CIIEIMAIbHOTO yCTPOHCTBA — TeHeparopa TyMmaHa.
YeTpoicTBO IpH MOMOLLM CIIELUAIbHBIX HAacaJ0K pac-
MBUTIET )KUAKOCTH Ha YaCTHUITBI, Pa3Mephl KOTOPHIX IPH-
O6mm3uTenbHO paBHBI 1000 HM.

Mexanndeckas cuctema (puc. 6) mepeMeniaeT Ka-
MepHI U Ja3ep Mo ABYM OocsIM X U Z. DIeKTpudecKue
TIPUBOJIEI TIO3BOIIIOT PETYIHPOBATH CKOPOCTH MIepeMe-
mienus ot 0 1o 18 cm/mus npu rourocta 0,1 mm. TTepe-
MeleHue mo ocu X cocrasisgeT 2,6 M, mo Z — 1,0 m.
Kaxx b1l moABMIKHBIA DIIEMEHT JaHHOW CUCTEMBI OCHA-
ICH JaTYNKaMU MECTOITOJIOKEHUSI.

J71st 3aKpYTKU MOTOKA MCIOJIb3YeTCsl MOJIENb JI0-
KaJbHOTO JIOMAaTOYHOTO MOHO3aBUXPHUTENS OCEBOIO
tuna (puc. 7).

JlokabHBIN 3aBUXPHUTENb TPeTHA3HAYCH IS pop-
MHUPOBAHUS LHUPKYIANUOHHO-TIPOAOIBHOTO Teye-
HUSI B PACIONIOKEHHOM HIke KaHane. OH BKIIOYaeT
HE TOJIBKO y3eJ 3aKPyTKH MOTOKA, HO U YaCTh MOCHe-
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Puc. 6. Mexanuueckas cucrema rnepeMenieHus

Fig. 6. Mechanical movement system

JIYIOLIETO IMIMH/PUYECKOTro KaHaina HeOObIIoN mpo-
TSDKEHHOCTH JI0 «KPUTHYECKOTO CEUEHUSD».

Jlist mostydeHust XapaKTepUCTHK ITOTOKa TIPUMEHSI-
€TCsl METOJ] TpacCcepHOi Bu3yanusanuu nmotoka (PIV).
KopoTKo 3TOT MpUHINT MOXKHO OIUCATh CIETYIOIINM
o6pazomM. [1jist TOro 4TOOBI IPOBECTH U3MEPEHNUE MI'HO-

Puc. 7. JlokanbHbIH J0MATOYHBIA MOHO3aBUXPHUTEIH OCEBOTO

THIIA

Fig. 7. Local mono-vortex axial type vane swirler

BEHHOT'O IOJIs1 CKOPOCTH, HEOOXOAMMO OTCIICAUTD Iepe-
MEIICHHUSI YaCTHUIl UHIUKATOPOB (TPAacCEepOB) MEKIY
BCIIBIIIKAMU ITOJCBEYMBAIOIIEIO UX Jja3epa. Pasmep,
IJIOTHOCTh ¥ OOBEMHAs KOHIIEHTpPAIUsS TPacCepoB
MOI0OMPAIOTCS TaK, YTOOBI MUHUMU3HPOBATH BIIHSTHHE
Ha MOTOK ero JBYX(a3HOCTH, T.€. IPUOIU3UTH IKCIIEPH-
MEHTAJIBHBIN TTOTOK K €r0 €CTECTBEHHOMY COCTOSIHUIO
HECMOTpsI Ha HaJM4YWe B HEM, KaK MPaBUIIO, TBEPIO-
TEJBHBIX YaCTHIl MHIUKAaTOPOB.

CTOHUT OTMETHTH, YTO BPEMS MEKy BCIBIIIKAMHI
Ja3ePHBIX UMITYJIBCOB 3aJ[aeTCsl NCTBITaTeIeM, CIIe/I0-
BaTENBHO, BpEMs, 32 KOTOPOE OCYIIECTBIACTCS Tepe-
MEIICHHE WHINKATOpa OT MOMEHTA IIePBOIl BCITBIIIKH
IO CIIeAylomIeil, — u3BecTHas BenuunHa. [lepemere-
HUE OMpPEACNIeTCS UCXOAS U3 Pe3yIbTaToB CHhEMKH.
Ecnu chemka BeneTcs oOIHOM KaMepoil, moiaydyaem
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JIUIIb TPOEKITNIO TIEPEMEIIeHUs Ha MIOCKOCTh Jla3zep-
HOTO HOXa. J[7Is mpepcTaBieHust 0 JeHCTBUTEIFHOM
MEPEMEIICHUHU YaCTHUI] HEOOXOMMO UCIIONIB30BaTh J1Ba
PETUCTPUPYIOIINX MOAYIS (Kamepsl). MeTos ¢ CIob-
30BaHUEM HECKOJIbKUX Kamep HasbiBaeTcs Stereo PIV.

B pesynbrare CheMKH yKEe UMECTCs IPECTaBIIe-
HHUE O TIepPEeMEIICHUH YaCTHII, YTO ITO3BOJISICT BBHIYHC-
JIUTP TIOJISI CKOPOCTEH TS MCCIIEyeMOTO TTOTOKA.

OCHOBHBIC TIPEUMYIIIECTBA METO/Ia — OCCKOHTAKT-
HOCTB, BO3MOYKHOCTh H3MEPEHHUSI MTHOBEHHBIX pacipe-
JIEIICHAN CKOPOCTH, IMMPOKHUIA THana30H U3MEPSIeMBIX
CKopocTeil (OT HyJIsl 10 CBEPX3BYKOBBIX).

Jnst m3MepeHnst XapaKTepICTHK ITOTOKa Ha SKCIIePH-
MEHTAJIBHOM cTeHze npumeHeH merof Stereo PIV. Pac-
CTaHOBKA KaMep B 3TOM METOJIC HE MO3BOJISCT MOTYYUTh
JICHCTBUTEIBHOE H300PaKEHUE PACUCTHOM 00JIACTH, OHO
TTOJTy9aeTCsl ICKAKEHHBIM. DTO MPUBOAUT K M3MEHEHHIO
MacImTaOHOro KoddduirnenTa. YToOb! H30eKaTh TAKOTO
a¢dexTa, MPOU3BOIUTCS KATHOPOBKa Kamep.

Haubonee pacmpocTpaHeHBI TpaHCISIIHOHHASL
(puc. 8, @) u yrnosas (puc. 8, b) KOHPUTYpaIIUH METO-
nma PIV.

MuHycOM TpaHCISIIMOHHONH KOHQUTYpAIH SB-
JIIeTCsl Y3KUH TUANa30H CTEPECOCKOMUYCCKUX YTIIOB
(0-30°). DTo cBsA3aHO C TeM, YTO MPHU OOIBIINX yTIaxX
TIOSIBIISTFOTCS TTEPCTIEKTUBHBIC MCKAKEHUS. Y YIIIOBOTO
KOH(GUTYPAIIMOHHOTO METOJa JHAra3oH CTEPEOCKO-
MUYECKHUX YIIIOB Oosiee mupokuit (10 45-60° mexay
ONTHYECKOW OCHI0 KaMEePhl U HOPMAJIBIO K TUIOCKOCTH
usMmepeHus). Takum oOpa3omM, ¢ MOMOIIL YIIIOBOTO
KOH(UTYpaAIIMOHHOTO METO/Ia MOXKHO 00JIee TOUHO H3-
MEpHUTh HOpPMaJTbHBIE KOMIIOHEHTHI CKopocteil. Ka-
TUOpPOBKA KaMep OCYIICCTBISACTCS MOCPEACTBOM Ka-
JUOpoBOYHOM MiacTUHKKA. OHA IPEICTABISACT COOO
MPSMOYTOJNBHYIO CETKY KOOPIWHAT, B y3IIaX KOTOPOH
pacnonoxeHnsl Mapkepsl (puc. 9) [16-18].

PE3YJBTATBI HCCJEJOBAHNUSA

IIposenu nBe cepun onblTOB. B nepBoil cepun
KaMepsl U Jla3ep pacroiarajiuck cOoky ot TpyOsl. st
TOTO YTOOBI JIA3CPHBIH HOX OBLI MEPIECHIUKYISIPCH
ONTHUYECKOH OCH KaMep, UCII0JIb30BAJIOCH YCTPOMCTBO
MO3UI[MOHNPOBAHNS JIA3€PHOTO HOXKA — IPHUCIIOCO-
OneHne, KOTOPOE C MOMOUIBIO CHCTEMBI 3epKall MOXKET
U3MEHATH HalpaBJCHUE IOIAJAI0IIEro B HEro Imy4ka
ceera. CxeMa JaHHOI CepuU OIBITOB MpEICTaBICHA
Ha puc. 10.

Bo Bropoii cepun 3KCIEPUMEHTOB U3MEHEHA CXe-
Ma paccTaHOBKH anmaparypsbl. JIa3epHbIil HOX 3arTyIieH
4yepe3 CBOOOIHBIN KOHEIl TPYObl. DTO CAEIAHO ISt TOTO,
4TOOBI yOpaTh OmmKu. Tak e OBITH YCTaHOBJICHBI BE
MaToBbIE TIOJIOCKH B TNIOCKOCTH Jla3epHOro Hoxa. Cxe-
Ma SKCIEepUMEHTa IpescTaBieHa Ha puc. 11.

[Monoxxenne mazepa cOOKy OT TpyOBI OKa3aJocCh
HeynaqHbIM. JIa3epHblii J1yd, TpPOXo/s CKBO3b MOBEPX-
HOCTb TPYObI M3 OPICTEKIIa, CHIILHO PACCEUBAJICS U CO3-
JTaBaJl OTMKH Ha €€ MTOBEPXHOCTH. ITO XOPOIIIO 3aMETHO
Ha (pororpadusix, CHATBIX Kamepoi (puc. 12).
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Puc. 8. Konurypaimu crepeockonuueckux U3MEpeHHi: @ — TPAaHCIALMOHHAs KOHUIypalys; b — yrioBas KOHQUTypauus

Fig. 8. Stereo measurement configurations: ¢ — translational configuration; b — corner configuration
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Fig. 9. Example image of a flat calibration target (a) and a three-level calibration target (b)
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Puc. 10. Cxema ucnbITaHuii ¢ J1a3epoM, B cOOKy: / — CBETOUYBCTBUTEIBHBIC KaMephl; 2 — na3ep; 3 — JOKaIbHBINA
3aBUXPUTEINb; 4 — YCTPOICTBO /IS IO3UIMOHUPOBAHUS JIA3EPHOTO HOXKA

Fig. 10. Test scheme with laser, side view: / — light-sensitive cameras; 2 — laser; 3 — local swirler; 4 — laser knife position-
ing device
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Puc. 11. Cxema ucHbITaHUH C J1a3epOM, PACIIOJIOKESHHBIM Mepe TpyOoii: / — CBETOUYBCTBHUTEIIbHBIE KaMepbl; 2 — Ja3ep;

3 — NOKaJIbHBIN 3aBUXPUTEIH

Fig. 11. Test scheme with laser located in front of the pipe: / — light-sensitive cameras; 2 — laser; 3 — local swirler

[pu TakOM Ka4ecTBE CHUMKOB IPOTPaMME TPYIHO
KOPPEKTHO HX 00paborars. [Tonst BeKTOpOB ckopocTel
MOJYYAr0TCS TPEPHIBUCTHIMHU, C TSITHAMH, B KOTOPBIX
3HAYE€HUs1 CKOpOCTe HeusBecTHbI. [0 3TUM pe3ynb-
TaraM HEBO3MOXKHO COCTABHUTH JIOCTOBEPHYIO KAPTHHY
pacrpeeneHns: CKOPOCTeH MO CEUCHHUIO.

B ciienyronieM 3KCIIEpUMEHTE YCTaHOBHIIH Marto-
BYIO YEPHYIO MOJIOCKY Ha MPOTHBOIOIOKHON BXOXK/IE-
HUIO JIa3€PHOTO HOXa CTEeHKe TPyObl. J[aHHOE pelieHne
MIOMOIVIO yOpaTh OOJIBIIYIO YacTh OJIMKOB, HO 00padaThi-
BaTh N300paKCHHE CIIIe TOCTATOYHO CIOKHO (puc. 13).

doTorpaduu, CHATBIC IPH MOJIOKESHHH Jla3epa
criepenu TpyOBI, IpeACTaBICHE Ha puc. 14. OTa cxe-
Ma PacCTaHOBKH allaparypbl J1aeT OYeHb XOPOIIUN
pesyabrar. Ha dororpadusx moytu HET 3aCBEUCHHBIX

-50 25
MM / mm

-150 -125 -100 -75

Puc. 12. ®ororpadun npu nonoxeHun gazepa cOOKy OT TPyObl

Fig. 12. Photos with laser positioned to the side of the pipe
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oOnacrel, a Te, KOTOPBIC €CTh, SIBITFOTCS CIICACTBHEM
TUTOXOTO (B ONTHYCCKOM ILIAHE) Ka4eCTBa TPYOHI.

IMocne obpadotku dortorpaduwmii (puc. 14) momy-
YEHBI JITIOPBI PACIIPEICICHUS CKOPOCTEH BIOIb U IT0-
nepek moroka (puc. 15).

3AKJIIOYEHHUE U OBCYXJIEHHUE

B pesynbraTe mpOBEICHHBIX OIBITOB YCTaHOBIIC-
HO, YTO B TIOJIOKCHHUH, KOTJIA JIA3CPHBIH HOXK ITPOXOIHT
yepe3 OKPYIIIyr 000I0YKy TPyOBI, OH CHIIBHO pacce-
uBaetcs U (HoTorpaduu MOTOKA MONYIAFOTCS HETPH-
TOIHBIMU JUTS TajdbHEUTIIe 00paboTKH 13-3a OOIIBIIIOTO
KOJIMYECTBA 3aCBEUCHHBIX 00JIaCTEeH.
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Fig. 13. Photo with matte strip installed

80

60 800

3navenus / Counts

-150 -125 -100 -75 50 25 0 25 50 75

MM / mim

£Z02Z ‘6 @NSS| "gL 2Wnjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuINOf AJYIUOI « NSSIN MIUISOA
€202 ‘6 ¥oAuiag gL woL . (8uluO) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg

Puc. 14. d)omrpa(bpm IIpH IMOJIOKEHHUHU JIa3€pa CIICpean prﬁbl 1 YCTAHOBJICHHBIX MATOBBIX ITOJIOCKaX

Fig. 14. Photographs with laser positioned at the front of the pipe and matte strips installed
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Fig. 15. Velocity diagrams: ¢ — along the flow; b

[TocTpoeHHBIE B X0/I€ SKCIIEPUMEHTOB SITIOPBI Pac-
TIpeJIeIeHns] CKOPOCTEH COOTBETCTBYIOT PaHee ITOJTyUeH-
HBIM JIPYTUMHI UCCIIEIOBATEISIMA. DTO CBHICTEILCTBYET
00 WX MPaBUIIBHOCTH, & CIIEIOBATEIILHO, U O KOPPEKTHON
paboTe Kak CTeH/1a, TaK 1 BCEH MCTIOB3yeMOl armaparypsl.

OKCHEepUMEHTAIBHBIA CTEH]] O3BOJINT POBECTH
(hm3MUECKUl SKCIIEPUMEHT, B PE3yJbTaTe KOTOPOTo Oy-
JIYT MOJYYEHBI XapaKTePUCTUKH ITOTOKA B IPOTOYHOM

across the flow

TpakTe ruApoTypOuHEl. OCHOBHOE MPEUMYIIECTBO
YCTaHOBKH — BO3MOKHOCTH O€CKOHTAKTHOTO HM3Me-
pennst. Ha crenze MoryT OBITh M3y4YECHBI pa3IMYHbIC
TUIBI TEUEHUH. YCTaHOBKA IO3BOJIUT MOJIY4YUTh HOBBIE
CBEJICHUSI O 3aKPyYEHHOM IIOTOKE B ITPOTOYHOM TpPAK-
T€, YTO SIBJISCTCS €Ile OHUM ILIaroM BIIepes B 001acTH
pa3paboTKN ¥ KOHCTPYHUPOBAHMUS MOAOOHOTO PO T'H-
JIpOYCTPOUCTB.

CIIMCOK UCTOYHHUKOB

1. Adrian R.J. Particle-imaging techniques for ex-
perimental fluid mechanics // Annual Review of Fluid
Mechanics. 1991. Vol. 23. Issue 1. Pp. 261-304. DOI:
10.1146/annurev.11.23.010191.001401

2. Yang Y., Zhu H. Fluid-solid drag models selec-
tion for simulating wheat straw particle movement in
anaerobic digester // International Journal of Agricul-
tural and Biological Engineering. 2023. Vol. 16. Issue 2.
Pp. 249-258. DOI: 10.25165/j.ijabe.20231602.8003

3. Zhang HY., Wen S., Chen C.L., Liu Q., Xu TY.,
Chen S.D. Downwash airflow field distribution charac-
teristics and their effect on the spray field distribution of
the DJI T30 six-rotor plant protection UAV // Interna-
tional Journal of Agricultural and Biological Engineer-
ing. 2023. Vol. 16. Issue 2. Pp. 10-22. DOI: 10.25165/j.
ijjabe.20231602.8094

4. Zhan Y., Chen P., Xu W., Chen S., Han Y.,
Lan Y. et al. Influence of the downwash airflow dis-
tribution characteristics of a plant protection UAV on
spray deposit distribution // Biosystems Engineering.
2022. Vol. 216. Pp. 32-45. DOI: 10.1016/j.biosystem-
seng.2022.01.016

5. Das T., Usher S.P., Batstone D.J., Rees C.A.,
Stickland A.D., Eshtiaghi N. Shear and solid-liquid
separation behaviour of anaerobic digested sludge
across a broad range of solids concentrations // Water
Research. 2022. Vol. 222. P. 118903. DOI: 10.1016/j.
watres.2022.118903

6. Neuner T., Meister M., Pillei M., Koch M.,
Rauch W. Numerical and experimental flow investiga-
tion using ultrasonic PIV for optimizing mechanically

1430

agitated lab-scale anaerobic digesters / Chemical En-
gineering Science. 2022. Vol. 264. P. 118129. DOI:
10.1016/j.ces.2022.118129

7. Li L., Wang K., Wei L., Zhao Q., Zhou H., Ji-
ang J. CFD simulation and performance evaluation
ofgas mixing during high solids anaerobic digestion of
food waste // Biochemical Engineering Journal. 2022.
Vol. 178. P. 108279. DOI: 10.1016/j.bej.2021.108279

8. Sheikh A.H., Savari C., Barigou M. A data-driv-
en stochastic model for velocity field and phase distri-
bution in stirred particle-liquid suspensions // Powder
Technology. 2022. Vol. 411. P. 117940. DOI: 10.1016/j.
powtec.2022.117940

9. Litvinov L., Shtork S., Gorelikov E., Mitrya-
kov A., Hanjalic K. Unsteady regimes and pressure
pulsations in draft tube of a model hydro turbine in
a range of off-design conditions // Experimental Ther-
mal and Fluid Science. 2018. Vol. 91. Pp. 410-422.
DOI: 10.1016/j.expthermflusci.2017.10.030

10. Mikhailov I.E. Graphical-and-analytical meth-
od for designing reinforced-concrete scroll casings of
water turbines based on laws of variation in cross-sec-
tion average tangential velocities // Power Technology
and Engineering. 2018. Vol. 52. Issue 3. Pp. 303-307.
DOI: 10.1007/s10749-018-0949-6

11. Mikhailov ILE. An analytic method of calculat-
ing the spirals of the turbine pits of hydraulic turbines
based on different laws of variation of the average cir-
cumferential velocity in cross-sections along the length
of the spiral // Power Technology and Engineering.



3KcnepmmeHTa/\ben7| CTEHA AAST GU3NYECKOTO MOAEAUPOBaHUSA TeueHun

C. 1422-1432
B NPOTOYHOM TpaKTe rMAPOTYPOUH

2019. Vol. 52. Issue 5. Pp. 541-547. DOI: 10.1007/
$10749-019-00988-z

12. Zuikov A.L. Formation of spray cone of free jet
during ejection of convoluted flow to the atmosphere //
Power Technology and Engineering. 2012. Vol. 45.
Issue 6. Pp. 435-440. DOI: 10.1007/s10749-012-0290-4

13. Orekhov G. Hydraulic spillways using the
effect of interacting circulation currents / IOP Con-
ference Series: Materials Science and Engineering.
2018. Vol. 365. P. 042023. DOI: 10.1088/1757-
899X/365/4/042023

14. Waldrop M.T. Experimental characteriza-
tion and modeling of gaseous cavitation of dodecane
in a converging-diverging nozzle. Indiana, 2020. 495 p.
DOI: 10.7274/8049g448f1q

15. Shapiro E. Optimization of flow through
a two-way solenoid valve: a thesis submitted in partial
fulfillment of the requirements for the degree of master
of science in the field of mechanical engineering. Gradu-

IHocmynuna 6 peoaxyuro 12 mas 2023 2.
Ipunsama é oopabomarnnom eude 19 urons 2023 2.
Ooobpena onsa nyoruxayuu 19 urons 2023 2.

ate School Southern Illinois University Edwardsville,
2015.57 p.

16. Axmemobexoe E.K., Bunvcxuu A.B., Jloowc-
kun FO.A., Mapkosuu J{. M., Toxapes M.I1., Tropiow-
kun A.H. Cucrema ynpaBieHUs! SKCIIEPUMEHTOM U 00-
pabOTKM TaHHBIX, MTOJYYSHHBIX METOAaMHU HU(PPOBON
TpaccepHoii Bu3yanuzaiun (ActualFlow) // Beraucmu-
TeIbHbIE METOABI U mporpammuposanue. 2006. T. 7.
Ne 3. C. 79-85. EDN IBLLAX.

17. Toxapee M.I1., Maprxosuu J].M., Bunvcxuii A.B.
AJlanTUBHBIE aNTOPUTMBI 00pa0bOTKH M300pakeHU
YACTHI[ [T pacyeTa MIHOBEHHBIX MOJICH CKOPOCTH //
Brrancnurensasie Texnomorun. 2007. T. 12. Ne 3.
C. 109-131.

18. Mapkosuu /.M., Tokapee M.I1. Anroputmsl
PEKOHCTPYKIIMH TPEXKOMIIOHEHTHOTO TI0JISI CKOPOCTH
B MeToze Stereo PIV // BeruucnureiabHbIle METOIBI
u nporpammupoBanue. 2008. T. 9. Ne 3. C. 311-326.
EDN JUBEZF.

Op ABTOPAX: I'enpux BacuabeBuy OpexoB — JOKTOp TEXHUYECKUX HayK, JOLEHT, Mpodeccop Kaheapsl THIpaB-
JIMKU U TUAPOTEXHUUECKOTO CTpouTeNbecTBa; HanmonaabHbIi HeeienoBaTeabeckuii MocKOBCKHI rocy1apcTBeHHbII
crpouTtenbHblii ynuepcuter (HUY MI'CY); 129337, . Mocksa, Spocnasckoe mocce, 1. 26; ORCID: 0000-0002-
6900-2704; orehov_genrih@mail.ru;

Muxana KoncrantunoBuy CrisiIHeB — acIIUPaHT Kadeapsl THAPABIUKA U THIPOTEXHIYECKOTO CTPOUTETBCTBA;
Haummonanbnblii HecsienoBaresibekuii MockoBeKHii rocyiapcTBeHHblI cTpouTebHblil yausepeurer (HUY MI'CY);
129337, . Mockaa, SIpocnasckoe mocce, 1. 26; SPIN-kon: 4021-4471, ORCID: 0000-0003-4188-268X; m.kons20@mail.ru.

Brrao asmopos:

Opexog I'B. — udes, nayunoe pykogoocmeo, KOHyenyust uccie008anusl, HayuHoe peoaKkmuposanie mekcma, 00pa-

bomka mexcma.

Ckaaonee M.K. — cbop mamepuana, obpabomra mamepuana, Hanucanue ucxo0Ho20 meKkcmd, Umo2osble 8bl800bl.

Aemopwl 3a561510m 06 0OMCYyMcmeuu KOHGYIUKMa uHmepecos.

REFERENCES

1. Adrian R.J. Particle-imaging techniques for ex-
perimental fluid mechanics. Annual Review of Fluid Me-
chanics. 1991; 23(1):261-304. DOI: 10.1146/annurev.
1.23.010191.001401

2. Yang Y., Zhu H. Fluid-solid drag models selec-
tion for simulating wheat straw particle movement in
anaerobic digester. International Journal of Agricultural
and Biological Engineering. 2023; 16(2):249-258. DOI:
10.25165/j.1jabe.20231602.8003

3. Zhang H.Y., Wen S., Chen C.L., Liu Q.,
Xu T.Y., Chen S.D. Downwash airflow field distribu-
tion characteristics and their effect on the spray field
distribution of the DJI T30 six-rotor plant protection
UAV. International Journal of Agricultural and Biolog-
ical Engineering. 2023; 16(2):10-22. DOI: 10.25165/j.
ijabe.20231602.8094

4. Zhan Y., Chen P., Xu W., Chen S., Han Y.,
Lan'Y. et al. Influence of the downwash airflow distribu-
tion characteristics of a plant protection UAV on spray
deposit distribution. Biosystems Engineering. 2022;
216:32-45. DOI: 10.1016/].biosystemseng.2022.01.016

5. Das T., Usher S.P., Batstone D.J., Rees C.A.,
Stickland A.D., Eshtiaghi N. Shear and solid-liquid sep-
aration behaviour of anaerobic digested sludge across
a broad range of solids concentrations. Water Research.
2022;222:118903. DOI: 10.1016/j.watres.2022.118903

6. Neuner T., Meister M., Pillei M., Koch M.,
Rauch W. Numerical and experimental flow investiga-
tion using ultrasonic PIV for optimizing mechanically
agitated lab-scale anaerobic digesters. Chemical Engi-
neering Science. 2022; 264:118129. DOI: 10.1016/j.
ces.2022.118129

1431

£Z02Z ‘6 @NSS| "gL 2Wnjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuINOf AJYIUOI « NSSIN MIUISOA
€202 ‘6 ¥oAuiag gL woL . (8uluO) 0099-70£Z NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 18. Beinyck 9, 2023

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 9, 2023

I.B. Opexoe, M.K. CknsidHee

7. Li L., Wang K., Wei L., Zhao Q., Zhou H.,
Jiang J. CFD simulation and performance evaluation
of gas mixing during high solids anaerobic digestion
of food waste. Biochemical Engineering Journal. 2022;
178:108279. DOI: 10.1016/j.bej.2021.108279

8. Sheikh A.H., Savari C., Barigou M. A data-
driven stochastic model for velocity field and phase
distribution in stirred particle-liquid suspensions. Pow-
der Technology. 2022; 411:117940. DOI: 10.1016/j.
powtec.2022.117940

9. Litvinov 1., Shtork S., Gorelikov E., Mitrya-
kov A., Hanjalic K. Unsteady regimes and pressure
pulsations in draft tube of a model hydro turbine in
a range of off-design conditions. Experimental Thermal
and Fluid Science. 2018; 91:410-422. DOI: 10.1016/j.
expthermflusci.2017.10.030

10. Mikhailov I.LE. Graphical-and-analytical
method for designing reinforced-concrete scroll casings
of water turbines based on laws of variation in cross-
section average tangential velocities. Power Technology
and Engineering. 2018; 52(3):303-307. DOI: 10.1007/
$10749-018-0949-6

11. Mikhailov L.LE. An analytic method of calculat-
ing the spirals of the turbine pits of hydraulic turbines
based on different laws of variation of the average cir-
cumferential velocity in cross-sections along the length
of the spiral. Power Technology and Engineering. 2019;
52(5):541-547. DOI: 10.1007/s10749-019-00988-z

12. Zuikov A.L. Formation of spray cone of free
jet during ejection of convoluted flow to the atmos-

Received May May 12, 2023.
Adopted in revised form on June 19, 2023.
Approved for publication on June 19, 2023.

phere. Power Technology and Engineering. 2012; 45(6):
435-440. DOI: 10.1007/s10749-012-0290-4

13. Orekhov G. Hydraulic spillways using the ef-
fect of interacting circulation currents. JOP Conference
Series: Materials Science and Engineering. 2018,
365:042023. DOI: 10.1088/1757-899X/365/4/042023

14. Waldrop M.T. Experimental characteriza-
tion and modeling of gaseous cavitation of dodecane
in a converging-diverging nozzle. Indiana, 2020; 495.
DOI: 10.7274/8049g448f1q

15. Shapiro E. Optimization of flow through a two-
way solenoid valve: a thesis submitted in partial ful-
fillment of the requirements for the degree of master
of science in the field of mechanical engineering. Gradu-
ate School Southern Illinois University Edwardsville,
2015; 57.

16. Akhmetbekov E.K., Bilsky A.V., Lozh-kin Yu.A.,
Markovich D.M., Tokarev M.P., Tyuryushkin A.N. Experi-
ment control and data processing system obtained by digital
tracer visualization (ActualFlow). Numerical Methods and
Programming. 2006; 7(3):79-85. EDN IBLLAX. (rus.).

17. Tokarev M.P., Markovich D.M., Bilsky A.V.
Adaptive algorithms for PIV image processing. Com-
putational Technologies. 2007; 12(3):109-131. (rus.).

18. Markovich D.M., Tokarev M.P. Three-com-
ponent velocity field reconstruction algorithms in ste-
reo PIV. Numerical Methods and Programming. 2008;
9(3):311-326. EDN JUBEZF. (rus.).

BioNoTESs: Genrikh V. Orekhov — Doctor of Technical Sciences, Associate Professor, Professor of the Department

of Hydraulics and Hydraulic Engineering; Moscow State University of Civil Engineering (National Research
University) (MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; ORCID: 0000-0002-6900-2704;

orehov_genrih@mail.ru;

Mikhail K. Sklyadnev — postgraduate student of the Department of Hydraulics and Hydraulic Engineering;
Moscow State University of Civil Engineering (National Research University) (MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Federation; SPIN-code: 4021-4471, ORCID: 0000-0003-4188-268X; m.kons20@mail.ru.

Contribution of the authors:

Genrikh V. Orekhov — idea, scientific leadership, research concept, scientific text editing, text revision.

Mikhail K. Sklyadnev — collection of material, processing of material, writing the original text, final conclusions.

The authors declare that there is no conflict of interest.

1432



