OIIOBI/I

HAIIIOHAJIbHOT MEXAHIKA
AKAJIEMIT HAVK
VKPATHU

doi: https://doi.org/10.15407 /dopovidi2017.09.033
VK 532.516

I.B. Bosk !, S1.I1. Tpouenko 2

! Tncrutyt rigpomexanixu HAH Ykpainu, Kuis
2 KuiBepkuii nanionanbhuii yaisepeuret im. Tapaca [llesuenka
E-mail: yaroslav.p.trotsenko@gmail.com

Oco006JMBOCTI MOTOKY PiHHU
B IIIHAPUYHOMY KaHaJI 31 CTEHO3aMHU

IIpedcmasneno axademivom HAH Yipainu B.T. Ipinuenxom

Hocnidaceno meuiro 6’a3x0i Hecmucausoi piounu y yUIHOPUUHOMY Kanali 3 0860Ma NOCIIO0BHO PO3MAULOBAHUMU
36yarcennamu (Cmeno3amu) Ha 0CHOBL YUCEILHOZ0 PO36 s3ants necmauionaprux pienans Hae’e—Cmoxca. Iloxasa-
HO, W0 8 CUCTNEMI BUHUKAIOMb BUXPOBI CIMPYKMYPU, SAKI CRPULUHSIOMb CMILIKT nepio0uyni asmoKoIUSANHsL NPOGLIIO
weuoxocmi na 6uxodi 3 0meopy Opyz020 CMEHO3Y.

Kmouoesi cnosa: xamnan i cmeHo3amu, BMXpOGi CMPYKmMypu, a6MoKOJIUCAHNH .

Teuisg pigyHau (ra3y) B HeperyJSIPHUX KaHAJIaX MIUPOKO 3yCTPIYAETHCS SIK B IPUPOJIL, TaK 1 B
TEXHIYHUX MPUJIax: CYANHU KPOBOHOCHOI CHCTEMU JIIOAUHM, OPOHXIia/MbHi JepeBa, TpyOu st
TPAHCIIOPTYBAHHS TEXHIYHUX CepPe/IOBUIIL, BEHTUJAIIHI cucTeMu Tolto. Hepifiko BUHUKAIOTD
BUIIQ/IKU, KOJIM TIOTIK, 3yCTPiualoyn Ha CBOEMY ILJISAXY Tepetikoan (HeperyJasipHOCTi), HOYNHAE
reHepyBaTH aKyCTUYHI KOJIMBAaHHS, TOOTO YaCTUHA HIOTO €HePrii IepeTBOPIOETHCS ¥ 3BYKOBY [ 1, 2].
Ha cporozini B iepeoBUX y TEXHOJIOTTYHOMY IJIaH1 KpaiHaX ITPOBOSITHCS IHTEHCUBHI TOCJTI/I3KEH-
HSI TAaKUX TIPOIIECiB, a OTPUMAaHi Pe3yJabTaTh MalOTh BeJUKE ITPAKTUYHE 3HAYEHHS B PI3HOMAaHIT-
HUX 06JsacTsX HayKu i TexHiku. [Jo6pe BigomMmumu € poboTu, Hanpukiaz |3, 4], HanpaBieHi Ha
BUBYEHHSI ITPOTIECiB 30y/KEHHs 3BYKY NMPH MPOTIKaHHI KPOBI B CyJMHAX Ta NP PYyCi MOBITPST B
OpoHXiaJIbHIN CHUCTEMI JTIOAUHU.

[Tpobsiema reHepyBaHHSI TOHAIBHIX 3BYKiB IIOTOKOM B HEPETYJISIPHUX KaHAJIAX € CKJIAIHOI0
MOMEHT TIe He JIOCTAaTHBO KiJIbKICHUX JIaHUX TIPO 3B’43KM PIiBHIB i XapakTepy IIyMiB, 1110 BUHUKA-
I0Th y KaHAJaX TAKOTO TUITY, i3 TEOMETPUYHUMHA Ta (PiI3SUIHIMH XapaKTePUCTUKAMU BiIITOBITHIX
KaHaJIiB.

Mertoio nanoi po6oTH € A0CTIPKEHHST 0COOIMBOCTEN Tedil TTOTOKY B Ui HAPHYHOMY KaHaJI 3
JIBOMA PI3KUMU 3BYKEHHSIMU (CTEHO3aMM ), & caMe: MOJIEJIFOBAHHS IAHOTO TIPOIleCy Ta YUCETbHUI
PO3paxyHOK, aHAJI3 PO3BUTKY MTOTOKY B Uaci, BUABIEHHs (DI3MUHUX MPUYNH, IO 371aTHi TPU3BOIH-
TU JI0 TIOSIBU aBTOKOJIMBAJIBHUX PYXiB cepe/IoBUIIA 1, IK HACJII/IOK, JI0 TOIBU TOHAJTBHUX 3BYKIB.
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Y TaloBaHUMU cTeHo3amu (puc. 1).

I BBaskaerbcs, 1110 TOBEPXHS KaHa-
JIy Ta CTIHKM CTEHO3iB HEpyXxoMi

it abcomoTHO KOpcTKi. [TOTIK PiAMHEU 3 TYCTHHOI P TOTPAIISE B PO3PAXyHKOBY 06J1aCTh 3 PiB-
HOMIpHOIO IBUAKICTIO v; 4yepes jiBy Mexy x =0, 0 < R< R; Ta nokuzae ii yepes npasy x =1L,
O0<RLR,.

3ajiaua po3B’SI3y€EThCA 3 BUKOPUCTAHHIAM MOJIeJi B'SI3KO1 HECTUCIUBOI PiIMHU i3 3aCTOCY-
BaHHAM HACTYIHUX TiMOTE3: MOTYKHICTb aKyCTUYHUX KOJMBAHb, 1[0 TOPOKYIOTHCSI TIOTOKOM,
3HAYHO MEHIIIA 32 TTOTYKHICTh CAaMOTO TIOTOKY 1 TTOPOJKEeHUH 3BYK He BIJIMBA€E HAa MOTO XapakTep.
[Te npumnynienns cripase/InBe /IS JaHOl 33/1a4i, OCKIJIBKU PO3MIiPH JIKepeJt 3BYKY, 1110 TOPOIKY -
€THCSI TIOTOKOM, TOOTO PO3MIpPH CTEHO31B Ta MisKCTEHO3HOI TIOPOKHUHU, MaJli B TOPIBHSIHHI 3 J10-
BYKMHOIO 3BYKOBOT XBUJIi.

OcHoBHUM ITapamMeTpoM 3a/aui € yncso Peiinoubjca, sske MOsKHA BU3HAUUTH K Re =090y /v,
Jie vy — IIBUJKICTb IIOTOKY B OTBOPAX CTEHO3iB, OocepeiHeHa 110 BEPTUKAJbHOMY IIEPETHHY, a
vV — KiHeMaTW4Ha B'SI3KiCTh cepenoBuiia. Toi Macirtabom foBxKIHN Oy/ie giaMeTp OTBOPY CTe-
HO3y Dy, MacmTaboM MIBUAKOCTI — MIBUAKICTD 0y, MacurraboMm wacy — Besmduua Dy /vy, a
MaciTaboM THCKY — IOABOEHUI MIBUKICHIIT HATIip pvg .

B Meskax npuitHATOI MOJIeJIi TPOTIeC ONMMCYETHCSI CUCTEMOTO HecTallioHapHUX piBHsHb Hap’e—
CToKca, sIKi B TeH30PHil (hOpMi MAIOTh BUTJISIJI

oU 1

—+V.UU=—V-VU-Vp, 1
ot Re p )
V.U=0, (2)

ne p — ckansgpue nose tucky; U — BekTopHe nosie mBuakocti; UU — TeH30p APYroro pamry.

KpaiioBi ymMOBM i IIBUAKOCTI: PiIBHOMIPHMI MOTIK Ha BXOIi B PO3PaxyHKOBY 00J1acTh
0= 0,25 m/c , o BiAnoBiae 3naventio ynciaa Peitnosnbaca Re=2700, ymoBa npuinnanss Ha
TBEP/NX MOBEPXHSX, PIBHICTH HYJII0O HOPMATBHOTO TPAi€EHTA HA BUXOI 3 PO3PAXyHKOBOI 00-
gacti. s THCKY 3ajlaBasiach PiBHICTb HYJIIO HOPMAJbHOIO TPAJieHTa Ha BCill Mexki po3paxyH-
KOBOI 06J1acTi OKPiM BUXO/IY 3 Hel, Jie ooupascst mocTiitauii Trck. ITouaTkoBi ymMoBH (hopMyJIioBa-
JINCH HYJIbOBUMH.

3HaueHHsI TEOMETPUYHIX TTapaMeTPiB OOMPAIUCs TAKUMU SIK 1 B eKCIIeprMeHTaIbHii po6oTi [4]:
D, =2 wmM, Dy/Dy=Dy/Dy=9, L/ Dy =75, L; /Dy =10, Ly / D, =0,5, Ly / Dy =2,9. Kinema-
THYHA B’ A3KiCTh Bi/INOBiaMa B’ a3KocTi noBiTps npu Temnepatypi 20 °C: v=1,5-10"m%/c.

YucespHHUii aIropuT™ po3B’sidanns 3axayi. Pisasanns pyxy (1), (2) po3s’si3yBaauch 4rcesib-
HO METOJIOM CKiHYeHHMX 00’emiB. I[IpumycKaeTbes, o pyX piIMHN B MIKCTEHO3HIN MOPOKHIHI
GJIMBBKUI /10 OCECUMETPUYHOTO, TIPO Il CBIUaTh eKCIepUMeHTAIbHI gocaipkenns [2,5]. Tpu
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Puc. 2. Tlojie 3aBUXPEHOCTI /11 YOTUPHOX MOMeHTIB yacy: a — 1,7 - 1074¢;6 — 5,5-107%¢c;6 — 2,5- 103 ¢; 2 — 10 2¢

IbOMY TIOBiJIbHI HECUMETPUYHI KOJUBAHHS CTPYMEHS PiIUHU 3a JPYTUM CTEHO30M CYTTEBO HE
BILUIMBAIOTh Ha XapaKTEPUCTUKHU MOTOKY B 00sracTi Misk cteHo3amu [6]. Tomy B sikocTi po3paxyH-
KOBOI 00J1aCTi BUKOPHUCTOBYETBCS MOJOBUHA TTO3/I0BKHBOTO MIEpepisy Tpyou.

Jliist muckperusariii 061acTi BAKOPUCTOBY BN OPTOTOHAIBHY KYCKOBO-CTPYKTYPOBAHY CiTKY
31 3ryIIEHHSIM BY3J1iB B OTBOPAX CTEHO3iB Ta pu HAGJMIKEeHH 110 iX cTiHOK. YucesnbHe po3B’sizan-
HS 3a/1a4i TIPOBOJIMJIN 3 BUKOPUCTaHHAM 6ibioTek Tyn6okey 3 Bigkputum Kogom OpenFOAM.
Jlist po3paxyHKy 06’€éMHUX IHTErpajiB 110 KOHTPOJIbHOMY 00’€MY 3aCTOCOBYBAJIMU 3arajibHy IIPO-
nenypy layca. [lng inTeprosisitii KOHBEKTUBHUX 4JieHiB BUKOpuctoByBasin TVD dopmy 11eHT-
PaIbHO-PI3HUIIEBOT CXEMU [IJisI BEKTOPHOTO TOJIs 3 oOMeskyBadeM tuity Sweby [7]. Hopmasbmi
rpajlieHTH MBUAKOCTI HA MOBEPXHI €JIEMEHTIB 00UMCIIOBAIN 13 3HAYEHD MIBUAKOCTI B IIEHTPOI-
JlaX CYCiZIHIX KOMIPOK 3a CXeMOIO JIPyToro mopsiiKky. B gKocTi cxemu AucKpeTusariii moxXisHoi 3a
4acoOM BHKOPHUCTOBYBAJU HESIBHY TPUTOYKOBY HECHUMETPUUYHY CXeMY JPYTOTo MOPSIKY 3 pi3-
HUIISIMU Ha3a/1l.

3B’s13aHUH PO3PAXYHOK TOJIS MBUIKOCTI 1 TUCKY TPOBOJIUIIN 32 ToTIoMOT0T0 Tipotierypu PISO
[8]. Iyt po3B’sizaHHst OTPUMAHOI CUCTEMHU JIHIHHUX ainreOpaiyHUX PiBHSIHDb BUKOPHCTOBYBAJIM
iTepariiiii cosBepw, 10 MOOYAOBaHI METOIOM CHPSIKEHUX /OiCIIPSIKEHUX TPAIi€HTIB ISl CUMe-
TPUYHUX T2 ACUMETPUIHNUX MAaTPUIlh. B sikocTi epeymoBioBada 6y BUOpaHi CripoIneHi cxeMu
HeroBHOI (hakTopu3artii Xoserbkoro Ta HertoBHoi LU-dakTropusariii 1151 cMMETPUYHUX 1 acMe-
TPUYHUX MATPUIIb BiNOBiAHO [9].
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Pospaxynku Oysmi BUKOHaHI 3a miarpuMkn obuncoBaabioro komiuekcy CKIT TacturyTy
kibepueturu im. B.M. [imymkosa HAH Ykpainu [10]. /las posnapasientoBants 064KCIeHb BU-
KopucToByBasach TexHosoris MPI ta meros mekommosutiii o6acti poss’szanns [8]. Binbmr ge-
TAJIBHO AJITOPUTM YHCEJTHLHOTO PO3B’sI3aHHsI Ta OOTIPYHTYBAHHs BUOOPY BiIMOBIIHUX METO/IIB PO3-
rstHyTO y podorti [11].

Amani3 pesyabraTiB o0uncienb. B po6orax [6, 11] 6ysi0 mokasaHo, 1o B mogiOHUX TUHAMIY-
HUX CHCTeMax, OYMHAIOYM 3 JIesIKUX KPUTUYHUX 3HaueHb yncya PeliHosbca, micas 3akiHyeHHs
MepexiIHIX MPOIeCciB B 00J1aCTi Mk CTEHO3aMU YTBOPIOETHCS PsI/l BAXPOBUX CTPYKTYP, 1 BHACITI-
JIOK TTbOTO BUHUKAIOTD TIAPOANHAMIUHI aBTOKOJMUBaHH. BoHOYaC TPU BiITHOCHO MaJTNX 3HAUYEH-
HaX uncsia PellHOJIb/Ica Tedist B HUX € CTalliOHAPHOIO, a 3CYBHI IIapy B MisKCTEHO3Hil o6macTi —
CTIHKUMMU.

Posriignemo crioyaTky po3BUTOK Teuii B JIOCIPKYBaHOMY KaHaJl 3 IOYATKOBOI'O MOMEHTY
yacy 710 iioro BctaHoBieHHs. Ha puc. 2 mpezgcraBieHo 1oJie 3aBUXPEHOCTI B TTOJIOBUHI TTO3/10-
BIXKHBOTO TIePepPi3y KaHaTy [IJIsl Y0TUPHOX MOMEHTIB Yacy. SIK BUIHO 3 puc. 2 a, Ha ITOBEPXHSIX 000X
cTeHO031B (hOPMYIOThCS JIaMiHAPHI TTPUMEKOBI 1apH, SKi, Bi[PUBAIOYNCH BiJl TIEPEHIX KPOMOK
CTEHO031B, yTBOPIOIOTH /IBa KiJIbIleBUX BUXOPU. [lepinii BUXOp 3HOCHUTHCS TEUi€to 10 BHYTPIIITHBOT
MOBEPXHI JIPYTOTO CTEHO3Y, & TIOTIM PYXAEThCST BTOPY B3I0BK Hei (puc. 2, 6). [Ipu 1ibomy, Ha MesKi
CTPYMeHS Ta Mi’KCTEHO3HOI MOPOKHUHU (DOPMYETHCS KiJIbIIEBUH 3CYBHUI 11ap, a TAKOK YTBOPIO-
€THCST PSIJI BUXOPIB Bil'éEMHOT 3aBUXPEHOCTI, 1[0 PYXalOThCS B3/IOBK CTPYMEHs Ta 30yPIOIOTh HOTO
(puc. 2, 8). JIiANIOBINN /10 TOBEPXHI MEPIIOTO CTEHO3Y I1i BUXOPH HAYTh YIInO MiKCTEHO3HOI T10-
pOosKHUHU, HOPMYIOUH APYTOPAHUI BUX0p (puc. 2, 2). Bognouac 61 0BepXHi JPYyTOro CTEHO3Y
3aBepPIIYEThCS (DOPMYBAHHS CTPYKTYPH OCHOBHOTO KiJIbIIEBOTO BUXOPY, SIKMI HAIAJ TPOJIOBKYE
PO3IINPIOBATUCH Ta PYXaTUCh BIJIMO TTOPOKHUHU. TAKOXK Y 3CYyBHOMY TIapi IIOYMHAIOTH (hopMyBa-
TUChH TIepionyHi 30ypeHHs, siki (hOPMYIOTH ITPH HAOJIMKEHHI 10 PYTOTr0 CTEHO3Y KiJbIIeBI BUXO-
PH, 1110 3HOCATBLCS B OTBIP IPYTOTO CTEHO3Y.

Takum 4MHOM, Y MI>KCTEHO3Hii1 ITOPOKHUHI YTBOPIOETHCS UPKYJIALNIAHUIA pyX cepesioBullia,
SIKUAN [IePEeHOCUTh YaCTUHY KiHeTHYHOI eHepril cTpyMeHsl 3 06J1acTi fioro BXo/y B OTBIp APYroro
CTeHO3Y Ha3ajl y 3cyBHUM map. Lleii npoitec MoskHA iHTEPIIPETYBATH K TiZIPOAMHAMIYHUI KaHAJ
3BOPOTHOTO 3B’SI3KY, IT[0 CTBOPIOE YMOBH JIJIsI BHHUKHEHHST aBTOKOJIMBAHb B JIaHili CUCTEMI.

Ha puc. 3 HaBezieHi aHi, 1110 306paKyI0Th 3MiHY MT0JIST 3aBUXPEHOCTI Ta OCIUTIOIYNX YaCTUH
podiiB MO30BKHBOI IBUIKOCTI TTOTOKY vgco) y IHepeTuHaX OTBOPY /JPYrOro CTEHO3Y S1H
(x=L+Ly+L3, 0KR<R,y) Ta Sél (x=L +2Ly+ L3, 0<R<R,) npoTAroM OJHOTO IEpiomy
T niporiecy aBTOKOJMBAHD Y crcTeMi. Ik BUIHO, TPy HAOJIMIKEHHI /10 IPYTOTrO CTEHO3Y, CTPYMiHb
npuiiMae XBUJISICTAI XapakTep, a B 3CyBHOMY IIapi yTBOPIOETbCS MOCHiI0BHICTL BUXOpiB. Ha-
6iraloum Ha OTBIp JIPYTOrO CTEHO3Y BOHU CIPUYUHSIOTH CUMETPUYHI BiZTHOCHO OCi CTPYMEHS KO-
JIMBaHHS BEPTUKAJIBbHOTO TIpodisio mBuAKoCTI. [ KommBaHHS MaioTh SICKpaBO BUPasKeHU TIepi-
OJIMYHUI XapaKTep Ta MOXKYTh OYTH JKEPEJOM 3BYKOBUX KOJMBAHb.

Bapro BigmiTuty, 1110 7151 Tedii piinHu B IIOCKOMY KaHaJI 31 cTeHo3aMu OiJTbIIl XapaKTepHIU-
MU € aHTUCUMETPUYHI KOJUBAHHS TTPOMIIIO MBUAKOCTI Y OTBOPI IPYTOTO CTEHO3Y, OCKIJbKU Bi/l-
OyBa€ETHCST IOYEProBe HabiraHHsST BUXOPIB Ha BEPXHIO Ta HIKHIO CTIHKHU cTeHo3iB |6, 11]. B maniit
3a/1a4i, OCKIJTbKYM KOJUBAHHS TPOMITI0 MIBUAKOCTI € CUMETPUYHUMHU, e(PeKTUBHICTh TeHepartii
3BYKY OUIKYETbHCS BUIIOIO.
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Puc. 3. Tlosie 3aBUXPEHOCTI Ta OCITUJIIOIOYI YaCTWHY TIO3/I0BKHBOI TMMBUIKOCTI TIOTOKY B Tepepizax S1H, Sél

BIIPOJIOBIK ofHOTO Nepiony: a —t=0; 6 —t=1/4T, 6— t=1/2T, ¢—t=3/4T, 0 —t=T
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Puc. 4. CriekTp KOJIMBaHb MBUIKOCTI a§;’> (@) Ta mpoHisTi MO30BAKHBOT MBUAKOCTI 0, UIST YOTUPHOX MEPEPI3iB
B OTBOpAx CTEHO3IB (6)

Ha puc. 4, a npencraBjieHnii aMIUITY/JHO-4aCTOTHAM CIEKTP KOJMBAaHb NIBUKOCTI vgo) B
TOYIIl OTBOPY APYTOrO CTEHO3Y 3 KoopauHatamu x = L, + 2L, + L, R=0,9R,. Buano, mo B crexkrpi
KOJINBaHb TAaKOXK IPUCYTHI TADMOHIKU BUIIUX TOPS/IKIB, IPOTE aMILIITy/la OCHOBHOI TapMOHIKH
(=11, 36 xI1) 3HAUHO TIEpeBaKa€ aMILIITY/IM IHIIUX TADMOHIYHUX CKJIAZIOBUX.

Ha puc. 4, 6 306pazkeno npodisi MOBHOI TO30BKHBOI IBUAKOCTI TTIOTOKY ¥, JUIST TOCTATHBO
BEJIMKOIO MOMEHTY 4acy y BXi/[HOMY Ta BUXiJJHOMY IlepEeTUHAX OTBOPIB I1€PIIOr0 CTEHO3Y 511 (x=
L,0<R<R,)) Sé (x=L+Ly, 0<KR<R,) Ta Apyroro creHosy SP, S;I. dx BuaHo, B 11E-
peTuHi 511 MIPUMEKOBUH 1Iap He cOPMOBAaHUM, TOA1 SIK TPOdiJb MIBUAKOCTI B IIEPETUHI S;I
Mae (hopMy XapaKTepHy /IJIs Tedii B KaHasi 0e3 ctenosis (mpodisn [lyaseiinsa). Bapro BiagmituTy,
1110 B II€peTUHI S; B MIPUJIETJIIH 10 IOBEPXHi CTEHO3Y 06JIACT] HAIIPSIMOK PYXY PiANHY TIPOTUIIEK-
HUH /10 HANpSIMKY Tedil B KaHasi. Kpim toro, hopma npodisifo MIBUKOCTI y TEPETUHAX OTBOPY
IIEPILIOTO CTEHO3Y He 3MIHIOETHCS 3 YaCOM.

TaxuMm ynHOM, TTPOBEIEHO TIPSIME YHCETbHE MOJIETIOBAHHS TeUil B'I3K0i HECTUCIWBOI PiANHT
B UMJIHAPUYHOMY KaHasi 3 /IBOMa IOCJiJIOBHO pO3TallloBaHUMU cTeHo3aMmM. [IpoaHasizoBaHo
0co0JIMBOCTI PYXY CepeoBHINa Ha OCHOBI TI0JIsl 3aBUXPEHOCTI Ta MPodiJIiB IMBUIKOCTI B OTBOpaX
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cTeH03iB. BeTaHOBIIEHO, 1110 TIpH 00paHKX MapaMeTpax CUCTEMU Tedist PiinHu B 00J1acTi Mix cre-
HO3aMU € HEeCTalliOHAPHOIO. ¥ 3CYBHOMY I1api YyTBOPIOETHCS TIOCAiIOBHUI Psijl BUXOPIiB, IO CIIPU-
YUHAIOTH MTEPIOINYHI CUMETPUYHI KOJIMBAHHS TTPO(iJIio NIBUJIKOCTI y OTBOPI IpyTOTO cTenosy. 11i
ABTOKOJIMBAHHS MOKYTh Oy TH JIZKEPEJIOM aKyCTHUHUX KOJUBAHD Y KaHAI.

[IMTOBAHA JIITEPATYPA

1.

2.

w

oo

10.

11.

Bosk U. B., Tpunuenko B. T. 3ByK, poskAeHHBIN MOTOKOM (04epKU 06 a3pOrHAPOANHAMIUYECKON aKyCTHKE).
Kues: Hayk. mymxa, 2010. 221 c.

Hourigan K., Welsh M. C., Thompson M. C., Stokes A. N. Aerodynamic sources of acoustic resonance in a
duct with baffles. J. Fluids Struct. 1990. 4, Iss. 4. P. 345—370. doi: https://doi.org/10.1016,/0889-9746(90)
90130-W

. Gavriely N. Breath sounds methodology. London, Tokyo: CRC Press, 1995. 203 p.
. Bacosckuii B.T, Bosk 11.B., Bok O.I1. O BO3MOKHOCTH TeHEPUPOBAHWS TOHAJIBHBIX 3BYKOBBIX KOJIcOaHMiT

MOTOKOM BO3yXa B OpoHxax co creHo3oM. Axycm. icn. 2003. 6, Ne 1. C. 3—21.

. Wilson T.A., Beavers G.S., DeCoster M.A., Holger D.K., Regenfuss M.D. Experiments on the fluid mechanics

of whistling. J. Acoust. Soc. Am. 1971. 50, Iss. 1B. P. 366—372. doi: https://doi.org/10.1121,/1.1912641

. Bosk 1.B., Ipunuenko B.T., Majora B.C. OcobeHHOCTH ABUKEHM CPEAbl B KaHAJIaX CO CTeHO3aMu. [Ipuxi.

eiopomex. 2009. 11, Ne 4. C. 17—30.

. Sweby PK. High resolution schemes using flux limiters for hyperbolic conservation laws. J. Numer. Anal.

1984. 21, Iss. 5. P. 995—1011. doi: https://doi.org/10.1137 /0721062

. Ferziger J.H., Peric M. Computational methods for fluid dynamics. Berlin: Springer, 2002. 424 p.
. Barrett R., Berry M., Chan T.E, Demmel J., Donato J.M., Dongarra J., Eijkhout V., Pozo R., Romine C., Van

der Vorst H. Templates for the solution of linear systems: Building blocks for iterative methods. Philadelphia:
SIAM, 1994. 107 p.

TonoBuncekumit A.JIL., Manenko A.JL., Ceprienko 1.B., Tyapunncekmii B.I. EneproedexkTuBHMI CymieproMII 0~
tep CKIT-4. Bicu. Hay. axad. nayx Yxp. 2013. Ne 2. C. 50—59.

Mamora B.C. Hucnennoe ucciefioBaHie TeUYeHWsT B KaHAJTE C ABYMs ITOCJIEI0OBATEIbHO PACIIONOKECHHBIMU
crerozamu. Anroputwm petenust. [Ipuxa. ziopomex. 2010. 12, Ne 4. C. 45—62.

Hagiiiio mo pemakii 23.05.2017

REFERENCES

1.

2.

w

oo

Vovk, I. V. & Grinchenko, V. T. (2010). The sound born flow (essay about an aerohydrodynamical acoustics).
Kyiv: Naukova Dumka (in Russian).

Hourigan, K., Welsh, M. C., Thompson, M. C. & Stokes, A. N. (1990). Aerodynamic sources of acoustic
resonance in a duct with baffles. J. Fluids Struct., Vol. 4, Iss. 4, pp. 345-370. doi: https://doi.org/10.1016 /0889-
9746(90)90130-W

. Gavriely, N. (1995). Breath sounds methodology. London, Tokyo: CRC Press.
. Basovskiy, V. G, Vovk, 1. V. & Vovk, O. 1. (2003). On generation of tonal sound oscillations by airflow in

stenosed airway. Akust. Visn., 6, No. 1, pp. 3-21 (in Russian).

. Wilson, T. A,, Beavers, G. S., DeCoster, M. A., Holger, D. K. & Regenfuss, M. D. (1971). Experiments on the

fluid mechanics of whistling. J. Acoust. Soc. Am., 50, Iss. 1B, pp. 366-372. doi: http://doi.org/10.1121/
1.1912641

. Vovk, 1. V., Grinchenko, V. T. & Malyuga, V. S. (2009). Self-sustained oscillations of the flow in a duct with

stenoses. Prykl. Hidromeh., 11, No. 4, pp. 17-30 (in Russian).

. Sweby, P. K. (1984). High resolution schemes using flux limiters for hyperbolic conservation laws. J. Numer.

Anal., Vol. 21, Iss. 5, pp. 995-1011. doi: http://doi.org/10.1137 /0721062

. Ferziger, J. H. & Peric, M. (2002). Computational methods for fluid dynamics. Berlin: Springer.
. Barrett, R., Berry, M., Chan, T. F, Demmel, J., Donato, J. M., Dongarra, J., Eijkhout, V., Pozo, R., Romine, C.

& Van der Vorst, H. (1994). Templates for the solution of linear systems: Building blocks for iterative me-
thods. Philadelphia: STAM.

ISSN 1025-6415. /lonos. Hay. axad. nayx Yxp. 2017. No 9 39



1.B. Bogx, A.I1. Tpouenxo

10. Golovynskyi, A. L., Malenko, A. L., Sergienko, I. V. & Tulchinsky, V. G. (2013). Power efficient supercom-
puter SCIT-4. Visn. Nac. akad. nauk. Ukr., No. 2, pp. 50-59.
11. Malyuga, V. S. (2010). Numerical investigation of the flow in a duct with two serial stenoses. Algorithm of the
solution. Prykl. Hidromeh., 12, No. 4, pp. 45-62 (in Russian).
Received 23.05.2017

HU.B. Boex !, A.II. Tpouenxo?

! MucturyT ruapomexankn HAH Yipaunsl, Knues

2 Kuesckuii naronanbubiii yausepeurer uM. Tapaca [lleBuenko
E-mail: yaroslav.p.trotsenko@gmail.com

OCOBEHHOCTU ITOTOKA JKUJIKOCTHN
B IMIINHAPNYECKOM KAHAJIE CO CTEHO3AMMU

Mcenenosano teyenne BA3KON HECKUMAEMOH KUAKOCTU B HUJIMHAPUYCCKOM KaHajle ¢ IOCJIe0BaTeJIbHO pac-
I0JIO’KEHHBIMU CY>KEHUAMU (CTeHO3aMU ) Ha OCHOBE YNCIEHHOTO PellleHns HecTallMoHapHbIX ypaBHenuii HaBbe—
Croxca. [Tokaszano, 9To B cicTeMe BO3HUKAIOT BIXPEBBIE CTPYKTYPHI, KOTOPDIE BBI3BIBAIOT YCTONIMBBIE IEPUOTHI-
yecKue aBTokosebanus Ipoduiis CKOPOCTU HA BBIXO/IE U3 OTBEPCTHSI BTOPOTO CTEHO3a.

Kmoueewvte cnosa: kauai co cmenosamu, suxpesvle cmpykmypul, asmoxonebanus.
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PROPERTIES OF THE FLUID FLOW
IN A CYLINDRICAL DUCT WITH STENOSES

The flow of a viscous incompressible fluid in a cylindrical duct with two serial contractions (stenoses) is studied
by the numerical solution of unsteady Navier—Stokes equations. It is shown that an ensemble of vortex struc-
tures develops in the system that causes stable periodic self-sustained oscillations of the velocity profile at the
outlet of the second stenosis orifice.

Keywords: duct with stenoses, vortex structures, self-sustained oscillations.
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