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Abstract

The results of mathematical modeling of viscous gas flow in a flat channel separated by perfo-
rated walls on the base of Navier —Stokes equations with Reynolds number 10° are presented.
The presence of perforated walls leads to the formation of a complex vortex flow around them.

Keywords: gas flows in a flat channel with perforated walls.

The presence of holes in the perforated walls leads to gas flowing into the upper and lower
parts of the channel. The gas moves up and down, flowing through the holes in the perforated
walls to the lower and upper parts of the channel.

As a result of the movement of gas back and forth through the holes in the perforated walls,
the flow in the upper and lower areas of the channel becomes vortex. In this case, a stable vortex
structure is formed in the upper part of the channel above the perforated barrier. In the lower part
of the channel under the perforated wall, a vortex structure is also formed, which undergoes
changes over time.
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AHHOTANUA

[IpuBeneHs! pe3yapTaThl MATEMAaTHYECKOIO MOAETIMPOBAHUS BSI3KOTO TEUECHUS ra3a B INIOCKOM
KaHaje, Pa3leJICHHOM Mep(OoprpOBaHHBIMEM CTCHKaMH, C HCIOJIb30BaHHEM ypaBHeHuii Ha-
Bbe —CToKca, mpu uncie Peitnonsaca 10°. TTokasaHo, uto Hanuune n1epdOPUPOBAHHBIX CTEHOK
MPUBOIUT K (POPMHUPOBAHUIO CIIOKHOTO BUXPEBOI'O TEUEHUS BOIM3U 3TUX MPErpas.

KnroueBbie ciioBa: TeueHHs Ta3a B INIOCKOM KaHaJle ¢ y4eToM Nep(oprupoBaHHBIX CTEHOK.

1. Bseaeuue

Ycnemnoe npoBeJeHUE SKCIIEPUMEHTAIBHBIX CCIEN0BAHUN 3aBUCUT OT BO3MOYXHOCTH YCT-
paHeHUs BIUSHUS Ha Pe3yJbTaT Pa3IMYHBIX BO3MYILAIONIUX TEUEHUE ra3a 0COOEHHOCTEN yCTpOi-
CTBa adpOJMHAMUYECKHX yCTaHOBOK [1, 2]. Hanpumep, npu ucciieoBaHNN TSUCHHI ra3a B TPAHC-
3BYKOBOM a’pOJMHAMUYECKON TpyOe, BIMSHHE Ha HUX OKAa3bIBAIOT Mep(OpHpOBaHHBIE CTEHKH,
OrpaHUYMBAIOLINE TOTOK B paboueil ee yacTH, 3afayeil KOTOPBIX SBISAETCS CHUKEHHE BO3MY-
LIAFOIIETO BO3JIEHCTBUSA Ha IOTOK.

2. IlocTaHoBKAa 3aa4M M MEeTOJbI pacyeTa

PaccmaTpuBaercs aHanor TpaHC3BYKOBOM a’3pOJMHAMHYECKOM TpyObl B BUE JIBYMEPHOIO
KaHasa, KOTOPbIil IMEeT BEPXHIOIO U HI)KHIOIO COCTaBIISIOIINE, OTAENCHHbIE OT Hero nepdopupo-
BaHHBIMU IPErpajiaMu ¢ OTBEPCTUAMH, KaK Moka3aHo Ha puc. 1. Ocb X HampaBieHa Mo MOTOKY ra-
3a, och Y — B BEPTHKAJIbHOM HaIlpaBJIEHUH, OCh Z — Monepek noroka. Jlo 3amycka moToka B KaHal
ra3 MOKOMTCS MPU HOPMAJBHBIX aTMOC(EpHBIX ycioBusX. Ha Bcex TBepAbIX I'paHHIAX KaHala
ABCDE u FGKLM craBsTcs ycinoBust NpuIMIanus ra3a npy nojjaepxxanuu remnepatypst 300 K.
IoTok rasa ¢ unciom Maxa 0.98 npu masnenun Py =101325 H/m® nogaercs Mesxay nephopupo-
BaHHOMU rpaHuiel Ha ydactke AM U BeITeKkaeT Ha y4acTke rpanuisl EF ¢ mopnepxanuem rpa-
HUYHOTO YCJIOBHS €r0 CHOCA.

Bce npencraBieHHbIE HUXKE MapamMeTpbl OTHECEHBI K HEBO3MYIIEHHBIM 3HAUEHUSM JaBlie-
HUS, IUIOTHOCTH U JITHEHHOMY pazMepy 1 M.

Hcnonp3oBanace pacueTHas ceTka ¢ konmdecTBoM y3ioB 1161600. Cerka 3agaBanace ¢ 1o-
CTOSIHHBIM IIIarOM €O CTYIIEHHEM €€ M0 00€ CTOPOHBI NepPOPUPOBAHHBIX MPErpaa u B OKPECTHO-
CTH CTEHOK KaHaja ¢ 00eCleYeHHEeM pacueTHOro 11ara, COOTBETCTBYIOILIETO yYETY IMOTPAaHUYHOTO
cios npu yucie PeliHonbaca 10°. Ha nepdoprupoBaHHBIX Mperpagax ObUTO 3amaHo Mo 12 oTBep-
CTHi ¢ pazmepoM Kaxaoro 0.21 m.
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UucneHHble UCCIe0BaHMs ObUIM MPOBEICHBl HA OCHOBE HCIIOJIb30BAHMSI MOAU(DUIIMPOBAH-
HOM cxembl Tumna [3] B He morpaHcaonHOW YacTu TeueHus. [Ipu s3tom auddy3noHHbIC YICHBI all-
MPOKCUMHUPOBAINCH LIEHTPATBLHBIMU PA3HOCTSIMH BTOPOIO IMOPsJIKa TOYHOCTH. B obnactu morpa-
HUYHOTO CJIOS HCIIOJh30BaJlaCh PA3HOCTHAs CXeMa BBICOKOTO TMOpsaka TouHocTH [4] ¢
UCII0JIb30BaHUEM JaHHbBIX, MOJYYCHHBIX 10 cxeme Tuma [3] mpu pacyere BHE MOTPaHUYHOIO CIIOS.

L ]
-

Puc. 1. BeprtukanasHoe ceueHne KaHaja

3. Pe3yabTaThl pacueToB

Hannuue otBepcTHii B nepoprpoBaHHBIX CTEHKAaX MPUBOJIUT K 3aTEKAHUIO ra3a B BEPXHIOK0
Y HIDKHIOIO CEKITUU TEePErOpPOKEHHOr0 KaHana. Ha puc. 2, B 3aBUCUMOCTH OT BpeMeHH (B CEKYH-
Jax), MOKa3aHo MOBeIeHNE KOMIIOHEHTHI CKOPOCTH Uy MPH pa3TUYHBIX 3HAYEHUSX KOOPIUHAT X, Y.
HamnpaBnenue notoka B paccMaTpUBaeMbIX TOUKAX M3MEHSIETCS ¢ TEUEHHEM BpeMeHH. ['a3 nBu-
JKETCSl BBEPX-BHHU3, IMEpeTeKas 4epe3 OTBEPCTUs B MEepHOPUPOBAHHBIX CTEHKAX B HUIKHIOIO H
BEPXHIOIO YaCTH KaHaJIa

B pesynbrare nBmkeHus ra3a Tyga-o0paTHO dyepe3 OTBEpCTHsl B epHOpUPOBAHHBIX Mperpa-
JaxX, TEYCHUE B BEpXHEW M HIDKHEH 00nacTax KaHana mpuoOpeTaeT 3aBUXPEHHBIA XapakTep, Kak
3TO BUAHO U3 puc. 3. [Ipu 5TOM B BepxHel yacTu KaHasia Haja nepGopupoBaHHON Mperpaaoit oopa-
3yeTcsl yCTOMUMBas BUXpeBasi CTPYKTypa. B HukHel dacTu kaHana moj nepdopupoBaHHON Tpe-
rpajioll Takke oOpa3zyeTcsi BUXpeBas CTPYKTypa, MpeTeprieBaromas N3MEHEHHUSI ¢ TEUCHUEM Bpe-
MEHH.
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Puc. 2. 3aBUCHMMOCTB OT BpEMEHN KOMIIOHEHTBI CKOPOCTH Uy B HECKOJIBKUX OTBEPCTHAX NEep(HOpHPOBAHHOM

Hperpazsl
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t=0.54620 c t=0.57463 c

Puc. 3. Kaptuna nmuauii Toka

4. SarkiauyeHue

Pe3ynbrarel pacueToB TeueHus B KaHajle Ha OcHOBe ypaBHeHMH Hasbe —(CTokca mokazanu
BIMsIHUE Tep(OPUPOBAHHBIX CTEHOK Ha (POPMHUPOBAHUE BUXPEBOTO MOTOKA B BEPXHEH M HMKHEH
00JIaCTSX NePEeropoKEHHOr0 KaHaa.

Pabora BeimotHeHa B pamkax rpanta POD®U Nel7-08-00909 A. BeraucieHus mpoOBOIUIHCH
Ha cynepkommnbsrotepe MCIL| PAH.
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