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PASPABOTKA METOJOB PACYETA XAPAKTEPUCTHUK
HECTAIIMOHAPHOTI'O PABOYEI'O ITPOLECCA B
HU3KOOMUCCHOHHBIX KAMEPAX CTOPAHUA I'TJ

CraTbsi TOCBSILEHA BONPOCAM YHCJIEHHOTO MOJEIUPOBAHHUS TEPMO-aKyCTHYECKHUX IIPOLIECCOB B
Kamepax CropaHus Ta30TypOMHHBIX jaBurateneid. IIpoBeneH aHaaM3 MyJIbCAIIMOHHBIX IPOLIECCOB B
HHU3KOAPMHUCCHOHHOW KaMepe CropaHHs ra30TypOMHHOTO JIBUTaTeNs, BbI3BAHHBIX OCOOCHHOCTSIMU KOHCTPYKLIUH
JKapOBBIX TPYO M a3pOJMHAMHYECKOTO B3aMMOJIEHCTBHS KOMITPECCOpa, KaMephl CTOPaHUsl U TypOUH, C IIOMOILBIO
COBPEMEHHBIX MHCTPYMEHTOB BBIYMCINTENBbHON ruapoauHamMuku (CFD). TIpoBeneH YMCICHHBIN 3KCIIEPUMEHT
TI0 OTIPE/ICIICHHUIO YPOBHSI ITyJIbCAINI JIaBJICHNS! B KAMEPE CrOpaHus Ta30TypOMHHOTO IBUTATEISL.

KoueBble ciioBa: ra30TypOMHHBIN JBUTaTeNb, KamMepa CropaHus, TypOyJEHTHOE TOpEHHE,
ITyJIbCAIIMOHHOE TOPEHNE, YNCIICHHBIE METOIbI, MATEMATHUECKOE MOJETTMPOBAHNE

Beenenne

[Ipu co3nanum HU3K0IMUCCHOHHBIX Kamep cropanus (KC) razoTypOMHHBIX yCTaHOBOK
BO3HUKAIOT TPYAHOCTH, CBS3aHHBIE C HEYCTOWYMBOCTBIO U IIyJbCALIMOHHBIM TOPECHHUEM,
aKyCTUYECKMMHU KOJICOAHUSMU U CPBIBHBIMH SBJICHHSMHU B IMPOTOYHOM YaCTH JIBUTATEI,
BO3JICUCTBYIOIIMMH Ha Tmporecchl ropeHus [1]. Ilosromy obecrnedeHne yCTOWYMBOCTH
mporecca TOPEHUsl SBISIETCS Cephe3HOW W aKTyaJbHOM 3aaayeil, TpeOyromieid OobInx
MaTEpHAIBHBIX 3aTpaT W 3aHMMACT 3HAYMUTEIBHYIO 4YacThb BPEMEHH IIPH JOBOJOYHBIX
UCIBITaHUAX ABUraTesnen. Vcnoip30BaHne YUCIEHHOTO 3KCIIEPUMEHTA AJIs IPOTHO3UPOBAHUS
PEKUMOB BHOPALIMOHHOTO TOPEHMs IO3BOJUT 3HAUUTENBHO COKPAaTHTh 3TH pacxXonsl [2].
YucineHHBI SKCIIEPUMEHT JAaeT BO3MOXKHOCTH IPOTHO3MPOBATH TakKUEe KOJIEOaHUS ITyTeM
MOJIETIMPOBAHUSI TPEXMEPHBIX XHMHUYECKU pEarupyromux TypOYyJIEHTHbIX IIOTOKOB U
OCHOBHYIO POJIb IIPY 3TOM HUI'PAET BBIOOP MOX0/1a K MOAEITUPOBAHUIO TypOyIeHTHOCTH [3].

AHAJIN3 OCHOBHBIX JOCTHKEHUH U JIUTEPaTypPhl

OcHOBHasi MpUYMHA BO3HUKHOBEHHUS BUOPAIIMOHHOI'O T'OPEHUS — YYBCTBUTEIIBHOCTH
cMecH-, BUXpeoOpa3oBaHUs M TOPEHHs K KOJIEOaHWSM IaBIICHHs ra3a B KaMepe CrOpaHWs,
CONPOBOXKAAIOIIMXCSA PE3KUM yBEIMYEHUEM IlIyMa, CpbIBAMHM IUIAMEHH, pa3pyLICHUEM
KaMephbl, BBIXOJIOM U3 CTpOsl OTAEIbHBIX y370B U arperatoB ['TY. BuOpanuonHoe ropenue
HEOIIyCTUMO, TaK KaK PUBOJUT K Pa3pyILICHUIO 2JIEMEHTOB KOHCTPYKLIUU KaMepbl CrOpaHus
[1].

eas uccaenoBanus, NOCTAHOBKA 3a/1a4U

Onpenenenne BUOPALIMOHHBIX XapaKTEPUCTUK HU3KOIMHUCCHOHHON KaMepbl CropaHus
ra3oTypOMHHOIO JBMraTessi MOLIHOCThIO 25 MBT myTem TpexMepHOro aHajin3a MpoLEecCOB
HECTAllMOHAPHOI'O TOPECHMUS.
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MarepuaJjbl HCCICA0BAHUS

Mooenuposanue memooom kpynnwvix euxpeit (Large Eddy Simulation, LES).
OCHOBOM 3TOrO MeETOJla SBJISETCS TUIOTE3a O HE3aBUCUMOCTH  CTaTUCTHUYECKUX
XapaKTePUCTUK KPYMHOMACIITAOHBIX TYpOYJIEHTHBIX IBUKEHUN OT MOJIEKYJISPHOI BA3KOCTH.
CormacHo 3TOMY TPEAMNONOKEHHUI0 BO3MOXKHO TOCTPOCHHE YHCIEHHOM  MOJIENH,
OTMCHIBAIOIIECH HECTAIIMOHAPHYIO TUHAMHUKY TOJBKO B OTHOLICHHHM KPYIHBIX BHXpPEH, MpU
STOM BBIYUCIIMTENIbHBIE 3aTPaThl, HEOOXOIUMBIE JIJIsl peau3alii TaKOW MOJEINH, HE JTOJKHBI
3aBHCETh OT uMcia PeliHonbaca, Tak Kak HET HEOOXOAMMOCTH SIBHO UM TOYHO PAaCCUHUTHIBATH
BCE MeJKUMe BUXpU [4]. DTy MoJenb MpeArnoiaracTcsi HCMOIb30BaTh I JAJbHEUIINX
pacueToB KaMephbl CTOPaHUsI.

TypOyJeHTHBIC MOTOKM XapakTEpHU3YIOTCS HAJMYUeM BHUXpEW, Macimirad W Bpems
CYILIECTBOBaHMs KOTOPBIX M3MEHSIOTCA B OYEHb IIMPOKOM JauarnazoHe. Pasmepsl Hanbomee
KpYIHBbIE BUXpPEW CPAaBHUMBI C XapaKTEPHBIM T€OMETPUUYECKUM Pa3MEPOM TECUCHHUS.

[IpyunHOi  MenKoOMacIITaOHBIX BHUXpEW SBISETCS paccessHue TypOyJleHTHOU
KUHeTH4ecKoi 3Heprum [5, 6]. Jlns wmccnenoBanuii mcronb3oBanack WALE-mMonudukanus
MOJIeTIN TypOYJIEHTHOCTH KPYTHBIX BUXPEH.

WALE-moneaw. B nannoii monenu [6, 7] TypOyJieHTHasI BSA3KOCTh OMPENETSETCS 10
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PesyabTaTrhl  mccaenoBanusi. HecranmonapHble  pacueTsl  IPOBOAMINCH €
ucronb3oBanueM LES-monenu TypOyneHTHOCTH [7]. S NpPOMEXYTOUYHBIX CEYEHUH U
TBEP/AbIX CTEHOK OTCJIEKUBAJIUCH MYJbCAIlUM CTATUYECKOTO JaBJICHUS, KOTOpbIE SIBISIOTCS
UCTOYHUKAMHU aKyCTUYECKMX KOJICOAaHWH, M MOTYT OBIThb 3aMepeHbl MpHU IPOBEICHUU
AKCTIIEPUMEHTOB. PacueTsl mpoBOAMIKCH 711 HOMUHAIBHOTO pekuMa padotsl I'T/I.

B pabote nccnenoBansl Tpu BapuaHTa KaMepbl CTOPaHUsl, B KOTOPBIX MCIIOJIb30BATHUCH
(GOpCYHKH C pa3IMYHbIM KOJUYECTBOM OTBEPCTHH NI MCcTeueHHs TorumBa: [/ — opcyHKa ¢
10 orBepcTusamu nuamerpom 1,85 mm (puc. la); 2 — popcyHKa ¢ 5 OTBepCTHIMU IUAMETPOM
2,6 mm (puc. 10); 3 — dpopcyHka ¢ 18 oTBepcTHsAMU TUaMEeTpOM 1,5 MM B OTHUM OTBEPCTHEM
nuamerpom 1 mMm (puc. 1s).
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Puc. 1 - BapI/IaHTI)I (bOpcyHOK, HCIIOJIb30BAHHBIX B YHCJIICHHOM SKCHepI/IMeHTe
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Puc. 2 — YpoBeHb cpeAHEKBaAPATHIECKHX MTyJIbCALIUI CTATHYECKOTO JaBICHUS B )KapOBOH TpyOe:
a — dopcynka ¢ 10 otBepcTusimu; 6 — hopcyHKa ¢ 5 oTBepCTHAMH; 6 — (hOopcyHKa ¢ 19 oTBepCcTHIMHU
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30HBI NPOSIBIEHUS MaKCHUMAJbHBIX ITyJIbCAllMi JaBJIEHUS M CKOPOCTH B oObeMe
KaMephl CropaHus B LIEJIOM aHAJOTUYHBI 30HAM, ONPEEIIEHHBIM IIPH CTallMOHAPHBIX pacueTax
Kamepsl cropanusi. OHM HaxOJATCSl BHYTPH KapoBOW TpyObl B pailoHe OTBEPCTHII BTOPUYHOTO
BO3ayxa (puc. 2), BbIXOJa M3 3aBUXpHUTENs B paiioHe 3—5- obeyaek M BO BXOJHOM
mud¢y3ope nMoABoJa BO3yXa U3 KoMmmpeccopa. Takke MyibCallud CTaTUYECKOTO JABIICHUS
BUIHBI B pailoHe OTBEpCTHH MMOABOAA TIa3000pa3sHOro TOIUIMBAa (METaHa) B KaHAJbI
3aBUXPUTENIS U IIPU yJape MPOIYyKTOB CTOpaHUsl O TYpOUHHBIE JIOMATKH B BBIXOJHOM CEUYEHUU
KapoBOUl TPYyOBI.

[lo pmaHHBIM KOHTPOJIBHBIX O3KCIEPUMEHTAIBHBIX HCIBITAHUNA IyJIbCALIMOHHOIO
COCTOSIHUS ABUraTesss MOUIHOCTBIO 25 MBT ¢ pa3nnuHbIM ucnionHeHHEM (OPCYHOK YPOBHHU
JMHAMUYECKOTO JaBJICHHs B KaMepe CropaHds Ha HOMHMHAIBHOM pexume padotsl [T ¢
ucnoip3oBanueM ¢opcyHku ¢ 10 orBepctusimu guameTpom 1,85 MM (puc. 1a) He mpeBBIIIAIOT
nonyctumblii ypoBeHb 5,4 klla (puc. 3a). CornacHo pe3ynbraTaM MpPOBEIEHHOTO YHUCIEHHOTO
9KCIEPUMEHTA CPEHEKBAIPATUYECKUI YPOBEHb MyJIbCALUi 1aBICHUS U1 JAaHHOTO BapUaHTa
(GOopCyHKH B MEKXTPyOHOM MPOCTPAHCTBE HAJ OTBEPCTUSMH BTOPHYHOTO BO3yXa COCTABIISAET
5,2 klla (puc. 2a).

OKCIIEpUMEHTAIbHO 3aMEpPEHHbIE YpPOBHU JMHAMMYECKOTO JaBJIEHHS Ha BCEX
pexxumax pabotel I'T/[ ¢ ucnonb3oBanueM GOpPCyHKH € 5 OTBEPCTHSIMHU JUAMETPOM 2,6 MM
(puc. 16) He mpeBbImarOT AomyctuMblii ypoBeHb 4 klla (puc. 36). CormacHo pesyibraTaMm
IPOBEIEHHOI0 YHCJICHHOIO SKCIEPUMEHTa CPEIHEKBAJApPaTUYECKHH ypOBEHb ITyJbCallui
JIABJICHUS JUTsI TAHHOTO BapuaHTa (JOPCYHKH B MEXKTPYOHOM MPOCTPAHCTBE HAJl OTBEPCTHEM
BTOPUYHOTO BO3ayXa coctaBisieT 3,6 klla (puc. 20).
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Puc. 3 — Yposuu nynbcarun nasiesus B KC npu Habope MOIITHOCTH OT XOJIOCTOTO X042 J0 HOMHUHATIBHOMN
Harpy3ku: a — ¢opcyHka ¢ 10 orBepcTusimMu; 6 — GOpCyHKa C 5 OTBEpCTHAMH

BriBoabI

1) YpoBHM OMHAMHUYECKOIO JaBJICHUS B KaMepe CropaHus Ha HOMUHAJIbHOM PEKHUME
pabotel I'T/[ mo pe3ynpTaraM YHUCIEHHOIO 3KCIEPUMEHTa MOATBEPXKIAIOTCS 3HAUYEHUSIMHU,
NOJYYCHHBIMH TIPH TPOBEIEHUHM CTEHIOBBIX HCHbITaHWWA. Bapuwant ¢ QopcyHkoi ¢
18 orBepcTusAMH AuamMeTpoM 1,5 MM M OJZHHMM OTBEPCTHEM IHMAaMETpPOM | MM IIOKa3bIBaeT
MaKCUMaJIbHbI€ YPOBHU JWHAMHUYECKOI'O JABJIICHHWS B KaMepe CrOpaHHUs, BCIEICTBHE ITOTO
UCIIOJIb30BaHUE 3TOr0 BapuaHTa (OPCYHKH He LenecoobpazHo. BapuanT ¢ ¢opcyHkoil ¢
5 oTBepCTUSAMHU JHAMETPOM 2,6 MM OOecredrBaeT MUHUMAIbHBIE YPOBHH ITWHAMHYECKOTO
JIaBJICHUsI B KAMEPE CTOPaHUs, CIEA0BATEIbHO, €M0 MOKHO PEKOMEHJ0BATh JJIs JajbHEHIIEH
OIBITHOM ¥ IPOMBIIUICHHON JKCILTyaTallUu.
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2) Bpems npeObiBaHMA CMeCH B 30HE TOPEHHUS 3aBHCUT OT CKOPOCTH MCTEUEHUS
ToIIMBa U3 GopcyHOK. Tak Kak mpu MCIOJIb30BaHUM TOIUIMBOPACIBUIMBAIOLIETO YCTPOUCTBA
Cc 5 OTBEpCTUAMU JUAMETPOM 2,6 MM CKOpPOCTb WMCTEYEHHs TOIUIMBA W3 KaHasla (HOPCYHOK
MMEeT HalMEHbIIee 3HAUE€HUE W3 TPeX HCCIEAyeMbIX BapHaHTOB, TO BpeMs NpeObIBaHMA
cMmecH OyneT HaumOOJBIINM, CIIEOBATENFHO, P HCIIOJIF30BAaHUH JTaHHOTO BapHAHTA WMEET
MecTo Oosee 3ppexTrBHAs cTabunu3anus ppoHTa MIIAMEHH.

3) Pe3ynbTaThl TPOBEACHHBIX YHCICHHBIX OJKCIIEPUMEHTOB C HCIOJIH30BAHUEM
TPEXMEPHBIX MaTEMATUYECKUX MOJETIeH B KaMepax CropaHus, paboTaroIuX Ha ra3000pa3HoOM
TOILIMBE, aJICKBATHO OTPAXAIOT (PU3UKO-XUMHUYECKHE TPOIIECCHl HECTAIIMOHAPHOTO TOPEHUS 1
MOTYT OBbITh PEKOMEH/IOBaHbI JUIsl ONTUMHU3ALUN [€OMETPUUECKUX U PEXHUMHBIX TapaMeTpOB
HU3KOOMHUCCHOHHBIX KaMep CrOpPaHHUsI.

4) IlpumeHeHne mNOJOOHBIX MaTEMaTHMYECKUX MOJENEH LenecooOpa3Ho Kak Hpu
CO3IaHMH HOBBIX O00pa3lOB KaMmep CropaHus, padoTalomuX Ha OOEIHEHHOH TOIUIHBO-
BO3AYLIHON CMecH, TaK U IPU MOJEPHU3ALUHU CYLIECTBYIOIIUX KaMep € LEeNbl0 pa3paboTKH
KOHCTPYKTUBHBIX ~ MEPOINPHUATHH, HANpaBJICHHBIX HA  yMEHBIICHHWE  BEPOSITHOCTH
BO3HUKHOBEHUS PEKUMOB IyJIbCALUOHHOI'O TOPEHUS.
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