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KOMIIbIOTEPHOE MOJAE/IMPOBAHUE TEYEHUSI B MUKPOPAKE/ABHBIX TOPEJTOYHBIX
YCTPOMCTBAX C ACHMMETPHUYHOM MOJAYEN TOII/IMBA

BEIsIBIIEHBI OCHOBHBIE 3aKOHOMEPHOCTH N30TEPMHUIECKOTO TEUSHHUS TOIUINBA ¥ OKHUCIIUTENS B MEKPO(AKEIEHOM TOPEIOYHOM YC-
TPOMCTBE C OJHOCTOPOHHEH mopjaueil TormmBa. IlomydeHEl JaHHBIE KOMIIBIOTEPHOTO MOJCIHPOBAHUS C MCIOIB30BAaHUEM IMOAXOMA
DES (Detached Eddy Simulation), npexncrasstomero co6oif komounanuro mozeneiit RANS (Reynolds Averaged Navier-Stokes) n
LES (Large Eddy Simulation) B pa3HbIX 00JacTsIX IPOCTPAHCTBA. Y CTAHOBJICHB! 3(()EKTHI BIMSHUS JIHHBI 3aKPBIIKA, PACIOIOKCH-
HOTO Ha TOPLEBOH ITOBEPXHOCTH CTAaOMIM3aTOPOB IUIAMEHH, Ha Pa3IMYHbIe XapaKTepUCTHKU TedeHus. [loka3aHo, 4To HalM4He 3aK-
PBUIKOB INPUBOAUT K CYIIECTBCHHOMY M3MEHEHHIO BHXPEBOH CTPYKTYpHI B ciefie 3a crabmim3aropamu. OLEHEHO BIHMSHHUE JUTHHBI
3aKPBUIKOB Ha TaKHe MapaMeTphbl TCUCHUs, KaK NIPOTSHKEHHOCTH 30HBI OOPATHEIX TOKOB B 3aKOPMOBOW 00JIacTH CTaOMIIN3aTOPOB ILIA-
MCHH, YPOBEHb CPEAHEKBAAPATHUHBIX IMyIbCAllMii CKOPOCTH B JAaHHBIX 30HAX M Hp. Y CTaHOBICHO, YTO C YBEIWYEHHEM UIMHBI 3aK-
PBUIKOB CYIIECTBEHHO BO3pacTaeT MPOTSHKCHHOCTH 30HBI 00pPAaTHBIX TOKOB 32 CTaOMIM3aTopoM. BhIABIEHO Takxke, 4TO 4eM Kopode
3aKPBUIKH, TeM OOJIbIIE MPEBHIIIAET UX JUIMHY MPOTSHKEHHOCTH 30HBI OOPAaTHBIX TOKOB. BBITIOTHEH aHAIN3 IPOCTPAaHCTBEHHOTO pac-
IIpeIeNICHNS ITyIbCAliil CKOPOCTH B pacCMaTPHBAEMOM T'OPEIOYHOM YCTPOICTBE NPH HAIWYUH U OTCYTCTBHH 3aKPBUIKOB Ha TOpIIe-
BEIX ITOBEPXHOCTSAX CTaOMIN3aTOpOB IIaMeHu. [lokazano, uro Hanbosee BHICOKUH YpPOBEHB JaHHBIX MyJbCalyii HabIrogaeTcs: BOIHK-
3W I'paHUIBI 30HBI 00PAaTHBIX TOKOB, YNAJIEHHOH OT TOpIa cTabmiIn3aTopa. Y CTaHOBIJICHO, YTO YPOBEHb CPEIHEKBAPATUIHEIX ITYIIb-
canuii CKOpPOCTH SIBIIsIETCsl Hanbosee BEICOKAM B YCIIOBUSIX OTCYTCTBHS 3aKPBUIKA M CHIDKAETCS TIPH YBEJIMUYCHUH €TI0 JUIUHBI.

Kntouesvie cnosa: crabumszatopsl INIAMEHH; OTHOCTOPOHHSS moxada tomumBa; CFD MonennpoBaHue; 30Ha 00paTHBIX TOKOB;
3aKPBUIKH.

BBeuel-me. 3HaHne 3aKOHOMepHOCTeﬁ MMPOTCKaHUA pa- CBs3aHO, B YaCTHOCTHU C TEM, YTO HNPCACKAa3aHHA KOMIIbIO-

004X MPOIECCOB B MHUKPO(AKEIBHBIX TOPEIOYHBIX YC-
TPOMCTBAX Pa3IMYHOTO THIIA HEOOXOAUMO I UX COBEp-
IICHCTBOBAHUSA, Pa3padOTKU HOBBIX MOmuUKaIwmii u mp. B
Ka4ecTBE MHCTPYMEHTA HCCICNOBAHUS NAHHBIX IPOIIECCOB
B Pa3IMYHBIX TOPEJOYHBIX YCTPOWCTBAX B IOCICTHUNA IIe-
PHOA IIMPOKO MPUMEHSETCS KOMITBIOTEPHOE MOJICIHPOBA-
uue (Fialko et al., 2014 a; Ravi, 2014; Fialko et al., 2011 a;
Bagheri et al., 2014; Fialko et al., 2010; Subramanian,
2010, Fialko et al., 2015; Lawal et al., 2010; Warnatz et al.,
2003; Fialko et al., 2011b; Wan et al., 2012; Fialko et al.,
2014b; Carlssona et al., 2014; Snegirev et al., 2015). 3to

IHpopmauis npo asTopis:

TEPHOT'0 MOJICIIMPOBAHUSI CTAHOBSITCS BCe OOJIee COBEPILCH-
HBIMHU U, KPOME TOT0, O3BOJISIIOT MTOJIy4aTh AETAIBHYIO MO-
JIeBYIO MH(OPMAIMIO O PA3IMYHBIX XapaKTEePUCTUKAX IpO-
necca.

B naHHOM HCCIen0BaHUU PACCMOTPEHO KOMIIBIOTEPHOE
MOJIEIUPOBAHUE H30TEPMUYECKOr0 TEYEHUsl TOIUIMBA U
OKHCJIMTENS] B MUKPO(AKEIbHBIX TOpeliKax ¢ aCHMMETpHY-
HOI mojaded TormuBa. PaccMOTpeHMIO MoasieXxand rope-
JIOYHBIE YCTPOUCTBA CO CTPYHHBIM BHEIPEHHEM TOIUIMBA B
cHoOcAmMN NOTOK okucaurens. IIpu 3ToM mojgava TomiMBa
OCYIIECTBIISIIACH JIUIIB C OAHONW U3 OOKOBBIX IMIOBEPXHOCTEH
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CTaOMJIN3aTOPOB IUIAMEHH. YKa3aHHBIE TOPEJIOYHBIE YC-
TpOWCTBA OPUEHTUPOBAHBI Ha SKCIUTyaTallMIO B JUANa30HE
n3MeHeHns1 koaddunmenrta u3drITka Bo3ayxa ot 2,0 1o 3,0.
Takue ycinoBuS XapakTEpHBI JJIsI TOPEJIOK, YCTaHABIIMBA-
€MBIX B IIPOMBIIUIEHHBIX 11€9aX, CYIIMIKaxX H IIp.

ITocTanoBKka 3a1a4u ¥ MeTOAMKA MPOBeIeHNs HccJIe-
AoBaHMii. Moaynbs mpenaraeMoro ropesioqyHoro ycTpow-
CTBa COCTOMT U3 JIBYX IUIOCKHX CTaOMIN3aTOPOB, PacIoio-
JKeHHBIX B KaHaJIe HA HEKOTOPOM PACCTOSIHUM JIPYT OT ApY-
ra (puc. 1). CtpyiiHas nogava TOIUTMBA B KQKIOM U3 CTAOu-
JIM3aTOPOB OCYILIECTBIISICTCS 4Yepe3 CHUCTEMY KPYIJIbIX OT-
BEPCTHH, PACIOJIOKEHHBIX Ha €ro OOKOBOH ITOBEPXHOCTH.
Crabmim3aTopsl CHa0XXEHBI TNIOCKUMH 3aKpbIIKAMH, ycTa-
HOBJICHHBIMH Ha WX TOPLEBBIX MOBEPXHOCTSIX. OCHOBHBIE
(YHKIMM JaHHBIX 3aKPBUIKOB COCTOST, BO-TIEPBBIX, B CO-
JieicTBUN 00pa30BaHUIO YCTOMYMBBIX 30H OOPAaTHBIX TOKOB
B 3aKOPMOBOH 00JacTH cTadmiu3aropa W, BO-BTOPBIX, B
(OpMHpOBaHNM TOTOKAa BO3JyXa, NPU3BAHHOTO CHU3UTH
TEMIIEpaTypy B LEHTPAIbHON YaCTH 30HBI aKTUBHOT'O TOpe-
HUsL. YTO Kacaercsl yKa3aHHOTO CHH)KEHHMS, TO OHO SIBJISIETCS
BECbMa Ba)XKHBIM B IUIaHE 0OECIICUEHHs] BBICOKOH IKOJIOTH-
yeckol 3(()EeKTUBHOCTH PacCMaTPUBAEMOTO T'OPEIOYHOTO
ycrpoiictBa. Creyer Takke OTMETUTbh, YTO ITOTOK XOJOJ-
HOTO BO3/1yXa, TEKYLUINH MEKAY ABYMS 3aKpbLIKAMH, CITy-
SKUT TEJSIM UX OXJTaXKICHUSI.

HccnenoBanus npooamnuck Ha ocHoBe CFD mopenn-
pOBaHMs C HMCIIOIB30BaHWEM IporpaMmHoro makera FLU-
ENT. Ilpu srom npumensiics meronq DES (Detached Eddy
Simulation — MeToq MOAENIMPOBAHUSI OTCOCANHEHHBIX BHX-
peii), mpeacTaBisromuii co0ol THOPUIHBIN MOIXOMA, B KO-
TOPOM OCYIIECTBIISETCS TepekimoueHue momeneii RANS
(Reynolds Averaged Navier-Stokes — momysMIupruvecKuit
MeToJl, 0a3upyromuiicss Ha OCPEAHEHHBIX 10 PeitHombacy
cTalMoHapHbIX ypaBHeHHAX HaBwe-Crokca) m LES (Large
Eddy Simulation — MeTox MoJeTHpOBaHMS KPYITHBIX BUX-
peii) B pa3HbIX obnacTsx npoctpancTsa (Volkov & Emelya-
nov, 2008).
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Puc. 1. Cxema MuKpo(aKeIbHOr0 FOPEIOYHOT0 YCTPOUCTBA CTa0H-
JIU3aTOPHOTO THIIA C OTHOCTOPOHHEH Noaueii TommBa;: 1) MmIockuit
KaHaJ; 2) cTa0WIN3aTophl INIAMEHH; 3 ) Ta30M0IaI0IINE OTBEPCTHS,
4) 3aKpBUIKA

[IpuBencHHBIC HUKE PE3YNIBTATHl KOMIBIOTEPHOTO MO-
JISTUPOBAHUS OTBEYAIOT CICAYIOIIMM HCXOIHBIM JTaHHEBIM:
d = 0,003m; S/d = 4,0; Her = 0,015m; H=0,04 m;
H,=0,02m, Li=02™m; L,=002mMm, J=0,0015m,
Uz = 10,0 M/c, a = 3,0; paccMaTpuBaJIuiCh CUTYyalldH, OTBE-
YaOIUE OTCYTCTBUIO 3aKpbUTKa L3 = (0 U €ro HAJWIUIO TpU
L;=0,015; 0,03; 0,045 u 0,06 M.

AHaau3 pe3yabTaToB Hcciaenopanmil. Ilpu anammse
pEe3yABTATOB KOMITBIOTEPHOTO MOJICIUPOBAHUS  0CO00€
BHUMAaHHE YJCISIIOCh PACCMOTPEHHUIO 3aKOHOMEPHOCTEH
BIUSHUS JUTUHBI 3aKpBhUIKA L3 HA XapaKTEPUCTUKU TCUCHUS

TomuBa M okucnurend. Kak cienyer w3 JaHHBIX, IpUBE-
JICHHBIX Ha PHC. 2, KapTUHA TEYECHUs B 3aKOPMOBOM 0bJIac-
TH cTaOMIM3aTopa ¢ 3aKphUIKaMu U 0e3 HEro sBISETCS Cy-
LIECTBEHHO PAa3IUYHONW. A MMEHHO, IPU OTCYTCTBHU 3aK-
pBUIKAa 3a CTaOdWINM3aTOpPOM HaOIIOJaeTcs IBa OCHOBHBIX
BUXps. B cuTyanmm ke ¢ 3aKpBUIKOM SIPKO BBIPAYKEHHBIM
SIBJIIETCA JIMIIb OJUH BHUXPb, LIEHTP KOTOPOTO CMEILAeTCs
BHU3 IO IOTOKY C YBEJIIMYEHHEM MIJIUHBI 3aKkpbuika. [Ipu
9TOM 3a TOPLOM 3aKpblIKa (OpMHUpYETCs BUXPb HEOOIb-
X pa3MepoB, a B YIJIOBOWH 30HE 3a CTaOMIM3aTOPOM —
BTOPUYHBINA BUXDb.

Puc. 2. Kapruna JiuHAN TOKA TOIUTABA ¥ OKUACIHTEIS B IIPOJOIEHOM
CCUCHUH CTAOMIIN3aTOPa, MPOXOIAIIEM Yepe3 OCh Fa30IOIAFOIITIX
OTBEPCTHH NPH Pa3INYHBIX 3HAYCHUSX JITMHBI 3aKpbUIKa: a) L; = 0;
6) L; =0,015m; B) L; = 0,03 M;T) L3 = 0,045 M; 1) L; = 0,06 m

L[M, M

0,060 |
0,045 hilld =

/ - 2
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Puc. 3. 3aBucrMOCTS OT UIMHEI 3aKphUIKa L;: 1) mpoTsoxeHHOCTH 30-
HbI 00paTHBIX TOKOB Ly7 ; 2) Benmuuuubl L3,y , Ha KOTOPYIO IIPOTSI-

JKCHHOCTb 30HbI O6paTHBIX TOKOB IIPEBLIMACT NJIMHY 3aKPbIIIKa

Yro kacaercs MPOTAKCHHOCTHU 30HBbIL O6paTHBIX TOKOB
L130T 3a CTa6I/IJ'H/IBaTOpOM, TO OHA 3HAYUTCIIbHO YBCINYNBA-
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eTCs C pOCTOM JuTuHBI 3akpbuika (puc. 3). Tak, Ly, =
24,2 mm nipu L3 = 0 u coctasnsier 71,3 mm nipu L; = 60 MMm.
Cremyer OTMETUTB, YTO TPOTSDKEHHOCTH 30HBI OOpaTHBIX
TOKOB L},; MPEBBINIAET IJIHHY 3aKPbUIKA MPU BCEX 3HAYE-

HusxX Ls. [Ipu 9TOM JaHHOE TPEBBIMIEHHE [3,; YMEHBIIAET-

csl ¢ yBEeJIMYEHUEM L.

Puc. 4 mumtoctpupyer  pacnpeneneHue  IpOAOJIBHOM
COCTaBJISIOIIEH BEKTOpPAa CKOPOCTH B 3aKOPMOBOM 00JIacTH
cTabHuIM3aTopa BJIOJNb €ro OCH MPH Pa3HBIX 3HAYCHUSX JUTH-
HBI 3aKpbuIKa. Kak BUIHO, IpU OTCYTCTBUU 3aKpPBUIKA MAaK-
CHUMaJIBHOE 110 a0COJIIOTHOW BEJIMYMHE 3HAUCHHE CKOPOCTH
UM B 30He 00OpaTHBIX TOKOB MMEET MECTO MPHUMEPHO MO-
cepenuHe ee JUIMHBL. B ciryuae ke crabmimsaropa C 3ak-
PBUIKOM MECTOMOJIOKEHUE CKOpocTH U™  cMelaercs
BHU3 110 TEUCHHIO OJIKE K TPAHUIIE 30HBI OOPATHBIX TOKOB.
[Tpn 3TOM MaHHOE CMeleHNe OKa3bIBaeTCs TeM Oolee 3Ha-
YUTEIHHBIM, YEM JUIMHHEE 3aKkpbUIoK. OOpamaer Ha ceOds
BHUMAaHHE TaKkKe TOT (DaKT, YTO IPH HAIWYMU 3AKPBLIKA
HETIOCPEJCTBEHHO BONM3M cTabmMiaM3aropa HaOII0IaeTCs
00J1acCTh ¢ HOHM)KEHHBIMU 10 aOCOJIOTHOM BEIMYMHE 3HA-
yeHussMU CckopocTd U,. Ilpuuem mpoTsSKEHHOCTh IJAHHBIX
o0JracTeil BO3pacTaeT ¢ yBEJIIMUCHNEM JUIMHBI 3aKPBUIKA.

10,0
U, M/c

755

5,0

2,5
/I-
0Kz r

) 0,05 0,10 0,15 0,20 0,25
Puc. 4. Pacnpenenenue ckopoctu U, B 3aKOpMOBOI 00acT crabu-
JIN3aTOpa BJIOJIb €0 MPOIOJIBHOM OCH NPHU Pa3InYHbIX 3HAUECHUSIX
bl 3akpbuika: 1 - L; =0;2-1;=0,015m;3 -1L;=0,03 m;4 —
L;=0,045 m;5 — L;=0,06 m
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Puc. 5. Tlonst cpeiHeKBagpaTHYHBIX ITyJbcaluii ckopoctu Uy B
MIPOIOIEHOM CEUCHUH CTaOMIN3aToOpa, IPOXOASIIEM Yepe3 Och Ta-

30MOIAFOIIMX OTBEPCTHM, MPU PA3THIHBIX 3HAYCHUSX JTHHBI 3aK-
prutka: a) L;=0; 6) L;=10,03 m; B) L;= 0,06 Mm

Ananu3 moned cpegHEKBaJpaTUYHBIX ITyIbCALH CKO-
poctn U, Al paccMaTpUBaeMbIX (PU3NUECKUX CHUTYaIMiH
CBUJICTENBCTBYET O TOM, YTO HAaMOOJbIINE 3HAYCHUS JaH-
HBIX ITyJIbCALMi UMEIOT MECTO B 3aKOPMOBOM 00JIacTH cra-
onmnmzaropa (puc. 5). IIpu 3ToM mogobiacT, OTBEYArONIHe
YKa3aHHBIM HAaWOOJBIINM 3HAYEHHSIM, BBITIHYTHI BHU3 II0
MOTOKY W paclioyiararorcsi BOJM3H, yJAIEHHOW OT Topla
cTabuIM3aropa, TpaHuNbl IUPKYIISIIHOHHONW 30HBL. YUTO Ka-
CaeTcsl ypOBHS CPEIHEKBAPATUYHBIX ITYJIbCALUA CKOPOCTH
U., TO B LIEJIOM OH OKa3bIBAaeTCsi HanOoJiee BBICOKUM IIPH
OTCYTCTBHH 3aKPBUIKA M YMEHBIIACTCS C YBEJINYECHUEM €ro
JUTAHBEIL.

BriBoabl. Ha ocHOBE KOMITBIOTEPHOTO MOJIEINPOBAHUS
BBINOJTHEHB! HCCIIEIOBAaHNUS 3aKOHOMEPHOCTEH H30TEpMH-
YECKOTO TEUCHUs! TOIIMBA W OKUCIUTENS B MUKpPO(DaKehb-
HOM TOpPEIOYHOM YCTPOMCTBE C ACUMMETPUYHON CTpYHHOU
rojjadell TOIIMBA B CHOCSIIMNA IMOTOK OKuciuTess. [lomy-
YeHbl JaHHble 00 »dQekTax BIMSHHS IJIMHBI 3aKpPBUIKOB,
pAacIoiI0KEHHBIX HA TOPLEBBIX MOBEPXHOCTSIX CTAOMIM3a-
TOPOB, Ha Pa3INYHbIC XapaKTepUCTHKH TeueHus. [lokazaHo,
YTO HAJINYWE JAHHBIX 3aKPBUIKOB IIPUBOJIUT K CYIIECTBEH-
HOMY M3MEHEHHUIO KapTHHBI TEUYEHUS B 3aKOPMOBOH obJac-
T crabmimsaropa, oOyciaBnuBas (opMupoBaHHe Ooiee
CJIOXHBIX BUXPEBBIX CTPYKTYp. Y CTAHOBJICHO, UTO C yBEJIH-
YEHHEM JUIMHBI 3aKPBUIKOB 3HAYNUTEIHHO BO3PACTaeT IIpO-
TSHDKEHHOCTh 30HBI OOpaTHBIX TOKOB 3a CTaOMJIM3aTOPOM M
N3MEHSCTCS XapaKTep pactpenesIeHus] CKOPOCTeH B JaHHOM
30He. [TokazaHo, YTO MaKCUMaJbHBIE MYJIHCALN MTPOIOIb-
HOM COCTaBISIONIEH CKOPOCTH B 30HAaX OOpPATHBIX TOKOB
HMMEIOT MECTO B CiIydae CTaOMJIM3aTOpPOB 0€3 3aKpBUIKOB.
Ilpn yBenmuueHWM MJIMHBI 3aKPBUIKOB YPOBEHb JAHHBIX
ITyJbCAIUH CHIKAETCSL.

[lepcriekTHBBI JanbHEHIIMX HCCIEIOBAHUN COCTOSAT,
MIPEXJEe BCEro, B aHAIM3€ CTPYKTYPhI TEUEHHs B paccMmar-
PHBaEMBIX TOPEJIOYHBIX YCTPOHCTBAX B YCIOBHSAX pearupy-
IOMMX MOTOKOB. Kpome Toro, 3Ha4MTENbHBIH HHTEpEC
IpeJCTaBIgeT M3ydeHHE 3aKOHOMEpHOCTEH cMeceoOpaso-
BaHMS TOIIMBA M OKUCIIUTENS, a TAKXKE BHITOPAHUS TOILIH-
Ba ¥ (hOPMHUPOBAHUS MOJIEH TEMIEPATyPHI B 30HE TOPEHUSL.
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KOMIT'IOTEPHE MOJIEJIIOBAHHSA TEYIl B MIKPO®AKEJIbHUX TAJIbLHUKOBUX
INPUCTPOAX 3 ACMMETPUYHOIO INTOJAYEIO ITAJINBA

BusBieHO OCHOBHI 3aKOHOMIPHOCTI 130TepMIidHOI Tedii NalMBa i OKHCHIOBa4Ya B MiKpO(aKeIbHOMY MaJbHUKOBOMY IPHCTPOI 3

OJJHOCTOPOHHBOIO Nojadeio manusa. OTpUMaHO JaHi KOMITTOTEPHOTO MOZENIOBaHHS 3 BuKopucTaHHAM migxoxy DES (Detached
Eddy Simulation), mo npencrasisie coboto kombinanito mozxeneir RANS (Reynolds Averaged Navier-Stokes) i LES (Large Eddy Si-
mulation) B pi3HHX 006JacTsX mpocTopy. BeraHOoBIIEHO edekTH BIUIMBY JMOBXKHHH 3aKPHIIKa, PO3TAIIOBAHOTO HAa TOPIEBiH MOBEPXHI
cTablIi3aTopiB MOIYM's, Ha Pi3HI XapakTepuCTHKH Tedii. [lokazaHo, 0 HAasBHICTH 3aKPUJIKIB IPU3BOAUTE 10 ICTOTHOI 3MiHH BHXPO-
BOI CTPYKTYpH B ClIifii 3a crabinizaropamu. OLiHEHO BIUIMB JOBXXHMHH 3aKPWJIKIB HA TaKi MapaMeTpH Tedii, SIK MPOTsHKHICTH 30HU 3BO-
POTHHUX TOKIB y 3aKOPMOBi# 00J1acTi cTabii3aTopiB MOIyM's,, piBeHb CepeJHBOKBAAPATHIHIX ITy/IbCallill MBUKOCTI B IIUX 30HAX TO-
mo. BeranoineHo, 110 3i 301IbIIEHHSM JOBKHUHHU 3aKPHIIKIB iCTOTHO 3pOCTA€E MPOTSHKHICTE 30HM 3BOPOTHHX TOKIB 3a CTabLIi3aTOpOM.
BusiBneHo Tako, o YMM KOPOTIIi 3aKPWIIKU, TUM OLTBIIE TIEPEBHIIYE IX JOBXKHUHY NPOTSDKHICTH 30HU 3BOPOTHHX TOKIB. BukoHaHo
aHaJi3 IPOCTOPOBOTO PO3MOALTY MyJIbcaniii MBUIAKOCTI B I[bOMY HaJBHUKOBOMY IIPHUCTPOI 3a HAIBHOCTI Ta B1ICYTHOCTI 3aKPHJIKIB Ha
TOPILIEBUX MOBEPXHSAX crabinizaTopiB momym's. [TokasaHo, 1o HalBUIIMIT piBEHb NUX IyNbcaliif CIIOCTEpiracThes MOOIN3Y TPaHUI
30HHM 3BOPOTHHX TOKIB, BiJjaneHol BiJ Topi cTadinizaropa. BeranoBieHo, mo piBeHb cepeHbOKBAIPATHIHHX MyIbCaIliil MBUAKOC-
Ti € HAUBUIIUM B YMOBAX BiJICYTHOCTI 3aKpHIIKA 1 3HIKYETHCS 31 30UTBIICHHSM HOTO JTOBKHHH.
Kntouogi cnosa: crabinizaTopu 1moxyM's;; OHOCTOPOHHS nofada nannuea; CFD MozenmoBaHHS; 30Ha 3BOPOTHUX TOKIB; 3aKPUJIKH.
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0. E. Maletskal, E. I. Milko?, N. N. Olkhovskal, A. Regragi’, A. A. Evtushenko

! Institute of Engineering Thermophysics, NAS of Ukraine, Kyiv, Ukraine
? National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

COMPUTER SIMULATION OF FLOW IN MICROJET BURNER DEVICES
WITH ASYMMETRIC SUPPLY OF FUEL

This article is devoted to the mathematical modeling of the isothermal flow in microjet burner devices with asymmetric jet supply
of fuel by the introduction into the flow of an oxidizer. The studies were conducted on the basis of CFD modeling using the Ansys
Fluent software. The Detached Eddy Simulation (DES) method, which is a hybrid approach, was used, in which Reynolds Averaged
Navier-Stokes (RANS) and Large Eddy Simulation (LES) models are switched in different subregions of the computational domain.
Particular attention in this article is paid to the comparative analysis of the flow characteristics in the presence and absence of flaps
installed on the end surface of the flame stabilizers. According to the results of computer predictions, it is shown that, the flow pat-
tern in the burner device changes significantly in the presence of flaps. These changes are also defined to be associated primarily with
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the formation of vortex structures in the region located behind the stern of the flame stabilizers. The analysis of the effect of flap
length on different flow characteristics was performed. An increase in the flap length is shown to lead to a significant increase in the
length of the reverse flow zone behind the flame stabilizer. This length is proved to exceed the flap length the greater, the shorter the
flap. The features of the velocities distribution within the zone of reverse flows for various values of the flap length are revealed. The
analysis of the fields of root-mean-square pulsations of velocity in the considered physical situations was carried out. The subregions
corresponding to the highest levels of these pulsations are defined to be located near the boundary of the zone of reverse currents re-
mote from the end of the flame stabilizers. The highest level of these velocity pulsations is revealed to meet the conditions for the ab-
sence of flaps on flame stabilizers. Some prospects for further research consist primarily in the analysis of the flow structure in the
burner devices considering the conditions of reacting flows. Moreover, the study of the regularities of the mixing of fuel and oxidant
is of considerable interest, as well as the burning out of fuel and the formation of temperature fields in the combustion zone.
Keywords: flame stabilizers; jet supply of fuel; CFD simulation; reverse flow zone; flaps.

HaykoBuit BicHuK H/ITY YKpaiHu, 2018, T. 28, Ne 8 Scientific Bulletin of UNFU, 2018, vol. 28, no 8 121



