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BJAUSAHUE BEJIMYUHBI U3BBITKA BO3/1YXA HA
XAPAKTEPUCTUKHN HEU30TEPMUYECKOI'O TEYHEHUSA
MUKPO®AKEJIBHBIX I'OPEJIOK CTABUJIM3ATOPHOI'O TUITA
THE EFFECT OF EXCESS AIR ON THE CHARACTERISTICS OF THE
NON-ISOTHERMAL FLOW OF MICROJET STABILIZER-TYPE
BURNERS

Annomanyusn. IIlpeocmasnenvt pe3yiomamsl UCCACOOBAHUL  CMPYKMYPbl
HeU30mepmutecKkoco medenuss 8 MUKpO@DaKeibHblX 20PeloUHbIX YCMPOUCMBEax ¢
acumMmempuuHol — nooayelti  MONIUBHO20 2434,  NPEOHA3HAYEHHbIX  O0JiA
IKCNIYyamayuu 8 YCl08UAX NOBLIUEHHBIX 3HAYeHUll Kodghguyuenma uzdbimra
8030yxa a. Yrazvieaemcs, umo OanHbvle YCI08USL UMEIOM MeCMO 8 NPOMbIULIEHHbIX
neyax paziuyHo2o HasHawenus, cywuikax u np. Ilpusodumcs onucanue
NPUHYURUATILHOU  cXemMbl O0aHHo20 ycmpoticmea. Paccmampusaemcs cucmema
MONIUBONOOAYU U NOOAUU NEPBUYHO20 U BMOPUUHO20 8030yXA. AHANUZUPYIOMCS
0CODEHHOCMU MAMEMAMUYECK020 MOOETUPOBAHUS AHATUIUPYEMOU Du3ULecKoll
cumyayuu. Ommeuaemcs, YmMo peuieHue HNOCMABIEHHOU 3a0ayu MNOJLYYEeHO C
ucnonvzoganuem memooa DES (Detached  Eddy  Simulation — memoo
MOOenuposanus omcoeOUHeHHbIX BUXpel).

Ilpusoosames OaHHble MAMEMAMUYLECKO2O0 MOOEIUPOBAHUS, KACAIOUWUECS
8blABIEHUS I PeKmos enuUAHUSA eUYUHbL KOIPPuyuenma uzdovimrka 6030yxa (o, =
2,0...4,0) na xapaxmepucmuku meueHus 6 pPACCMAMPUBAEMOM  20PENLOYHOM
ycmpotiicmee.  Yxaszvlgaemcs, 4mo MOOeIUpo8anue UMeHeHUus o00we2o pacxooa
8030yXA OCYUeCMBIAIOCH 3A CYem USMEHEeHUs pacxo0d MONIUBHO20 2a3d Npu
NOCMOSHHOM  pacxode 8030yxa. AHAIU3Upyromcs OCHO8Hble Omauyus nojeu
CKOpOoCmU NpU  PA3HbIX 3HAYeHusxX Kodpouyuenma uzbblmKka  8030yXa.
Ommewaemcs, 8 uacmuocmu, umo OONLUWUM BeIUYUHAM KOIDduyuenma o

omeevaom 6 uyeiaom Oonee HusKue 3HAYEHUs. CKopocmu med4eHus l’lpOOmeOB
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eopernus. Ocoboe guumManue yoensiemcs UCCIe008aHUI0 3AKOHOMEPHOCIEN GIUSHUSL
Ko3gpuyuenma uzdbimra 6030yXa HA XAPAKMEPUCMUKU 30Hbl YUPKVIAYUOHHOSO
meueHuss 8 3aKOPMOSoU obracmu cmabunuzamopa niameHu. Yxaszvieaemcs, 6
yacmHocmu, Ha mo, Ymo OJUHA 30Hbl 0OPAMHBLIX MOKO8 8 OAHHOU obaacmu
CYUeCMBEeHHO — COKpawaemcsi ¢ poCmoM  GeiuyuHvl a. Auanuzupyromcs
0CODEHHOCMU BUXPEBbIX CIMPYKMYP 8 OIUdCHeM cllede Cmaduiuzamopa niameHu
Ol pasHulX 3HaveHuti Koagguyuenma uzbvimka 6030yxa. Ilpeocmasnenvl
pe3yibmamvl  UCCIe008AHUL 8  4aCMU  KAPMuHvl  NPOCMPAHCMBEHHO20
pacnpeoenieHus cpeoOHeK8AOPAMUYHbIX NYIbCAYULl CKOPOCMU NPU B8APbUPOBAHUU
Koagpuyuenma uzdovimra 6030yxa. Ommeuaemcs, 4mo ¢ poCmom BeiUYUHbL o
Habnooaemcs yoaieHue Om MmMopya Cmadunuzamopa 30Hbl  NOBLILUEHHBIX
nynvcayuil CKOpocmu.

Knrwouesvie cnoea: acummempuunas moONIUEON00AHA, KOMNbIOMEPHOE
Mooenuposanue, KodIpGuyuenm uzbbimKka 6030yXda, MUKPOGAKelbHble 20peKu,

CMPYKmMypa meyeHus.

Summary. The results of studies of the structure of non-isothermal flow in
microjet burner devices with asymmetric fuel gas supply, intended for operation in
conditions of increased values of the coefficient of excess air a. It is indicated that
these conditions take place in industrial furnaces for various purposes, dryers, etc.
A schematic diagram of this device is described. The system of fuel supply and
supply of primary and secondary air is considered. The features of mathematical
modeling of the analyzed physical situation are analyzed. It is noted that the
solution to this problem was obtained using the DES method (Detached Eddy
Simulation - a method for modeling detached eddies).

The data of mathematical modeling that relate to the identification of the
effects of the coefficient of excess air (o = 2.0 ... 4.0) on the flow characteristics in

the considered burner device are presented. It is indicated that the change in the
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total air flow rate was simulated by changing the fuel gas flow rate at a constant
air flow rate. The main differences of the velocity fields are analyzed for different
values of the coefficient of excess air. In particular, it is noted that large values of
the coefficient a correspond generally to lower values of the flow rate of the
combustion products. Particular attention is paid to the study of the laws of the
influence of the coefficient of excess air on the characteristics of the circulation
zone in the astern area of the flame stabilizer. It is indicated, in particular, that the
length of the reverse current zone in this region decreases significantly with
increasing value of o. The features of the vortex structures in the near wake of the
flame stabilizer are analyzed for different values of the coefficient of excess air.
The results of studies on the spatial distribution of the RMS velocity pulsations
with varying air excess coefficients are presented. It is noted that with an increase
in the value of o, a zone of increased velocity pulsations is removed from the end of
the stabilizer.

Key words: asymmetric fuel supply, computer simulation, excess air

coefficient, microjet burners, flow structure.

BBenenmne. PaccmarpuBaeMble B HacTosiei pabore MUKpodakelbHbIE
rOpesoYHbIE YCTPOMCTBA OPUEHTUPOBAHBI HA WCIIOJIH30BaHUE MPU OTHOCUTEIBHO
BBICOKHMX 3HaYEHUSIX K03 uimenTa n30bITKa Bo3ayxa. Takue 3HaYEHUs OTBEYAIOT
YCJIOBUSIM 3KCIUTyaTalliy Pa3IMYHbIX MPOMBIIIIEHHBIX MEYeH, CYIIUIIOK U Tp.

3agaun  pa3pabOTKU yKa3aHHBIX TOPEJOK TpeOyIOT BCECTOPOHHETO
UCCIIEIOBAHUS CTPYKTYPhI TEUEHUSI B JAHHBIX yCTpoicTBax. B mocnenuuii nepuon
BO MHOTHX pa0oTax, MOCBSIIEHHBIX U3YUYCHHUIO TAKUX TEUYEHUM, B KQUECTBE METO/1a
WCCIIEIOBAHUS HMCIIOIB3YETCSd KOMIBIOTEpHOE MojenupoBanue [1-5]. Ilocnenuee
MO3BOJISIET MOJy4YaTh JACTAJIbHYIO TMOJEBYI0 HMHGPOPMAIMIO OTHOCHUTEIIBHO

OCHOBHBIX XapaKTCPUCTUK ad3POJUHAMUKH UCCICAYCMbBIX I'OPCIOYHBIX YCTPOﬁCTB.
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IlocTanoBKka 3a1aum U MeTO] UcciaedoBaHusA. B pamkax maHHO# paboOThHI
Ha OCHOBE KOMIIBIOTEPHOT'O MOJIETUPOBAHUS UCCIEAYIOTCS OCOOCHHOCTH BIIUSHUS
kod(pdunrenta u30bITKAa BO3JyXxa HA 3aKOHOMEPHOCTH HEU30TEPMHYECKOIO
TEUEHHUsI B TOPEJIKAX PacCCMAaTPUBAEMOI0 THIIA.

HccnenoBannio TOMIEKUT CTPYKTypa TEUEHHS B MHUKpPO(DaKETLHOM
TOPEJIOYHOM YCTPOWCTBE C ACHMMETPUYHON MOAAYEN TOIUIMBA, MPEAHA3HAYEHHOM
JUISL DKCIUTyaTalldd TpPU OTHOCUTEIBHO BBICOKHMX 3HAUYCHUSAX KO3 uImenrta
n30bITKa Bo3ayxa (2,0 <a<4,0). Cxema MOAyJd HCCIEAYEMOr0 TOPEIOYHOIO
YCTpPOMCTBA MpeACTaBlieHa Ha puc. 1. Moayib, pa3MenieHHbI B KaHAJIE /, COCTOUT
U3 JIBYX IUIOCKUX CcTa0uiau3zatopoB Imamenn 2. Ha oaHoil u3 OOKOBBIX
MOBEPXHOCTEN KaXKJIOro CTa0MIM3aTopa, OMBIBAEMOM TMIEPBUYHBIM BO3IYXOM,
pacnoJiokeHa CUCTEMa ra3onofarolluX OTBEPCTHH 3, yepe3 KOTOpPYIO CTPyH rasa
MOJAIOTCSI BHEIPEHHEM B CHOCSIIUMN MOTOK MEPBUYHOTO BO3AyXa. BTopuuHbIif
BO3/yX T€UET B MEKCTAOWIM3aTOPHOM KaHajle U MOJAETCS HA TOPEHUE HUXKE IO
MOTOKY TOCJie O0TEKaHUs 3aKPBUIKOB 4.

ACHUMMETPUYHOCTh TOIUTMBOPACHPEACICHUSI 3aKJIIo4aeTcss B TOM, YTO
TOIUIMBHBIA Ta3 MOJAETCAd B IMOTOK OKUCIUTENS TOJBKO C OJAHOM U3 OOKOBBIX
MOBEPXHOCTEN cTabunuzaTopa riamenud. Ha apyroit ero 60koBO# MOBEpPXHOCTH HA
TOpIle CcTa0uiau3aTopa YCTAHABIMBAETCS IUIACTUHA OMPEACICHHON  JUIMHBI
(3akpbU1oK). OCHOBHBIE (DYHKIMHM JIaHHBIX 3aKPBUIKOB COCTOSIT, BO-TIEPBBIX, B
CrIOCOOCTBOBAHMH 0OPAa30BAHUIO YCTOMUYMBBIX 30H OOpATHBIX TOKOB B 3aKOPMOBOM
obnmactu crabuiau3atopa IUIAMEHU U, BO-BTOPBIX, B (OPMUPOBAHUM MOTOKA

BTOPHUYHOI'O BO3ayXa, KOTOpI)Iﬁ moaacTCs HEMOCPCACTBCHHO B 30HY I'OpPCHUSI.
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Puc. 1. Cxema MukpogakeIbHOro ropejiO4HOro ycTpoicTBa cTadnjian3aTopHOro TUINa ¢
aCMMMETPHYHOM MmoJavyeil TOIIUBA:

1 - mnockuit KaHau; 2 - cTabUIM3aTop TUIAMEHH; 3 - Ta30I0Jal0IINe OTBEPCTHS; 4 - 3aKPBIIKU

MaremaTudeckass MOJEIb MCCIEAYyEeMOro Mpollecca TOPEHUS BKIIOYAET
YpaBHEHHSI  JIBUDKEHUS, HEPA3phIBHOCTH, OSHEPrUUM IS Pearupyrommx
TypOYJIEHTHBIX MOTOKOB, COXPAaHEHUSI MacChl KOMIIOHEHTOB pearupyroiie cMmecu
U ypaBHeHue coctosiHus. [Ipu penieHur 3amaduM KUCMOIB30BAJICS MPOTPAMMHBIN
komiiekc FLUENT. KommnbiorepHoe MOAEIMPOBAHUE OCYUIECTBISUIOCH C
ucnonbzoBanueM DES mnonxoma  (Detached Eddy  Simulation — wmerton
MOJICTUPOBAHUS OTCOCAMHEHHBIX BHUXPEH).

B  Xxome  KOMOBIOTEPHOIO  MOJEIUPOBAHMS ~ U3MEHEHHE  OOIIero
kod(pdunrenta u30bITKAa BO3AyXa 0 3a/JaBajoch IyTEM H3MEHEHHS pacxojia
NPUPOJHOrO Ta3a TMpU HEU3MEHHOM pacxoie Bo3ayxa. McciaegoBanus
MPOBOJIUIINCH TIPU TMOCTOSHHOM COOTHOIIEHHHM PAcXOJOB IEPBUYHOTO U
BTOPUYHOTO BO3/lyXa, KOTOPOE OTBEYAJIO 3HAYEHUSIM IIMPUHBI MPUCTEHOUYHOTO U
MEXCTaOMIn3aTOpHOro KaHaioB 13,5 u 9,0 mm.

Pe3yabTaThl ucciaenoBanuii U ux anaaus. Huxe npuBoasTcs pe3ysbTaThl
WCCIIEIOBAHNM, OTBEYAIOIIME CIECAYIOIIUM HUCXOAHBIM JaHHbBIM Ber = 0,015 Mm;

B1=0,0135M; B>=0,009M; B«=0,075m; Lyx=13M; Lo=0,1 M; Lx=0,2 M;
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L1=0,02wm; L3=0,09 m; d = 0,002 m; S/d = 3,5; ko3bUIIUEHT 3aTrPOMOKICHUS

IIPOXOJHOTrO ceueHus kaHana ky = 0,4; CKOPOCTh BO3[yXa Ha BXOAE B KaHa! U =

10,0 m/c; obmmit ko3pdunreHT U30bITKAa BO3JyXa 0 BapbUpPOBAJCA B Mpejaesiax
2,0...4,0.

PucyHOK 2 WUIUTIOCTPUPYET MOJS CKOPOCTH B MOMNEPEUYHOM CEUEHUU KaHala
MpU pa3HbIX 3HAUYEHUSX o00Imero kordduuuenta u3obiTKa Bo3ayxa. CoriiacHo
MPEJCTABICHHBIM JaHHBIM OOJBIIMM BEIWYMHAM 0 OTBEYAIOT B IEJIOM Ooliee
HU3KHE 3HAYEHHUSI CKOPOCTH 3a MpeAesiaMu 30H IUPKYJISLHOHHBIX TEYCHUU B
3aKOpPMOBOM 00JacTu cTabuiau3aTtopa miaMeHu. Tak, MaKCUMaJlbHbIE CKOPOCTH Ha
BBIXOJIe M3 KaHana gocturaroT 50 m/c mpu a = 2,0; 45 m/c pu a = 3,0 u He
npessimaoT 30 M/c g ao=4,0. C poctoM o 00JacTH BBICOKHX 3HAYEHHM
CKOPOCTH CMEIIAIOTCSl BHU3 IO TTOTOKY.

[IpencraBnenHas Ha puc. 3 KapTUHA JUHUN TOKA MPHU Pa3HBIX 3HAYEHUIX O
MOKa3bIBAa€T OCOOCHHOCTH BHUXPEBOM CTPYKTYpbl B 3aKOPMOBOM 00JacTH
cTtabunuzaropa rmiaaMenu. Kak BUIHO, BEJIMUMHA o0 3aMETHO BJIUSIET HA JJIUHY 30HBI
oOpaTHBIX TOKOB B JaHHOM oOsactu. IlocnemgHsisi yMeHblIaeTcs ¢ pocToM o. B
[IEJIOM BUXpEBasi CTPYKTypa B 3aKOPMOBOM 007acTH cTaOMIIM3aTOpa OKa3bIBAETCS
pa3MYHON TpU pa3HBIX 3HadeHWsX o. Tak, mpu o = 2,0 HaOmIOmaeTcs JBa
OCHOBHBIX BHUXpPSI OTHOCHUTEJIHHO HEOOJBIIUX pa3MepoOB, OJUH U3 KOTOPBIX
PacIoyoKeH BOIM3U Topla cTabuiau3aTopa, Ipyroi — Ha yjaineHuu ot Hero. [lpu a
= 3,0 u a = 4,0 xapTrHA BUXpE0oOpa30BaHUs OKA3bIBAETCS B I[€JIOM Kaue€CTBEHHO
CXOXeH. 31ech MMeeT MECTO OJUH OCHOBHOW BUXpPb, (POpPMHUPYEMBbI BOIHU3U
ykazaHHoro Ttopua. Opgnako mpu o = 3,0 BOIM3M yAaJIEHHOW OT TOpIa
cTabuiu3aropa TpaHUIBl 3aKpbUIKa HaOmogaeTcs oO0pa3oBaHUE BTOPUYHOMU

BUXPEBOU CTPYKTYpPBI, KOTOpPast OTCYTCTBYET Ipu o = 4,0.
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Puc. 2. Ilose ckopocreii Uy B ceueHnH, MPOXOASIIEM Yepe3 0Ch ra30MoAaIuX 0TBepPCTHI,
npu B1/B2 =13,5/9,0 nis pa3iu4HbIX 3HaYeHHiT 001mero ko3¢ ¢uunenta u3dbITKa BO3AyXa:

a)a=2,0;6)a=3,0;B)a=4,0

C yBenuuenuem o061iero ko3 duimenta n30bITKa BO3AyXa MEHSIETCS TaKkKe
KapTHHA MPOCTPAHCTBEHHOTO pAacCIpeeieHuss CPEeIHEKBAAPATUUHBIX MyIbCallUM
ckopoctu U'. Kak CBHAETENBCTBYIOT MOJYYCHHBIC JTaHHBIC, YeM OOJBIIC O, TEM
Janbllie OT TOpLA CTa0MIM3aTOpa IUIAMEHHU pacroyaraercs 00JacTh NOBBIIIEHHBIX

3HAYEHU MyJIbCAlUi CKOPOCTU U TEM OOJIbILE PACIOJIOKEHHAS HEIOCPEICTBEHHO
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34 JaHHBIM TOPHOOM 30HA, B KOTOpOﬁ HMCCT MCCTO IPCACIIbHO HU3KHUC 3HAYCHHA

ATUX IyJIbCALUH.

Puc. 3. KapTuna 1uHMii TOKa B ce4eHUH, NMPOXOASIIEM Yepe3 0Ch ra30moJauiux
oTBepcTHil, npu Bi/B2 =13,5/9,0 1151 pa3HbIX 3HaYeHUil 00mero ko3¢ unueHta n30bITKA
BO3/yXxa:

a)a=2,0;6)a=3,0;B)a=4,0

BouiBoabl. TakuM o0pa3oM, Ha OCHOBE BBHIMIOJIHEHHBIX HCCIEA0BaHUMN
a’POJMHAMHUKH TOPEIOYHBIX YCTPOMCTB C ACUMMETPUYHOM NMOJAYEN TOIUIMBA NPU
BApbUPOBAaHUM 3HA4YEHU Ko3(pduuueHTta H30bITKAa BO3AyXa II0Ka3aHO, YTO
BEJIMYMHA JIAHHOTO KOA(Q(UIIMEHTa OKa3blBa€T CYIIECTBEHHOE BIIUSIHHE Ha

PAa3INYHBIC XapPaAKTCPUCTUKN TCUCHU.
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