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AHHOTanusa. AKmya/sHOCmMb ucce0BaHUA 00yCcI0BIeHa HE06X0/JMMOCTbIO BbINAPUBAHUA GOJIBLIMX KOJIMYECTB PACCOIOB
Ha NpeANpUATHAX KaJIMHHON IPOMBILIIEHHOCTH. BbllapiBaHUe pacco/ioB B IOBEPXHOCTHBIX BbINIAPHbIX aNnapaTax 3aTpy /-
HEHO BCJIe/ICTBHE HHKPYCTAI[UY TEIJIO0OGMEHHBIX ITOBEPXHOCTEH ocaikaMu cosiel. [loaToMy Takoe BrITapUBaHUe 1eJ1ec006-
pa3Hee BCETo OCYLIECTBJATDH B alllapaTax MOTPY>KHOTO FOPEHMUs], TaK KaK OHU He COZlepKaT TeIJIoNepealolX OBEPXHO-
credd. OHAKO ¥ B 3TOM THIIE aNllapaTOB BO3MOXXHO BO3HMKHOBEHHE HEHCIIPABHOCTEN H3-3a HEYNPaB/sIeMOT0 OCaX/eHUs
TBEpAoH da3bl. B HacToAmMIi MOMEHT AMHAMKKa TBEP0H $a3bl B anmapaTax Morpy>KHOro ropeHus cjaabo usydena. Jlanuoe
uccelIoBaHMe ABJAETCA 4acTb0 HAyYHOH MporpaMMbl, HapaBJIeHHOH Ha BCECTOPOHHE PaCCMOTPeHHe 3aKOHOMepHOCTel
JIBIDKEHHS TBEPJbIX YACTHI] B alllapaTax C NOrPY>KHbIM ropeHueM. Lesb: ©3y4yuTh ruZipoAMHaAMHUYECKUE NPOLECChl B yCTa-
HOBKe IOTPY’KHOTO TOPEHHs] B NPOMEXKYTOK BPEMEHHM, COOTBETCTBYIOIMH Hayasy eé paGoThl; ONKMCATh 3aKOHOMEPHOCTU
JBMKEHUS TBEPAOU dpa3bl B 3aBUCUMOCTH OT BpeMeHU. 06seKm: 1abopaTopHas yCTaHOBKA MOTPYKHOr0 ropeHus. [Ipoana-
JIN3UPOBAHA yNPOLIeHHasd MOJeJib TEIJIOBOTO pexxrMa paboThl 6e3 MOoC/AeAyIOIIEro nepexo/a XXuAKkoi gpasel B nap. Memo-
Obl: YUCJIEHHBIN 3KCIIepUMeHT. [Ipy MoAeIMpoBaHUU MPUMEHSIJICS TUOPUAHBIA MeTOJ, KOHEYHbIX 00 bEMOB B COUETAHUHU C
TEXHOJIOTHEH MEeTO0/la KOHEUHbIX 3J1leMeHTOB. MHorodasHas cucTeMa pacCMaTpUBaJach KakK JiIBe COCYLECTBYIOILIUX OJCH-
CTEMbI: Fa3—XKU/JKOCTb U )KU/JKOCTb-TBEP/ble YacTULbL. Pe3y/1bmamel. PacCMOTpeH KOHEYHbIH BpeMEHHOW HHTepBaJ pabo-
Thl yCTaHOBKU. OGHApPYKEHO, YTO 3a pacCMaTpUBaeMoOe BpeMs JOCTHUIAETCS CTALlMOHAPHBIA PEXHUM OCaXK/JEeHUsl TBEPBIX
yactul,. OGHapyKeHbl OCHUIJISIIMYA CKOPOCTH NTOTOKA XXUAKOCTH, IPUBOJSALIME K KOJeGaHUAM MaCcCOBOT'O PAcXo/ia TBEP/bIX
YacTHL, Ha JiHe yCTaHOBKH. OGHAPY>KEHO, YTO CX0XKyH0 GOpMy KoJIeGaHUH HMEIOT CKOPOCTb Ha KOHYMKE CTPYH JBIMOBBIX
rasoB, BbIPbIBAIOIIENCS U3 COIJIA TOPEJIKH, a TaKXKe JlaBJeHre Ha cpe3e coma. 060CHOBaHA runoTe3a 06 onpejessoneM
BJIMSIHUM HEYCTOWYUBOCTU CTPYHHOTO JBMXKEHUS [bIMOBBIX ['A30B HA OCLUJUIALIMOHHOE NIOBeJIeHHe BCeH rHpoAMHaMHye-
CKOH CHUCTEMBI.
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Abstract. Relevance. The need to evaporate large quantities of brines at potash industry enterprises. Evaporation of brines in
surface evaporators is difficult due to the encrustation of heat exchange surfaces by salt deposits. Therefore, such evaporation is
most expedient to be carried out in submerged combustion apparatuses, since they do not contain heat-transmitting surfaces.
However, in this type of apparatus, malfunctions may occur due to uncontrolled solid phase deposition. At the moment, the dy-
namics of the solid phase in submerged combustion devices is poorly studied. This study is part of a scientific program aimed at
a comprehensive review of the laws of motion of solid particles in submerged combustion apparatuses. Aim. To study the hy-
drodynamic processes in the submerged combustion setup in the time interval corresponding to the beginning of its operation;
describe the patterns of solid phase motion as a function of time. Object. Laboratory setup of submerged combustion. A simpli-
fied model of the thermal mode of operation without the subsequent transition of the liquid phase to steam is analyzed.
Methods. The study was conducted by numerical experiment. The hybrid finite volume method was used in simulation in com-
bination with the technology of the finite element method. The multiphase system was considered as two coexisting subsystems:
gas-liquid and liquid-solid. Results. The paper considers the final time interval of the setup operation. It is found that during the
time under consideration, a stationary mode of solid particle deposition is achieved. The authors have detected liquid flow velo-
city oscillations, leading to fluctuations in the mass flow rate of solid particles at the bottom of the setup. It was found that the
velocity at the tip of the flue gas jet escaping from the burner nozzle, as well as the pressure at the nozzle section, have a similar
form of oscillation. The authors substantiated the hypothesis about the determining influence of the instability of the jet move-
ment of flue gases on the oscillatory behavior of the entire hydrodynamic system.
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BBeaeHue

Arnmapatsr morpyxHoro ropenust (AIIl) npencras-
JSI0T cO00M TEIUIOTEXHUYECKUE yCTPOUCTBA AJIs Mpsi-
MOT'0 HarpeBa u BblllapuBaHus pacTBopoB. Harpes pac-
TBOPa MPOUCXOJIUT IPU €ro HENOCPEICTBEHHOM KOH-
TakTe CO CTPYEH ropsiuuX JBIMOBBIX Ia30B, 00pazyro-
mieiica B kamepe cropanus. [IpeuMylinecTBOM Takoro
cnocoba HarpeBa SIBISICTCS OTCYTCTBHE TEILIONEpEa-
IOILUX MOBEPXHOCTEW, HAa KOTOPBIX BBINAJAIOT OCAIKH
coneit [1]. IIpu padore AIIl" cTpyst OBIMOBBIX Ta3o0B,
KOHTaKTHPYS C >KUIKOCTBIO, Pa3OMBAETCS HA ITy3BIPb-
KM, KOTOpbIe 0apOOTHUPYIOT 4epe3 CIOW KUAKOCTH U
oTnaroT el cBoé teruio. Ilocie BrIxoga u3 GapOoTaXK-
HOI'O CJIOS JIbIMOBBIE Ia3bl MHBEPTUPYIOTCS B CIUIOLI-
Hy0 a3y ¥ TNOKHJAIOT almnapaT 4Yepe3 BBIXJIOMHYIO
TpyOy. Harperas xumgkas ¢asza mepenuBaeTcsi uepes
[IOpOT, MOMNaJaeT B NPUEMHYI0 EMKOCTb U CMELIMBAET-
€5l C HOBBIMH TOPLUHUSAMH KUAKOCTH, TTOCTYNAIOMIUMHU B
AIIl'. XKunkas dasza n3 npuéMHON EMKOCTH MPUHYIH-
TEJIbHO C IIOMOILBIO Hacoca IMOJAETCS B BBINAPHYIO
€MKOCTb, TJ€ MPOUCXOJUT €€ HArpeB U MOCIEAYIOIIee
BBITIAPUBAHHUE.

ATIT, kak TIpaBUIIO, UCIIONB3YIOTCS JIJISl BHITTAPUBA-
HUS 3arpsA3HEHHBIX JKUIKOCTEH WM KOHLIEHTPUPOBAH-
HBIX PACTBOPOB COJICH, 00pa3yIomMx B X0/€ TEXHOJIO-
rudeckoro mporecca ocamok [1, 2]. KonkperHpimu
pUMepaMHu NMPUMEHEHUS MOTYT CIYXXUTb BBIIIapHUBa-
HHUE COJICHBIX IIJIAMOB M BBHINIAPUBAHKE IEIOKOB C TO-
JIy4€HHEM TOBApHOW COJIM Ha MPEANPUATHU «Y paika-
nuity. [Ipu 3TOM B ammapare HEMHHYEMO BO3HHMKAeT
TBEPAas (asza, MPEACTABICHHAS MEIKOAMCIEPCHBIMU
yactunamu. Heynpasisiemoe aBukeHue TBEPABIX 4Ya-
CTHII MPUBOJUT K YACTHIM 3aCOPEHUSM almapara u, Kaxk
CIEACTBUE, K JITUTEIBHBIM IIPOCTOSIM JUIS €T0 OUUCTKH.

Ota mpobiieMa MOXKeT OBbITh pellieHa 3a CUYET OpraHu3a-
IIUU YIIPABIIIEMOTO JIBUKCHUS TBEPIOU (a3bl B armia-
pate [3]. OgHako pazpaboTka MEpONPHUATHIA MO opra-
HU3aIUM JBMKEHUS 4acTUI] TpeOyeT MpeaBapuTeIbHO-
T0 U3YYEeHHSI 3aKOHOMEpHOCTEH nx ocaxkaeHus B Al
M3BecTHBI UCCIIEOBAHUS OCAXKICHHUS TBEPBIX YACTHUIL
B JKHJIKOCTH, OJTHAKO OHU BBITIOIHEHBI JTHOO IS IBYX-
(da3HbIX TOTOKOB [4, 5], MO0 JyIs cpen co cnernuduye-
CKHMH CBOWCTBaMHu [6, 7].

Jlnst u3y4eHus morpy»KHOTO TOPEHUs 10 3aKazy (Qu-
maana BHUUW Tamyprum (r. Cankr-IletepOypr) Ha
npennpusatun «TeroOueprollpom» (Ilepmckuii kpaid,
n.r.1. [lonasna) Oblna co3nana maboparopHast yCTaHOB-
ka, nmutupyromas AIIl'. [Ipuanunuansaas cxema na-
OopaTopHO# ycTaHOBKHM TpejcTaBieHa Ha puc. 1. Kax
Y TIOJHOpa3MEpHBIN armapaT, YCTaHOBKa CHaO)keHa
MOTPY’KHOM TOPENIKOM, CO3Jaloliell CTPYIO TOPSYHUX
JILIMOBBIX Ta30B. [1oj1 Topenkoil yCTaHOBJIEHO OTOOM-
HOE ycTpocTBO. Takyke MPUCYTCTBYET BEepPTHUKalbHAas
neperopojika, pasaeisomas padounii 00béM Ha JBE
obnactu. [lpuuém meperopojika JOMyCKaeT Mepereka-
HUE KUAKOCTH uepe3 He€, TakKe KakK >KMJIKOCTb Iepe-
nuBajack Ob1 yepes mopor B AIIl.

Kpome Toro, B Mecte CMBIKAHUS IEPETOPOIKH C
HIOKHUM JHHUIIEM YCTaHOBKM NPEAYCMOTPEHO OKHO
JUTSL IPOTOKA KUIKOCTH. MaTeMaTHIecKoe MOJICIUPO-
BaHHE MTOJTHOPA3MEPHOTO armapaTa TpeOyeT MCIIOIb30-
BaHUS 3HAYUTEIbHBIX BBIYUCIUTEIBHBIX PECYPCOB,
MO3TOMY JUIsl OTJIAJIKU MOJieH Oblla BRIOpaHa MMEHHO
nabopaTopHas yCTaHOBKA. YCTaHOBKAa MMEET CPaBHU-
TEJIbHO HeOoIbIlKe JUHEeHHbIe pasMepsl (2,2:1,4:1 M),
4TO JenaeT e€ MOACITUPOBAHHE METOJIOM KOHEYHBIX
00BEMOB 00JIee PKOHOMHYHBIM, YeM MOJICIIUPOBAHUE
nosmHopaszmepHoro Alll.
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Fig. 1. Schematic diagram of a laboratory setup

W3BecTHBI pabOTHI 1O MCCIICIOBAHUIO MEXK(Pa3HOTO
TEIUIO- U MacCcOOOMEHa TBEpABIX YACTHI[ U HECyIIeH
KUAKOCTH [8, 9], olHAKO OHM HE 3aTparuBalOT TPEX-
¢azHbIx cucreM. KpoMe TOro, CTOUT OTMETUTH PaOOTHI
M0 WM3YYCHWIO KOHBEKTHBHBIX TCUCHHUH KHIKOCTH B
3aMKHYTBIX 00bEMax [10-12] ¢ yueToM conmpsiKeHHOro
TEIUI000OMEHA C OKpYKarIel cpenoid. PacuetHnas reo-
METPHsI CXOXKa MO ITIOCTAaHOBKE C pacCMaTpUBACMOW B
HACTOSIIEM MCCIIEIOBAHUH, OJTHAKO OTMEYEHHBIC 3a/1a-
9H SBISIIOTCS B ONPEJCICHHOM CMBICIIE MOJCIBHBIMH,
TOT/Ia KaKk HAMH PacCMaTPUBACTCS peabHas TeXHUYE-
ckas cucteMa. B3aumoneiictBue TypOyJIeHTHBIX HMOTO-
KOB C TBEpPJbIMH MPEMATCTBUSAMH TPU TPaUEHTaX
CKOpOCTEH ONU3KHX K TEM, YTO UMEIOT MECTO B Peab-
Hom AIIl', uncnenno paccmatpuaetcs B [13, 14].

Panee namu ObLTH MCCTIETOBAHBI 3aKOHBI IBHYKCHIS
(TpexmepHasi CTPyKTypa W TapaMeTpbl) TpEXQasHoro
MOTOKA T'a3—KHJIKOCTb—TBEP/bIE YaCTHUIIBI Ha MPUMEpeE
71a00paTOpHOl YCTAaHOBKHM C MOTPYXXHBIM T'OPEHHECM
[3]. Takxe ObUTO IPOBEACHO JETALHOE M3YyUCHHE M-
Hamuku TBEpHoi ¢a3el [15]. HacTosmmas pabora aBis-
eTcsl MPOJODKCHUEM YKA3aHHOM CEpUH HCCIICIOBAHUM
W HampaBJieHa Ha M3YYCHHE HECTAMOHAPHOTO PEXUMa
paboTBl YCTAaHOBKH C MEPEMEHHBIM YPOBHEM JKHIIKO-
ctu. Takol peXuM MMeeT MeCTO TpH IIyOOKOM yra-
puBaHUM pacTBOpoB ¢ ypaieHueM 60-70 % Boas! (1o
Mmacce).

IlocTaHOBKA 335244 U METO/, pelIeHUus

B paccmarpuBaemoii MHOTO(Da3HOHU cucTeMe Hecy-
e ($aszoil ABASETCS JKUIKOCTh. DTO OOYCIIOBJICHO
TEM, YTO, BO-TIEPBBIX, KHUJIKOCTh SBISETCS CIUIONIHON
Cpelloif, a BO-BTOPBIX, €€ O0OBEMHAs JIOJSA SIBJIICTCS
HanOoubIiel. B pacuérHoil mMojenu >KUIKOCTh TIPej-
cTaBjieHa BOJIOW. JIBIMOBBIE Ta3bl JUCHEPTHPOBAHBI B
JKUAKOCTH B BHJIE MY3BIPHKOB. TaK Kak MPUMEHUTEIb-
HO k AIIl" Bompoc 0 pa3mepax My3bIPHKOB JIBIMOBBIX
ra3oB HCCIICJIOBaH HEIOCTATOYHO, MPUHAT WX (pukcH-
POBaHHEIN AuameTp 3 MM, IO puMepy padoTs [16] B
COOTBETCTBHH C IKCIIEPUMEHTAIBHBIMHU JTAHHBIMH. J[J151
nesneld MoJCTMPOBAaHUS JIBIMOBBIC Ta3bl OBUIM 3aMEHe-
Hbl Ha BO3JyX, TaK KaK TEIUIO)U3NYCCKHE CBOWCTBA
JIIMOBBIX T'a30B, TIOJYUYEHHBIX MMPU CKUTAHUH TIPUPOJI-
HOro raza ¢ ko3dduuueHToM U30bITKa BO3AyXa, paB-
HbIM 1,65, ONM3KM K CBOWCTBAM YHCTOTO BO3JyXa.

Teépmas (asa mpeacTaBiIcHa YacTHUIAMH XJIOpUAA Ka-
must quametrpom 0,24 mm. Takoit pazmep 4acTHIl COOT-
BETCTBYET CpPEIHEMY IHaMeTPy (IOTAIIMOHHOTO IIPO-
JyKTa Ha BTOPOM U TpeTheM bepe3sHHMKOBCKHX KaHii-
HBIX MPOW3BOJCTBEHHBIX PYJOYIPABICHUSAX MPEIIPHU-
SITHSL «Y pATTKATTUI.

AnexBaTHas (U3MKO-MaTeMaTHYECKask MOJEIb Obl-
Jla TIOCTPOEHA B XOJIe MccienoBanus [3] u y4uThIBaeT
B3aMMOJIEUCTBUS JKUAKOCTh—Ta3 U KUIKOCTb—TBEPbIE
JacTHILBI pa3fenbHo. Tak Kak 3GQeKTsl GuoTanun He
SIBIISIIOTCSL oTpeessironmmu pu padore AlIl, npene-
OpexxeHrue B3aUMOJEHCTBHEM Tra3—TBEPAbIE YaCTHIIBI
CUMTaeM ONpaBIaHHBIM. BzaumojeiicTBue razoBoii U
XKHUIKOH (pa3 MOAEIHPOBAIIOCH C TOMOIINBIO ITOIXONA
«inep-Diinep» (Eulerian-Eulerian multiphase model)
[16, 17], nBwxkeHHe TBEPIABIX YaCTHUI] — C MOMOIIBIO
nonxona «Dinep-Jlarpamx» (Lagrangian particle
tracking model) [18]. IlpeumymectBom «Diinep-
Jlarpamx» moaxoma SBJISETCS BO3MOMXKHOCTH IOCTPO-
UTh TPACKTOPUU YACTHII OT MOMEHTA 3apOXJICHUS IO
MOMEHTa UX OCAKAECHHUS Ha MOBEPXHOCTb WJIM BBIHYX-
JEHHOTO CaMOYHHUYTO)KEHHUS MO MPUYMHE OTpaHUYEH-
HOCTH BBIYMCIUTEIBHBIX PECYPCOB B OTHOIICHHH JIO-
IMyCTUMOW JJIMHBI TPAEKTOPUU 4YacTHll. Takke B Mo-
JIenb OBUIM  3aJI0KEHBI YPaBHEHHUS TypOyJICHTHOTO
JBUKCHUS, TaK KaK CTPys TOPSYMUX JBIMOBBIX r'a3oB B
MOMEHT BBIXO/a M3 COIUIa I'OPEJIKH MMEET CKOPOCTh
nopsiaka 100 M/c ¥ MOXXET BBI3bIBaTh 3HAYUTEJIbHbBIE
TypOYJICHTHBIC MyJbCAIIMMA B 30HE KOHTAKTa C JKUIKO-
CThIO0. B TO e BpeMs B 30HaX, YAQIEHHBIX OT TOPENIKH,
0COOCHHO 3a BEpPTHKAJIBHOM IEePEeropoJKoi, TeueHue
MOTOKA MOYKET OCTaBaThCs TaMHUHAPHBIM. Takum oOpa-
30M, I KOPPEKTHOIO MOJEIMPOBAHUSA TEUECHUH
HeoOXoIuMa MOJeNb TypOyJIEHTHOCTH, OOecreunBa-
folast HaJI&KHbIE Pe3yJIbTaThl KaK MPU BBICOKUX, TaK U
MIPH HU3KHX YuciiaX PeliHombaca. DTOMy TpeOOBaHHIO
orBeyaeT mojesb RNG k-¢ (¢ peHopMan30BaHHBIMHU
rpynmnamu) [16].

OnwucaHHas MOJENb Jana MHpeABAPUTEIBHBIC pe-
3yJbTaThl, XOPOLIO COIJIACYIOIIMECS KaKk C paHee u3-
BECTHBIMHU JIaHHBIMU IO CTpyKType norokos B AlIT,
TaK ¥ C ONBITHBIMY JIAHHBIMH, TTOJTy4YEeHHBIMH Ha J1a00-
paTtopHoii yctaHoBKe [3]. Mogenb mocTtpoeHa Ha OCHO-
B€ HCCIIEZIOBAHUS TIO0 0OpPaTHOMY TCEBIOOKIKEHHOMY
CJI010, UHIYIIMPOBAaHHOMY My3bIpbKamu [ 16], KoTopbIit
npeacTaBiseT coboii Omu3kuit k AT pacuéTHbIi city-
yail. B yka3zaHHOM HCClIeZIOBaHUHM aBTOpPbI, CPaBHUB
YHCIICHHBIC ¥ OMBITHBIC JAHHBIC, MPHIIUIA K 3aKJIF0Ue-
HHUIO O XOPOIIEM COTJachH (PH3HKO-MAaTeMaTHUSCKON
MOJIEJIH U IKCIIEPUMEHTA.

Ha puc. 2 npencrasiena pacuéTHas CXeMa, UCIOJb-
30BaHHas B HACTOSILIEM HCClieoBaHMM. Tak Kak mpo-
LIECC TOPEHUs TOIUIMBA HE SIBIICTCS MPEIMETOM pac-
CMOTpPEHHUS, TOpEJIKa, KaK OTACIbHBINA 3JIEMEHT, B CXe-
Me oTcyTcTBYyeT. COOCTBEHHO TOBOpS, HMHTEPEC MPE-
CTaBJIACT JIMIIb [TOTOK JBIMOBBIX T'a30B.
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Fig. 2.

B 10 Xe Bpemst MoJellb HHBEPCUU CILIOLIHOIO ra-
30BOT0 MMOTOKA B OTAEIbHBIE MMy3bIPbKU MPU KOHTAKTE C
BSI3KOM JKHIKOCTBIO HE pa3paboraHa. B cooTrBercTBHU
C ITUMH COOOPaKCHUSIMH MBI OTPaHUIMIINCH 3aJaHHEM
MOTOKA TY3bIPHKOB Ta3a Ha cpe3e COoIula TOPEIKH B
Ka4ecTBE TPAaHWIHOTO yCIOBUs. Takke OBUIO MPUHATO
JIONYILIEHHUE O PAaBHOMEPHOM pACIpEesIEHUH 10 cede-
HUIO IapaMEeTPOB MOTOKA.

Bepxusist rpanuna pacuétHoi o0iacTu SBISETCA
OTKPBITOH, TO €CTh JOIyCKaeT IBMKEHHE Cpell Kak
HapyXy, Tak U BOBHYTpb oOnactu. [Ipu sToM 3amatorcs
rapameTpbl Cpeabl, HaxoJdIieicss 3a TpaHuneil. B
HalreM ciiydae ObUTa 3ajaHa atMocdepa TpPOU3BOJI-
CTBEHHOTO mnomeueHus. st moaenupoBaHus yObLTH
KHUJIKOCTH ObUT BBEJEH CIIMB C (PUKCHPOBAHHBIM pac-
X07I0M. BBox TBEpIOH (ha3wl OCYyIIECTBIIACTCS B IMPO-
CTPAaHCTBE MEXJAY COIUIOM TOpeIKd U OTOONHBIM
YCTPONCTBOM. DJTa 30HA SIBJSIETCS MECTOM MaKCHUMallb-
HOM TeMJIOHANPsXKEHHOCTH, a 3HAYUT, B pPEalbHOM
Ipolecce UMEHHO 3/1ech OyJeT MPOUCXOAMUTH Hcmape-
HUE )KUJKOCTH U, KaK CIIeICTBUE, BBITIAJICHUE B OCAJIOK
KPUCTAJUIMKOB coid. [Ipoune rpaHuIel pacyéTHOM 00-
JIACTH SIBJIAIOTCS aauabaTHYeCKUMHU CTeHKaMHu. J{omon-
HUTEIBLHO JUIA HU)KHETO JHHINA M BEPXHEH MOBEPXHO-
CTH OTOOHHOTO yCTPOWCTBA BBEICHO YCJIIOBHE TIOJHOMN
abcopO1u TBEPOH (hasbl. C MOMOIIBIO JTaAHHOTO MPH-
€Ma HMMUTHpYETCS NPWIMINAHUE CONU K YKa3aHHBIM
MOBEPXHOCTSIM. [IpeaycMOTpeHsl ABE Cepuu IKCIEpU-
MEHTOB C MaccoBbIMU pacxojgamu Ha ciuBe 0,1 m 1
KI/C TIpH MPOYUX PaBHBIX yCIOBHAX. PaccMmarpuBancs
HECTAIIMOHAPHBIA PEXUM padOTHl yCTaHOBKH ¢ 0,=4 c,
0,=120 c.

VYpaBHeHUsT (PU3MKO-MATEMaTHISCKOH MOZIETH pe-
IaJTUCh C MOMOIIBI0 KoMMepueckoro naketa ANSYS
CFX 2020R2. ITaker ANSYS CFX npencrasisier co-
001 mporpaMMHOe OOECIeUYeHHEe ISl MOJCITHPOBAHHSI
3aa4 TUAPOJWHAMUKHU. BBIUHCINUTENBHBIM TAKETOM
peanmsyeTcss THOpUIHAS TEXHOJIOTHS, OCHOBaHHAs Ha
METOJIe KOHEYHBIX 00BEMOB C HUCIOJIb30BaHUEM METO-
Jla KOHEYHBIX 3JIEMEHTOB. MeTo/1 BEIOpaH B CHIIy €ro

Settlement scheme of laboratory setup: 1) section; 2) axonometry

XOpoIIeH pa3pabOTaHHOCTH MPUMEHHUTEIBHO K 3aja-
4aM ¢ 0COOBIMH TpeOOBaHHMSIMU K KOHCEPBATUBHOCTH
YUCJICHHON cxeMbl. KpoMe TOro, maHHBIM METOn Auc-
KpETH3alluK SBJSICTCS ONTHMAIBHBIM Ha TMPOU3BOJIb-
HBIX HECTPYKTYPHUPOBAaHHBIX CETKaX C siYeHKaMu IMpo-
W3BOJIBHOM hopmer [19].

OnucaHue MaTeMaTUYeCKON Moie/In

OCHOBOH cHCTEMBI YpaBHEHHH SBISECTCS MOJIEIh
«Ditnep-Diinepy» ¢ 100aBICHHEM HEKOTOPBIX ypaBHE-
Hull nonxona «Ditep-Jlarpamky. Takum o00pazom,
MMEEM CIIEyIOINE YPaBHEHUSI HEPa3pbIBHOCTHU U Tie-
peHoca ummyibcea ¢ yaetoM RNG k-& Monmenu typOy-
JICHTHOCTH:

0 -
5(aipi)+v(aipivi):0: (N

1

%(%pﬁi)+v(a[piv ®V,)=

= _atvp+v‘c_z+ aipig+idrag,ij’ (2)
0 k
(aép[ 1) +V(a,plk,\71)=
t
=V| q, ekucﬂ Vk |+0,G,, —o,pe +11,, )
k

0 -
5 (alngl ) +V (alplglvl ) =

0, u+u
al l,e tur VS +
(&)

€

=V

&
+a, ;[(Clsez,sGk,b —-C,.9;.p8 ) +
!

+C; o0up 11, —oyR,, 4)
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0 -
a(aipiHi ) +V (aiiniHi) =

=ai‘2—’;+r:i:vvi+v(xivz)+gﬁ, 5)

Oy =-0,=h,(T,~T,). H,={c,,dT,

av ~
ms - = Fdrag Is + Fgrav 2 (6)
dt ’
— 3 a0, _ _ _
Fie = ZplCD d—g‘v, - Vg|(vz -V, ) 5

g

— nd?

drag ls = ?SplCD |vl - vs ' (vl - VS )’

Fgrav = msg'

3aech o — 00BEMHAsS JOTIST; p — IJIOTHOCTH (KF/M3);
Vv — CKOpocTh (M/c); ¢t — Bpems (¢); p — nasienue (I1a); p
U [y, — JAHAMUYECKAss W TypOyJeHTHas BSI3KOCTh
(ITa-c); H — ynenvHas saTanbmus (Jx/kr); A — terio-
npoBoaHocts (B1/M'K); T — temmneparypa (K); Q — ko-
JIMYECTBO TeIlTa, OCTymuBIIee u3 (hassl j (k/M); Cp—
TEIUIOEMKOCTh TIPY TOCTOSTHHOM JiaBieHuu (Jx/kr-K);
d — nnametp (M); m — macca (kr). Bektopsl 8, Fugi; 1
Fg0y IPEJICTABIAIOT YCKOPEHHE CBOOOIHOrO IajeHUs
(M/c”), yaenmpHyIO crily MeX(a3HOTO B3aUMOJICHCTBHS
(H/M3) u cuiy tsoxectd (H); k u € — sneprus typOy-
JIGHTHBIX MYJbCAUN U CKOPOCTh €€ pacceuBaHusl, T —
TEH30p BA3KUX HanpspKeHUN. MIHAEKCHI i, j yKa3bIBalOT
Ha TMPOHM3BONBHBIC (Da3bl, HHACKCHI g, [, s OTBEYaIOT
ra30BOM, KUAKON U TBEPIOH (hazaM, COOTBETCTBEHHO.
KonctanTer mojsienin RNG k-¢ npuBeieHsI B Ta0IHIIE.

Ha ©0azoBbie ypaBHenus (1)—(6) ObuiM HalOKEHBI
TpaHUYHBIC YCIOBHUSA:
®  COIJIO TOPETTKU

(PgVen) leons= 0,123 xr/e, T, |, =1573 K,

corut
_ _ 3.
ag |corm_ 1’ pg |conﬂ— 0, 225 kr/m 5

® OTKpbITas rpaHulia

Plor=101325 Ta, T |, =298K, a, | =1;

(Yxa3zaHHBIE yCIOBUS CIIPABEATIHUBLI, CTPOIO TOBOPS,
3a OTKPBITOM TpaHuIeil);
e CIUB

PV lems = —0,1; —1KI/C;

e ajuabaTuyecKHe CTEHKH, Ieperopoaka U oTooiHoe
YCTPOUCTBO

i} |CT: O’ q |CT: 0'

WHpexc n 03Ha4aeT HaNpaBiICHUE 10 HOpMau, 00-
paiméHHol BHYTph pacu€THoi obnactu. CXxemMaTWudHO
rPaHUYHbIE YCIOBUSI IPOMIIIIIOCTPUPOBAHbBI Ha pUC. 2.

Maccosslit pacxox tBEpmoi (assr mpunsr 0,05 xr/c.
BBox ocymiecTBIsIICS paBHOMEPHBIMH TOPIUSIMH  Ha
KaXJIOM BPEMEHHOM Ilare 1o KOHYCY C LIEHTPaJIbHBIM
yrnom 50° u paguycom ocHoBanus 0,2 M. Konyc coocen
C COIUIOM TOpEINIKM, OCHOBaHHWE KOHyCa HAXOJIUTCS Ha
paccrostarn 0,55 M OT HIKHEH TpaHWIBI pacuETHOU
oOmactu. Hanpaenenue BBoJia — OT BEPIIMHBI K OCHOBA-
HHIO, OCHOBaHHE OOpamIeHO K OTOOMHOMY YCTPOWCTBY
(BHM3). HawampHas ckopocth wactui 0,01 m/c, uro He-
CKOJIbKO MEHBIIIE CKOPOCTH UX ocaxkaeHus. HauanpHbie
CKOPOCTH KHUJIKOCTH U JIHIMOBBIX Ta30B NPUHSTHI HyJIe-
BbIMU. HauanbHasg TemmepaTypa BO BCEHl pacyETHOU
obmactu 298 K. B HayanbHbII MOMEHT BpeMeHH BCs
pacuéTHast 00JIaCTh 3aII0JIHEHA BOJIOM.

JI71s1 3aMBIKaHUST CHCTEMBl YpaBHEHUH BBEJCHBI J0-
MOJTHUTEJIbHBIE COOTHOIICHUS. YCIIOBUE HOPMHPOBKH
s 00beMHBIX Jlonielt Gas: oyt a,=1; BhIpaXkeHus s
TEH30POB BSI3KHUX HAIPSDKEHUH 1 teopMariuii:

T =~ (VV, +VV?)—ai§u[ (V¥.)5,,
s=i=%(vvi+vvj).

KpOMe TOT'0, BBCJICHBI COOTHOLICHUSA JId ypaBHE-
HUI Mojienu TypOyieHTHocTH [3, 16]:

u - ov., OV, )\ov,
G :—tur . VT’ G = —l+_J _”
b P » B lg i k l“ltur axj axi axj
pC’ (1-m) ¢ i
e = - 3 1 ) l"’mrzpcu_,
I+ n, )k £

1

K’ ==\3
n=s=—. S:(zs,s,) .

Koa¢pdummenT conpoTUBICHHUS, UCTIONB3YEMbIN IS
BBIYUCIICHUSI CHJIBI  MeX(pa3HOTO B3aUMOJACHCTBUS,
onpexensiercs koppernsiiueit Llnnnepa—Haymanna [16]:

C, = (1+0,15-Re)S7).

Re

g8

Koadpdunment Ttemnoornaun ompeaesnsercs Co-
rracHo opmyie:

h, =6)\0,0,Nu/d, .
DddexTrBHAS TEIUIONPOBOJHOCTH  JIOTIOJTHICTCS
TypOYJIEHTHBIM CllaraeMbIM coriacHo padore [17]

)\'1 = }\’lam,l + A‘tur,[’ 7\’tur,l = cp,[“tur/Prt

ur 2
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rae Pry, — typOynentHoe uucno [Ipannris (mpuHATO
0,9). Unpekcel lam W tur OTBEYAIOT JaAMUHAPHOMY H
TypOyJICHTHOMY PEXHMaM COOTBETCTBEHHO.

BBenensl cnemyrone o0o3HaueHHs A Oe3pas-
MEpHBIX KOMILUIEKCOB: 3TO JBa Kputepusi Pelinonbaca
JUTSL TTY3BIPHKOB BO3/IyXa M TBEPIBIX YACTHUCK, a TAKKE

qyuciia HpaHﬂTﬂfI u HyCCCHLTa, COOTBETCTBCHHO
[16, 17]:
p[dg|vg_vl‘ plds' i.,s_i.,ll
Re, =—————, Re = ,
1, L,

C
Pr=%“’, Nu=2+0,6-\Re - Pr”.

1

IlocnenHee COOTHOLIEHHWE MPEACTABISET COOOM
Kkoppessinuto Paniia—Mapiana.

Ta6auya. Ilapamempoi modeau RNG k-

Table. RNG k- model parameters

[lapametp | 3nayenue | Ccbiika | [lapamerp |3HauyeHue | Ccblika

Parameter Value Link Parameter Value Link
Ok 1,391 [20] 7o 4,38 [20]
o 1,391 [20] B 0,012 [20]
O 1 [16] Ci, Co [ 1,42;1,68 | [20]
O 1 [16] C, 0,085 [17]
0., 1 [16] Cs, 0 [16]
&, 1 [16] Ik 0 [16]

bbimy mpuHATHL clieqyromue pa3Mepbl pacdEéTHOMN
obnactu: miweHa 2,106 M; mmpura 1,306 M; BbICOTa
0,856 M. DTH mapaMeTpsl COOTBETCTBYIOT TabapHTam
nabopaTopHOH YCTaHOBKHM. BbICOTa yMEHBIIEHa IO
CPaBHEHHUIO C OPUTHHAIIOM, TaK KaK CBOOOJHAs TpaHU-
L1a IpOBeJIeHa HUKE BEPXHEro JHUIIA YCTaHOBKH.

Juia nuckperu3anuu pacu€THOM obnacT ObLia Io-
CTpOCHa HEepaBHOMEpHas KOHEYHO-00bhEMHAs ceTKa. B
BBIMIAPHOW 00JIacTH CTOpoHa styeiiku cocramisier 0,01
M, B octaipHOi obmactd — 0,033 m. OOmiee kojuue-
CTBO 2JIEMEHTOB ceTku cocTaBuwio 12069799 npu xo-
nudecTBe y37oB 2238943,

06cyxaeHue pe3yIbTaTOB

B pesynbrare npoBeneHus IBYX CEpUM YMCIEHHBIX
HKCTIIEPHMEHTOB OBUIM IOJYYEHBl NAaHHbIE 00 HHTCH-
CHUBHOCTHU OC@XJCHUS TBEPION (ha3bl, €€ HAKOMICHUIO
Ha JHE W B TOJ]ILE >KUAKOCTU. JlaHHBIE YMCIEHHBIX
9KCIIEPUMEHTOB IIPECTAaBICHBI HAa pHC. 3—7.

Kak BumHO U3 pHc. 3, pacxon 4acTHUI], OCEBIIUX Ha
JIHE YCTaHOBKH, pE3KO BO3pacTaeT B nepsbie 20 ceKyHT
YHCJIEHHOT0 SKCIIEPUMEHTA. 3aTeM PacXol KosedaeTcs
Bo3sie 3HaueHus 0,04 xr/c. Ha puc. 4 mokazaHo Hakorm-
nenne TBEPAOH (as3pl HA JHE YCTAaHOBKH, YTO 1O CyTH
SIBJIICTCSl PE3YJIbTaTOM HMHTEIPUPOBAHMS 110 BPEMEHU
MaccoOBOI'0 pacxoAa.

0,06
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MoTok TBEpAOI dasbl Ha AHE YCTAHOBKM, Kr/c

o
o
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Bpems, ¢

Puc. 3. Maccoselll  pacxod meépdoti  ¢aswl Ha OHe
ycmanosku: 1 - cmok 0,1 ke/c; 2 - cmok 1 ke/c
Solid phase mass flow rate at the bottom of the set-

up: 1 - outflow rate 0,1 kg/s; 2 - outflow rate 1 kg/s

Fig. 3.
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Puc. 4. Koauvyecmso meépdoli ¢pasvbl Ha OHE YCMAHOBKU:
1-cmok 0,1 kz/c; 2 - cmok 1 ke/c
Fig. 4. Solid phase amount at the bottom of the setup:

1 - outflow rate 0,1 kg/s; 2 - outflow rate 1 kg/s

s 06oux ciaydaeB rpadMKH SBJISIOTCS [IPaKTUYe-
CKH TPSMBIMH HAKJIOHHBIMH JIMHHUSMH, YTO COOTBET-
CTBYET Apeidy pacxoia Bo3JIe IIOCTOSIHHOTO 3HAUCHHSI.
Hakoruienue B TomIIe JKUAKOCTH pacmpenenéHHON
TBEPAOH (ha3bl TakKe MPOUCXOANUT CTaauitHo. M3 puc.
5 BUJHO, YTO IO MOMEHTa BpeMeHH 0=44 ¢ 00BEM
TBEPABIX YACTULl JEMOHCTPUPYET 3aMeIISIONIMNACS
POCT, a TIocJIe YKa3aHHOTO MOMEHTa HaOII0aeTCs BBI-
XOJI Ha IUIATO B 0GNACTH 3HaueHuii 5,5-107" M. [Ipu-
4yéM OMMCaHHas KapThHA HaOJroaeTcs At 000OUX pac-
YETHBIX CITy4aeB.
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00006 HAYMHACTCSI HATHETAHHE B YCTAHOBKY TOPSYHX JBIMO-
—o_
. e e g BBIX T'a30B, KOTOPbIE BBITECHSIOT YaCTh KUIKOCTH 4Ye-
oo N o e
0,0005 2 739/ L SR ° P€3 OTKPBITYIO TPaHHUILY. 9Tf) HpOI/ICX?,Z[I/IT JI0 TeX TOop,
\/:/‘ IOKa IIBIMOBBIC Ta3bl HE 3alMyT 00BEM, COOTBETCTBY-
I /;/ 10K pa3BUTOMY OapboTaxkHOMY ciofo. [locie sToro
' 0,0004 /:/ U3MEHECHUE YPOBHS OIPENEIIETCS TOJbKO WHTEHCHUB-
a I /: HOCTBIO CTOKA.
% / / 1 Taxxke B XOJ€ YHUCIEHHOT'O SKCIIEPUMEHTa ObLIN
& 00008 /: /' TOJTyYEHBI TOJISI TEMIIepaTyp, CKOPOCTed U 00BEMHBIX
E | J /° jgoneit skuakoctu (puc. 7-9). Ha Hmkecnemyrommx
3 p PUMCYHKaXx IMOKa3aHbI MOJIsS,, COOTBETCTBYIOIIUE YCTAHO-
© 0,0002 ’
s BUBIIEMYCsl pexkuMy. Ha n3o0pakeHusx mokazana o0-
I / JIACTh HAWOOJIBIIETO MHTEpPECa — MPOCTPAHCTBO BO3JIE
0,0000 ¢ MOTPY’KHOM TOPEJIKH.
0 e T T T T T 1
20 40 60 80 100 120
Bpems, ¢
Puc. 5. 06wém meépdoill ¢pasvl, pacnpedenéHHoli &
scudkocmu: 1 - cmok 0,1 ke/c; 2 - cmok 1 ke/c
Fig. 5. Volume of the solid phase distributed in liquid: 1 -
outflow rate 0,1 kg/s; 2 - outflow rate 1 kg/s
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H RN Fig. 7.  Liquid temperature in the area near the submerged
§ 2 e, burner (6=120s)
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Puc. 6. 06vém scudkocmu: 1 - cmok 0,1 ke/c; 2 - cmok
1ke/c
Fig. 6. Liquid volume: 1 - outflow rate 0,1 kg/s; 2 - outflow

rate 1 kg/s

CHmxeHrne o0bEMa KHUJIKOCTH B YCTaHOBKE, Kak
BHUJIHO M3 pHUC. 6, SBISIETCS CHavalla HEJIMHEHHBIM C
MOCJIETYIOIIMM BBIXOJIOM Ha JIMHEHHbIN ydacTok. Ilep-
BOHauaJbHas HEIMHEHHOCTh TMpolecca OOBICHACTCS
METOJIMKOW YHCIICHHOTO JKCIepuMeHTa. B cooTBet-
CTBUM C HAYaJbHBIMHU YCJIOBUSMH B MOMEHT BPEMEHHU
0=0 Bcs pacuérHas oOyacTh 3amoiHeHa Bojoi. Jlanee
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Puc. 9. 06vémHas 0045 0bIMOBbIX 20308 8 06.1aCMU 803/1€
noepyscHotl eopeaku (0=120 c)
Fig. 9. Bubbles volume fraction in the area near the sub-

merged burner (0=120s)
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Fig. 10. Layout of the points (horizontal section)

Tak kKak B X0Jie YHCJICHHBIX YKCIIEPUMEHTOB O0OHa-
PYXKWINCh OCUMJUIALIMM MAaccoBOTO pacxoja TBEpIOH
¢aszpl, pocruraromme 25 % ot 3¢hpexTuBHOrO 3HaYe-
HUSI, OBUIO IIPHHSATO PELICHUE O IPOBEACHUH JIOTIOIHH-
TEJIbHBIX MCCIEIOBAHUN C LI€JIbI0 YCTAHOBIICHUS IIPU-
ponbl ocumwuLImui. JIns 3TOro OBUIM pPaccCMOTPEHBI
BEKTOPBI CKOPOCTH JKUAKOCTH B UYCTHIPEX TOUKAxX BOIH-
34 JIHA YCTAHOBKH, BEKTOPBI CKOPOCTEH JIBIMOBBIX I'a-
30B Ha KOHYUKE CTPYH, BBIPHIBAIOIIEIHCS U3 COIUIA ro-
penku, a Takxke AaBJICHUE Ha cpes3e coruia. Pacmosno-
JKCHHE TOUCK M MX YCJIOBHBIC 0003HAYCHUS TTOKA3aHBI
Ha puc. 10. Tak Kak 1MHaAMHKa TPOLIECCOB JAJs PacuET-
HeIX cinydaeB 0,1 u 1 Kr/c cxoxwu, Ui JAadbHEHUIIEero
aHaJIM3a UCIIO0JIb30BAJIMCh TOJIBKO JaHHbIE YMCIEHHOI'O
SKCIIEPHMEHTa CO CTOKOM 1 Kr/c. JlomomHHUTENbHBIE
JlaHHBIE MpeACTaBIeHbI Ha puc. 11-15.

AHanmu3upys 3HaU€HUSI MPOEKINNA BEKTOPOB CKOPO-
CTH XHUIKOCTH BONMM3U mHa (puc. 11-13), MOXKHO yBH-

JeTh, YTO B KaKIOH M3 TOYEK BEKTOP CKOPOCTH
HAIpaBJICH K THITONEHTPY COIUIA TOPEJIKH, KaK MoKa3a-
HO Ha puc. 16. ITo coBnagaeT ¢ JaHHBIMU O HAJIUYUH B
YCTaHOBKE OCECHMMETPUYHBIX BUXPEH, MOIy4eHHBIMU
MpU  WCCIEAOBAHWU CTallMOHApHOro pexnma [3].
Haubonpmuii uHTEpeC NpeAcTaBiIsIOT BePTHKAIbHBIC
KOMIIOHEHTHI CKOPOCTH (0Ch Y), TaK KAK IMEHHO OHH B
HauOOJIBIIEH CTEIEHW BIMAKOT Ha ocaxnaenue. Kax
BUJHO Ha rpaduke puc. 12, BEpTHUKAIBHBIC COCTABIISI-
IOIMEe KOJICONIIOTCS BO3JIE HYJIEBOTO 3HAYCHUS C Xao-
TUYHON CMEHOMW 3HaKa. DTO MOXKET CIYKHUTh OOBSICHE-
HUEM OCLWUISLMA MaccoBOTO pacxoja Ha JHE ycTa-
HOBKH. OIHAKO BO3HUKAET BOIIPOC O TOM, YTO SIBJISET-
Csl TIEPBONPUYMHON OCIWJUIAIIMOHHBIX IIPOIIECCOB B
cucreme. [IpUunHBI KOIEOaHUH OMPENENIOTCS HETYP-
OyJIeHTHBIMU TYJIbCALMSAMH, KaK MPEAINOoarajJoch pa-
Hee, MMOTOMY YTO O0JIACTh CKOJIbKO-HUOY/Ib 3HAYUMBIX
MyJbCAIIMKA 3aHUMAET JIMIIh Mallblii 00bEM pacu&THOM
obunactu [3].
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Puc. 11. IIpoexkyuu ckopocmell xcudkocmu Ha ocv X: ITH -
npasasi HuxcHsAs mouka; JIH - seeas HUNCHASA
mouka, JIB - sesas sepxHsas mouka; [IB - npaeas
BEPXH51S1 MOYKa

Fig. 11. Projections of liquid velocities on the X-axis: [IH -
lower right point; J/IH - lower left point; J/IB — upper
left point; IIB - upper right point

Ha puc. 14 MOXHO yBUIETh OCHMWIISLMU KOMIIO-
HEHT BEKTOpa CKOPOCTU MO (opMe aHaJOTM4YHBbIE OC-
IUBILISIM CKOPOCTEH B TOUKaX BO3JIE JHA. TaKyro ke
(hopMy OCHHJULSIMU UMEIOT MAaBICHHS Ha Cpe3e CoIia
(puc. 15). D10 nma€r ocHOBaHME MPEAINOJOXKUTH, YTO
HCTOYHHKOM ITyJbCallMii CKOPOCTH ITOTOKA SBIISICTCS
UMEHHO HEYCTOHYUBOCTH CTPYHHOTO IBIKEHHS JHIMO-
BBIX Ta30B Ha COILIE.
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Puc. 12. [Ipoexkyuu ckopocmetl yxcudkocmu Ha ocb Y: [IH -
npasass HudxcHAA mouka; JIH - seeas HUMCHAA
mouka; JIB - sesasn sepxHsass mouka; [IB - npasas
8EpXHSISI Mo4Ka

Projections of liquid velocities on the Y-axis: I[IH -
lower right point; J/IH - lower left point; JIB - upper
left point; IIB - upper right point

Fig. 12.
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Puc. 13. [Ipoexkyuu ckopocmetl yxcudkocmu Ha ocb Z: [IH -
npasas HudxcHAA mouka; JIH - seeast HUMCHASA
mouka; JIB - nesasn sepxHsass mouka; [IB - npasas
8EPXHsIS1 MOUKA

Projections of liquid velocities on the Z-axis: I[IH -
lower right point; J/IH - lower left point; JIB - upper
left point; IIB - upper right point

Fig. 13.

B xauecTBe (pakTOpa, OKA3BIBAIOLIECIO 3aMETHOE
BIMSHUE HA THAPOJIUHAMHYCCKYIO KAPTUHY B YCTaHOB-
Ke, B IIEPBYIO OY€pellb, BHICTYIAET CTPYS FOPSUUX Jbl-
MOBBIX ra30B. IMEHHO MO3TOMY ISl TOTIOJTHUTEILHOTO
aHaJM3a aBTOpaMH OblIa BRIOpaHa TOYKAa HA KOHUMKE
CTPYH U Cpe3 coIla.
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Puc. 14. Cxopocmb 2a3za Ha KoHyuke cmpyu: 1-3 - X, Y u Z-
KOMNOHEeHMbl, CO0M8emcmaeeHHO

Fig. 14. Gas velocity at the jet tip: 1-3 are the X, Y and Z
components, respectively
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Puc. 15. /[lasaeHue Ha cpese conaa: 1 - yuc/ieHHble OaHHble;
2 - AuHeliHas annpokcumayust
Fig. 15. Nozzle cut-off pressure: 1 - numerical data; 2 - ap-

proximation
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Puc. 16. HanpasseHusi 6ekmopos ckopocmu
Fig. 16. Directions of velocity vectors
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Jlemun B.A.,, KocTbips A.B. UncsieHHOe MoJieTMpoBaHre HECTALMOHAPHOTO PeXXUMa paboThl YCTAaHOBKH MOTPYKHOTO FrOpeHus

3akr04eHue

B HacrosiiieM HCCIENOBAHMM PACCMOTPEH HECTALMO-
HAPHBIA TPEXMEPHBIN PeXUM PabOThl YCTAHOBKU TOTPYK-
HOI'o TOpCHHU. ITo TPUYHUHE OIrPpaHUYICHHOCTH BbIYHUCIIN-
TEIBHBIX PECYpPCOB PACCMATPUBAIICS HAuaIbHBINA MEPUOA
pabotel ycraHoBku Topsika 120 ¢. OOHapy»keHo, 4To 3a
9TO BpEMs OCXKIICHUE TBEPIOH (a3bl ycrieBacT BHINTH Ha
yCTaHOBUBLIMIICS pexuM. Bmecre ¢ TeM OOHapy:KeHbI
OCHWUISILIN CKOPOCTH MOTOKA B YCTAHOBKE MO BCEM TPEM
OPTOrOHAJILHBIM KOMITIOHEHTaM. JTH OCLMJUISLUY, B CBOIO
odepenb, MPUBOMAT K KOJNEOAHMSIM MAacCOBOTO Pacxoia
TBEPIBIX YACTHI] HA JHE YCTaHOBKU. OOHApY>XEHO, 4TO

CXOXKYIO (popMy KosieOaHUI UMEIOT CKOPOCTh HA KOHUHKE
CTPYH JIBIMOBBIX T'a30B, BBIPHIBAIOIICHCS M3 COILIA TOPEI-
KH, a TaKKe JIABJICHUE Ha cpe3e coruia. BeiiBrHyTa THIIO-
T€3a O TOM, YTO MCTOYHHMKOM OCIWIISILIUI SIBIISIOTCS KO-
7e0aHus CTPYH ABIMOBBIX Ta30B.

OOHapyXeHHbIE B CHUCTEME KoJieOaTelbHbIe MPO-
LIECChI CIIEAYEeT YYUTHIBATh MPU PACCMOTPEHUH 00pa-
30BaHUSl M POCTA YACTHUI] TBEPJIOH (ha3bl pacTBOPEHHO-
ro BeiecTra. [1ybcauu CKOPOCTH TaKKe OKa3bIBAIOT
BIMSIHME HAa HaJHWIaHWE OCaJKa Ha BHYTPEHHHUE II0-
BEPXHOCTH YCTaHOBKHU.
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