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AHHOTanus. AKmya/1b6HOCMb. AHA/IN3 COBPEMEHHOTO COCTOSIHUS IJI06a/IbHOW SHEPreTHYeCKON MOBECTKU NI0KAa3bIBAET, YTO
npo6jieMa aHTPONOTEHHOI'0 BO3/IeHCTBUsI HAa aTMocdepy MJIaHEThl 00'bEKTAMU TEMJIO3HEPTeTHUKHU SIBJSIETCS OJHOW U3 ca-
MBIX IVIaBHbIX /ISl UeJIOBEUECTBA. B TO e BpeMs pocT NoTpe6sieHHs 3JIEKTPOIHEPI MU CTUMYJIMPYET K BBEIEHUIO BCE HOBBIX
3JIEKTPOTeHEPUPYIOIUX MOLIHOCTEN. Jlo/iroe BpeMsl CUMTA/NOCh, YTO pellleHHeM 3TOU MPOoOGJEMBI SIBJISETCS MaclITaGHOe
BHe/I[peHHEe HEeTPaAUIMOHHbBIX BO30OHOBJ/ISIEMBIX UCTOYHUKOB 3HEPTrUu (BETPOTeHEepaTOPOB U COJIHEYHBIX GaTapeil) B 06-
UK 6aslaHC 3JieKTporeHepanuu. OJHAKO ceiyac y»Ke CTAHOBUTCSI OYE€BH/IHO, YTO BO30OHOBJIsIEMble HCTOYHUKU SHEPTUHU HE
MOTYT NOJIHOCTbIO NIOKPBITh BCE NOTPEGHOCTH B 3JIEKTPO3HepruM. llociejHee co3/1aeT CTUMYJIbI /ISl BBEJJEHUS B 3KCILIya-
TALMI0 HOBBIX TEIJIOBBIX 3JIEKTPOCTAHLMH, paboTaIIMX, KaK NPaBU/o, HAa yroJbHOM TomivBe. Ho ocHOBHas mpo6JieMa
YroJIbHOH 3HEPreTHKU — ee aHTPOIOreHHOe BO3JeHCTBUE — 10 CUX IOpP OCTaeTCs HepelleHHOW. Takas cuTyauus co3faeT
NpPeNOChIIKY 1Sl pa3paboTKH HOBBIX «YUCTBIX» YTOJIbHBIX TEXHOJIOTHH C MOJHBIM LIUKJIOM CEKBECTUPOBAHUS NPOAYKTOB
cropanus. OfHOU U3 HanGoJiee NepCneKTUBHBIX TEXHOJIOIMI CKUTaHUs Yl C HUISKUM YPOBHEM BbIGPOCOB SIBJISIETCS CKHU-
raHue yrijs B COCTaBe BOJOYTrOJIbHOrO TOIUIMBA. OlHAKO TEXHOJIOIMSI BOAOYTOJIBHOTO TOILIMBA UMEET PsJ, HEAOCTATKOB.
OzMH U3 HauboJlee CyLeCTBEHHBIX — BLICOKHE 33/I€P’KKU 3KUTAHUS TUIIUYHBIX (C XapaKTepHbIM pa3MepoM 3-5 MM) Kanesb
BOZIOYT'0JIBHOrO TOmaMBa. OHUM M3 CaMbIX NEPCHEKTUBHBIX METOJOB PelleHHs 3TOH NpoOGJeMbl SIBJISETCS paclblIeHHe
BO/IOYT'OJIBHOTO TOILJIMBA B YJIbTPaAUCIEPCHOM COCTOSIHUU (C XapakTepHbIM pa3MepoM KamneJb 0,1-1 mm). IJeas, dxkcnepu-
MEHTAJIbHOE HCC/le/JoBaHUe YCIOBUI M XapaKTePUCTHUK ApPo0JeHUs Kalesb BOJOYyTroJbHOI0 TOIJIMBA B BBICOKOCKOPOCTHOM
NOTOKe Bo3/yxa. 06seKkm. BozoyroibHoe TOIVIMBO, IPUTOTOBJIEHHOE HA OCHOBe yra Mapku T. Memod. [l ycTaHOBJIeHHUS
OCHOBHBIX XapaKTEPUCTHUK U YCJI0BUH Npoliecca JUCIeprupoBaHus KarneJb BOJLOYTroJbHOI'0 TOMJIMBA UCII0Ib30BaJICS ClELH-
aJIbHBIHM 3KCIIepUMeHTaNIbHBIA cTeHA. Pe3ybTaThl 3KCIIepUMEHTA/IbHbIX UCC/IeJOBAaHUI T0OKa3bIBaON, YTO JJ1S CTa0H/IbHO-
ro Jpo6seHHUs TUIIMYHBIX Kalesb BOJOYTrOJIbHOIO TOIIMBA CKOPOCTh MOC/IEJHUX (B Mpolecce pacnblleHUs) A0/KHA ObITh
He MeHee 40 M/c.
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Fragmentation of water-coal fuel droplets in the air flow
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Abstract. Relevance. An analysis of the current state of the global energy agenda shows that the problem of anthropogenic
impact on the planet’s atmosphere by thermal energy facilities is one of the most important for humanity. At the same time,
the growth in electricity consumption stimulates the introduction of ever new power generating capacities. For a long time, it
was believed that the solution to this problem was the large-scale introduction of non-traditional renewable energy sources
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(wind generators and solar panels) into the overall balance of electricity generation. However, it is now becoming obvious
that renewable energy sources cannot fully cover all electricity needs. The latter creates incentives for the commissioning of
new thermal power plants, usually operating on coal fuel. But the main problem of coal energy - its anthropogenic impact -
still remains unresolved. This situation creates the prerequisites for the development of new “clean” coal technologies with a
full cycle of sequestration of combustion products. One of the most promising technologies for burning coal with low emis-
sions is coal combustion in the composition of coal-water fuel. However, coal-water fuel technology has a number of disad-
vantages. One of the most significant is the high ignition delays of typical (with a characteristic size of 3-5 mm) droplets of
coal-water fuel. One of the most promising methods for solving this problem is spraying coal-water fuel in an ultra-fine state
(with a characteristic droplet size of 0.1-1 mm). Aim. Experimental study of the conditions and characteristics of crushing
droplets of coal-water fuel in a high-speed air flow. Object. Coal-water fuel prepared on the basis of lean coal. Method. Spe-
cial experimental stand to establish the main characteristics and conditions of dispersion of coal-water fuel droplets. Results.
The results of experimental studies show that for stable fragmentation of typical droplets of coal-water fuel, the speed of the
latter (during the spraying process) must be at least 40 m/s.
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BBeagenue

IlepcrieKTUBHOCTD  BHEApPEHHUS  BOJOYTOJIBHOTO
toruBa (BYT) B o0muii 6anaHc TEmio- u 3JIEKTpore-
Hepauy 000CHOBaHA yXKe JOCTaTOYHO JaBHO (HAIrpH-
mep, [1-3]). Tlokazano (o pe3ynabTaTam 3KCIEPUMEH-
TanbHbIX [4-6] u Teopernueckux [7-9] wuccimemosa-
HUR), 9yTO Npu cxkurannu BYT oOpasyeTcs 3HaUNTEINb-
HO MEHbIIIE OKCHJOB Cephl U a3oTa. Taxxke, mo pe3yib-
TaTaM TeopeTudeckux uccienosanuii [10], ycranosie-
HO, 4TO 3(PPEKTUBHOCTH MEpejaud TEIUIOTH OT TOMOY-
HOM cpeapl K BHYTPUTPYOHOMY TEIJIOHOCUTEINIO MPHU
cxuranud BYT BeIllie 1O CpaBHEHHUIO C IIpolleccaMu
TOpeHHs OJJHOPOJHOTO yrisi. Ho mpu Bcex mpeumyiiie-
CTBax BOJOYIOJbHBIX TEXHOJIOTUH OHU HUMEIOT psij
3HAYUMBIX HEJ0CTaTKOB. CaMbIM CYIIECTBEHHBIM H3
TAKOBBIX CUHTAIOTCS BBICOKHE 3aJICPKKH 3KUTAHUS
(mo 15 cexynn) Tunmuneix kamens BYT [11, 12]. o
pe3ynbTaTaM MPOBEJCHHBIX pPaHee JKCIEPUMEHTAb-
HBIX HccneaoBanuid [13] ycraHoBieHO, YTO MpH pac-
neuteHnH BYT 00pa3yroTcst Kariu NperMyIneCTBEHHO
C XapakTepHbIM pa3mepoM OT 1 1o 3 mMM. 3amepxku
3@KUTaHUSl TaKUX OTHOCHUTENFHO KpPYMHBIX Karelb
(maxe mpu JOCTAaTOYHO BBICOKUX TEMIIEpaTypax BHEL-
He#t cpeapl Tg>1273 K) cocraBnsior ot 5 go 15 ce-
KyHJ (B 3aBUCHUMOCTH OT Mapku yris). Ha nHacrosiee
Bpems pa3pabotanbl [14] ¥ mpojosmKatT pazpabaTsi-
Batbcs [15] cuctemsl pacnbuieHuss BYT, mo3Bossiio-
e (GopMHUpPOBATh METKOAUCIEPCHBIH (C XapakTep-
HBIM pazMepoM Kanens oT 0,05 1o 1 MM) IOTOK Kamensb
BVYT. Ognako HaneXHOCTh TaKMX CHCTEM HE BBICOKA
BCJIEJICTBHE BBICOKOTO 3PO3MMHOTO M3HOCa (OPCYHOU-
HbIX ammapaTtoB. Hampumep, B [16] mokasano, 4ro pe-
cypc pabOTBI BOIOYTOJBHBIX (POPCYHOK KOTEIBHBIX
arperatoB HoBocuOupckoit TOLI-5 He mpeBbIman
40 gacoB. Takxe MOXHO OTMETHTH PabOTy COTPYIHH-
koB uHCcTUTyTa Temiopusnkun CO PAH [17], B koTo-

poii TpUBEJCHBI SKCIIEPUMEHTANIbHBIE TaHHBIE O MPO-
neccax pacmnbuieHuss BYT mHeBMaTHueckoi (opcyH-
KOH B KpyITHOMacIITaOHOM PHEPIreTUUYEeCKOM CTeH[E (C
TEIUIOBO MOIITHOCTHIO 5 MBT).

Takxe MOXHO OTMETUTH cTaThio [18], B KoTOpOit
MPUBEJEHBl PE3YJbTaThl AKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUW TIPOLIECCOB KBA3UTEIJIOBOTO PACHBUICHUS
BYVYT. IlokazaHo, 4To B pe3ysibTaTe pacrubuieHus (Hop-
mupyrorcs kammm BYT ¢ xapakTepHbBIM pazMepoM
100200 mxm. OmHaKO CTOMT CKa3aTh, 4TO B [18] He
yKa3aHa JUIMTENBHOCTH  paboTel  (hOPCYHOUHOTO
ycrpoiictBa. Taxke B [18] He mpuBeneHBI 3HAYCHUS
XapakTepHbIx uncen Bebepa kamens BYT, dopmupy-
IOLIUXCSl TPU pachbuie TOIUIMBa. AHanmoruuHbie [18]
pe3ynbTarel npuBeneHsl B [19]. Hago ckasare, 4to B
[16—18] mpuBeneHbI pe3ynbTaThl SKCIEPUMEHTATBHBIX
HccleoBaHuil nporieccoB pacneuieHus BYT B ycno-
BHUSX, KOT/Ia TIPOJIOJKUTEIIBHOCTH HEIIPEPBIBHOU pabo-
Tbl orpanndeHa 10 Mmunytamu. B peanbHoil mpakTuke
obecrnedyeHre TaKoro yJIbTPAaTOHKOTO PacIbUICHUS MPH
JIOJTOBPEMEHHOH (OKOJIO TO/1a) HENpephIBHOW padoTe
(opcyHOUHOTO ammapara moka HeBo3MoxHo. [locien-
Hee OOYCIOBJICHO CYLIECTBEHHBIM 3PO3UIHBIM H3HO-
COM COIUIOBOrO ammapaTa (OPCYHOUHBIX YCTPOWCTB
(cpemHee BpeMs paboOThl (OPCYHKHM HE TPEBBIMIACT
120 gacor [20]). [Ipu 3TOM HEOOXOAUMO OTMETHTH,
yTo B pabore [20] mpuBemeHBl SKCHEPUMEHTATIHHBIE
IaHHble I (OPCYHKH, BBHIIOTHEHHOW M3 BBICOKO-
npouHoit kepamuku (Al203/(W,Ti)). Bmecre ¢ Tem,
HampuMmep, B craThe [17] mpuBeJeHBI pe3yabTaThl SKC-
NEPUMEHTAIIBHBIX HUCCIIEZOBAaHUM MPOLIECCOB paciblie-
Hus BYT ¢dopcyHkol, BBITOJTHEHHON U3 JIETUPOBAHHOM
cranu aycreHuTHoro kiacca 12X18HI10T, no xoTopoit
Ha HACTOSIIEe BpeMs HET TOYHBIX JAHHBIX O pabodem
pecypce (mpenmemsHOe BpeMsi pa®oThl) (POpCyHOUHBIX
YCTPOMCTB, PACHBUISIONIUX BBICOKOKOHIICHTPHPOBAH-
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Hble (C JoJeil yronpHOW KOMIOHEHTH (¢=>0,5) BoO-
YTOJIBHBIE CyCIIEH3UU. B Takoll cuTyanuu Heonpene-
JIEHHOCTH C PecypcoM paboThl POPCYHOK, BBHITTOTHEH-
HBIX W3 pa3HBIX MaTepHallOB, 3HAYUMOCTh HKCIEpPHU-
MEHTAJIBHBIX JaHHBIX O Mpoleccax pacnbuieHus BYT
nmproOpeTaeT emnie OONBIIYI0 aKTyalbHOCTh. B 3THX
YCIIOBHUSIX MMEET CMBICH pa3paloTKa HOBBIX TEXHOJO-
THH, MO3BOJISAIONINX MPOBOIUTH OECKOHTAKTHOE (C TO-
BEPXHOCTBIO TOPEIOYHOTO YCTPOHCTBa) ApoOIIeHHE
OTHOCHUTENBHO KPYHHBIX Kaneiab BYT B motoke okuc-
JIUTES.

Ho B nacrosiiee BpeMsi HE CO3[1aHO TEXHOJIOTHI
YCTOWYIHBOTO a3pOANHAMHUYIECKOTO IPOOJICHHUS Kamelb
BYT (MOXHO BBIJICIUTH JIUIIL HECKOJIBKO MPUMEPOB
HAJIGKHOW JKCIUTyaTallii BOJOYTOJBHBIX (DOPCYHOK,
Hanpumep [21, 22]). dus pa3paGoTKH TaKoW TEXHOJIO-
MM HEeOoOXOAMMO 3HATh XapaKTEPUCTUKU MU YCIIOBHUS
npotecca ApoOIeHns Kaluld BOJOYTOJBHOTO TOILTHBA
B IIOTOKE OKMCIMUTENS. MOXHO OTMETUTH psii UCCIle-
noBanuit [23-26]. Hanmpumep, B [23] npuBeneHbl pe-
3yJbTaThl MAaTEMAaTUYECKOTO MOJCITUPOBAHUS JUHAMHU-
KH TpaHc(hopMaIuu Kareib BOJOYTOJLHOW CYCIIEH3UU
(BYC) B moToke Bo3ayxa. YCTaHOBJIEHO, YTO Ha U3Me-
HeHue (OopMBbI Kalelb CYHIECTBEHHOE BIUSHHE, KaK U
CJIEJIOBAJIO OXHJIaTh, OKAa3bIBAIOT PEOJIOTHYECKUE Xa-
pakrepuctuku. [Ipu uncienHom mozaenupoBannu [23]
MPUMEHSETCS] METOJ], BKIIOYAIOIIUN MOJEIUPOBaHUE
oonbmnx Buxpeit (Large Eddy Simulation — LES), u
crinaxkeHHeld 00beM kuakoctd (Volume of fluid —
VOF), KoTopble HCHONb30BATIUCH C JUHAMUYECKOH
agantuBHOU ceTkod. Ilo pesynpTaraM 4YKUCIEHHOTO
MOJICTUPOBAHUS YCTaHOBJICHA <AQQPEKTUBHASL) BS3-
KOCTb, MO3BOJISIONIAsA ONUCHIBATH APOOJICHUE Karelb
BVYT mo ananoruu ¢ HbIOTOHOBCKOM >KUIKOCTBIO.

Taxxe MOXXHO OTMETHTh paboty [24], B KOTOpOi
MPENCTaBIIEHbl PE3yJIbTaThl KOMIBIOTEPHOIO MOJIENH-
poBaHUsL ~ mTpollecca  pachaja  Kameilb — OpraHo-
BOJIOyTOJbHOTO ToruBa. Mcnons3oBancs meronq VOF
B COYETAHHM C JUHAMHUYECKOW ajanTalued MpocTpaH-
CTBEHHOM CETKH. Y CTaHOBIJIEHBI PEKUMBI Pa3pyLICHUs
Karejb B 3aBUCUMOCTH OT uuciia Bebepa. Takxke wc-
ClIeIOBaHa CTPYKTypa TEUeHHsS BO3AyXa B 00JacTH
a’pOJIMHAMHUYECKON TEHU Karlelb.

B craree [25] npuBeneHsl pe3yiabTaTbl MaTeMaTH-
YECKOr0 MOJIEJIMPOBAHUS TNPOLIECCOB UCIIEPIUpOBa-
HUS Kamelb reJeoOpa3sHoro KePOCHHOBOTO TOILIMBA B
MOTOKE BO3Ayxa. lIpm 3TOM HCHOIB30BAICS METO]
VOF. Ilo pe3ynpraTaM YHCIEHHOTO MOJIEIHPOBAHUS
YCTAHOBJICHBI THIUYHBIC (HOPMBI Ie(hOPMUPYIOIIUXCS
B IIOTOKE Kamenb ToriuBa. [lokazaHo, uTo Ha (GOpPMBI
Karejb ONpeJIeNsIoniee BIMSHUE OKa3bIBaCT CIIEKTP
BUXpEH, (POPMUPYIOMUXCS B a3POANHAMUICCKOM CIe-
Jie Karuiy.

Takke MOXKHO OTMETHUTH CTaThio [26], B KOTOpOI
MpUBENEHbl PE3YJIbTAaThl IKCIEPUMEHTAIBHBIX HCCIIe-
JIoBaHUI TpoueccoB paspyueHus ctpyn BYT, wucre-

katomeit u3 ¢opcynku. IIpu s3Tom apobieHue crpyu
OCYLIECTBJISIIOCH B PE3YyJbTaTe BO3ACHUCTBUS BBICOKO-
CKOPOCTHOH CTpyHW BO3[yXa, OPUEHTUPOBAHHON B TOM
’K€ HalpaBJIEHUH, B KOTOPOM PacHbUISETCS TOILIMBO.
B cratee [27] mpuBeneHBI pe3ynbTaTbl 3KCIEPUMEH-
TaIBHBIX WCCIICIOBAHUI MPOIIECCOB POOIECHIS KaIlellb
BYT BBICOKOCKOPOCTHBIM IOTOKOM BO3yXa, KOTOPBIN
[OJaBaJiCd B  HANpaBJICHUW, [EPIEHIUKYIIPHOM
HaIpaBICHUIO JBW)KECHUS Kallild. BblaeneHsl peXUMBI
IpoOJeHus] TOIUTMBHBEIX Karenb. Ho Takoit crmoco0
a’pPOJJMHAMHUYECKOT0 APOOJICHUS B PEalbHON MIPAKTUKE
TPYOHO IpUMeHUM. Takxke CTOUT cKa3aTb, YTO AOCTa-
TOYHO CJIOKHO ONPEAETUTh KpUTHIecKue uncia Bebe-
pa BCIEACTBUE OOJNIBIINX IOTPELIHOCTEN B OIpesene-
HUU CKOPOCTEH IBMXKEHMA Karuid. IIpu sToM KpuTuue-
CKHe 3HayeHHus uncen Bebepa sSBISIOTCS BakHEHIIEH
XapaKTEePUCTUKON, TO3BOJIAIOLIEH ONpeneIuTh YCiIo-
BUS Ipoliecca JIpoOIeHuUs Kalelb TOIUIUBA U, COOTBET-
CTBCHHO, KOHCTPYKIHIO (OPCYHOUHBIX YCTPOMCTB.
Taxke HaJJo OTMETUTh, UTO paHee He MPOBOAMIICA aHa-
JIM3 BIUSHUSA KOHLEHTPALUU TOIUIUBHON KOMIIOHEHTHI
(Yrist) Ha XapaKTepUCTHKU U YCIOBHSI IpoOJIeHUsS Ka-
nens BYT.

Llenp naHHOM PabOTBHI — YCTAHOBJIEHUE KpUTHYE-
CKUX 3Ha4YeHHUH umcia BebGepa B moToke Bo3myxa MpH
nBwkeHuun karenbs BYT B ogHOM HampaBieHUU C IO-
TOKOM BO3/yXa MpU BapbUPOBAaHUU (PPAKIIMOHHOTO
cocTaBa TOIUIMBA.

MeToauKa npoBeJeHusI IKCIepUMeHTa
Memoduka nodzomoeku monausa

IToaroroBka BYT k skcneprMeHTaM NpOBOAMIACH
B COOTBETCTBUU ¢ Metoaukoi [28]. Ha mepBom a3rtame
KPYITHOKYCKOBOH yroib Mapku T (Tommii — siBisieTcst
OIHUM U3 PAaCHpPOCTPAHEHHBIX HEPreTUYECKUX YIJIEH,
HCIIOJIb3YIOIIMXCSl B KAUE€CTBE OCHOBHOI'O TOIUIMBA Ha
TETUIOBBIX 3JIEKTPUYCCKUX CTAHIUAX) APOOWIICS B IIIe-
KOBOH JPOOMIIKE MO XapakrepHoro pasmepa =20 mm.
3areM yroipHas KpoOILlIKa 3arpyXaiach B ILApPOBYIO
MEJIBHUIYY U U3MEIbYaJach 0 MBIIEBUIHOIO COCTOS-
HUs (XapakTepHbId pasmep dactull ~90 Mxkm). B nanb-
HeHIlleM yrojbHYyI0 NbUIb NMOMELAId Ha BUOpPAIMOH-
HOE CHUTO C pa3MepoM siueiiku 90 MKM U MpoceuBau.
@pakiusi, ocTaBIIasCs Ha CUTE, MOBTOPHO H3MeIIbya-
nacb B MenbHMLE. [locime 3TOro mosyduBIIYIOCS
YTOJbHYIO IbIJIb CMEUIMBAIM C BOJAOH UM JOBOJIWIH A0
TOMOT€HHOT'O COCTOSIHMSI B romoreHe3arope. C 1enbio
YCTAHOBJICHUS BIUSHHUSA (DPaKIMOHHOTO COCTaBa Ha
XapaKTEPUCTUKU U YCJIOBHUsS IpoOiieHus kanens BYT
MacCOBOE COOTHOIIICHHE B CHCTEME YTOJIb/BO/Ia BapbU-
poBajioch B JOCTAaTOYHO INHPOKOM JAuana3zoHe (oT
0/100 no 55/45). B Taba. 1 npuBeneHsl OCHOBHBIE Xa-
PAaKTEpUCTHUKN KOMIIOHEHTOB TOIUIMBHOM CYCIIEH3MH.
Br160p mpuBeeHHBIX BbIIIE KOHLIEHTPALUUH YroJIbHOMN
komnoHeHTsl B BYC obycnoBien teM, uto y yrua T
(cormacHo nmaHHBIM [29]) B MHUHEpallbHOW YacTH CO-
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nepxxutes g0 12 % CaO. Kak ussectHo [30], oxcup
KaJlpIMsl TIPU COSJAMHEHUM C BOJOH MOXeT (popmupo-
BaTh IIPOYHbIE CLIEMEHTHPOBaHHbIE coenuHeHus. Ilo
9TOH NpHUYMHE BHIOOP TOM WJIM MHOM KOHLEHTpPALUU
TBEPJON TOIUIMBHOW KOMIIOHEHTHl TormumBa B BYT
SIBJIIETCS CIIOKHOMU 3a7auei, TpeOyroleit 000CHOBaHHUS
COOTBETCTBYIOLIETO COOTHOIIECHUS TBEPIAOW W JKHIKOH
(a3pl cycnieH3uu (IO aHAJIIOTHUU C 3a1adyeld 0 BHIOOpE
MOMEHTa OCTaHOBa HE3aBUCHUMBIX HCHbITaHUK [31]).
Breibop 3HaueHHii @ (ZOMM YTONBHOW KOMIIOHEHTHI
TOTUIMBA) 3aBUCUT OT WHAMBUIYaJIbHBIX CBOWCTB YIJIS:
ruapoHoOHOCTH/THIPODUITBHOCTH, TMOPUCTOCTH, CO-
CTaBa MUHEPATFHON M OPTraHWYECKON dacTed yris,
TEIUIOTHI CTOPaHUs, TEMIIepaTypbl TOPEHUS U Ap.

Ta6auya 1. OcHogHble Xapakmepucmuku KoMnoHeHmos BYT
[32, 33]

Table 1. Main characteristics of coal-water fuel (CWF)
components [32, 33]
C A QP
KoMmoHeHT P ’ P yr, | Cr H
KI' e
Component ,Z[_;K E — | % | % ,Z[_)K
kr-K|m-K| m3 KT
KameHHbI# yrosb
Mapku T 1342 (0,122 | 962 | 17 | 91 | 25,12-106
Lean coal
Bosma/Water 4190 | 0,56 |1000| - - -
BYT/CWF 2683 (0,336 981 | - | - -

OKCIEePUMEHTAIBHBIC HCCICOBAHUS MPOBOIMIUCH
Ha CTEHJe, CXeMa KOTOpOro IpHBeleHa Ha puc. 1, a.
OCHOBHOH 4aCThIO IKCIIEPHUMEHTAIBHOIO CTEHIA SIBIISI-

Y em
1

1

1

1

a
Puc. 1.

20
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60
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00

20

140

60

80

eTcs IUIOCKOE, CIEIHUAIbHO CIPOPUIMPOBAHHOE COILIO,
CeUeHHe KOTOPOTO Ha BXOJHOM Yy4YacTKE COCTaBIISIIO
350%x40 mm, B BeixomHOM ydactke 40%x40 mm. [InmHa
corutoBoro kananma L=180 mm. Cormio paccuuThIBAIOCH
B COOTBETCTBHH C METOJIUKOH, puBeaeHHOH B [34]. Ha
puc. 1, b mpuBenena cxema comioBoro kanaia. IIporu-
BOJIC)KAIINE CTCHKU COILIA OBLIH BBIOJHEHBI U3 IPOY-
HOTO CTEKJa, C OJHOW CTOPOHBI KOTOPOTO YCTaHABIIH-
BaJIC UCTOYHUK MOHOXPOMAaTUYECKOH IJIOCKOH CBETO-
Boil BoMHBEL. C 00paTHO#l CTOpOHBI OBLIA YCTAaHOBICHA
BBICOKOCKOpOCTHasi Buneokamepa (Evercam 1000-32M
¢ obwrextuBoM Sigma AF 105mm /2.8 EX DG OS HSM
Macro). CorutoBoii kaHan 4epe3 kapMaH Puxrtepa moj-
KJIIoyasncs K HeHTpoOexHoMy BeHTmisitopy BIIS. Ilo-
CIIETHUN TIPHBOIMWICS B ABI)KEHHE C IOMOIIBIO 3JIEK-
tponsurarenss AJIM80M2Y3 momrHocThIO 2,2 KBT.

Kammmm BYT nopaBanuch BepTUKANbHO —uepes
IIMPULI, YCTAHOBJICHHBIH HA OCH CHMMETPUH, B COILIO-
Boit kaHaul. IlInpwuir ObLT MOAKITIOUYEH K HH(Y3HOHHOMY
mmpureBoMy Hacocy Mindray BeneFusion SP3. Mac-
coBas CKOPOCTh TOJAaydl CYCIIEH3UH COCTaBJIsia
150 mn/9. C menpio ompesieNieHrsi CKOPOCTH MTOTOKa Ha
BBIXOJIC U3 COIUIA YCTaHABIMBAJIach TpyOka Iluto, mox-
KIIFOYCHHAs K JU(PepeHInaT-HOMY MUKPOMAHOMETPY
JITA-4. CkopocTh MOTOKa BO3/lyXa pacCUYUTHIBAIACH M0
Meroauke [35]. Kammmm BYT momaBammch B COIIIOBOM
anmapar C HUCIOJIb30BAaHMEM UIMPHIIEBOTO Hacoca
(puc. 1, a). CooTBeTcTBeHHO, 00BeMHBINH pacxon BYT
coctaBisieT Gey=150 mMn/a. OOGBEeMHBIN pacxo BO3mayxa
gepes como coctapmier Ggi=7,3 M/u. XapakTepHbiii
pa3mep kanens BYT B skcniepumenTtax cocrasisut 3+0,1
MM (KaIuth, OTJIMYaBIIMECS OT 3aJaHHOTO pa3mepa, B
poliecce SKCIepruMeHTa OTOPaKOBBIBAIKCH).

X cu Kanna BYT

15 25 30 35

-
\

b

JkcnepumeHmasbHbll cmeHO (a) u cxema dsudsiceHust kanau BYT e consnosom annapame (b): 1 - uHgy3uoHHb1ll wnpu-

yeeoli Hacoc Mindray BeneFusion SP3; 2 - ucmouHuk ceema; 3 - anekmpodauzamenv AJIM80H2Y3; 4 - yenmpobedic-
Hblll genmuaamop BL]5; 5 - depacamens co wnpuyom; 6 — nepcoHa1bHbL Komnblomep; 7 — 8bICOKOCKOPOCMHAA Kame-
pa Evercam 1000-32M; 8 - conaio BumowuHckozo (ocb X, Y — 20pu3oHmaibHas u 6epmukaabHas ocu)

Fig. 1.

Experimental bench (a) and the scheme of CWF droplet motion in the nozzle apparatus (b): 1 - Mindray BeneFusion

SP3 infusion syringe pump; 2 - light source, 3 - ADM8012U3 electric motor; 4 - VC5 centrifugal fan; 5 - holder with sy-
ringe; 6 — personal computer; 7 - Evercam 1000-32M high-speed camera; 8 - Vitoshinsky nozzle

10



H3BecTuss TOMCKOro NOJUTEXHUYECKOTO YHUBepcuTeTa. UHXXHHUPUHT reopecypcoB. 2024. T. 335.Ne 7. C. 7-19
Coipogoii C.B. u np. /lpo6sieHre Kanesab BOJOYT0JbHOIO TOTJIMBA B IOTOKE BO3/yXa

Memoduka npogedeHus
IKCnepuMeHmMa/IbHbIX UCC1ed08aAH UL

Kams BYT cOpaceiBaeTcss BEpPTHKAIbHO BHHU3 B
MOJIOCTh MOTYOTKPBITOTO COIIOBOro ammapata. Ilocne
BXOJIa KaIUTK B COIUIO Ha HEE BO3JCHCTBYET yCKOPSIO-
IIUKCS MOTOK BO3ayXa. B pesynbrare a’poanHamMuye-
CKOTO BO3JEHCTBUS TOIUIMBHAS KaIUIsl TakXe YCKOpS-
eTcs, IIPU 3TOM €€ CKOPOCTh MHOTO MEHBIIIE CKOPOCTH
Hecyllel cpenpl. B pe3ynbTaTe HEpaBHOMEPHOIO pac-
MpeleNIeHus JaBJieHus], HO TOBEPXHOCTHU KaIlJIi HpOHcC-
XOZWT ee CYIIeCTBeHHas IeopMarius, a MpH JOCTH-
KEHUU KPUTUYECKUX YCIOBUHN — pa3pyLIEHUE.

Becp kommiiekc mpoueccoB ApoOJeHHs Kalelb
BYT B BBICOKOCKODOCTHOM IIOTOKE BO3AyXa pETH-
CTPUPOBAJCS  BBICOKOCKOPOCTHOM  BHIEOKaMEpOH
Evercam E4 (ckopocts Buneocsemku 3000 kan/cek). C
LIEJTbI0 YCTAHOBJICHUS! XapaKTEPUCTUK U YCIOBUHN AMC-
MEPrUpPOBaHMs TOIUIMBHBIX Kareidb IIPOBOIMIIHNCH Ce-
pUM IKCIIEPUMEHTOB, COCTOALIMX M3 25 OIBITOB, B
WJCHTUYHBIX YCIOBUSX. Takoe OTHOCHUTENIHbHO OO0Jb-
III0€ YUCJIO OTBITOB OOYCIIOBJICHO TE€M, YTO Ha Xapak-
TEPUCTUKHU pa3pyllIE€HUs] TOIUIMBHBIX Kaleilb OKa3bIBa-
€T CYILIECTBEHHOE BIIMSAHUE OOJBIION KOMILIEKC (ak-
TOPOB BTOPOIO YPOBHS 3HAYUMOCTH ((UIyKTyanuu
BHYTPUKAIEJIbHBIX ¥ BHEIIHUX TEUYEHUH >KHUIKOCTH,
HEPaBHOMEPHOE W AaHU3OTPOIIHOE paclpelielieHne 4Ya-
CTUI[ yIJId B Kamule, opMa mocneaHux u nap.). O6pa-
00TKa Pe3yNbTaTOB SKCIEPUMEHTOB IIPOBOAUTCS B CO-
OTBETCTBUH CO CTaTUCTHUECKHMH Metomamu [36]. Jlo-
BEPUTENbHBI MHTEPBAI IIPU JOBEPUTENIBHOM BEPOAT-
noctu P=0,95 cocrasiser 12 %.

C 1enbro yCTaHOBIIEHHS HEOOXOAUMBIX YCIOBHH
JIpoOyeHNs BBEIEHO B PACCMOTPEHUE XAPAKTEPUCTH-
geckoe unciio BebGepa, koTopoe moKas3pIBaeT OTHOIIE-
HUE CUJI MHEPLMHU U MIOBEPXHOCTHOI'O HATSKEHHUS:

We = Pe20sVa)”
a
e V; — ckopocTh Bo3ayxa, M/C; V; — CKOPOCTh Karuu
B MOMEHT NpOoONeHus, M/C; pg; — INIOTHOCTh BO31yXa,
kr/v’; d — JUaMeTp Kamid, M; 0 — KoddduimenT mo-
BEPXHOCTHOTO HATSHKEHUS, H/M.

g ycTaHOBIEHHMS CKOPOCTH Kaluld B MOMEHT
BpPEMEHH, MPEALICCTBYIOINN  HEMOCPEICTBEHHOMY
JIpOOJICHHIO, pa3pabOTaH CICIUANBHBIA aITOPUTM 00-
paboTKu M300pakeHUH KaIpoB BHAECOTPAMMBI, OCHO-
BaHHBIH Ha TeHeBoW Mmertoauke [37]. IIporpammuas
peainzanus alropuTMa NpoBe/ieHa Ha S3bIKE BBICOKOTIO
yposust Matlab ¢ wucnons3oBanmem ¢ynkuuii Image
Processing Toolbox. CkopocTs BO3myxa B CEYCHHH
COIUTa, COOTBETCTBYIOIIEM MECTy IpPOOJICHHS Kallld,
OTIpeJIeIsIach M3 ypaBHEHWsI HepaspeiBHOCTU [38] B
OpUOTIDKEHNH HEU3MEHHOCTH IUIOTHOCTH BO3JyXa
(p=const):

div(V,) = 0.
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Pe3y ibTaThl 3KCIEPUMEHTA/IbHBIX UCCIEJ0BAHUA

Ha puc. 2 npuBeneHsl THIIMYHBIE KaAphl Ipolecca
9BOJIIOLUMHU (OpMBI (10 Hauana JpoOieHus) Kallk BO-
Iel (cTONOeIl @) U BOJAOYTOJIBHOTO TOIUIMBA (CTONOIBI
b—j) B BBICOKOCKOPOCTHOM MOTOKE BO3Myxa. MOXKHO
OTMETHUTb, YTO B PACCMATPUBAEMBIX YCIOBHUSX MPOLIECC
JIUCTICPTUPOBAHUS Kallelib MPOTEKaeT B PEKUMAX CY-
niecTBeHHOW TpaHchopMmaruu ux (opMmbl. B Hayamb-
HBI MOMEHT BpeMeHH (MOMEHT BXOJ[a KAl B COILIO-
BOH KaHa) Karisi umeeT ¢popmy chepsl. B pesynbrate
a’POTMHAMHIYECKOTO BO3/IeHCTBUS MIPOMCXOANUT
TpaHcopMaIms Kamm u3 chepbl B DIUIAICOUI
(puc. 3). B ycnoBusAX NpoJOHKAOLIErocs aj’poarHa-
MHYECKOTO BO3/CHCTBUS MPOUCXOAUT IEPEXOI OT dJI-
JUICOUIATBHON (OPMBI B JWCK. 3aTeM BCIEICTBHE
pocTa CKOPOCTH W, COOTBETCTBEHHO, KacaTeNbHBIX U
HOPMAJIBHBIX HANPSIKCHUH MPOHCXOAUT TpaHchopma-
U Karutl AUCKOOOpa3HOM (OPMBI B TUCK C «IIarl-
KoiD» (puc. 3).

B sToM citydae pasHuIa NaBJICHHUN MEXIy HaBeT-
PEHHOH W TOJIBETPEHHOM CTOPOHOW CTaHOBUTCS
HACTOJIBKO OOJBIIOHN, YTO CHIIBI JABJICHUS MPEBBIIIAIOT
CWJIBI BSI3KOCTH W TIOBEPXHOCTHOT'O HATSDKEHHS BOJO-
YIOJIBHOW CyCNEH3WH. B pe3ynprare MpoucXOmuT pas-
pymenue karm. [Ipu 3TOM MOXHO OTMETHTBH, YTO B
OCHOBHOM pa3pylIeHHE IPOUCXOAUT B pe3ysbTaTe
CpbIBa IUICHKH C (YOPMHPOBAHHEM LIEHTPAIHHOTO BBI-
TSHYTOTO SIpa IO HANPABICHHUIO IBIDKCHUS. Taroke
aHAJIM3 KaJpOB IMOKA3blBAE€T, YTO KOHILEHTpAIMs
YTOJIbHOM KOMITOHEHTHI B TOIUIMBE OKAa3bIBaeT CYIIe-
CTBCHHOC BJIMSHUEC Ha XapPaKTCPUCTHKH W YCIOBHUS
npobnenust kanenb BYT (puc. 3). Tak, mpu KOHIICH-
Tpammu yras B npexenax 0 < ¢ < 50 % amHammka
npobnenust karmenb BYT moutw wmaeHTHYHA Apo0dIie-
HUIO Kamedb Boael (puc. 2). Ilpu KoHumeHTpauuu
YTOJIBHOM KOMITOHEHTHI ¢ = 50 % npoOiieHue Kamnelnb
WHOE, U JJIsI JOCTIDKEHUSI COOTBETCTBYIOIINX YCIOBUH
JUCTICPTUPOBAaHKS HEOOXOIMMBI 3HAYUTEIBHO Oojee
BBICOKHE CKOpOCTHM OO0TekaHus Kameib. [locnenHee
MOKA3bIBAET, YTO NP KOHIIEHTPAIIMH YTONBHOH KOM-
MOHEHTHI BhIIIe 50 % YacTUIIBI YIII HAYMHAIOT UTPATh
POJb CBSI3YIOIIETO KOMIIOHEHTA, «KOHCOJHINPYIOIIe-
ro» CYCHCH3WIO. 3HAYCHHUS XapaKTEPHBIX BPEMEHHBIX
nokaszaTeneil 7 mpuBeJeHbI B Ta0I. 2.

Ha puc. 4 npuBeneHsl 3aBUCUMOCTH CKOPOCTH T10-
Toka (Vy) Bo3lyxa, a Takxke Kamesb sxuikoctd (Vgr —
JI0 UX pa3pylIeHus) OT PacCTOSHUS, MPOUAEHHOTO 1O
COIUTOBOMY KaHaTy. AHaJIN3a KaJpOB IMOKA3bIBACT, YTO
[PY KOHIIEHTPAIUAX YrOJbHONW KOMIIOHEHTHI TOILUIMBA
MmeHee 50 % xaruu BYT u Boapl pa3pyiiarorcs UAeH-
TUYHO (KPUTHYECCKHE 3HAYCHUS OTHOCUTEIBHOH CKO-
pPOCTH JIBMKCHHUS Karellb pa3iuyaroTcs He Oojee deM
Ha 8 %). Ilpu 5TOM MOXHO BBIAEIUTH Ba)KHYIO 3aKO-
HOMEPHOCTh — YeM OOJIbIlle KOHIIEHTPAILUS YTrOIbHOMN
KOMITOHEHTHI, TeM MeHblIe yckopenue (dVy, /dt) kan-
JI B TIOTOKE.
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Puc. 2. TunuuHble kadpwsl npoyecca ducnepauposaHus kaneasb 8odvul (a) u BYT (b-j). CoomHoweHue 6 cucmeme y20.1v/6800a:
a-0/100; b-10/90; c - 20/80; d - 30/70; e - 40/60; f- 50/50; j - 55/45
Fig. 2. Typical frames of dispersion of water droplets (a) and coal-water slurry (b-j). Ratio in the coal/water system: a -

0/100; b -10/90; c - 20/80; d - 30/70; e - 40/60; f - 50/50; j - 55/45

Ta6auya 2. XpoHos02ust XapakmepHblX mo4eK npoyecca 0pobaeHust kKanau

Table 2. Chronology of characteristic points of a droplet fragmentation
XapaKTepHbIe BpeMeH- 0603HaYeHUs CTOJIOLOB, COOTBETCTBYIOT 0603HAaYeHHUAM, IPHUBEJIEHBIM Ha pUC. 2
HbIE TOMKM Column designations, correspond to the designations shown in Fig. 2
Typical time points

T; C a b c d e f j
1 0 0 0 0 0 0 0
2 0,0025 0,0025 0,0025 0,003 0,0025 0,004 0,01
3 0,005 0,005 0,005 0,0055 0,005 0,008 0,015
4 0,007 0,0065 0,0075 0,0085 0,0075 0,0105 0,02
5 0,0095 0,0085 0,0095 0,0125 0,01 0,013 0,025
6 - 0,012 0,0125 - 0,013 0,0155 0,029
7 - - - - - 0,018 0,034
8 - - - - - 0,0205 -
9 - - - - - 0,023 -
10 - - - - - 0,025 -
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3710, BeposiTHEE BCero, OOYCIOBICHO TEM, YTO, KaK
BUJIHO Ha KaJjpax BHICOTPaMMEI (pHC. 2), KaILUTH CyCIICH- 0 -
3 C MajblM COJICP)KaHHEM YTOJBHOM KOMIIOHEHTHI
ObicTpo Aehopmupyrotcest U3 chepsl B auck. [Ipu stom 7 I
IUIOCKOCTh JJUCKA TEPHEHAUKYIISIPHA HAMpPABJICHUIO JBU- = s
JKEHISI TIOTOKa Bo3ayXa. B aToM ciydae aspoxmHammde- 0
CKOE COIPOTHBIICHUE TAKOW KaIUIA OyIeT MaKCHMaJIbHO
(Bo3HHKaeT 3¢dext «mapyca»). [locnenHee npuBOAUT K * D#C
CYILECTBEHHOMY YCKOPEHHIO TIpoIecca pa3pyIIeHHsS Iyl |
kamm. B 1o xe Bpems karmm BYT ¢ BbICOKUM conepika- - D S - chepa

i
g

HUEM YIJIs 3HAUUTEILHO OOJIbIE BPEMEHH COXPAHSIOT D - puck
(opMmy 0OTekaeMoii cepbl, UTO CYIIECTBEHHO CHUMKAET g:g&’;‘;am
X a9POJIMHAMUYECKOE COMPOTHBIICHHUE. DHC T —

Ha puc. 5 npuBeneHsl 3aBUCHMOCTH KPUTHYECKOTO
yrcna Bebepa (We) u OTHOCHTENBHOM CKOPOCTH Karlid B
MOMeHT paspymeHus (§ = |I{q - Vd|/V°; e Vg, Vg —
CKOpPOCTH BO3/yXa U KaIlId B 30HE €€ pa3pylLeHus], Vgo -
CKOPOCTb BO3QyXa HA BXOAE B COIUIOBOM ammapar,
Vg0 = 7 M/C) OT KOHILIEHTPAIMH YTOJBHON KOMIIOHEHTHI B
TOIUIMBE. MOKHO OTMETHTB, 4To 3aBucumMoctn We(p) u
&() nMeroT XapakTep THIA «XOKKeifHas Kmomikay. [lo-
cieHee 00YCIIOBIIEHO TEM, UTO, KaK YK€ YKa3bIBaJIOCh BBI-
II1e, TIPH TIepexoie depe3 3HaueHrst =50 % cKauKooOpa3HO
MEHSIIOTCS. XapaKTepUCTHKU ApoOmneHus kanens BYT. Jlan-
HBI 2 PeKT 00YCITOBIEH TEM, YTO B 9THX YCJIOBUAX YyacTu-  Puc. 3. Kommymamuenas duazpamma munu4Hbix ¢Hopm
1B YIJISL B CYCIIEH3UH HAYWHAIOT UTPATh POJIb CBA3YIOIIETO ) kanesb BYT 6 nomoke ozdyxa
MATEpUATA, UTO TPHBOJUT K CYIIECTBEHHOMY DOCTY CHII Fig. 3. s?g;)rlr;zzstc;:\tzze Z;{g}rg:/n of typical shapes of CWF
BSI3KOCTH W CHJI TIOBEPXHOCTHOTO HATSDKEHUSI M K COOTBET-

CTBYIOLLIEMY U3MEHEHHUIO IUCIIEPTUPOBAHUSI KaIlIu.

a- IIyCcTO€ MHO>XECTBO

D#CN{S*} =0

Var, m/c Ve, M/C

7 80

170

1 60

150

140

130

120

110

0 0
0 002 004 006 008 01 012 0,14 016 0,18 0.2
L m

Puc. 4. 3asucumocmsv ckopocmu eo3dyxa (Vy - 3asucumocms 1) u kaneav xcudkocmu (Var — 3asucumocmu 2-7) om
paccmosiHusl, npoti0éHHO020 NO CoON080MYy Mpakmy 0o MomeHma 0pobaeHus,, npu pasHoll KoHyeHmpayuu (@) yaas e
cycnensuu: 1 - eo3dyxa; 2 - kansi 800ul (p=0); 3 - kanasa BYT (p=10); 4 - kanas BYT (¢=20); 5 - kanas BYT (¢=30);
6 — kanas BYT (p=40); 7 - kanas BYT (¢=50); 8 - kanas BYT (¢=55)

Fig. 4. Dependence of velocity of air (V4 — dependence 1) and liquid droplets (Vair — dependences 2-7) on the distance traveled
along the nozzle path to the moment of fragmentation, at different concentration (@) of coal in suspension: 1 - air; 2 -
water droplet (p=0); 3 - CWF droplet (¢=10); 4 - CWF droplet (¢=20); 5 - CWF droplet (¢=30); 6 - CWF droplet
(p=40); 7 - CWF droplet (¢=50); 8 - CWF droplet (¢=55)
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Puc. 5. 3asucumocmb Kpumuueckozo yucaa Bebepa u omHocumeavHoll ckopocmu sumaHusi kanau & = |Vg - Vd|/Vg° (2de V,
Vq - ckopocmu 603dyxa u kanau 8 30He ee paspyweHusi; V; — ckopocms 8030yxa Ha éxode 8 con/06oii annapam;
%o = 7 M/c) om KOHYeHmpayuu y20,1bHOll KOMNOHEHMbl 8 MON/UBHOII Kanje

Fig. 5. Dependence of the critical Weber number and relative velocity of the droplet £ = |Vy - Vd|/Vg0 (where V, V,; - veloci-

ties of air and droplet in the zone of its destruction; Vbo - air velocity at the nozzle inlet; Vg0 = 7 m/s) on coal component

concentration in the fuel droplet

Hano ormeruTs, 4TO MOJIyuyeHHBIE PE3YIbTaThl J10-
CTaTOYHO XOPOILIO KOPPEIHUPYIOT C M3BECTHBIMHU JKC-
NEPUMCHTAJIbHBIMH JTdaHHBIMH. TaK, HalpuMep, aBTO-
pamu [39] yCTaHOBJICHBI PEKUMBI APOOJICHUS Karelb
BOZBI M BOJBI C TBEPAbIMH BKIItoueHHAMHU. [loka3aHo
[39], uTo TpU BBEACHUU B COCTaB Kamejb TBEPBIX Ya-
CTHII KpUTHYECKOe unciio Bebepa Bo3pacraer no 3Ha-
yeHU 12—14, 94TO HECKONBKO OTIUYAETCS OT TONY-
YEHHBIX OKCIIEPHUMEHTANBHBIX pe3yabTaToB (Max
(We)=100). Tocnearee 00yCIOBIEHO, IO-BHIAMOMY,
TEeM, 9TO B dKcrmepuMeHTax [39] karuis momaBanack B
HampaBJeHUH, [EPHEHIUKYIAPHOM  HaIpaBICHHUIO
JBM)KCHUS OCHOBHOTO TIOTOKa Bo3ayxa. B pesynbrarte
IpoOIieHre MPOUCXOMIIO HE TOJNBKO 3a CUET a’pOiH-
HaMHUYECKOT0 BO3JIEHCTBHS, HO U BCIEACTBUE LIEHTPO-
6G)KHI>IX CHJI, BO3HUKAIOIIUX MPU BpallCHUU Kalllu,
o0ycnoBneHHOM 3¢ dekTom Marnyca.

CpaBHUTE/IbHBIN AaHA/IU3 N0JY4YEeHHBIX
pe3y/IbTaTOB C U3BECTHBIMU JAaHHBIMHU

[ony4eHHble IO pe3ysbTaTaM 3KCIEPUMEHTOB JIaH-
HBIC IMEIOT (hyHAaMeHTaIbHOe 3HaueHne. B HacTosmiee
BpeMs B MHPOBOH Hay4yHOW MEPUOJHUKE OMYyOIMKOBaH
pSAA cTaThel C OMHMCAaHWUEM Pe3yJbTaTOB HMCCIIEIOBAHUS
Mpo1ieccoB ApoOiieHHs OTAeNbHbIX Kanens BYT B moto-
ke Bo3ayxa. Hampumep, B crathsx [24, 27, 40] npuse-
JICHbI pe3yJIbTaThl TEOPETUYECKUX U DKCIIEPHUMEHTANb-
HBIX WUCCIIEZIOBAHUI MPOIIECCOB IpoOieHus kanems BY T
B moToKe okuciurens (puc. 6). OqHaKo MOXXHO OTMe-
TUTh, 4TO Karmmu BYT B HauanbHbIM nepuoa BpeMeHU

14

JIBUTINCh TEPIEHAMKYJIIPHO HAIIPAaBICHUIO IIOTOKA
Bo3ayxa [24, 27, 40]. B 3Tux ycioBHAX NpH BO3ZEH-
CTBHHU TIOTOKA BO3/yXa Ha KAl B MOCIenHel hopmu-
pyercss MOMeHT BpauieHus. B pesynbrare kamias BYT
paspylIaercsl He TOJBbKO 3a CUeT ACUCTBHS CHJI adpOIH-
HAMHYECKOTO COMPOTHUBIICHUS, HO TAKXKE U B PE3yJIbTaTe
JISCTBUSI IEHTPOOSIKHBIX CHIL

Takxe MOXXHO BBIIENHTH CTaThlo [23], B KOTOpOit
MpPHUBEJIEHBl PE3yIbTaThl MATEMATUYECKOTO MOJIEIHUPO-
BaHUs Tporiecca JpoOJIeHHs Karesb B TOTOKE BO3IyXa.
MOXHO OTMETUTb, YTO IO PE3yJIbTaTaM KOMIIbIOTEp-
HOro MojenupoBaHus [23] B YCJIOBUSAX BBICOKOCKO-
POCTHOTO BO3JICHCTBHSA IOTOKa BO3JyXa IPOILECCHI
IpoOJeHUsI Ha TIEPBOM JTale BBIPAXKAIOTCS B BHUJE
TpaHC(OPMAIMK KAIUIH B JUCK, KOTOPBIA BCICICTBHE
BBICOKOH «IMapyCHOCTH» Kak Obl HajayBaeTcs, Mocie
4Yero MpOUCXOAUT pa3pbiB IUIEHKU. B pesynbrare pas-
pPYLIEHHUS POAMTENHbCKON Karid (OpMHUPYETCs MOJIHO-
TOPUHA M MHOXECTBO MEIKHX BTOPUYHBIX KaIlelb
(puc. 7, a). JlanpHeimee BoO3IeiCTBHE IPHUBOIUT K
pa3pbIBy nosiHoTopus. IIpu 3TOM 1o pesyiapTaraM Mo-
JIeNIUPOBaHUS yCTAHOBIIEHO, YTO B TIEPUO/] BEICOKOCKO-
POCTHOTO BO3JICHCTBHSI TIOTOKA BO3/JyXa Ha Karulo
mporecc APOOJICHUS MPOTEKaeT HECKOJIBKO IO JPYyTro-
My «cueHaputoy». [locie dpopmupoBanusa AUcKa mpouc-
XOJUT CPBIB Mepu(EepUitHON TMICHKH J¥CKa BIOIb IO
MOTOKY Bo3ayxa (puc. 7, b). B pesynbrare obpasyercs
MEePEBEPHYTHIA «TpHO», KOTOPBIM pa3priBaeTCs B pe-
3yJbTaTe NajJbHEHIIET0 pacTATUBaHUS MO JCHCTBUEM
CHJI a3POIMHAMHYECKOT0 CONPOTUBIICHHUS.
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Schematic diagram of the experimental setup (a) and typical shots of the CWF single droplet fragmenation (b) given in
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Results of numerical simulation (a - given in [23]) and typical frames of CWF single droplet fragmentation (b - ob-

a

Puc. 6.

npusedeHHvle 6 [24, 27, 40]
Fig. 6.

[24, 27, 40]
Puc. 7.

00duHo4HbIX Kaneab BYT (b - nosyyeHHble 3KkcnepumMeHmaabHo, puc. 2)
Fig. 7.

tained experimentally, Fig. 2)
3akji04eHue

[lo pesymbraraM TNPOBEAECHHBIX AKCIEPHMEHTOB
YCTaHOBJIEHO, YTO CTaOUIbHOE APOOJIEHHE Kamelb BO-
JOYTOJIBHOTO TOIUTMBA MPU YMEPEHHBIX 3HAUYCHHIX
gucen BebOepa (MeHee 40) mocturaercs NpH KOHIICH-
Tpauuu yris @<50 %. YBenuueHue KOHILEHTPALUU
MIPUBOJIUT K SKCIIOHECHIIUAIILHOMY POCTY KPUTHYECKHUX
3HaueHui yruciaa Bebepa (We>100). B atux ycrmoBusx
U JpoOJeHnus Jake OTHOCUTENBHO KPYIHBIX Kareib
BVT (npu xapaktepHoM pa3mepe 0=3 MM) CKOPOCTbH

15

BUTAHUS KaIUTU JOJDKHA COCTAaBIATH He MeHee 40 m/c
(mo ananoruu c [17]). [Ipu 3TOM OUEBUAHO, YTO TOCTE
IpoOeHusT HavaabHON KPYHMHOHM Karmmu ¢opMmupyeTcs
MOTOK Menkux kamenb BYT, mns paspynieHus koto-
PBIX HEOOXOAWMBI 3HAYUTENBHO OOJBIINE CKOPOCTU
Butanus (Ug=100-150 m/c). B 3Tux ycnoBusax uMeeT
CMBICJT YMEHbBIIATh CUJIBI TIOBEPXHOCTHOI'O HATSKEHUS
BVYT nocpencrBom Beenenus [IAB B cocraB TorumBa
Y TIOBBIIIICHUST HA4allbHOU TemriepaTypsl BYT.
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