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AHHOTanua. AKmya/1bHOCMb. AHa/IN3 COBPEMEHHOTO COCTOSIHUSA I7106a/IbHON 3HEepreTHYecKo NoBeCTKY MOKa3bIBAeT, YTO
npo6JieMa aHTPONOTeHHOI'0 BO3/leHCTBUS Ha aTMocpepy IJIaHeTbl 06'beKTaMH TeIlJIOSHePreTUKU ABJIseTCs O4HOM U3 ca-
MBIX IJIaBHBIX /151 4esloBeuecTBa. B To »xe BpeMsl pocT NoTpebJIeHHs 3JIeKTPO3IHEPTUH CTUMYJIUPYET K BBeleHUI0 BCe HOBBIX
3JIeKTPOTeHepUPYIOLMX MOIIHOCTeH. Jloiroe BpeMs CYMTANOCh, YTO pellleHHeM 3TON NMpo6JseMbl SIBAsSEeTCS MacliTaGHoe
BHe/IpeHHe HeTPaJAUIIMOHHBIX BO30OHOB/ISAEMbIX HCTOUHUKOB 3Hepruu (BeTporeHepaTOpPOB U COJIHEYHBIX GaTapei) B 06-
MM 6asaHc asleKTporeHepanuu. OHaKo ceiyac y»ke CTaHOBUTCS OY€BU/IHO, YTO BO30OHOBJISIeMble UICTOYHUKH dHEPTHUU He
MOTYT MOJIHOCTBIO NOKPBbITh BCe MOTPEGHOCTU B 3JIeKTpO3Hepruu. [locseaHee co3gaeT CTUMYJIbI A5 BBeJeHUs B 3KCIJIya-
TAlMI0 HOBBIX TEIJIOBBIX 3JIEKTPOCTAHLUH, paboTalOIIMX, KaK NPAaBUJIO, HA yroJbHOM TomsiuBe. Ho ocHoBHas mpo6JsieMa
YyTOJIbHON 3HEPTeTHUKH — ee aHTPONOreHHOe BO3/leHCTBUe — [0 CUX MOpP OCTaeTCs HepelleHHOMW. Takasd cuTyanus co3jaeT
NpPeANOChIIKH JJ/1s1 pa3pabOTKH HOBBIX «YHUCTBIX» YTOJbHBIX TEXHOJIOTHH C TOJHBIM LIUKJIOM CEKBECTHPOBAHHSA NMPOJYKTOB
cropanus. OHOH U3 HanboJiee NEPCHEKTUBHBIX TEXHOJIOTHH CXKUTAHUS YTJI C HU3KUM YPOBHEM BbIGPOCOB SABJISETCS CKHU-
raHue yrJisg B COCTaBe BOJOYrOJIbHOIO ToIMBa. OHAKO TEXHOJIOTUSl BOAOYTOJIbHOTO TOIJIMBA MMeeT psJi HeJOCTAaTKOB.
OzMH U3 HauboJlee CyLeCTBEHHBIX — BLICOKHE 3a/IePXKKH 3aKUTaHUA TUIIUYHBIX (C XapaKTepHbIM pa3MepoM 3-5 MM) KaneJsb
BO/IOYT'OJILHOTO TOMmIMBa. OJHUM M3 CaMbIX NEPCHEKTUBHBIX METOJOB pellleHUs 3TOH MPoO6JeMbl ABJIAETCA paclblieHHe
BO/IOYTOJIBHOTO TOILJIMBA B YJBTPAAUCIEPCHOM COCTOSIHUU (C XapaKTepHbIM pasMepoM kanesab 0,1-1 mm). I]ess. dxcnepu-
MEeHTaJIbHOE UCCJIe/JOBaHNe YCIOBUHM U XapaKTepPUCTHK APOGJIeHHs Kalneslb BOJOYT0/IbHOTO TOIJIMBA B BEICOKOCKOPOCTHOM
MOTOKe Bo3Aayxa. 06sekm. BojoyroapHoe TONINBO, MPUIOTOBJIEHHOE Ha OCHOBe yTJisi Mapku T. Memod. /151 ycTaHOBJIeHUs
OCHOBHBIX XapaKTepUCTHUK U yCJI0BUH ITpoLecca AUCIePrupoBaHUs Kallesb BOJOYT0JbHOIO TOIJIMBA UCII0/Ib30BAJICA CIeL -
aJIbHBIM 3KCIIepUMeHTaJbHbIN cTeH 1. Pe3y/IbTaThl 3KCIepUMeHTaJbHBIX UCCIe/I0BAaHUIM MOKA3bIBAION, YTO JJ1s1 CTAOUIBHO-
ro Apo6JeHUs] TUIIMYHBIX Kalesb BOJOYI0JbHOI0 TOIJIMBA CKOPOCTh NMOCJAEJHUX (B Mpoliecce pacnblIeHus) A0KHA ObITh
He MeHee 40 M/c.
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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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BBegenue

[lepcrieKTUBHOCTh ~ BHEJPEHUS  BOJOYTOJILHOTO
tornuBa (BYT) B 00muit OanaHc TEIuio- M dJIeKTpore-
Hepanuu 000CHOBaHA yXKe JTIOCTaTOYHO JaBHO (HAIPH-
mep, [1-3]). ITokazano (o pe3ymabTaTam 3KCHEPUMEH-
TalnbHBIX [4—6] m Teopernueckux [7-9] wuccinenona-
HUH), 9yTO 1ipu cxkurannu BYT oOpasyeTcst 3HaUnTeINb-
HO MEHBIIIE OKCHIOB CepHl U a3ora. Takxke, Mo pe3yib-
TaTaM TeopeTHdYecKux uccienaopanuii [10], yctanosie-
HO, 4TO 3(PPEKTUBHOCTH MEPEadn TEIUIOTHI OT TOIOY-
HOU cpelbl K BHYTPUTPYOHOMY TEIUIOHOCHTEIIO MpPU
cxurannd BYT Bblllle MO CpaBHEHUIO C IpoLEcCaMyu
TrOpeHus OJJHOPOJHOrO yris. Ho mpu Bcex mpemmyiie-
CTBaX BOJIOYTOJIFHBIX TEXHOJOTHH OHH HMEIOT DS
3HAYUMBIX HeJ0CTaTKOB. CaMbIM CYyIIECTBEHHBIM U3
TaKOBBIX CYHTAIOTCS BBICOKHE 3aJICPKKH 3a)KUTaHHS
(mo 15 cexynn) tunmuneix Kareiab BYT [11, 12]. Tlo
pe3ylbTaTaM IPOBEJCHHBIX paHee HKCIEPUMEHTANb-
HBIX HccaefoBaHui [13] ycTaHOBIEHO, YTO MpHU pac-
neuieHnH BYT 00pasyroTcst Karii nperMyInecTBEHHO
C XapakTepHbIM pa3zmepoMm oT 1 mo 3 MM. 3amepkku
3KUTaHUS TaKUX OTHOCUTENBHO KPYIHBIX Karlelb
(maxe mpU JOCTATOYHO BBICOKHX TEMIIEpaTypax BHEII-
e cpenbl Tg>1273 K) cocraBmsror ot 5 mo 15 ce-
KyHZ (B 3aBUCUMOCTH OT Mapku yriisi). Ha Hacrosiuee
Bpems paspabotansl [14] u mpoaoikaroT pa3padbatrhi-
Batbest [15] cucremsr pacmbutenuss BYT, mo3Bossito-
e (GopMHpPOBATh MEITKOAUCHEPCHBIA (C XapakTep-
HBIM pa3zmepoM karnelnb oT 0,05 70 1 MM) IOTOK Kamenb
BVYT. Ognako HaaeXHOCTh TaKMX CHCTEM HE BBICOKA
BCJIEJICTBUE BBICOKOT'O 3PO3UIHOrO M3Hoca (HhopcyHOU-
HBIX amnmapaToB. Hampumep, B [16] mokaszaHo, 4To pe-
Cypc pabOThI BOJOYTOJNBHBIX (OPCYHOK KOTEIbHBIX
arperatoB HoBocuOupckoit TDI[-5 He mnpeBbImman
40 gyacoB. Take MOXKHO OTMETUTH PabOTy COTPYAHH-
koB mHCcTUTyTa Teropusnkn CO PAH [17], B koTO-

POl TIpUBEACHBI HKCIEPUMEHTAIbHBIE JTaHHBIE O MPO-
neccax pacnbuieHuss BYT mHeBMaTHueckoil ¢GopcyH-
KOH B KpyIHOMAcIITaOHOM HHEPreTH4YeCKOM cTeHze (¢
TEIUIOBOW MOILTHOCTHIO 5 MBT).

Takxe MO)XKHO OTMETUTH cTaThio [18], B KoTOpOI
MIPUBEJEHBI PE3YJIbTAaThl IKCHEPUMEHTAIbHBIX HCCIIE-
JIOBaHUH TIPOLIECCOB KBA3UTEIIOBOIO PaCIbUICHUS
BVT. IlokazaHo, 4yTo B pe3yJsibTaTe pacublicHUs (Hop-
mupyitoTest karum BYT ¢ xapakTepHbIM pa3zmepom
100200 mxm. OmHAKO CTOWT CKa3aTh, 9To B [18] He
yKa3zaHa  JJIMTEIbHOCTh  paboTel  (hOPCYHOUHOTO
ycrporictBa. Taxke B [18] He mpuBeneHbl 3HAUEHUS
xapakTepHbIX uncen Bebepa kamens BYT, dpopmupy-
IOLIUXCS TPU pachbulie TOIUIMBA. AHajmoruuHeie [18]
pe3ynbTarel npusenensl B [19]. Hago ckasarp, 4to B
[16—18] mpuBeneHBI pe3ynbTaThl HKCIIEPUMEHTAIBHBIX
nccienoBaHuil mpoueccoB pacneuieHns BYT B ycro-
BUSIX, KOTJIa IPOJIOJKUTEIBHOCTH HETIPEPBIBHOM pabo-
Tbl orpanndeHa 10 munyramu. B peanbHOH mpakTuke
o0ecrnieueHre TaKoro yJIbTPAaTOHKOTO PaclbUICHUS MPU
JIOJITOBPEMEHHOW (OKOJIO Tojla) HeMpepbIBHOM pabote
(opcyHOUHOTO ammapara IMoka HeBo3MOxHO. [locuen-
Hee OOYCIIOBJICHO CYLIECTBEHHBIM 3PO3UHHBIM H3HO-
COM COIJIOBOTO ammapara (OpPCYHOUYHBIX YCTPOHCTB
(cpennee Bpemsi paboThl (HOPCYHKH HE IPEBBIIIACT
120 gacoB [20]). [Ipu 3TOM HEOOXOAUMO OTMETHTB,
yTo B pabore [20] mpuBeneHBI SKCIEPUMEHTAIHHBIC
JaHHbIe s (POPCYHKHM, BBEITOTHEHHOW M3 BBICOKO-
npouHoit kepamuku (AI203/(W,Ti)). Bmecre ¢ tewm,
HanpumMmep, B craThe [17] mpuBeeHbI pe3yabTaThl IKC-
MEPUMEHTAIILHBIX HUCCIICJIOBAHUH MPOIECCOB pacIbLIe-
Hust BYT (opcyHKOH, BRIIOJHEHHOM U3 JIETUPOBAHHOMN
cTanu aycteHutHoro knacca 12X18H10T, mo xotopoit
Ha HacTosIee BPeMs HET TOYHBIX JaHHBIX O padodem
pecypce (mpeneipbHOe Bpemsi paboThl) (HOpCyHOUHBIX
YCTPOMCTB, PACHBUISIOIIUX BBICOKOKOHIIEHTPHUPOBAH-
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Hble (C J0Jeil yroipHOW KOMIOHEHTHI (=>0,5) BoJO-
YTOJIbHBIE CyCIIEH3UU. B Takoil curyanuu Heompene-
JIEHHOCTH C PECypcoM padoThl (POPCYHOK, BBITOJIHEH-
HBIX W3 pa3HbIX MaTepHalIOB, 3HAYUMOCTb IKCIIEPHU-
MEHTAJIbHBIX JAHHBIX O Mpoueccax pacnbuieHuss BYT
nproOpeTaeT eme OONBIIYI0 aKTyalbHOCTh. B ATHX
YCIIOBHSAX MMEET CMBICI pa3paboTKa HOBBIX TEXHOJIO-
TUH, MO3BOJISAIONIMX NPOBOJUTH OECKOHTAKTHOE (C TO-
BEPXHOCTBIO TOPEIIOYHOI'0 YCTPOUCTBa) ApoOiIeHne
OTHOCHUTENBHO KPyHHBIX Kareiab BYT B moTtoke okwuc-
JIUTEIIs.

Ho B Hacrtosimiee Bpems HE CO3JaHO TEXHOJOTHU
YCTOWYHMBOTO a’pOAMHAMHYECKOTO JAPOOJICHUS KaIelb
BYT (MOXHO BBIJICIUTH JIUIIL HECKOJIHKO MPUMEPOB
HAJCKHOW DKCIUTyaTallii BOJOYTOJBHBIX (DOPCYHOK,
Hanpumep [21, 22]). dus pa3paOoTKy TakoW TEXHOIO-
THA HEOOXOAWMO 3HATh XapaKTEPUCTHKA U YCIOBHUS
mporuecca ApoOJaeHnus Kaluld BOJOYTOJBHOTO TOIIMBA
B IIOTOKE OKHMCIUTENS. MOKHO OTMETUTb Pl UCCIIe-
noBanuii [23-26]. Hampumep, B [23] mpuBeaeHs! pe-
3yJbTaThl MATEMATUYECKOTO MOJCITUPOBAHUS TUHAMMU-
KH TpaHchopMaluy Karejb BOJOYTOJbHOW CyCIIEH3UU
(BYC) B moToke Bo3yxa. YCTaHOBIIEHO, YTO HA U3MeE-
HeHue (opMbl Karesb CYLIECTBEHHOE BIUSHHUE, KaK U
CJIEI0BAJI0 OKUJATh, OKa3bIBAIOT PEOJIOTMYECKUE Xa-
pakrepuctuku. [Ipu uncierHoM mojenupoBaHuu [23]
MIPUMEHSETCS] METOJ], BKIIOYAIOIIUN MOJEIMPOBAHUE
oonpmux Buxpeil (Large Eddy Simulation — LES), u
criuaxeHHbli 00beM kuakocTd (Volume of fluid —
VOF), koropble HCHOIB30BATUCh C JAWHAMHYECKON
aganTuBHOW ceTkod. Ilo pe3ynpraTaM YHCIEHHOTO
MOJICJIMPOBAHUs yCTaHOBJICHA <OA((eKTUBHAD) BS3-
KOCTb, ITO3BOJIIONIAs OIUCHIBATE JPOOJICHUE Karelb
BVYT no ananornu ¢ HblOTOHOBCKOW KUAKOCTBIO.

Taxke MOXXHO OTMETHTH pabdoty [24], B KoTOpOH
MIPEJICTaBJIEHbl PE3YJbTaThl KOMIIBIOTEPHOI'O MOJEIH-
poBaHMA  Ipolecca  pacmaja  Kameiab — OpraHo-
BOJIOyroJbHOrO ToruiuBa. Mcnons3oBaics metonq VOF
B COYETAHHWH C TMHAMUYECKOW ajanTtanuell mpocTpaH-
CTBEHHOH CETKH. Y CTaHOBJIEHbI PEXHUMbI Pa3pyLICHUs
Karelib B 3aBUCHUMOCTH OT 4mciia BeOepa. Takxke wuc-
ClIeIOBaHA CTPYKTypa TCUCHHS BO3/AyXa B 00JacTH
a’pOJIMHAMUYECKON TEHU Kallellb.

B cratee [25] mpuBeneHsl pe3yabTaThl MaTEMaTH-
YECKOI'0 MOJIEJIMPOBAHUS IIPOLIECCOB JUCIEPIUPOBaA-
HUS Kamellb TeJeo0pa3Horo KepOCHHOBOTO TOIUIMBA B
MOTOKE BO3Ayxa. lIpM STOM HCHOIB30BANICS METOJ
VOF. Tlo pe3ynprataM YHCIEHHOTO MOJIEIUPOBAHUS
YCTaHOBJICHBI TUIMHYHBIE (OPMBI AeHOPMHUPYIOMINXCS
B IIOTOKE Kamenb ToruBa. [loka3aHo, 4to Ha (GopMbl
Karejb ONpeJIeNsioiee BIUSHUE OKa3bIBACT CIIEKTP
BHXpeE, (OPMUPYIOMHUXCS B a3POANHAMHICCKOM CJe-
JIe Karuiy.

Taxke MOXXHO OTMETHTH CTaTbio [26], B KOTOpOH
MIPUBENEHB!l PE3YJIbTAThl JKCIEPUMEHTAIBHBIX HCCIE-
JIOBaHMI MpoueccoB paspyueHus crpyu BYT, wucre-

karomeil u3 dopcynku. Ilpu 3ToM apobieHue crpyu
OCYIIECTBIISUIOCH B PE3yJIbTaTe BO3JEHCTBHUSI BBICOKO-
CKOPOCTHOM CTpyHW BO3/lyXa, OPUEHTHPOBAHHON B TOM
JK€ HalpaBJIEHUH, B KOTOPOM PacHbLISETCs TOIIUBO.
B crathe [27] mpuBeneHbl pe3yibTaTbl 3KCIEPUMEH-
TaIBHBIX UCCIICOBAHUI MIPOIIECCOB IPOOICHNS Karemnb
BYT BBICOKOCKOPOCTHBIM ITOTOKOM BO3lyXa, KOTOPBIA
MOJAaBaJICd B  HAMpaBJICHUHW, MEPHEHIUKYIIPHOM
HaNpPaBJICHUIO JIBI)KCHUS Karluld. BwieneHsl pexmuMbl
IpoOJeHusl TOIUTMBHBIX Karenb. Ho Takoit crmocod
A’POIMHAMHYECKOTO JAPOOJICHUS B PEaIbHOW MPaKTHKE
TPYJAHO TpUMEHUM. TakKe CTOUT cKa3aTh, YTO JOCTa-
TOYHO CJOXKHO OINPEACTUTh KpUTHUIECKUe yncia Bebe-
pa BcreacTBUE OOJNBIIMX MOTPEIIHOCTE B ompejese-
HUU CKOPOCTEH MBHkeHUs Karuu. [Ipu sToM KputHe-
CKHe 3HaveHHus umcen Bebepa sBISIOTCS BakHEHIIeH
XapaKTePUCTUKOM, MO3BOJISIIOIIEH ONpeAeIuTh YCIo-
BUs Mpoliecca ApoOJIeHUs Kareb TOIJIMBA U, COOTBET-
CTBCHHO, KOHCTPYKIHIO (OPCYHOUHBIX YCTPOMCTB.
Taxke HaJJo OTMETUTh, YTO paHee He IIPOBOAMIICS aHa-
JU3 BIUSHUS KOHLEHTPALMHU TOTUIMBHOW KOMITOHEHTHI
(yriosl) Ha XapaKTEpPUCTHKH U yCIOBHUS APOOJICHMS Ka-
nexas BYT.

Henp nanHO#il pabOTHl — YCTaHOBJIEHHUE KpPUTHYE-
CKHMX 3HaueHMU uncia BeOepa B moToke Bo3jyxa mpu
nBwkeHnu karnenb BYT B olHOM HampaBiIeHHH C TIO-
TOKOM BO3AyXa HpU BapbUPOBaHUHM (HPAKIIHOHHOTO
cocTaBa TOIUIMBA.

MeToauKa npoBeJeHNs IKCIIepUMEHTA
Memoduka nodzomoeku monausa

[MoarotoBka BYT k skcnepuMeHTaM mpoBOAWIIACH
B COOTBETCTBHM ¢ MeTonukoil [28]. Ha nmepBom stamne
KPYIMHOKYCKOBOH yroib Mapku T (Tommii — siBiseTCs
OJIHUM M3 paclpOCTPaHEHHBIX dHEPreTHUECKUX YIJIEH,
UCHOJb3YIOIUXCA B KaYECTBE OCHOBHOI'O TOILIMBA Ha
TEIJIOBBIX JJIEKTPUUYCCKUX CTAHIIUAX) APOOMIICS B IIe-
KOBOM JIpoOHIIKE 70 XapakTepHoro pazmepa d=20 mm.
3areM yrojpHas KpOIIKa 3arpy’ajach B ILAPOBYIO
MEJBHUILy U M3MeNbYajach A0 MbUIEBUJHOIO COCTOS-
HUS (XapakTepHBI pa3mep dactuil ~90 MkM). B manb-
HEeWIeM yrojbHYI0 IBUTE TIOMEIIATH Ha BHOpaInOH-
HO€ CUTO C pa3MepoM siueikd 90 MKM M IIPOCEUBAIIH.
Opakiuys, OCTaBIIAsCS HA CHTE, MMOBTOPHO HM3MEIb4a-
nacb B MenbHuLE. [locime 3TOro mosydmBuIyIOCS
YTOJIBHYIO TbUIb CMELIMBAIN C BOJOM M JIOBOJWIN 0
TOMOTE€HHOTO COCTOSIHMA B ToMorenezarope. C 1esbio
YCTAHOBJICHUSI BIUSHUSA (DPAKIMOHHOTO COCTaBa Ha
XapaKTePUCTUKU U YCIOBUA ApoOieHus kamenb BYT
MacCOBOE COOTHOIICHHE B CUCTEME YToJib/BOJa BapbU-
poBaloCh B JIOCTATOYHO MIMPOKOM JAHama3oHe (OT
0/100 no 55/45). B Tabn. 1 npuBeIeHBI OCHOBHBIC Xa-
PaKTEepUCTUKN KOMIIOHEHTOB TOIUTUBHOW CYCIIEH3HU.
Bp160p mpuBeIeHHBIX BBIIIE KOHIICHTPALUN YrOJbHON
koMrtoHeHTHI B BYC o0ycnoBien tem, uto y yrust T
(cormacHo maHHbBIM [29]) B MUHEpalbHON YacTu CO-
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nepxurca g0 12 % CaO. Kak uzBectHo [30], okcun
KaJlbIUsl TIPH COCJIMHEHUHU C BOJOH MOXET (OpMHpPO-
BaTh TPOYHBIC CIIEMEHTHPOBAHHBIC coerauHeHus. [lo
9TOH TpUYMHE BBHIOOP TOW WM MHOW KOHIICHTpAIHU
TBEPAOW TOIUIMBHOM KOMIIOHEHTHI TorumBa B BVYT
SIBJIIETCS CIIO’KHOM 3a71aueld, TpeOyrorield 000CHOBaHHS
COOTBETCTBYIOILIETO COOTHOIIECHHS TBEPIOW W JKHIKON
(hazpl cycneHsuu (10 aHAJNOTHUHU C 3aJayeil o BeIOOpe
MOMEHTa OCTaHOBAa HE3aBUCHMBIX HCIbITaHuH [31]).
Breibop 3HaueHmid ¢ (HOMHM YroJdbHOW KOMIIOHEHTHI
TOILJIMBA) 3aBUCUT OT WHAWBUYaIbHBIX CBOWCTB YIJIS:
ruipoHoOHOCTH/THIPODUITBHOCTH, TTOPUCTOCTH, CO-
CTaBa MUHEPAIbHONW W OPraHMYECKOW 4YacTed VTIis,
TEIUIOTHI CTOPaHUs, TEMIIEPATypbl TOPEHUS U JP.

Ta6auya 1. OcHosHble xapakmepucmuku KoMnoHeHmos BYT
[32,33]

Table 1. Main characteristics of coal-water fuel (CWF)
components [32, 33]
C A o°
KoMnoHeHT P ’ P ye | Cr H
KT ’ ’
Component bk | Br | Kr % | % Mox
kr-K|m-K| M3 KT
KameHHbI yrosb
Mapku T 1342 10,122 | 962 | 17 | 91 | 25,12-106
Lean coal
Bopa/Water 4190 | 0,56 | 1000 | - - -
BYT/CWF 2683 (0,336| 981 | - - -

OKcliepUMEHTANIbHbIE MCCIIEAOBaHUS MPOBOIMIMCH
Ha CTEHJIE, CXeMa KOTOpOro ImpuBeieHa Ha puc. 1, a.
OCHOBHOM YacThIO DKCIIEPUMEHTAIBHOTO CTEH/IA SIBJISI-

a

Puc. 1.

eTcsl TIOCKOE, CHEHUANbHO CIPOQUINPOBAHHOE COILIO,
CCUCHHE KOTOPOTO HAa BXOAHOM YYAaCTKE COCTABIIIO
35040 mwm, B BbixomHoM yuactke 40x40 mm. [[nmmna
corwtoBoro kanaiga L=180 mm. Comio paccunThIBaIoCh
B COOTBETCTBHH C METOJUKOM, MpuBeneHHOoH B [34]. Ha
puc. 1, b npuBeicHa cxeMa CcOIIoBoro kKaHaina. IIporu-
BOJIE)KAILIME CTEHKH COIJIa ObLIM BBINOJHEHbI U3 MPOU-
HOTO CTEKJA, C OHOH CTOPOHBI KOTOPOTO yCTAHABIIH-
BaJICS UCTOYHUK MOHOXPOMAaTHYECKOW IJIOCKOW CBETO-
BOi BosHBI. C 0OpaTHON CTOPOHBI ObUIAa YCTaHOBJIEHA
BBICOKOCKOpOCTHas Bujpeokamepa (Evercam 1000-32M
¢ oowvexTHBOM Sigma AF 105mm /2.8 EX DG OS HSM
Macro). CormoBoii kaHan yepe3 kapMaH Puxrtepa moa-
KJTIo4ajcs K HEeHTpoOexHoMy BeHTHsiTopy BILIS. Ilo-
CIICTHUN TIPUBOIMICS B ABM)KCHHE C MOMOIIBIO 3JEK-
tponsuratesss AJIM80N2Y3 momHoCThIO 2,2 KBT.

Kammm BYT nopaBanuch BEpPTUKAIBHO —4epe3
IINPHII, YCTAHOBICHHBI HA OCH CUMMETPHUH, B COILIO-
Boi kaHau. LlImpwuIr ObUT MOAKIIOUYEH K HH(Y3HOHHOMY
mmpuieBoMy Hacocy Mindray BeneFusion SP3. Mac-
COBasl CKOPOCTb TMOAAYM CYCIIEH3HM COCTaBIsIA
150 mut/g. C 1menpro onpeiesieHus] CKOPOCTH MOTOKa Ha
BBIXOJIE U3 COIIa yCcTaHaBlIMBanach TpyOka Iluto, monu-
KIroueHHas K JauddepeHnmaibHOMy MHKPOMaHOMETPY
JITA-4. CkopocTh TTOTOKa BO3/IyXa pacCUMTHIBAIACH TI0
meroauke [35]. Kammm BYT mopaBanuch B COIUIOBOI
ammapar ¢ HCHONB30BaHMEM IMIIIPUIIEBOIO  HAacoca
(puc. 1, a). CootBeTcTBeHHO, 00BeMHBIN pacxox BYT
cocTaBiseT Ge,y=150 mMi/u. OObeMHBII pacxoj Bo3LyXa
yepe3 comio cocraBisieT G,;=7,3 M/, XapakTepHbIN
pa3mep kanens BYT B skcniepumentax cocrasisut 3+0,1
MM (KaIut{, OTAMYaBIIMECS OT 3aJaHHOTO pasMepa, B
Tpolecce IKCIIEPUMEHTA OTOPAKOBHIBAJIHICE ).

X eu )Kamm BYT‘

3 10 15 20

25 30 35

-
\

b

IkcnepumeHmavHbull cmeHo (a) u cxema dsudsiceHust kanau BYT e consnosom annapame (b): 1 - ungy3uoHHbiil wnpu-

yeeoli Hacoc Mindray BeneFusion SP3; 2 - ucmouHuk ceema; 3 - anekmpodsueameav AIM80H2Y3; 4 - yenmpobesic-
Hblll genmusasimop BL5; 5 - depycamens co wnpuyom; 6 — nepcoHaNbHbIl KomMnblomep; 7 — 8bICOKOCKOPOCMHAsL Kame-
pa Evercam 1000-32M; 8 - consio BumowuHckozo (ocb X, Y — 20pu3oHmasnbHas u epmukaibHas 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
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Memoduka npogedeHus
IKCnepuMeHmMa/AbHbIX UCC1ed08aHUL

Kamus BYT cOpacwiBaeTcs BEepTHKAIBHO BHU3 B
MOJIOCTh MOJYOTKPBITOTO COIUIOBOro ammapara. [locie
BXO/JIa KaIllli B COIUIO HA HEEe BO3JIEHCTBYET YCKOPSIO-
IIUICS TTIOTOK BO3ayXa. B pesynbrare a’spoauHamuye-
CKOT0 BO3JEHCTBUS TOIUIMBHAs KaIUsl TakXKe yCKOps-
€TCsl, TIPY 3TOM €€ CKOPOCTh MHOTO MEHbIIIE CKOPOCTH
Hecylen cpepl. B pesynpraTte HEpaBHOMEpPHOTO pac-
MpeJieJIeHus JaBJIeHuUs], HO IOBEPXHOCTH KaIljy Ipouc-
XOJIUT €€ CyIecTBeHHas jaedopmarus, a mpu JOCTH-
KEHUU KPUTHUUYECKUX YCIOBUN — pa3pyllEHHE.

Becy komIuiekc mpoueccoB IpoOJeHHs Karelsb
BYT B BBICOKOCKOPOCTHOM IIOTOKE BO3yXa pEru-
CTPUpOBAJICS  BBICOKOCKOPOCTHOM  BHIEOKaMepoi
Evercam E4 (ckopoctb Buaeochemkr 3000 kan/cek). C
LEJIbI0 YCTAHOBJICHUS XapaKTePUCTUK U YCIOBUU JHC-
MEPrUpOBaHMs TOIIUBHBIX Karelb IPOBOJMINCH Ce-
pYU DKCIIEPUMEHTOB, COCTOSIIMX W3 25 OMNBITOB, B
WJCHTUYHBIX YCJIOBHUSX. Takoe OTHOCHUTENBHO OO0JIb-
[I0€ YKCIIO OMBITOB O0YCJIOBIEHO TEM, YTO Ha Xapak-
TEPUCTUKU Pa3pylLEHUs] TOIUIMBHBIX Kallelb OKa3blBa-
€T CYIICCTBCHHOE BIIMSHHE OONBIION KOMIDICKC (hak-
TOPOB BTOPOTO YPOBHS 3HauUMOCTH ((IyKTyaruu
BHYTPHUKAIEJIBHBIX ¥ BHEIIHUX TEUYEHUH >KUIKOCTH,
HEPAaBHOMEPHOE M AHU3OTPOIIHOE paclpesieieHue va-
CTHIL YIJI B Karie, ¢popma nociegaux u ap.). O6pa-
00TKa pPe3ynbTaToOB SKCIICPUMEHTOB IMPOBOAUTCS B CO-
OTBETCTBHH CO CTaTUCTHYCCKHMHU MeTomamu [36]. Jlo-
BEPUTEIbHBIA MHTEpBaJl NPU JAOBEPUTEIBHON BEposT-
Hoctu P=0,95 cocraBnser 12 %.

C 1enpi0 yCTaHOBICHUS HEOOXOAWMBIX YCIOBHM
IpoOJeHus BBEJCHO B PACCMOTPEHHME XapaKTEPUCTH-
yeckoe uuciio Bebepa, KoTopoe Mmoka3piBaeT OTHOIIIC-
HUE CUJI MHEPLIUU U MOBEPXHOCTHOIO HATSKEHHUS:

We = L2400
o
e V; — ckopocTh Bo3ayxa, M/C; Vz — CKOpOCTh Karum
B MOMEHT ApOOJIEHHs, M/C; Py — IUIOTHOCTH BO3/yXa,
Kr/M’; d — IuaMeTp Kammd, M; 0 — K03hHIMeHT 1mo-
BEPXHOCTHOTO HATSHKECHUS, H/M.

g ycraHOBIEHHMS CKOPOCTH Kalld B MOMEHT
BPEMEHH, TMPEIIICCTBYIOIUN  HEMOCPEICTBEHHOMY
JIpoOIeHHI0, pa3paboTaH CIEIUAIBHBIA alTOPUTM 00-
paboTKM HM300paKeHUH KaIpoB BHICOTPAMMBI, OCHO-
BaHHBIM Ha TeHeBoW wmeroamke [37]. IlporpammHuas
peajinzalnus alropurMa NpoBe/ieHa Ha s3bIKe BICOKOTO
ypoBHs Matlab ¢ wmcnosnb3oBanueM (yHKImiA Image
Processing Toolbox. CkopocTs BO3ayXa B CEUEHHU
COIJIa, COOTBETCTBYIOIIEM MECTY IpOOJCHHS Karliu,
OTIpeJIeIsIach M3 ypaBHEHHs! HepaspbiBHOCTH [38] B
NpUOMIKEHNH HEU3MEHHOCTH TIUIOTHOCTH BO3/yXa
(p=const):

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

Ha puc. 2 npuBeneHs! THIIMYHBIE KaApHl Iporecca
9BOJIIOLUHN (OPMBI (10 Hayana JpoOieHHs) Karid BO-
Jibl (cTONOCIl @) ¥ BOJOYTOJBHOTO TOIUTUBA (CTOJOIBI
b—j) B BBICOKOCKOPOCTHOM IOTOKE BO3ayXa. MOXKHO
OTMETHUTbH, YTO B PACCMaTPUBAEMBIX YCIOBUAX MPOLIECC
JIUCTICPTUPOBAHUS Kallellb MPOTEKaeT B PEKUMAX Cy-
niecTBeHHOW TpaHchopManuu ux (opMmel. B Hauanb-
HBIA MOMEHT BpeMEeHH (MOMEHT BX0Jla KaIlJIh B COIJIO-
BOH KkaHa) Karisi umeeT ¢opmy cdepsl. B pesyribrare
A’POTMHAMHIYECKOTO BO3ICHCTBHSA MIPOMCXOIUT
TpaHcopMarms Kamd u3  chepbl B DIUIAIICOHIT
(puc. 3). B ycnoBusx HpOIOIKAIOIIETOCS adpOJHHA-
MHYECKOTO BO3JCHCTBUS MPOUCXOAUT TEPEXOM OT dJI-
JUICOUTATBHON (OPMBI B JAWCK. 3aTeM BCICICTBHE
pocTa CKOPOCTH M, COOTBETCTBEHHO, KacaTelbHBIX U
HOPMAJBHBIX HANPSHKCHUH MPOMCXOAMUT TpaHchopma-
s KaruTk JIUCKO0Opa3Hoi (opMBI B IUCK C «IIIall-
Koit» (puc. 3).

B aToM citydae pasHuIla NaBJICHUN MEXIy HaBeT-
PEHHOH W TMOJIBETPEHHOW CTOPOHOW CTaHOBHUTCS
HACTOJIBKO OOJBIION, YTO CHJIBI JABJICHUS MPEBBIIIAIOT
CHJIBI BSI3KOCTH M TOBEPXHOCTHOT'O HATSDKEHHS BOJO-
YTONBHOH cycrieH3un. B pesynpTare mponuCXOmuT pas-
pyumenue Kamid. [Ipy 3TOM MOXXHO OTMETUTh, YTO B
OCHOBHOM pa3pymiCHUC TIMPOUCXOAUT B PE3YJIbTATEC
CpbIBa IUICHKH C (DOPMHPOBAHHEM LIEHTPAJIHHOTO BBI-
TAHYTOTO Si/ipa 1O HaNpaBiCHUIO JBWXKEHHUsA. Taioke
aHAJIM3 KaJpOB IIOKAa3bIBACT, 4YTO KOHIICHTPAIUS
YTOJIBHON KOMIIOHEHTHI B TOIIMBE OKAa3bIBACT CYIIE-
CTBEHHOE BIMSIHHE Ha XapaKTePUCTUKU U YCIOBHUS
npobnenust karenb BYT (puc. 3). Tak, npu KOHICH-
Tpammu yrast B mpenenax 0 < ¢ < 50 % nuHammka
npobneHust karneab BYT moutu wmaeHTHYHA apo0lJie-
HUIO Kamedb Boabl (puc. 2). Ilpu KoHHmeHTpanuu
YTOJBHON KOMIIOHEHTH! @ = 50 % npobienue kamemisb
WHOE, U JJIsI JOCTIDKCHUSI COOTBETCTBYIONIUX YCIOBHI
JUCTIEPTUPOBAaHUSI HEOOXOAMMBI 3HAYMTEIBHO Oolee
BBICOKHE CKOpPOCTH OOTeKaHus Kareib. [locnennee
MOKA3bIBACT, YTO IPH KOHIIEHTPAIIMU YTOJBHOW KOM-
MOHEHTHI BbIe 50 % 4YacTHIIbI YIUId HAYMHAIOT UTPATh
POJb CBS3YIOIIETO KOMIIOHEHTA, «KOHCOJHINUPYIOIIC-
T0» CyCIICH3UIO. 3HAYCHHUS XapaKTepHBIX BPEMEHHBIX
nokaszaTenei ¢; puBeeHsb! B Ta0II. 2.

Ha puc. 4 npuBeeHbl 3aBUCUMOCTH CKOPOCTHU TI0-
Toka (V,) BO3/yXxa, a Takxke Kareyb skuaKoctd (Vg —
JI0 UX pa3pylLIeHHs) OT PACCTOSIHUS, TPOHAEHHOTO 10
COIUTOBOMY KaHaTy. AHaIM3a KaIpoB ITOKA3BIBACT, UTO
IIpHU KOHICHTPAIUAX yFOJ’ILHOﬁ KOMIIOHEHTBI TOIIJIMBa
MmeHee 50 % xamu BYT u Boabl paspymiarorcs UaeH-
TUYHO (KPUTHYCCKHE 3HAYCHUS OTHOCHUTEIBHOM CKO-
POCTH JBM)KEHHUS Karelb pa3iuyaroTcs He Oojee uyeM
Ha 8 %). [Ipm 3TOM MOXHO BBIAEIHTH BAKHYIO 3aKO-
HOMEPHOCTh — 4eM OOJIbIlle KOHIIEHTPAIHUS YTOJbHON
KOMITOHEHTBI, TeM MeHblle yckopernue (dVy,./dt) karm-
JIN B IIOTOKE.
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L
P 2

T10

a b c d e f
Puc. 2. TunuuHble kadpbl npoyecca ducnepaupogaHusi kanesab 8odul (a) u BYT (b-j). CoomHoweHue 8 cucmeme y2oa1b/8oda:
a-0/100;b-10/90; c - 20/80; d - 30/70; e - 40/60; f- 50/50; j - 55/45
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

Fig. 2.

Ta6auya 2. XpoHoso2usi xapakmepHblX mo4eK npoyecca 0pobaeHust Kanau

Table 2. Chronology of characteristic points of a droplet fragmentation
XapakTepHbIe BpeMen- 0603HaYeHuUs CTO/IOL0B, COOTBETCTBYIOT 0603HAYEHHUSAM, IPUBEJIeHbIM Ha PUC. 2
HBIE TORIKH 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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OT0, BEposiTHEE BCEro, OOYCIOBJIECHO TEM, YTO, Kak
BUJIHO Ha KaJjpax BHJCOIPaMMBI (pUC. 2), Kaliu CyCICH- C §3
3 C MajbM COJCP)KaHHEM YTOJBHOH KOMITOHEHTHI
ObicTpo Aehopmupyrotcest U3 chepsl B auck. [Ipu 3tom 0 J
IUIOCKOCTh JIUCKA TICPIICHAUKYIISIPHA HATIPABICHUIO JIBU- F s
JKEHMS TTIOTOKa BO3AyXa. B aToM ciydae adpoanHammde- 8
CKOE COIPOTHBIICHUE TaKOW KaIUId OyIeT MaKCHMAajIbHO
(Bo3HHKaeT dddekT «mapyca»). [locnenHee npuBoAUT K & D#C
CYIIECTBEHHOMY YCKOPEHHIO TIpoIlecca pa3pylIeHHUs g

=
i
a

kammi. B to ke Bpems karm BYT ¢ BeIcOkuM copepika- D S - cdepa

HUEM YIJIS 3HAYUTEILHO OOJIbIIE BPEMEHH COXPAHSIOT D - guick
QopMmy 0OTeKaeMOii chepbl, UTO CYIIECTBEHHO CHUMKAET g:iﬂ‘;{a
X a9POJMHAMUYECKOE COMPOTHBIICHHUE. DHC N - oG beuHeHHe

Ha puc. 5 mpuBeneHbl 3aBUCHMOCTH KPUTHUECKOTO
yrcna Bebepa (We) 1 OTHOCHTELHOM CKOPOCTH Karlii B
MOMeHT paspyieHus (§ = |I{q - Vd|/V0; e Vg, Vg —
CKOpPOCTHU BO3[yXa U KaIUIM B 30HE €€ pa3pylUeHus], I(go —
CKOpPOCTh BO3[yXa Ha BXOJE B COIUIOBOM ammapar,
I(qo = 7 M/C) OT KOHLIEHTPAIMH YTOJbHOM KOMIIOHEHTHI B
TOIUMBE. MOXKHO OTMETUTh, YTO 3aBHCHMOCTH We(() U
&(p) mMeroT Xapaktep THIA «XOKKeHHas Kmomkay. [1o-
cresiHee 0OYCIIOBJIGHO TEM, YTO, KaK yiKe YKa3bIBAIOCh BbI-
II1e, TIPH TIepexo/ie Yepe3 3HaueHHs (0=>50 % CKauKooOpa3Ho
MEHSIFOTCSI XapaKTepPUCTUKU Jipo0iieHust Karesib BYT. [Jlan-
HBIH 3({EKT 0OYCIIOBIIEH TEM, YTO B 3THX YCIOBHSX dactH-  Puc. 3. KommymamueHas duazpamma munu4Helx HopM
LIPT YIS B CYCHCHSMI HARHMHAIOT HIPATH POTIb CBASYIOMIEro Fig. 3 }é'grrfrfrllzglj;']\;: n;;nort;i:oz}?yxa ical shapes of CWF
Marepuana, 4to MPUBOJUT K CYIIECTBEHHOMY DPOCTY CHII 9 droplets in the air?low bp p
BSI3KOCTH U CHJI TTIOBEPXHOCTHOT'O HATSDKEHMSI U K COOTBET-

CTBYIOLLEMY U3MEHEHUIO AUCIIEPIUPOBAHNS KAILIH.

- IyCcTO€ MHO>KECTBO

D#CN{S3} = 0

Var, /e Ve, M/c

7 80

170

1 60

150

1 40

1 30

120

110

0 i i i i i i i i i 0
0 0,02 0,04 0.06 0.08 0.1 0,12 0,14 0,16 0,18 02
L m

Puc. 4. 3asucumocmv ckopocmu go3dyxa (Vy - 3asucumocms 1) u kaneav scudkocmu (Var — 3asucumocmu 2-7) om
paccmosiHusi, NpotioéHHO20 NO cON/080My mpakmy 0o MomMeHma dpob/eHusi, npu pasHoll KoHYyeHmpayuu () yais e
cycnensuu: 1 - eo3dyxa; 2 - kans 800wl (p=0); 3 - kanasa BYT (¢=10); 4 - kanas BYT (p=20); 5 - kanas BYT (¢=30);
6 — kanas BYT (p=40); 7 - kanas BYT (p=50); 8 - kanas BYT (p=55)

Fig. 4. Dependence of velocity of air (V4 - dependence 1) and liquid droplets (Var - 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 (p=10); 4 - CWF droplet (p=20); 5 - CWF droplet (¢=30); 6 - CWF droplet
(p=40); 7 - CWF droplet (p=50); 8 - CWF droplet (p=55)
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Puc. 5. 3asucumocmbs kKpumuueckozo yucaa Bebepa u omHocumeavbHoll ckopocmu eumaHust kanau & = |Vg - Vd|/l/;,° (20e V),
Vg - ckopocmu 603dyxa u kanau 8 30He ee paspyweHusi; V) — ckopocmb 603dyxa Ha éxode 8 con/06oii annapam;
V) = 7 m/c) om KonyeHmpayuu y2016Holl KOMNOHEHMbI 8 MONAUGHOU Kanje
Fig. 5. Dependence of the critical Weber number and relative velocity of the droplet & = |Vg —Vy |/I{q° (where V, V; - veloci-

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

concentration in the fuel droplet

Hamo oTMeTuTh, 4TO MOIyYEHHBIE PE3YJIBTAThI JI0-
CTaTOYHO XOPOIIO KOPPEIHPYIOT C M3BECTHBIMH IKC-
MEPUMCHTAIBHBIME JTAaHHBIMU. Tak, Hampumep, aBTO-
pamu [39] yCTaHOBJICHBI PEKUMBI JAPOOJICHUS Karelb
BOJBI ¥ BOJIBI C TBEPABIMH BKJItOUeHHsIMH. [lokazaHo
[39], uTo mpu BBEIEHUU B COCTAB Karejb TBEPJbIX Ya-
CTHII KpUTHYeCKoe uncio Bebepa Bo3pacraeT 10 3Ha-
yeHuil 12—14, 4TO HECKOJIBKO OTIUYAETCS OT TIOJY-
YCHHBIX  OKCICPUMCHTAIBHBIX ~ PE3yJbTaToB (max
(We)=100). IlocnenHee 00yCIIOBJICHO, MO-BUAUMOMY,
TEM, 9TO B dKcmepuMeHTax [39] karurst momaBaiiach B
HANpPAaBJICHUM, TEPHCHIUKYIIPHOM  HAINPaBICHUIO
JIBIDKCHHUSI OCHOBHOTO TIOTOKa BO3AyXa. B pesyibrare
JIpOOJICHHE TIPOMCXOJIMIIO HE TOJBKO 33 CUET adpOJIH-
HaMHUYECKOTO BO3JCHCTBUS, HO U BCIEACTBUE LEHTPO-
GC)KHI)IX CUJI, BO3HUKAIOIIUX IPHU Bpall€HUHN KaIllu,
o0ycnoBiieHHOM 3 dekToM Marnyca.

CpaBHUTe/IbHBIN aHA/IU3 N0JIy4YeHHBIX
pe3yJIbTaTOB C U3BECTHBIMH JaHHBIMU

[Tonmy4yeHHble TIO pe3yybTaTaM SKCIIEPUMEHTOB JIaH-
HBIC IMEIOT (PyHAaMEHTaJIbHOE 3Ha4YeHHe. B HacTosmce
BpeMsl B MHPOBOH HAayYHOH IMEPHUOAMKE OITyOIMKOBAH
pSiL cTaThel ¢ OMUCAHUEM Pe3yJbTaTOB MCCIEOBAHUS
MIPOIIECCOB JAPOOIICHHS OTICIbHBIX Kanenb BYT B morto-
ke Bozayxa. Hampumep, B crathsx [24, 27, 40] npuse-
JICHbI pe3yJIbTaThl TEOPETHUUYECKUX M IKCIEPHUMEHTAb-
HBIX MCCIICIOBAHHUHN TIPOIIECCOB JIpoOIeHNs Kanenb BY T
B noToke okucnurens (puc. 6). OQHaKO MOXKHO OTMe-
TUTh, 4TO Kari BYT B HauanbHbIN nepuoa BpeMeHU
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JIBUTQINCH TEPIEHAMKYJIIPHO HAIIPABICHUIO IIOTOKA
Bo3nyxa [24, 27, 40]. B 3Tux ycnoBUsSX TpU BO3MICH-
CTBHH ITOTOKA BO3/AyXa Ha KaIlI0 B TOCIenHeH dhopmu-
pyercst MOMEHT BpamieHus. B pesynbrare kamwit BYT
paspylaercsi He TOJbKO 3a CUeT JeHCTBHS CHJI adpOJIu-
HaAMHYECKOr'0 COMPOTUBIICHUS, HO TAK)KE U B PE3yJIbTaTe
JICHCTBUSI IEHTPOOCKHBIX CHIL.

Takke MOXHO BBIJIEIHUTH CTaThio [23], B KOTOpO#
MPUBEJIEHBI PE3yIbTaThl MATEMATUYECKOTO MOJIEIUPO-
BaHUs Tporiecca qpoOIeHHS Karelb B TOTOKE BO3/1yXa.
MOHO OTMETUTb, YTO IO pe3yJibTaTaM KOMIIbIOTEp-
HOro MojenupoBaHust [23] B YCJIOBUSAX BBICOKOCKO-
pPOCTHOIO BO3JECHCTBHUA IOTOKAa BO3IyXa IPOLECCH
JIpoOjieHusT Ha IIEPBOM JTale BBIPAXKAIOTCS B BHJIE
TpaHchopManuy Karjik B JUCK, KOTOPBIA BCIIEACTBHE
BBICOKOH «IMapyCHOCTH» Kak Obl HaJyBaeTcs, IMOCIe
YEero MPOMCXOJUT pa3pbiB IUIEHKU. B pesynbraTte paz-
PYLICHUS POAUTENBCKON Karmu (popMHUPYETCs MOJIHO-
TOPUH M MHOXECTBO MEIKHX BTOPWUYHBIX KaIlelb
(puc. 7, a). JlanpHeiiimee BO3JCHCTBUE MPUBOIUT K
pas3pbIBy nosiHoTopus. IIpu 3TOM 1O pe3yiabTaraM Mo-
JISIMPOBAHUS yCTAHOBIIEHO, YTO B TIEPUO/] BEICOKOCKO-
POCTHOIO BO3JEHCTBMs IIOTOKA BO3AyXa Ha Kalllo
mpouecc ApoOJIEHUS MPOTEKAET HECKOJIbKO MO JAPYro-
My «cueHaputo». [locie ¢popmupoBanus nucka nmpouc-
XOJIUT CPBIB MEPUPEPUIHHON TUICHKU JTUCKA BJIOJIb IO
MOTOKY Bo3ayxa (puc. 7, b). B pesynbrate oOpasyercs
MIEPEBEPHYTHIA «TpUO», KOTOPBIA pa3phIBaeTCs B pe-
3yJbTaTe JANBHEHIIEr0 pacTATUBAHUS MO/ JIEHCTBUEM
CHJI a3POJIMHAMHYECKOTO CONPOTUBIICHHUS.
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Cxema aKcnepuMeHmMa/nbHo20 cmeHda (a) u munuyHvle kadpsvl npoyecca dpobsaeHusi 00uHo4HbIX kKaneav BYT (b),

Schematic diagram of the experimental setup (a) and typical shots of the CWF single droplet fragmenation (b) given in

a (We=52)
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b (We=20,27)

Pe3zysbmamul yucaeHHo2o modeaupogaHusi (a - npusedeHHbvle 8 [23]) u munuuHble kadpbl npoyecca OpobaeHust

Results of numerical simulation (a - given in [23]) and typical frames of CWF single droplet fragmentation (b - ob-

a

Puc. 6.

npugedeHHvle 8 [24, 27, 40]
Fig. 6.

[24, 27, 40]
Puc. 7.

0duHouHbIX kaneab BYT (b - nosyyeHHble 3KChepuMeHmMaabHO, puc. 2)
Fig. 7.

tained experimentally, Fig. 2)
3ako4yeHue

[To pesympTataM MpPOBEAECHHBIX JKCIIEPUMEHTOB
YCTaHOBJICHO, UTO CTaOMIFHOE JPOOJICHUE Kalelb BO-
AOYT'OJIBHOTO TOIUIMBA NPU YMEPEHHLIX 3HAYCHUAX
gucen Bebepa (MeHee 40) mocturaercs NMpH KOHIICH-
Tpauun yriusg ¢<50 %. VYBenuueHue KOHLEHTpaLUU
MPUBOIUT K HKCIOHCHIIUATIBHOMY POCTY KPHUTHYECKUX
3HaueHuii yucna Bebepa (We>100). B atux ycrnoBusix
IUTSL IPOOJICHUST Ja)Ke OTHOCUTEIBHO KPYIHBIX KaIlellb
BYT (mpu xapakrtepHoMm pasmepe d=3 MM) CKOpPOCTh

15

BUTAHUS KaIUTd JOJDKHA COCTAaBIAITH He MeHee 40 m/c
(no ananoruu c [17]). IIpu 3TOM 04€BHUHO, YTO MOCIE
JIpoOieHust HavaabHON KPYHMHOHM Karumu (opMupyeTcs
OTOK Menkux kamenb BYT, mns paspynieHus Koto-
PBIX HEOOXOAMMBI 3HAYUTEIHHO OOJBIINE CKOPOCTU
Butanus (Ug=100-150 m/c). B 3TuX ycloBusaX HMeeT
CMBICJI YMEHbILIATh CUJIbI TIOBEPXHOCTHOI'O HATSKEHUS
BYT nocpencrsom BBeaenusi [IAB B coctaB TormBa
1 TIOBBILLIEHUS! HauaabHOU TeMiiepaTypsl BYT.
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