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AHHOTanusa. AkmyaabHocms. [JoHNMaHHe MEeXaHU3MOB B3aHWMOJIEHCTBUS KalleJib XUAKOCTEH Mexay co60i BaKHO JJ1s
MHOTHX MPOMBILLJIEHHO-TEXHUYECKUX NMPUJIOKEHHUH, CBSA3aHHBIX C pellleHHeM psifia 3ajad, HalpuMep, LJaKoyJajleHue B
BBICOKOTEMIIEPATYPHOH cpejie, NOJIyYeHHe KOMIIOHEHTOB HYXXHOHW (QpaKIMU B MUIEBOH MPOMBILUIEHHOCTH U Ap. Ieas.
YcTaHOBJIEHHE OCHOBHBIX 3aKOHOMEPHOCTeH B3aMMO/IeHCTBHUSA KaleJsib CyClIeH3UH B ra30BO3/[yLIHOM cpe/ie TP BapbHUpOBa-
HUU TeMIepaTypbl. Memodul. [Ipy moMoIy TeHeBOM BbICOKOCKOPOCTHOM BH/IE0CHEMKH ONPe/eIsiJINCh OCHOBHBIE 3aKOHO-
MEpHOCTH NPOLeCCOB GMHAPHOT0 CTOJIKHOBEHHUS Kalesb CycrneH3ui. [I[puBe/ieHbl pe3ysibTaThl KCIIEpUMEHTAIbHbBIX HCCIle-
JIOBAaHUH XapaKTEePUCTHUK COy/AapeHHH Karesb BOJOYTOJbHBIX CYCIEH3UN B ra30BO3/[yLIHOH Cpefie IPU BapbUPOBAHUU TEM-
nepaTypsl cpeibl oT 90 1o 120 °C. [lapamMeTps! reHeprUpyeMbIX Kamnesb: paguyc 1,0-2,2 MM, ckopocTb aBmxkeHus 0,5-2,0 m/c.
Pe3yasmambul U 8b1800%bl. BbiiesieHbI peXXUMBbI COyJlapeHUs Kamesb (KoaryJsiiyus U pas3pylleHHe), a TakKe ompezeseHbl
OCHOBHbI€ XapaKTE€PUCTHUKH BTOPUYHBIX PparMeHTOB. [loCTpoeHbI KapThl PEXUMOB B3aUMOJIEMCTBUS Kalesb CyCHeH3UN
Mex/ly co60¥ NMpy BapbUPOBAHUHM KOHIIEHTPALUU CYCIIeH3UH, TeEMIEPATypbl Ta30BO3AYIIHON Cpeibl U BpEMEHH HaxoM/e-
HUS KallJIM-MUILEeHU B ra30BO3/[yLUIHON CpeJie ¢ MOBbIIIEHHON TeMIepaTypoil. YcTaHOBJIEHBI YCI0BUS KOAry/sLUU KaneJb, a
TaKXe UX UHTEHCHUBHOTO BTOPUYHOTI'0 U3MeJIbUeHUs C LleJ1bl0 UHTeHCHUPUKALMU UX CYLIKY, 3a3KUT'AaHUsI U TOPEHUs B TOTIKAx
KoT/10B. Onpesie/ieHo, YTO MOBBbIIIEHHEe TeMIepaTypbl a30BO3AYIIHON CpeJibl MPUBOAUT K CyLeCTBEHHOMY U3MeHEeHHIO
pa3MepoB U CBOWCTB KalleJib, a TAKXKe K BOBHUKHOBEHUIO K0JIe6aTe/bHbIX siBJIeHUH. 06G0CHOBAHO, YTO MPOIECC COYapeHUs
KareJsb CyClleH3WH B ra30BO3/yIIHON cpe/ie C MOBBIIIEHHON TeMIepaTypoH sIBJISETCS CI0KHBIM U MHOTOllapaMeTPHUYeCKUM.
Ero xapakTepuUCTHKH 3aBUCAT OT COBOKYNMHOCTH GaKTOPOB (TIOBEPXHOCTHOTO HATSPKEHUS U BA3KOCTH MKUJKOCTH, pa3Mepa U
$bopMbI KameJsb, CKOPOCTH UX ABUXKEHHs], IVIOTHOCTH U BA3KOCTH ra30BO3/yLIHON cpefibl). [loslyueHbl MaTeMaTHYeCKHe BbI-
paXkeHUsl /151 ONMCaHUs IPaHUL, peXXKUMOB HCCJIeJOBAHHBIX IPOLECCOB.
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Abstract. Relevance. Understanding the mechanisms of liquid droplets interaction with each other is important for many
industrial and technical applications related to solving a range of problems like slag removal in a high-temperature environ-
ment, obtaining components of the desired fraction in the food industry, etc. Aim. Establishment of the main patterns of sus-
pension droplets interaction in a gas-air environment with temperature variation. Methods. Using shadow high-speed video
recording, the main patterns of the binary collision of suspensions droplets were determined. The paper introduces the re-
sults of experimental studies of the coal-water suspensions droplets collisions characteristics in a gas-air environment with a
temperature of 90-120°C. Parameters of the generated droplets: radius 1.0-2.2 mm, velocity 0.5-2.0 m/s. Results and con-
clusions. The authors have determined the modes of suspensions droplets collision (coagulation and separation) and the main char-
acteristics of secondary fragments and constructed the maps of the modes of suspensions droplets interaction with each other when
varying the concentration of solid particles in the suspension, the temperature of the gas-air environment and the time the target drop
spent in a gas-air environment with an elevated temperature. The conditions were established for the coagulation of droplets, as
well as their intensive secondary grinding to intensify their drying, ignition and combustion in boiler furnaces. It was estab-
lished that an increase in the temperature of the gas-air environment leads to a significant change in the size and properties
of droplets, as well as to the occurrence of oscillatory phenomena in the system. It is substantiated that collision of droplets of
suspensions in a gas-air environment with elevated temperature is complex and multi-parametric. Its characteristics depend
on a combination of factors (surface tension and liquid viscosity, size and shape of droplets, speed of their movement, density
and viscosity of gas-air environment). The authors obtained mathematical expressions to describe the boundaries of the
modes of the studied processes and schemes for using the results obtained in order to increase the efficiency of the corre-
sponding technological processes.
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BBegeHne B a9p0305IbHBIX MOTOKAX KAl CYCHEH3UH UMEIOT

Pacneinenne »XMAKOCTEH NPUMEHAETCS BO MHOTHX  pasiuuHble GopMmbl 1 pasmepsl [21]. [lpu coyaapeHun
TEXHOJIOTMYECKUX NPUIOKEHUSAX, B YACTHOCTU: IIPU  KaIIM CIIMBAIOTCS, 0Opasys Ooyiee KpyIHBIE, WIH JKe
IIAMEHHO-a3P030JIbHOM CHHTE3€ [1], OYMCTKE ra3oBbIX  OTCKAaKuBaloT oT moBepxHocTH [22]. Kpome Toro, kar-
Cpell Ha OCHOBE THIPOCKONUYHOCTH a3po30is [2], Io- M MOTYT NMPUIKIATh K MOBEPXHOCTH YacTHUIl U oOpa-
KaJdM3aluy U MNOJABJICHUU Bo3ropaHuil [3, 4], moaro-  30BBIBaTh HAa HHMX IUICHKY WIH KOHIJIOMeparbl [23].
TOBKE M CXHUraHuM [5, 6] TOIUIMB, NPUTOTOBIEHUU  BaXHBIM (HaKTOpOM SIBJISIETCS KOHICHTPAIHsI CYCICH-
MHOTOKOMITOHEHTHBIX CMECEH W Ppa3[CICHMM KOMIIO-  3WH, KOTOpas BIMSET W Ha IOCIEACTBUS COYJAapCHHS
HEHTOB [7, 8], B MCHApUTENbHBIX U TEIIOOOMEHHBIX  [22]. Eme ogHMM BakKHLIM ACIEKTOM CTOJKHOBCHMIA
cucremax [9, 10], B mpomecce IBIMOOCAXICHUS  Kallejlb CYCIIEH3UH C TBEPABIMU YACTHUIAMHU SBIISETCS
[11, 12], B numeBoil mpombinuieHHocTy [13]. Bo Bcex  oTHocurenbHas CKkOpocTh nBrkeHus: [24]. Beicokas
IPUIOKECHHUAX PEAIU3YIOTCS COyAapeHHs Kallelb XKUA-  CKOPOCTh JIBHXKCHHS Karleldb MPUBOIUT K YBEIUICHUIO
KOCTH U TBepAblX yacTull. IIIupokyto U3BECTHOCTb IIO-  MHTEHCHUBHOCTH coyaapeHus. OJHAKO 3TOT MapaMeTp
JIyYWJIA MCCIIEJOBAHNS, NOCBAICHHBIC CTOJIKHOBEHUIO  TAaK)K€ MOXET YBEIMUYMBATH BEPOSTHOCTh OTCKOKA Ka-
KalleJdb YUCTBIX JKUAKOCTEH B PA3JIMYHBIX CHUCTEMAX  TIeJb OT MOBEPXHOCTH yacTHil. Kpome Toro, ckopocTh
[14, 15]. NXx mpUMEHUMOCTb K CYCHECH3MSIM OTPaHMYE-  JBWKECHUS BIMSIET HAa MEXAHHM3MBI B3aMMOJICHCTBHUS
Ha, TOCKOJIBKY MOCIEeIHHE O0IafaloT YHHKaNbHBIMH  [24, 25]. dopma TBEpABIX YACTHI[ TAKKE OKa3bIBAET
cBoiictBamu [16]. CycrneH3un NpeACTaBISIOT CMECH  BAMSHHE Ha MPOIECCHI COyAApeHHs ¢ KarmisiMu [26].
TBEPABIX YacTUL, AMCIEPrUPOBaHHBIX B >KMIKOCTH. Hampumep, YacTHIbI C BBICTYIAMH Ha MOBEPXHOCTH
Haymune nociaeqHuX OKas3bIBaeT BIUSHHME HA BA3KOCTh  MPEISATCTBYIOT KOATYJISIUH, B TO BPEMsI KaK YaCTHIIbI C
JKMJIKOCTH, €€ IOBEPXHOCTHOE HATSDKEHHUE, TCILIONPO-  OoJiee MIaJKOW MOBEPXHOCTHIO JIYYIIE arlIOMEPHPYFOT.
BOJHOCTb U T. A. OTU (hAaKTOPbl OKAa3bIBAIOT 3HAYM-  YacCTHIIBI C MOJOCTSIMH YAEPKUBAIOT XKUIAKOCTh BHYTPU
TEJIbHOE BIIMAHUE HA MEXAaHU3MBI CTOJIKHOBEHMs, a  cels, o0pasys CTPYyKTyphl Tumna Kamcyhd. [ToBepxHOCT-
TaKXKe Ha pe3yJbTaThl TaKUX B3auMoeiicteuil [17, 18].  Hble cBoiicTBa Kameib W YaCTHIl CYIIECTBEHHO BIIHSIOT
INonumanue GU3NKK CTOIKHOBEHUH Kalelb CYCIIeH3Ul  Ha CTOJKHOBEHHsS B CyClieH3ud. Hampumep, THAPO-
UMEET PEIlaloIlee 3HAYSHUE s LEJNOro psajaa npuio-  (GoOHble Mnn THIPOQUIBHBIE CBOMCTBA MOBEPXHOCTU
JKCHMHM — OT PacHbUIMTEIIEHONW CYIIKH J0 NPENOTBPA-  M3MCHSIOT BEPOSTHOCTh aJITre3UHM WM OTTAJIKHBAHHS
LIEHUs 3arpsi3sHeHust Bo3ayxa [19, 20]. B ¢Bsi3u ¢ 3TUM  MeXIy YacTHIAMH M KHIKOCTHIO [27]. DTO mpuBOAMT
UCCIIEIOBAHMS CTOJIKHOBEHHMH Kaledb CYCHEH3WH SB- K M3MCHEHHIO MEXaHM3MOB COYJIAPCHUS M KaueCTBCH-
JISIIOTCS AKTyaJIbHBIMU. HBIM U3MEHEHUSAM PE3yJIbTaTOB.
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OaHUM U3 OCHOBHBIX BOTIPOCOB, KOTOPBIH IIeNeco-
00pa3Ho M3y4YUTh B paMKaxX MCCIIEIOBaHUS CTOIKHOBE-
HUS Kalleslb CYCIIEH3MH, SABJISeTCs ONpeAeseHue ONTH-
MaJIbHBIX YCJIOBUHM Ui JOCTHKEHUS MaKCHMaJbHOMN
crernenu cMemuBanusa. [lonnmanue (1)I/ISI/IKI/I CTOJIKHO-
BEHUH Kamellb CyCIIeH3UU UMEET BaXKHOE 3HAUCHUE IS
MIPOMBILUICHHBIX M HAYYHBIX MPUIIOKEHUN, TAKUX KaK
pacnbuieHue, (GOPMHUpPOBAHKE IJICHOK W 0Opa3oBaHHE
HOBBIX CyCIICH3HW. Pa3paboTka TEXHOJIOTHH, ITO3BOJIS-
IOIIMX KOHTPOJMPOBATH 3TU NPOIECCH, UMEET 3HAUM-
TENBHBIN MTOTEHIUAI JUIS TOBBIICHHS 3(heKTHBHOCTH
A DKOJOTHYECKON YCTOMYMBOCTH IPOMBIIIIEHHBIX
npoueccoB. M3yueHue 3aKOHOMEpPHOCTEH B3aUMOJCH-
CTBUS Karellb CYCHCH3MH MeXIy co0oil B Harperoi
ra3oBO3JYLIHON Cpele IO3BOJUT YIyYLIUTb CyILe-
CTBYIOILIME TEXHOJIOTUYECKHE MTPOLECCHI U pa3padoTaTh
HOBBIC TCXHOJIOTHUU JIsI CYIIKU a3p03onel71 WJIn ux 3a-
JKUTaHUSI B TOTMKaX KOTJOB. lleih paboThl — ycTaHOB-
JICHUE OCHOBHBIX 3aKOHOMEPHOCTEW B3aMMOJCHCTBUS
Karlesb KUJKOCTH B ra30BO3AYLIHON cpejie IpU Bapby-
POBAaHUU TEMIIEPATYPHI OCIIEIHEN.

MeToMKa Hccie0BaHMA

Cxema 3KCIIepUMEHTAIBHOTO CTEHJIa MPeJICTaBICHA
Ha puc. 1. Kapkac crenga mpencTaBisieT amOMHUHHE-
BbIil KOHCTPYKIMOHHBIN mpoduib (/) I KperuieHus
obopynoBanus. [Ipomecc coymapeHusi Kameinb ¢ TBEp-
JIBIMH  YTIICPOJMCTHIMI YaCTUIIAMH PETUCTPHPOBAIICS
BBICOKOCKOPOCTHOHM  Bmaeokamepoii Photron mini
UX100 (2) ¢ paspemrenuem 1280x1000 1 00BEKTHBOM
Nikon ED AF Micro Nikkor 100 mm. Cpremka Benmach ¢
gactoToii 5000 kaap/c ¥ MEXKaJApOBOH 3aJePIKKOMH
1/20000 c. [ast 1OMONHUTEIBHOM MOACBETKH HMCIOJb-
30Bajics JUOAHBIN mpoxekTop (3). Obmacth perucrpa-
uuu (4) BeIOMpasiach U HaCTparuBajach TAKUM 00pa3oM,
YTOOBI 00ECIIEUUTh CIEKEHUE 32 TTapaMeTpaMH UCXOJI-
HBIX Karesb U c(hOpMHUPOBABIINXCS BTOPUIHBIX (par-
MEHTOB.

Uepes cMeHHBIE comia (J) ¢ pa3sIHYHbBIMU BHYTPEH-
HuMU auamerpamu (0,21-1,12 MM) ToJ1aBaiach yroJb-
Hasl CYCIIEH3Us C BapbHpPYEeMOH KOHIICHTpALUEH TBEp-
abix gactun (C,=10-60 %). Hamop >xunkoct renepu-
poBaiicsi ¢ momomiplo mmpuia (6) oobemom 50 wmur,
YCTaHOBJICHHOTO B KaHaJIe MINPHUIIEBOro Hacoca (7) U ¢
MOJICPYKAHUEM TIOCTOSIHHOTO — pacXofa JKUIKOCTH
60-100 mn/u. OCHOBHBIC HapaMeTpbl I'€HEPUPYEMBIX
Kareib: paauyc (R;) 1,0-2,2 MM, CKOpOCTbh JIBHIKCHUS
(Uy) 0,5-2,0 m/c. /InamazoH u3MeHEHUs pa3MepoB Ka-
mesb BBIOMpANCs TakuM 00pa3oM, 4TOObI Karis mpe-
TepreBaja HaMMEHbBINYIO JehOpMaIluo U XapaKTepH-
30Bajiach CTaOWIBHOW (HOPMOIA TIPH JBYIKEHUH B Ta30-
BO3JYLIHOH cpejie. BriOop auanazoHa M3MEHEHHUs: CKO-
POCTH ABWXCHUS OCHOBAH HA TOM, YTOOBI 00ECHICUUTH
pea3annio pa3IHIHbIX PEKUMOB CTOJKHOBEHHUS. Bo
BpeMsl MIPOBEACHHUS SKCIIEPUMEHTOB KaIllsl CYCIIEH3UU
(8) pacmnonaranace Ha creruaibHOM aepxkarene (9).

60

Jlns HarpeBa Tra30BO3AYIIHONW Cpenbl MCIOIB30BANACH
criuproBas ropeka (/0). Peructpamus Temreparypsl B
00J1aCTH CTOJIKHOBEHMSI OCYIIECTBJISUICS C ITOMOIIBIO
XpoMelb-allloMeNeBol Tepmornapel. Temmeparypa cpe-
JIbl BapbupoBajachk B auanazone ot 90 no 120 °C. Bei-
00Op Takoro auanasoHa CBs3aH ¢ NPAKTUYECKUMHU IpPHU-
JOXKEHUsIMU. B muieBoil mpoMbIluieHHOCTH U (hapma-
IIEBTUKE BAKHBIM IMapaMeTpoOM SIBJISICTCS COXpaHCHHUE
CBOMCTB IMPOJYKTOB IOCJE BBICBIXaHMUS Kallelb CyC-
neH3uil. Jns OONBIIMHCTBA MPOLIECCOB ONTHUMAallbHA
Temnepatypa Bosaeiicrsus ot 50 o 90 °C [28].

n

ala o/b
IJKcnepumeHmanbHblll cmeHd (a) u cxema nposede-
Husi skchepumenma (6): 1 - kapkac cmeHda; 2 — 8bl-
cokockopocmHasi sudeokamepa; 3 — NpojiceKmop;
4 - obsacme pezucmpayuu; 5 - cmeHHble conad
pasAuvHozo duamempa; 6 — WNpuUy ¢ HUOKOCMbIO;
7 - wnpuyesoll Hacoc; 8 - 3aKkpenieHHas Kanas cyc-
neHsuu; 9 - depxcameav kanau; 10 - cnupmosas
eopenka
Experimental stand (a) and experimental scheme
(b): 1 - stand frame; 2 - high-speed video camera;
3 - spotlight; 4 - registration area; 5 - replaceable
nozzles of various diameters; 6 - syringe with liquid;
7 - syringe pump; 8 - fixed drop of suspension; 9 -
drop holder; 10 - alcohol burner

Puc. 1.

Fig. 1.

Jns popMupoBaHUS KaIIM-MHIICHA HCIIOIH30Ba-
Jach YroJibHasi CYCIIEH3Us C Pa3IMYHON KOHIICHTPAIIH-
eit TBepapix yactur (10-60 %). Yromp mapkum «K»
dpaknueir 200 MKM IPUMEHSIICS B Ka4€CTBE TBEPJIBIX
gacruil. [Iporecc cMenieHus Takoil CyCIIeH3HU TIPOUC-
XOAWJ TIPH TIOMOIIM MATrHUTHOW MEINAIKHA IIPU
950 06/MuH B TeueHue 10 MUHYT, TOCJIE Y€ro COCTaB
OPUMCHSIICS B DKCIIEPUMCHTANBHBIX HCCICIOBAHUSIX.
B Takux yclOBHSX B TEYCHUE DKCICPHUMEHTA YaCTHIIbI
yIJIsE HE YCIEBAJU OCAXIAThCS M HAXOIWIHCH BO
B3BEIICHHOM PaBHOBECHOM COCTOSIHUH. [loBepXHOCT-
HOC HATSDKEHHE YKUIKOCTH OIMPEICICHO METOIOM BH-
CSIIel KAl C MOMOIIBI0 MpHOOpa 1O HM3MEPECHUIO
kpaeBoro yrima DSA 25S. TImoTHOCTh CyCHEH3UU U3-
MepeHa apeomeTpoM. C IeIbio ONpeeIeHHs! BI3KOCTH
ucnojb3oBancs Buckozumerp Brookfield DV3TLV.
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[Ipu koHneHTpauuu cycnensun 60 % >KUAKOCTH SIBIIS-
Jlach HEHBIOTOHOBCKOM, MO3TOMY BSI3KOCTH JIJIsl HEE HE
n3Mepsnack. Du3znyeckue CBOWCTBA HCCIIEIYEMBIX
CyCIIeH3Ui IPUBEACHBI B TabJIH1LIE.

Ta6auya. Dusuueckue ceoticmea cycneHsutl
Table. Physical properties of suspensions
Konuentpanyus, | [lnoTHOCTb, | BA3KOCTS,
[ToBepxHOCTHOE
mac. % Kr/m3 Ia-c
. . . . HaTshKeHue, H/M
Concentration, Density, Viscosity, Surface tension, N/m
wt % kg/m?3 Pa‘s !
10 1046 0,0017 0,109
40 1095 0,0028 0,311
60 1290 - 0,488

PaccunrtbiBanuch 3HaueHUs1 Oe3pa3MepHOrO JIMHEH-
HOTO napamerpa B3aumMojneicTBust B (B=b/(Rq1+tRy)) U
ancna Bebepa (We=2-p-Ry- Ug*/o). Tlociennee Bbranc-
JSUTOCH € YIETOM PE3YNBTHPYIOMIEH CKOPOCTH JBIKE-
HUS Karenb. 3HaueHuss We BapbHpPOBAJINCH B JHAIa-
30He oT 0 710 60. [lanee cTpounuch peKkMMHbBIE KapThl B
cucteme koopauHat B(We) mo anamoruu ¢ [13]. 3arem
OTIPENEISUTUCh TTOTPAHUYHBIC TOYKH, XapaKTepU3yIo-
[IME KK PSKUM B3aMMOJCHCTBUS Kamelb s M0-
CTPOCHUSI TPAHMIIBI pasjena pexuMoB. M3yuamucs xa-
PAKTEPHCTHKH BTOPHYHBIX (DParMeHTOB, (OPMHUPYIO-
MUXCA TpU IpOoOJICHUN HCXOMHON Karumi. st sToro
PETUCTPUPOBAIMCE PANyChl (7g) BCEX BTOPUYHBIX
(parMeHTOB ¥ UX KOJIMYECTBO N B O0JIACTH BHIEOpE-
THCTpAIHH.

Pe3ysbTaThl MCC/IeA0BaHMS M UX 06CYXKIeHHe

Ha puc. 2—4 npuBeneHs! BUAEOKAIPbl COyIapeHUs
JBIKYILEHCS KalJIU-CHapsJa C Karle-MUIIEHBIO,
3aKpEIUIEHHON Ha JiepKaTesie M Haxoxdlleiica B raso-
BO3JYLIHOH cpene ¢ Temnepatypoit 90 °C.

O
a

UF2.5 mlc
liM 0,0 mc 1.4 mMc

Puc. 2.

3.2 Mc

ITpn mamoM BpeMeHH HaXOXACHUS (T=5 C) Karuu-
MHILIEHH B Ta30BO3AYIIHOW Cpele C TeMIepaTypou
90 °C (puc. 2) »uakasi COCTaBISIONIAsT CYCIICH3UH HE
yCreBaeT MOJHOCThI0 UcHapuThes. [lostomy mpu co-
yIapeHHH KaIUTU-CHApsAa ¢ Karulel-MHIICHBIO ITPOUC-
XOJUT HEIMOJIHOE pa3pylLIeHHe IMOCIeIHEeW U YHOC ee
OTIPEJICTICHHOTO 00bhEeMa BMECTe C BTOPHYHBIMHU (hpar-
MEHTaMH KalUTH-CHapsia. Y CTaHOBJIEHO, YTO B3aUMO-
JefCTBHE MEXJY JKUIKOCTAMU B COYIApPSAIOLIUXCS
KaIlIsIX CUJIbHEE, YeM B3aUMOJICHCTBHE MEXKIY KHUIKO-
CTBIO W TBEPABIMU HYacTHIAMH. TakuMm oOpas3om, moj
JeiicTBUEM CHJI BSI3KOCTH IPOUCXOAMIIO aKTHUBHOE
CMEUIeHHe CycleH3ui B MOMeHT BpemeHu oT 0 1o 4
Mc. [locne atoro moa nelcCTBUEM CUJI MHEPLHUH CHApS-
Jla TIPOUCXOIMIIO PACTsKEHHE Pe3yJIbTUPYIOLIEH Kari-
. PopMupyronyecs B BUAC JaMelIn (parMeHThl pe-
3YNBTHPYIONICH KaIlIH PaCTATHBAINCH JI0 TOCTIDKCHHUS
KPUTHYECKOW TOJILIMHBI Mepeieiika MeKIy OCHOBHBIM
00BEMOM JKHUJIKOCTH, HAXOJSAIIMMCS Ha JepiKarene, U
nafaromuMu JamesiMy. [locne qocTmkeHns: KpuTuae-
CKOW TOJIIWHEI Teperieek paspymancs. @opmupona-
JIUCh HECKOJIbKO BTOPUYHBIX (hparMeHTOB.

BbICOKOCKOpPOCTHAST BHICOPETUCTpANNs ITOKa3ana,
4TO YBEIHYCHUE BPEMECHH HAXOXICHHS KaIUTHA CyCIICH-
3MM B Ta30BO3/YIIHON Cpejie C MOBBIIICHHOW TeMIepa-
TYpOIi MPUBOJUT K MOCTETIEHHOMY HCIIAPCHUIO JKUIKO-
CTH C ee TNOBepxXHOcTH. [lpm mocienoBaTeI-HOM
CTOJIKHOBEHUH JIByX Kallesib CYCIIEH3UHU (CHApsIOB) C
MOJICYIICHHON  Kariell  cycrneH3un  (MUIICHBIO)
(puc. 3, a) pacTexkanue KUAKOCTHA Karuu-cHapsaa Ne 1
CYIIIECTBEHHO OTIMYAETCS OT Clydash CTOJIKHOBEHHS
Kaluiu-CHapsia C KarjieH-MHIIEHbI0, HaXOSIIencs B
Harperoit 10 90 °C ra3oBO3AyIIHON cpeje Tpu T=5 ¢
(puc. 2). Cycniensus karum-cHapsiza Ne 1 TIOJHOCTBEO
00BOJIAKMBACT KaIUTIO-MHUIICHh M CTEKaeT ¢ Hee, (op-
MUPYSI MOHOJIUTHBIH MacCHB CYCIIEH3HH.

O
d

9.0 mc ‘ 22.0 Mmc

Budeokadpwel coydapenus kanau cycnensuu Cp1=10 mac. %, Rai=1,25 mm ¢ 3akpensenHol Ha depixcamese Kansell

cycneH3uu Cp2=60 mac. %, Riz=1,1 mm, Haxodauwelics 8 2a30803dywHol cpede c memnepamypotl 90 °C e meueHue 1=5 ¢

Fig. 2.

Video frames of the impact of a droplet of suspension (Cp1=10 wt %, Rda1=1,25 mm) with a droplet of suspension (Cp2=60

wt %, Riz=1,1 mm) fixed to the holder located in a gas-air environment with a temperature of 90°C for =5 s
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o
O

Ug=2.5 M/c
1 MM :
0.0 me 1.4 mc 3,0 me W4 v 20,0 me
ala
=25 M/c
1 MM
0.0 mc 1,4 mc 2.8mMc | 8,4 Mc 18.0 mc
o/b
Puc. 3. Budeokadpbl coydapeHus kanau-cHapsoda Cpi=10 mac. %, Rai=1,25 mm c 3akpensieHHOl Ha depicamese kanset-
MmuweHwvio Cp2=60 mac. %, Raz=1,25 mm, Haxodsauelics e 2azoeo3dywHoll cpede ¢ memnepamypotl 90 °C 8 meyeHue
epemeHu =10 c: a) kanas-cHapsid Ne 1; 6) kanas-cHapsid Ne 2
Fig. 3. Video frames of the impact of a droplet-projectile Cp1=10 wt %, Ra1=1,25 mm with a target droplet Cp2=60 wt %,

Rd2=1,25 mm fixed to the holder located in a gas-air environment with a temperature of 90°C for =10 s: a) projectile

droplet no. 1; b) projectile droplet no. 2

[Ipu stom Ha puc. 3, a BUIHO, YTO KaIlIs-CHAPST
Ne 1 yHocut ¢ co0oit 9acTh TBEpPBIX YACTHII C TOBEPX-
HOCTH Karmu-muineHd. [Ipu cpaBHEHUM reoMmeTpuye-
CKHX pa3MepoOB KaIUIM-MHUIIEHHU TIepe]] COyAapeHUueM C
Karutei-cHapsiioM Ne 1 u ocraBiieiicss Ha jaepxkareie
KUAKOCTH, BUAHO, YTO Karwisi-cHapsn Ne 1 ocraBmsier
YacTh CYCIICH3WM Ha TOBEPXHOCTH KaIlJTU-MUIICHH.
DTO MOATBEPXKIAETCA H3MEHEHHEM B3aMMOJICHCTBUS
Karau-cHapsaaa Ne 2 u Karu-MUILIEHH.

[Mpouecc coymapenust karum-cHapsiia Ne 2 ¢ xar-
JIeH-MUILIEHbIO 3HAYUTEILHO OTJIMYAETCsl OT coyiape-
Hus Kamu-cHapsga Ne 1 ¢ kamnei-mumensto. Ha
HaYaJbHOM 3Tare B3auMOJCHCTBHSI MPOIECCHI MOI00-
HbI, OJIHaKO yepe3 2,6—2,8 Mc mocje Hayana B3auMo-
nericteust okoso 50 % obpema Karumu-MHIICHH YHO-
cuTCsl HOPMHUPYIONIIMMHUCS BTOPUYHBIMU (pparMeHTaMH
kar-cHapsaga Ne 2. B naneHeiimem dopmupytomme-
csl BTOpUYHBIE (PparMeHTHI MO/ ACUCTBUEM CHIT BSI3KO-
CTH Y MOBEPXHOCTHOTO HATSHKEHUSI PACTSITHBAIOT Karl-
JO-MHIIEHb. DTO MPUBOJUT K €€ MPAKTHYECKU MOJTHO-
My OTpBIBY OT jaepxkartens. Ilpoucxomut (popmuposa-
HUE HECKOJIBKUX (0T 3 10 8) BTOPHUYHBIX ()parMEeHTOB
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panuycamu 0,3-0,9 mM. Takum obpa3om, mocne AByX
[OCJIeI0BAaTENbHBIX COYJAapEeHUIl OMHAKOBBIX 110 pas3-
Mepy CHapsAJ0B CYCHEH3UH C MUILEHBIO WIEHTUYHOTO
pa3mepa (Rq1=1,25 MM u Rpp=1,25 MM) Ha aeprkateie
ocTaeTcsi 00beM KUAKOCTH, paBHBIA 5—7 % OT Hayalb-
HOTO 00BbeMa KaIUTH-MHUIICHH.

Ha puc. 4 npuBeneHsl BHIEOKaApbl B3aUMOJEH-
CTBUS KaINIU-MUIICHH, HAXOJSAMICHCS B Ta30BO3IYII-
HOU cpezne ¢ Ttemneparypoit 90 °C, B teuenue 20 ce-
KyHJI C TpeMsl IOCIelI0BaTebHO NaJalolMMU Ha Hee
KalIsIMU-CHapsaaMu. TBep/ble YacTULBl B CYCIIEH3UU
KaIJIM-MHUIICHN HAXOMSATCS BO B3BEHICHHOM COCTOSIHUT
W TOABEPKECHBI BO3JCHCTBUIO Pa3iUYHbIX 3(deKTos,
BKJIIOYasi TepMuueckue u BaH-nep-BaanbcoBble B3au-
MoJeicTBus. 3a BpeMms, paBHoe 20 cekyHaam, ¢ IO-
BEPXHOCTH MHIICHH, KaK 3TO OyAeT IOKa3aHO BIIO-
CIIEJICTBUM, MCIIAPSETCS OCHOBHOM O0BEM >KHUIKOCTH,
OCTaBJIsisl TOJIBKO BBICYIICHHBIN KOHIIIOMEPAT TBEPJIBIX
yactul. [lpy CTONKHOBEHMM C TEpBOM Kariei-
cHapsaoM Ne I (puc. 4, a) HpOUCXOAMUT ABMKEHHUE
JKUJIKOCTH TIO TTIOBEPXHOCTH MHIIICHH, YTO BEJET K BO3-
HUKHOBEHHUIO CUJIBI TPEHUS, KOTOpas yMEHBUIAET CKO-
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POCTh ABM)KEHHMSI CYCIIEH3MH. TBep/ble YaCTHIIbI B CyC-
MICH3UH TIPH 3TOM IOJBEPXKEHBI TUGPY3UH, TepMUuIe-
CKOMY JIBHXKEHHIO M KOHBeKIMHU. [Ipu najeHuu xarmim-
cHapsiza Ne | mIpOMCXOOUT Takke MEepexo] Macchl
TBEPJBIX YACTHI[ U3 BHYTPEHHEHM 4YacTH Kalljii Ha ee
MOBEPXHOCTh, YTO CIIOCOOCTBYET OOBEIMHEHHIO Ya-
ctull U (hopMupoBaHuio araomeparoB. CKOpPOCTh pac-
TekaHus cHapsaaa Ne 1 3HauMTeNbHO 3aMeIsIeTCs U3-3a
HEOJHOPOJHOCTEN MOBEPXHOCTH MHUIIEHU. B pe3yinb-
tate cHapsag Ne | oOBojmakuMBaeT MHILEHb, HEKOTOPBIN

O
®

00BeM KUAKOCTH cTeKaeT BHU3. [locie oTpbiBa OT Oc-
HOBHOH  pe3ysbTUpYyIOIIed Kamumm  (HOpMHUPYIOTCS
2-3 Bropu4HBIX (parmenTa. [Ipu 3TOM, KaKk BHIHO U3
puc. 4, a, BO BTOPUYHOM (parMeHTe 3HAYUTEIHHO
MEHbIIIE TBEPJIBIX YACTHUI] KaIUTM-MUIIIEHU (10 15), uem
IIPU YCIOBUSX B3aUMOJEHCTBUA, NPEICTABICHHBIX Ha
puc. 2, 3. BzaumogeiictBus cHapsina Ne 2 (puc. 4, 6) n
caapsina Ne 3 (puc. 4, 6) ¢ KaruIelH-MUIIEHBIO HICHTHY-
HBI TIPECTABICHHBIM, COOTBETCTBEHHO, Ha puC. 3, a, 0.

Ug=2.0 m/c
IMM g ye 1.4 mc 2.8 Mc 9.2 mc 22.0 Mc
=2.0 M/c
LM 0.0 me l4me 2.8 Me 9.2 me 22.0 e
Us=2.0 M/c
IMM 0 pe Ji 2,6 Mc 8.8 Mc 22,0 mc

Puc. 4.

Budeokadpu! coydapenusi kanau cycneHsuu cp1=10 mac. %, Ra1=1,25 mm c 3aKkpenseHHoU Ha depicamese kanael

cycneHsuu cpz=60 mac. %, Rdz=1,25 mm, Haxodswelicsi 8 2a30803dyuiHOl cpede ¢ memnepamypoli 90 °C 6 meueHue
epemeHu =20 c: a) coydapeHue ¢ nepeoll kansell; 6) coydapeHue co emopoli kanjell; 8) coydapeHue ¢ mpembvel

kanset
Fig. 4.

Video frames of the impact of a suspension droplet cp1=10 wt %, Ri1=1,25 mm with a suspension droplet cp2=60 wt %,

Ri2=1,25 mm fixed to the holder located in a gas-air environment with a temperature of 90°C for =20 s: a) collision
with the first droplet; b) collision with the second droplet; c) collision with the third droplet
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Koarynsimus npoucxonuT B pe3ysibTaTe nepeceueHus
9 GEeKTUBHBIX 00BEMOB B3aUMOJCHUCTBHS MEXKIy 4Ya-
CTHIIAMH W TPWIAIIAHUS YaCTHIL IPYT K IPYTY ¢ 00pa3o-
BaHMEM BHyTpHarioMepaTHbIX cBszei. [Ipu sTom mpo-
HCXOJUT 00pa30BaHUE CBA3CH MEXKIy 4acTHIIaMH. YBe-
JIMYEHHE BPEMEHU HaXOXKIAECHUS KalUIM-MULIEHH B Ia30-
BO3AYIIHOH cpenie ¢ TemrepaTypoit 90 °C mo 30 u Gonee
CEKyHJI HE TMPHBEIO K W3MEHEHHUIO TpoIlecca B3anMo-
JEUCTBUS MEXAY KalUIeH-MHUIICHBI0 M KalusIMH-
cHapsimamu. [locnme coynmapeHus ¢ Karuiel-CHapsaoM
Ne 3 Bo Bcex cilyyasx IPOMCXOAWIO IIOJIHOE paspylie-
HUE KalUIM-MHUIIEHH, KaK 3TO [I0Ka3aHo Ha puc. 4, 6.

PesynmpTaTel MPOBENCHHBIX JKCIIEPUMEHTOB 0000-
IICHBI B BUJIC KapT PEXKUMOB COYJapeHUH Karenb cyc-
MEH3UI Ha PUC. 5 IpPH pa3IMYHBIX [TapaMeTpax NpoBe-
JEHHS SKCIIEPUMEHTOB.

YcTaHOBIEHBI TPaHMIIBI PEXUMOB B3aMMOCHCTBUS
Karellb Ha JaHHBIX KapTax. [Ipwm 3TOM KpuTHYecKue
3HaueHus yrcia Bebepa onpenensior nepexon oT 0JIHO-
ro peXuMa K Jpyromy, T. €. TPaHHIy pasfesia MEXIY
auMu. [lokasano, 9To A peanm3any pexuMa Apoo-
JIEHUS TIPU YBEJIWYEHUM TEeMIIEpaTypbl Ta30BO3/YIIHOM

cpeabt ot 90 1o 120 °C TpeOyroTcsi MOBBIICHHBIC 3HA-
yeHus1 gucen BeOepa (puc. 5, a). Kputnueckue ymcna
Beb6epa ipu 120 °C okazanuch HauOOJBITUMH, B 4acT-
HocTH, Ha 50—60 % BbILIE, UeM ISl peaTu3aliy JaHHO-
ro peXMMa MpPH TEMIEpaType Ta30BO3AYIIHOH CpesIsl
90 °C. To ecTp yeM BbIlLIE TeMIIEpaTypa OKpYyKaroliei
Ta30BO3JYIITHON CPEJIbl, TEM BBIIIEC CKOPOCTh UCTIAPECHUS
JKHJKOCTH M TEM BBIIIE IIEPOXOBATOCTH MOBEPXHOCTH
MUIICHH. YBEIUYCHUE MICPOXOBATOCTH IIPHBOIUT K
HEOOXOJIMMOCTH  YBEIIMYCHHS CKOPOCTEH JIBMIKCHUS
KaIUTM-CHapsiaa B pekume Jpobnenus. Takoit addexr
0OBSICHSIETCS yBEJIMYEHUEM HEPAaBHOMEPHOCTH (HEpOB-
HOCTH MOBEPXHOCTH) C YBEIMUEHUEM TeMIIepaTyphl ra-
30BO3AyHIHON cpenbl. Ho B TO ke BpeMs MpU KOHTAKTE
KaIuIM-CHapsAJa ¢ MHOXKECTBOM HEPOBHOCTEH M OTHEIb-
HBIX PAa3HOHAIPABICHHBIX TBEPJAbIX YaCTUI] KaIllu-
MUIIEHH HMHTCHCU(PHUIUPYIOT — paspylleHHe Karlin-
CHapsma. DKCICPHMCHTATBHO YCTAHOBICHO, UYTO MpU
YBEITUYEHUH TEeMIIEpaTypbl Ta30BO3AYIIHONW Cpenbl U
00beMa UCTIapUBILIECHCS KUAKOCTH KaIUIA-MUIICHN MPO-
HCXOAWIO CMEIICHHE TPaHHI[ PSKUMa IpoOIICHUS B
CTOPOHY IOBBIIIEHHBIX 3HaYeHU urcen Bebdepa.

1,0 T T T T T T 1,0
B=0,001-We-0,074-We+1,40
o \ B=0,0004-We?-0,056-We +1,85 L
_,-/ \ ¥ B=0,0001-We?-0,033-We+1,58
0,6F W N 1 0,6F
@ N @
\
04+ M 3 - 04}
——90°C |
02F —— 100 "C[ 02}
120 °C|
0,0 ' . L 0,0 LN
0 10 20 30 40 50 60 70 80 0 40
We We
ala o/b
Puc. 5. Kapmebl pesxcumos coydapeHull kaneas cycheH3ull npu 8apb-
1,0 — : . : - : UposaHuu  ycaosuli  npogedeHuUs  3IKCNepuMEeHMos,
\ \ _B=0,001-We?-0,074-We?+1,31 Rd1=Rdz=1,25 mm: a) eapbuposaHue memnepamypbsl 2a30603-
o . R = B=0,0003-We?-0,059-We+1.40 dywHotl cpedbt om 90 do 120 °C, Cpi=10 wmac. %,
i N N . 2 Cp2=60Mmac. %, =5 c¢; 6) eapbuposaHue KOHYeHMpayuu
N ._I\B—O.._QODS-We -0,030-We*+1,45 meepdbix yacmuy 6 cycnenzuu, T=90 °C, =5 c; ) sapbuposa-
06} N/ J HUe 8peMeHU HaX0HCOeHUsl KanAu-MUulweHU 8 2a308030yWHOU
@ cpede ¢ nosvluieHHOU memnepamypoli heped coydapeHuem ¢
kanseti-cnapsidom Ne 1, T=90 °C, Cp110 mac. %, Cp2=60 mac. %.
04} =5¢ I - koazyasyusi; Il - paspywenue
=10¢c Fig. 5. Maps of collision modes of droplets of suspensions when
551 =20 ¢ varying experimental conditions, Ra1=Rd2=1,25 mm: a) var-
' = ying the temperature of the gas-air environment from 90
R to 120°C, Cp1=10 wt %, Cpz=60 wt %, =5 s; b) varying the
0,0 s P concentration of solid particles in the suspension, T=90°C,
0 60 70 80
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=5 s; ¢) varying the time of the target droplet being in a
gas-air environment with an elevated temperature before
colliding with the projectile droplet no. 1, T=90°C,
Cp1=10 wt %, Cp2=60 wt %. I - coagulation; Il - separation
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Peonornueckue cBoiicTBa CyCHEH3WH, Takue Kak
BSI3KOCTh, TUIACTHYHOCTh, TEKY4eCTh U CTPYKTypa, UT-
paroT BaXHYIO pOJb B Mpolieccax IPOOJICHHs Karelb.
Bonee Bsi3kue CyCHEH3WH MOTYT CO3[aBaTh OOJIbIIEE
COMPOTHUBJICHUE AJISi APOOSIICTO yCTPOHUCTBA, TOPMO3s
Trpoiiecc IpoOJIeHMs], B TO BPEMs KaK IIJIACTHYHBIE CyC-
MEH3UU MOTYT (POPMUPOBATH IMIIKHUE 0O0JIOUYKH BOKPYT
Karejib, YTO JiellaeT X OoJiee yCTOMYUBBIMU K pa3py-
mIeHNI0. TeKy4decTh CYCIIEH3WH OIpEeNsieT €€ CIIO-
coOHOCTh K aedopmMaiiuy, BiIUsAsS Ha MpoLecc Apoodiie-
HUS, @ CTPYKTypa CYCHEH3UM MOXET TaKKe HIPaTh
pOJIb B CO3/IaHWUHW JOTIOJHUTEIHLHOTO COMPOTHUBIICHUS
WM UHTEP(EPEHINY MEKIY KaIULIMH. YUeT dTHX Peo-
JIOTUYECKUX CBOKMCTB CYCIIEH3WU CYIIECTBEHECH ISt
ONTUMH3AIUHN TIPOIIECCOB JPOOJICHHS Karesib ¥ TOJy-
YeHUs TpeOyeMOro KOHEUHOr0 MPOAYKTa.

W3MmeHeHHe KOHLGHTpAallMM TBEPIBbIX YaCTHI[ B
cycnensuu ot 10 1o 60 mac. % BIuseT Ha XapaKkTepu-
CTUKHM COYAApeHHUsl uepe3 pazIu4yHble MeXaHU3MBI,
BKIFOYast 3((EeKThl, CBS3aHHbBIE ¢ CUIIAMH BSI3KOCTH H
TMOBEPXHOCTHOTO HATSDKCHUS, aATe3UeH M KoaryJssiin-
et wactun (puc. 5, 6). [Ipy TOHMKEHHBIX CKOPOCTSIX
JBIDKEeHHs Karelb (1o 1-1,5 m/c) BIUsSHHE KOHICH-
TpalUM TBEPABIX YaCTHI[ Ha TIPOIECC COyAapeHHS
orpaHuuuBaetcs pQPeKTaMu, CBSI3aHHBIMH C WX B3a-
UMOJICUCTBHEM C KHIKOH cpenoi. OgHaKo mpu yBe-
JIMYEHUN CKOPOCTU JIBMXKCHHS Kalelb YCHJINBACTCS
JeiCTBUE CUJI, CBA3AHHOE C JBM)KEHUEM JKUJIKOH cpe-
JIbl, BKIIIOYAsi CHJIbI TypOYJIEHTHOCTH U MHEPIUH, YTO
MIPUBOJIUT K CYIIECTBEHHOMY U3MEHEHHUIO XapaKTepH-
CTHK coynapeHus karenb. CIeICTBHEM ATOTO CTajo
CMEIICHHE TPaHUIIbl peXUMa APOOJCHHs B CTOPOHY
yBenuueHus uncia Bebepa mpu pocte KOHIIEHTpAIH
TBepAbIX "acTul B cycneHsuu ¢ 10 mo 60 mac. %.
WU3menenne kputuyeckoro uucia Bebepa mpu
C,=40 mac. % B cpasaenun ¢ C,=10 mac. % cocraBu-
510 oT 12 no 23 % B 3aBUCUMOCTH OT 3HA4YeHUs Oe3-
Pa3MEpHOro JTUHEWHOrO MapameTpa B3auMOAECHCTBUA.
[Ipu yBenu4eHUN KOHIICHTPAIIMN TBEPABIX YACTHUIL J0
C,=60 mac. % rpanuna pexuMa JApoOseHHs CMECTH-
nacs eue Ha 8—17 % B cropony yBenuuenus We. Ilpu
BBICOKHMX KOHIIEHTPAIUSIX TBEPJBIX YACTHI[ B CyCIICH-
3UHM BO3MOYKHO OOpa3oBaHUE CIOXKHBIX MO CTPYKTYpe
u ¢dopMe arioMepaToB B KaIlIsAX. DTO NMPUBOJUT K
YMCHBIICHHIO (P(EKTUBHON IUIOTHOCTH M Pa3MepoB
CBOOOJHBIX YAaCTUI[ W HW3MEHEHHUIO WX B3aMMOJEH-
cTBUS MeXIy co0oi. ClencTBUeM 3TOTO SBISICTCS
yCUJIEHWE WK OciablieHne CHJI TOBEPXHOCTHOTO
HATSOHKEHUS MEX]y KalULSIMU M H3MEHEHHE MeXaHH3Ma
coyJapeHus, BKIto4das 3QQeKThl, CBA3aHHBIE C ariio-
Mepalrei 4acTUIl BHYTPHU Karlellb.

3HauuTeNbHOE BIMSHUE HA COyJapeHHe ABYX Ka-
MeJib TaKKe OKa3bIBaCT BpEMs HAXOXKACHHS KaIUlH-
MHUIIEHU B Ta30BO3/YIIHON Cpele C TeMIeparypoun
90-120 °C (puc. 5, 6). [Ipu monagaHuu Kariu CycreH-
3UM B ra3zoBylo cpeay ¢ temmnepatypoit 90-120 °C na
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MMOBEPXHOCTH KAaIlJIM HAYMHAIOT MTPOUCXOJUTH MPOIIec-
Cbl MCNApEHUs, YTO NPUBOJUT K M3MEHEHHUIO €€ IO-
BepxHOCTH. Yepe3 5 ¢ mociie NMOMELIeHHUs Kaluld B
HarpeTyIo ra3oBO3IYIIHYIO Cpelly Ha €€ MOBEPXHOCTH
UHTEHCU(UIMPYETCS TMPOLIECC UCTIAPEHHS], UTO HMPUBO-
JIUT K YBEJIMUYEHHUIO KOHIICHTPALUU YISl B IPUIIOBEPX-
HOCTHBIX ciosix. Yepe3 10 ¢ mpouecc ncnapeHus 3a-
MEIUIIeTCS, @ Ha IMOBEPXHOCTH KaIuld (OPMHUPYETCS
CIIOi TBepabIX 4acTul. TpaHChOpMAIHs IPHUIIOBEPX-
HOCTHOTO CJIOSl HECYIIECTBEHHO HM3MEHseT ee (Gopmy.
Taxxke yckopsercss TepMOrpaBUTALMOHHAs KOHBEKLMS
BHYTPH KaIUIM, YTO MIPUBOAMUT K MEPEMEIINBAHUIO CIO-
eB cycrneHzuu. CleaCcTBHEM ONHMCAHHBIX TMPOLECCOB
CTaJO yBEIWYCHHE KPUTHUYECKUX umcen Bebepa mms
peanuzanuu apobneHus Ha 34-51 %. Ilpu Haxoxme-
HUM B Ta30BO3/YIIHON cpejie ¢ MOBBIIICHHOHN TeMIiepa-
Typoit B TeueHne 20 m Oosiee CEKyHA >KUAKOCTH M3
Karm pa3mepoM Rq=1,25 MM MOJIHOCTBIO HcTapsieTcs,
YTO MOJTBEP)KAAETCS BUAEOpPErucTpauueil mpouecca
B3aUMOJICHCTBUSL W TOCIeAyromeld o0paboTkoi pe-
3yJBTATOB DKCTIEPUMEHTOB. XapaKTePUCTUKU B3aHUMO-
nerictBus gepe3 20, 25, 30 u 40 ¢ Bo3xaeiicTBHs Ta30-
BO3JIyIIHOU cpenbl ¢ Temneparypoit 90—120 °C ujen-
tuuHbl. [Tpu 3Hauenun B=0 rpaHuua Hauana pexuma
nIpobneHust cmectwiack Ha 78-91 % OTHOCHTEIBHO
rpanunsl i 1=10 c. OnHako ¢ yBenu4yeHueM B OTHO-
CUTEJIbHOE CMEIIEHUE TIpaHMLbl CHMXKAJIOCh, W IS
nnama3zona B=0,8—1,0 coctaBmimo 3446 %. JlaHHBII
3¢ ekt cBUAETENHCTBYET O MPEoOIagaHuu CUII UHEP-
MU HAJl CUJIAMU TPEHHUS NMPH YMEHBIICHUH (P PEKTHB-
HBIX 00bEMOB CTAJIKMBAIOILMXCS KaIlelb.

ITpu 00paboTke pe3yabTATOB, MPEACTABICHHBIX HA
puc. 5, MOJNy4eHbl aNIpPOKCUMALUOHHBIE BbIPAXKEHUS
JUTSL TPaHUIl PEKUMOB arjioMepanuy U IpoOIeHus mpu
BapbUPOBAHUU TEMIIEPATYPhl Ta30BO3AYIIHOW CpEpl,
KOHIIEHTpALlUK TBEPIbIX YACTUL[ B CYCIIEH3UU U Bpe-
MEHHM HaxXOXJEHHUS KalUld B ra3oBO3JYLIHOH cpene C
TIOBBIIICHHOW TeMIiepaTypoii. B obuiem Buae Beipake-
HUS UMEIOT BU:

B=i-We*+j -We+k. (1

KoaddunmeHnTsl ypaBHEHHS, 3aBUCSIIHE OT TEMIIC-
paTypbl ra30BO3AYIIHOW CpPEJibl, OMHCHIBAIOTCS CIIEMY-
IOIIMMU 3aBUCUMOCTSIMHU:

i = 1,88 (0087, 2)
j = 0,11-In(T)-0,56; (3)
k = 0,02-T+0,38. 4

[Ipu moxcranoBke BoIpaxeHuid (2)—(4) B (1) momy-
9aeM MTOTOBOE ypaBHEHHE T'PAHUIIBI IIEPEX0aa MEKIY
peXUMaMU arJioMepalyu 1 apodseHus (puc. 5, a):

B = 1,88-eC09%8Dye2 4 (0,11 - In(T)-0,56)We +
4+0,02-T +0,38.



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 7. P. 58-70
Islamova A.G., Tkachenko P.P., Shulyaev S.A. Effect of coal suspension concentration and gas-air medium temperature ...

KOSQ)(bI/IHI/IeHTLI YpaBHCHUs, 3aBUCANIUE OT KOH-
HCHTpau TBEPABIX 4YaCTHL] B CYCIICH3UH, OITUCBHIBA-
IOTCA CIICAYONIMMU 3aBUCUMOCTAMMU:

i = 1,02-e(-0080-G)) . 104, (%)
j =-0,03-In(1-Cp) - 0,08; (6)
k =-092-(1-C,) + 2,27. (7

[Tpu noncranoBke Boipakenuit (5)—(7) B (1) momy-
yaeM UTOTOBOE ypaBHeHHe (puc. 5, a):

B = 1,02 e(-0080-G)) . 104 . pe?
~0,03-In(1- C,) + 0,08)We-0,92(1-C,) + 2,27.

KoaddurpenTs! ypaBHeHUs, 3aBUCSIINE OT BpeMe-
HH HaXOXKIEHHA Kalllld B Ta30BO3JYIIHOM cperne ¢ To-
BBIIIICHHON TEMIIEpaTypoil, OMUCHIBAIOTCS CIETYIOLIH-
MU 3aBUCUMOCTSIMH:

i =0,004- (t-t)C087; ®)
j =-0,032In(x-t) - 0,127; ©9)
k =-0,009 - (z-t) + 1,278, (10)

rZe ¢ — BpeMsl JIBIDKEHUSI KaIUTH-CHApsia OT MOMEHTa
OTpBIBAa OT COIUIA JI0 MOMEHTa COYJapeHUs ¢ KaIllen-
MHIICHBIO.

[Ipu moacranoBke Beipaxkenuit (8)—(10) B ypaBHe-
Hue (1), omMchiBaromee MEepexoa MKy peKUMaMu
arJoMepanuu U JpoOlieHus TIPU BapbUPOBAHUH T, UTO-
TOBOE BBIPKCHHE IPUMET CIICIYIOINN BU (puUC. 5, 6):

B = 0,004 - (t-t)%87 . We? - (0,032 - In(t - t) +
+0,127) - We-0,009 - (1-t) + 1,278.

W3 aHanm3a momy4eHHsIX mocie 00paboTKH IKCIEepH-
MEHTAITBHBIX JAaHHBIX 110 KOJWYECTBY U pa3MepaM BTO-
PHYHBIX ()parMEHTOB CJIEAYeT BHIBOJ O TOM, YTO BpEMs
HAXOKICHUS KaIUIM-MUIIEHH B Ta30BO3JIYyILIHON cpene ¢
temneparypor 90-120 °C oxa3pIBaeT CyIIECTBEHHOE
BIIMSIHUE Ha ()OPMUPOBAHUC BTOPHIHBIX (pparMeHTOB. B
YaCTHOCTH, 4YCEM BBIIIC BpEMA T (HpI/I AHAJIOTUYHBIX
OCTAIBHBIX YCJIOBUSX), TEM MCHBIIEE KOIMYESCTBO BTO-
PUYHBIX (DparMEHTOB 0Opa3yeTcst B pe3ysibTaTe B3auMO-
JICUCTBUSI KaIUTU-CHApsi/ia C Kariel-MHIIeHblo. JlaHHbIN
3 eKT MpoICMOHCTPUPOBAH Ha PHC. 6.

Iuku pacmpeneneHus BTOPUUIHBIX (PParMEHTOB CMe-
IIAIOTCSl B CTOPOHY OOJIBIIIMX Pa3MEPOB C YBEIMUYCHHUEM
BpPEMEHH HaXOICHHS KAl B Ta30BO3IYIIHON cpeie ¢
HOBBIIEHHOM Temneparypoil. Ecnu npu t=5 ¢ nuk pac-
npenesieHnst Haxoauscs B oonactu 0,2 mm, To ripu 1=10 ¢
aKcTpeMyM cmectriics K 0,25 mm, a ipu =20 ¢ — B 00-
nactb 0,3-0,35 mm. B nepByto ouepenp, 310 00ycioBe-
HO TOPMOKCHHEM >KHJIKOCTH KallIu-CHApsIia BCIICACTBUE
00pa3zoBaHusi OOJBIIETO KOJMYECTBA ITYCTOT MEXIY
TBEPIBIMUA YACTUIIAMU TPH IIOCTCIICHHOM BBICHIXaHUH
KalIl CyCHEH3HHU. YCTAHOBJIEHO, YTO IIPU YBEIHUCHUU
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BPEMEHH HAXOK/ICHHUS KaIJIN-MHUIICHH B Ia30BO3/YIIHON
cpene ¢ temmneparypoit 90—120 °C npu MOCTOSHHBIX pa3-
Mepax U CKOPOCTSX JBMXKEHUsI Karelb U3MEHSIETCS KOJIU-
YECTBEHHBIM M KQUECTBEHHBII COCTaB C(OPMUPOBAHHBIX
BTOpUYHBIX (hparmMeHToB. Takoi 3hdekr o0ycioBieH
TEM, 4TO CYCIEH3UsI Kalllu-CHapsia NpH KOHTAaKTe C MO-
BEPXHOCTBIO KaIUTU-MHIIICHH C OOJIBIICH IIepOXOBATO-
CTBIO CHJIbHEE 3aMEIUIAeTCSl Ha HeW, MHeplMs Karlli-
CHapsila PacXOAyeTcss Ha IPEONOJEeHHE CWJI TPEHHS.
B pesynbrare 3T0r0 Ha NPEo0ICHUE CHIT BA3KOCTH OCTa-
€TCsl MEHbILIE KMHETUYECKOH SHEpPruu U Moj JAeHCTBUEM
CHJI TIOBEPXHOCTHOTO HATsKEHUs! (JOpMUpYETCs: MEHbLIIee
KOJIMYECTBO, HO Oojiee KPYIHBIX BTOPHYHBIX (hparmMeH-
TOB. MHOXECTBO BBICTYIAIOMNX TBEPABIX (hparMeHTOB
Ha TIOBEPXHOCTH KaIlJIM-MUIIEHH C COTTOCTABUMBIMU pa3-
MEpy PACCTOSIHUSIMH MEXJy HHMH CO3/al0T €CTECTBEH-
HBIA TOpMO3sIuid Oapbep. XKUAKOCTh M TBEp/BIC YaCTH-
Lbl CYCIIEH3MM KaIlJIM-CHaps/a 3aJep’KUBAIOTCS B IIyCTO-
Tax MEXIY BO3BBIIIEHHOCTSMU Ha TOBEPXHOCTH KarlTU-
MUIICHHA. YBEIWYCHNEC BPEMCHH HAXOXKACHUS KarlTH-
MUILIEHH B Ta30BO3IYIIHONH cpeae ¢ TeMmIepaTypoi
90-120 °C npuBOIUT K OOJBLIEMY HCHAPEHHIO JKUJIKO-
CTU C IOBEPXHOCTU Karuu-MuiueHu. CIeIcTBUEM 3TOrO
CTAHOBUTCSI (POPMHPOBAHKE OOJBIIETO KOJHIECTBA BO3-
JYUIHBIX ITyCTOT MEXIY TBEPIbIMU YacCTUIIAMH, BaKaHT-
HBIMH JUISI 3aII0JIHEHUsI CycrnieH3uel karum-cHapsiga. Co-
OTBETCTBYHOIIMIA 3(dekT O0OyCIOBIEH TeM, YTO MpU
CTOJIKHOBEHUM JIBYX Kalleslb 3JIEMEHTHI IIEPOXOBAaTOCTU
MIOBEPXHOCTH KaIUIM-MHUIICHH TPUBOAAT K JehopMariim
MIOBEPXHOCTHBIX CJIOEB KaIUIU-CHAPSA.

0 i 1 1 1 L
0,05 0,10 0,45 0,20 0,25 0,30 0,35 040
Iy, MM

Puc. 6. PacnpedeneHust no pasmepam 6mOpUYHbIX (hpazmeH-
mos npu coydapeHusix Kanau-cHapsida Rai=1,25 mm,
Cp1=10 mac. % u kanau-muwieHu Ra=1,25 mm,
Cp2=60Mmac. % npu 8apbupo8aHUU 8peMEHU ee HaXO0MiC-
deHus 8 2a308030ywHoll cpede c memnepamypoti 90 °C
Size distributions of secondary fragments during
impacts of a projectile droplet Ri1=1,25 mm, Cp1=10
wt % and target droplet Ri2=1,25 mm, Cpz= 60 wt %
when varying the time of its presence in a gas-air en-
vironment with a temperature of 90°C

Fig. 6.
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VYcTaHOBIEHO, UTO IIPU CTOJIKHOBEHUU Kallejb CyC-
TICH3UU MTPOUCXOOUT UX U3SMCIIBYCHHUC, KOTOPOC MPOTE-
KaeT Ha HECKOJbKUX ypoBHsX. Ha mnepBom ypoBHE
INPOMCXOAUT CIUSIHME JBYX Kameidb B OJHY Ooiee
KpPYIHYI0 KallJl0 3a CYET COBMEULIEHUS MX [1OBEPXHO-
cTeil. DTO sBJIEHHE CYLIECTBYET NpPHU YCJIOBUH, YTO
KaIUIM JIOCTaTOYHO OJIM3KO HAXOJATCA OTHOCUTEIBHO
ApyT Ipyra U UMEKT OJUHAKOBble pa3mepnl. Ha BTO-
POM YpOBHE IPOUCXOIUT W3MENBUEHHE Kameiab Ha 00-
jee MeNKHE BTOpPUYHBbIC (DparMeHTHl. DTOT mpolecce
CBs3aH ¢ 00pa30BaHMWEM MpPU CTOJIKHOBCHHH MHOXe-
CTBA MEJKHX KalleJb BOKPYT LIEHTpalbHOM Karu. [Ipu
9TOM NPOUCXOJUT Pa3pyLICHUE NMOBEPXHOCTEH Kalelb
u obpaszoBanue Oojee Menkux (parMeHToB. Ha TpeTs-
€M ypOBHE 00pa3yroTcsi MembUaiIie Karum Mpu yciIo-
BUHU BBICOKOM HMHTEHCHBHOCTH COyJIapeHuid. DTo mpo-
HUCXOOUT IpHU BSaHMOﬂeﬁCTBHH MCXAY KaljissMu U ra-
30BBIM IIOTOKOM, KOTOPBIC IPHU CTOJIKHOBCHUH BbBI3bI-
BAIOT UCIAPEHUE Kamesb U 00pa3oBaHUEe MeIbyaiImx
(parMeHTOB.

Jpoliienne Kamenab CYCHEH3WH INPENCTABISIET CY-
LIECTBEHHO HEOAHOPOJHBINA mpouecc. Ero xapakrepu-
CTHKH 3aBHUCSAT OT COBOKYITHOCTH (DaKTOpOB, BKIIOUast
pasMepsl Kamenb, uX (opMy, IUIOTHOCTH M BS3KOCTD
KHUJIKOCTH, a TAKXKE CKOPOCTh JBM)KECHUS U TEMIIepaTy-
Py rasoBo3nyuHoit cpeast. Kpome toro, Ha apobGiienue
Karens BIUSIOT U Apyrue (pakTopsl, TaKWe KaK HaH-
yue 100aBOK U NMPUMECEH B JKUAKOCTHU, a TAKIKE B3aH-
MOJEHCTBHS MEXly MOJIEKYJIaMU CYCIIEH3UHU U Ta3a.

3ak/iloyeHue

[IpoBencHHBIE  SKCIEPUMEHTHI  TOKa3ald, YTO
HarpeB ra3oBo3AyHoi cpeast 10 90-120 °C mpu co-
YAapeHUH Karellb CYCIIEH3WH MPHUBOIMT K 3HAYHTEIb-
HOMY YMEHBIICHHIO Pa3MEpOB Kareidb. ITOT 3PQeKT
00yCJIOBJICH YBEITUUCHHEM CKOPOCTH IBIXKEHHS MOJIC-
KyJI Ta3a IpH [OBBIIIEHUN TEMIIEPATYPHI, YTO IPHUBO-

CITUCOK JIMTEPATYPBI

JUT K YBEIWYCHUIO HHTEHCHUBHOCTH CTOJKHOBEHUH
MOJICKYJI C KaIUIMHU CyclieH3uH. Kpome toro, mpu co-
yIapeHUH Kalelb CyCIICH3NMH B Ta30BO3AYIIHOU cpene
¢ remnepatypoit 90—120 °C npoucxoaur odpazoBaHue
MeJbYAMIINX Karesb, 4T0 00YCJIOBICHO peain3anueit
MHKPO-B3PBIBHBIX 3((HEKTOB ¥ MHTCHCHU(HUKAIMEH I1a-
poobpa3oBaHus Ha MMOBEPXHOCTH Kamellb. JTO SIBICHUE
HOCHUT KOJICOATEIbHBI XapaKTep M COMPOBOXKIACTCS
BBICOKOYACTOTHOW BUOpAIMel TOBEPXHOCTH Karelb.
3HaYUTENbHOE BIUSHUE HAa COyJapeHHe JABYX Ka-
MeJIb TAK)KE OKa3bIBACT BpPEMsS HAXOXKICHHUS Karlld-
MHUILIEHH B Ta30BO3IYIIHOW Cpelie C MOBBINIEHHON TEM-
nepaTypoi. 3a cyeT UCHApPEHMs KHUJIKOCTH U3 Kalulu-
MmulreHu depe3 10 ¢ mocie Havaga HarpeBa B Ta30BO3-
IyIrHOM cpene ¢ temreparypoid 120 °C 3HaueHus Kpu-
Tryeckux yucen BeOepa yBenmuumnuck Ha 34-51 %,
yepe3 20 ¢ — Ha 7891 %. Ilpu nocreneHHOM BbIChIXa-
HUM MUIICHHA YKCTPEMYMBI PacIpeeIICHNsT BTOPUIHBIX
(hparMeHTOB CMEIAINCh B CTOPOHY OOJIBLIMX BEJIU-
guH. [Ipu 1=5 ¢ UK pacnpeseneHust HAXOAUICS B 00-
nmactu 0,2 MM, nipu =10 c 3KCTpeMyM CMeCTHUICS K
r¢=0,25 mm, a ipu =20 ¢ — B obmacte 0,3—0,35 mMm.
B mepByro odepenp 3TO CBSI3aHO C TOPMOKCHUEM JKUJI-
KOCTH KaIUIM-CHapsa 3a cueT oO0pa3oBaHMs OOJBILIETO
KOJIMYECTBA ITyCTOT MEXIY TBEPABIMH YaCTHIIAMH TIPH
MIOCTCTICHHOM BBICBIXaHUH KaIUIA-MHIICHH.

[Ipouecc coymapeHust Kameiab CYCIEH3HMH B ra3o-
BO3JYLIHOHN Cpelie C IOBBIILIEHHON TEMIIEpaTypou sB-
JSIETCST CIIOKHBIM M MHOTOTIAPaMETPUIECKUM TIPOIIEC-
COM, KOTOpBIA 3aBHUCHT OT COBOKYIMHOCTH (DaKTOpOB:
MMOBEPXHOCTHOTO HATSHKCHHUs, pa3sMepoB U (opMm Ka-
MeNTb, CKOPOCTH WX IBW)KEGHHS W BSI3KOCTH Ta30BO3-
nyuHoi cpeapl. [lomyueHHble pe3ynbTaThl BasKHBI AJIs
rIyOOKOTr0 TMOHUMAHHUS TMPOIECCOB, NMPOUCXOJSAIINX B
CYCHCH3MSAX, a TAaKXKe U pa3padOTKH HOBBIX METOIIOB
KOHTPOJISl UX CBOWCTB.
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