VIIK 532.5.011
E. C. Jlanmwuh, akagemuk HAH Ykpannsr A. @. Bysnar, B. A. Bitocc

DddekT BpIOpPOCA TBEPABLIX YACTHUIL N3 TYypPOYJIEeHTHOMI
IJIEHKW CYCII€H3UN

IKcnepumenmanvro obnapyosicer apderm euvbpoca meepdoix wacmuy, u3 MYpPoOYAeHMHO20 NAe-
HOWHO20 NOMOKA cycnenduu. Bowbpoc wacmuy navunaemesa npu 0ocmudicerul nopo2o8ozo 3Ha-
yenua wucaa Petinoavdca, npuvwem wem menvuie pagmep 4acmut, mem 604vwe nopozosoe 3Ha-
yenue. Onvimo, nposedenvs Ha BEPMUKAALYHOM UUAUHOIPE KAK 6 AAOOPATNOPHLIT, MAK U NpPo-
MOUAEHHDT YCAOBUAT. DPPerm moocem 0bimb UCNOAL30BAH 6 PASAUMHHLLT OMPACAAT OAA
OMUCTNKY AHCUIKOCTET 0OM UNOPOOHBLT GKAI0UEHU U ANPOOUPOBAH 8 METHOAOLUAL NEPEPAOOm-
KU MUHEPAALHO20 CHIPDA.

IIpu oborarmmerunn MOJIE3HBIX UCKOMAEMBIX C UCIOJIHL30BAHUEM BOJLI IIHPOKO IMPUMEHSIOTCS Mar-
HUTHBIE U IPABUTAIIMOHHBIE KOHYCHBIE cernaparTopbl. OUBIT IKCIIyaTAIIUN CEIIAPATOPOB MOKA3AI,
aT0 3¢ derkTrBHAT paboTa BO3MOXKHA, TOJILKO IPHU 3aIuTe pabodeil 30HBI OT 3a0MBAHUS HEKOH-
JIUIUOHHOMN 110 KPYITHOCTHU PYJION U WHOPOJHBIMU BKJIIOUEHUSIMU B CyCIeH3un (Jajiee — KpyIHbIe
gacrunpl). Ilo 970l npuynHe, npexkie YeM IoJaTh CYCIEH3UIO Ha Celaparop, ee IHPOIYCKAIOT
gepe3 1epOpPUPOBAHHYIO TOBEPXHOCTh. OTHAKO IMOCJIe/IHssT TaKKe 3a0uBaeTcs u Tpedyer TIra-
TEJIbHOI'O KOHTPOJISI, IIOCKOJ/IBKY IPU €€ U3HOCE KPYITHbIE TaCTUIIBI IOMAJAI0T B pabOTIyIO 30HY.

NzBectHb! 171€HOUHBIE KJTACCU(DUKATOPBI, padoune 30HbI KOTOPBIX HE 3a0UBAIOTCS IACTHUIIA-
Mu. B HEUX CO37aI0T IJIEHOYHOE TeYeHue CYCIEH3UU W BO3JEHCTBYIOT aKTUBHOW CHJION, HAIpaB-
JIEHHO# K CBODOJIHOHN MOBEPXHOCTH, IO JEHCTBHEM KOTOPOU KPYIHBIE YACTHUIIBI [IPEO0JIEBAIOT
[IOBEPXHOCTHOE HATsIZKEHHE U BBIOPACHIBAIOTCS U3 CyclleH3uu. B rieHouHoM Kiaccudukarope [1]
AKTUBHOM CUJION sIBJISIETCs TIEHTPODEKHAS CHUJIa, KOTOpast CO3/IAeTCs IIPU TEUEHUU CYCIIEH3UU 110
BBIIYKJION TBEPIOii MOBEPXHOCTH (CYCIIEH3UsI U TIEHTP KPUBU3HBI HAXOJATCS 110 PA3HbIE CTOPOHDI
TBEpJION [TOBEPXHOCTH ).

Opnnako Takoit KyraccuukaTop 3(hhEeKTUBHO BBIOPACBIBACT YACTHUIBI, JUAMETD d KOTOPBIX
npesbimaer 10 MM, 1 UMEET HU3KYIO IIPOU3BOIUTEHLHOCTE. 110NBITKA yIIyUIIUTE 9T OKA3ATEH
3a CYeT yBeJUUYEHUS IEHTPOOEKHON CHJIBI IIPUBOJIUT K OTPBIBY KUJIKOCTH OT TBEPJON IIOBEPXHO-
CTH, B PE3yJIbTaTe Yero KaacCuUKAINS TPEKPAIIACTCH.

B reuenne 6ostee msaguaru Jjier B8 UI'T'M BeayTcs mccienoBannus 1O U3yYEHUIO THIPOIPO-
[IeCCOB TPAHCIIOPTUPOBaHKsI U ODOralleHMsl [I0JI€3HBIX UCKOIAeMbIX [2-8|, mo3BosmBIINe, B Ya-
CTHOCTH, CO3JIaTh BBICOKOI(M@MEKTUBHBIE ILJIEHOUHBbIE KJIACCU(PUKATOPHI, OCHOBAHHbIE HA HOBOM
[IPUHITAIIE TEHEPUPOBAHUSI aKTUBHON CHUJIBI M UCIIBITAHHBIE HA TOPHBIX MPEIIPUITUSIX 110 J0OBIUe
U 1epepaboTKe Py/I YePHBIX U IIBETHBIX METAJLIOB.

N3BecTHO, 9TO MOBEPXHOCTD YKUJIKOCTH HEYCTONYINBA, K BO3MYIIEHUSIM, JIJINHA, BOJIHBI KOTOPBIX
npessbimaer [9),

Ao =2my [ —,

re 0 — KO3(M@UIUEHT TOBEPXHOCTHOI'O HATSIYKEHUsI; p — IJIOTHOCTH KUJIKOCTH; {j — YCKOPEHUe
B HAIIPABJIEHUU CBOOOJHOI MOBEPXHOCTH KUJIKOCTH (1151 [1] 910 nenTpobekHoe ycKopeHue).
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Puc. 1. ®parment crenga: I — tpyda; 2 — pabounii opran; 8 — pacupeaesuTesb; 4 — CyCIeH3Uus; 5 — JaCTHUIIbL;
6 — cObopHUK; 7 — saUeiku

st Toro 94To6BI TIOM, AeHCTBUEM aKTUBHON CHJIBI HE IMIPOUCXOINI OTPHIB XKUIKOCTH, HEOOXO-
JUMO BBINIOJIHEHUE YCJIOBULA

lo < Ao, (1)

rme lg — XapakTepHbIil pazMep 00/1acTU JIEHCTBUST CHUJIBI.

WNnest mamHoit paboThl 3aKJII0YAETCS B TOM, UTO AKTUBHBIE CUJIbI, HEOOXOIUMBIE [IJisi BBIOPO-
ca TBEP/BIX YACTHUIL, CO3/IAIOT BO MHOXKECTBe 00JIacTeil CyCIIEH3UM JIOCTATOIHO MAJIOro 00beMma,
B KaXXJI0il M3 KOTOPBIX CHUJIbI, JEHCTBYIOIINE HA CYCIIEH3UIO B HAIPABJICHUU K €€ CBOOOHON II0-
BEPXHOCTHU, MEHBITE CUJI IIOBEPXHOCTHOI'O HATSXKEHUS, YTO MPEIOTBPAIIAET OTPHIB YKUITKOCTH.

Cozzarh Tedenue, yjuosierBopsitoniee yciaosuio (1), MokHO pasHbiMu criocobamu. Tak, Ha-
IpUMED, CyCIIeH3UsI MOXKET CTeKaTh 10 TMOKO ITOBEPXHOCTH, COBEPIIAOIIEHl BOJHOBOE [IBUYKEHUE
C YCKOPEHHEM {j ¥ JIJINHOM BOJIHBI, MEHbIIIEl, 1eM Ag. BTOpPBIM IpuMepoM MOXKET CJIYKUTH T€ICHUE
110 2KECTKOU KoJjiebJttoreiicst moBepxHocTu. B 9roMm cityvae Ha cBOOOHOI TOBEPXHOCTH CYCIECH3UH
BOBHUKAIOT IIaPAMETPUIECKNE BOJIHBI C JIIUHOM BOJIHBI TAKKe MEHBIIIE Ao U C YaCTOTOI, B J1Ba Pa-
3a MeHbIIleil, yem yacrora Kosiebanuii xxecrkoit mosepxuoctu [10]. Tpernii npumep — cycnensust
MOXKET TIePEMEIATHCS 110 HEITOABUYKHON TOBEPXHOCTH C BBICTYIIAMHU, Pa3MeP KOTOPBIX MEHBIIIE A(.

Hawub6osee mpoctoii criocod co3/ianust aKTUBHON CUJIbI OCHOBBIBAETCS HA UCIIOJIH30BAHUU TAKOM
0CODEHHOCTH TYypOYJIEHTHOTO MOTOKA, KAK YCUJIEHUE MOMEPEIHBIX (DIYKTyaIuil BEKTOPa CKOPOC-
U ¢ yBeandenueM uncia Peitnosbica [11-14|. B pexkume redenusi, mpu KOTOPOM KHHETHYECKAST
SHEPrUsl JaCTHUIILI, OJTyIeHHas 33 CUeT SHEPIUU OTOKA, IPEBBINIaeT paboTy obpasoBaHus HO-
BOIl Mek(]a3HOI MOBEPXHOCTH, YACTUIA MOKUHET cycren3uio. [Ipu atom TypOyJsieHTHOE TedeHue
CO3/1a€TCsI BOJIb TBEP/ION MOBEPXHOCTHU C IIPIMOJIUHENHON MM BOTHYTON 00pa3yIomnieil, TOCKO/ b
Ky B 9TOM CJIy4dae OTCYTCTBYeT IEHTPOOEXKHAs CUJIa, HAIPABJIEHHAS K CBOOOJHON MOBEPXHOCTH
U CIIOCOOCTBYIOIAsi OTPBIBY KUIKOCTH.

N3zy4denne BBIOpOCA TBEPABIX YACTHI] U3 IMOTOKA CYCIIEH3UU IIPOU3BOIMIOCH HA YCTAHOBKE,
BKJIIOUAtomIeil TpyOy I, paboumii opran 2 u pacupejenuresib 3 (puc. 1). Pabounii opran usro-
TOBJIEH W3 CTaJbHON TPyObl muamerpom 102 mwm.

Cycniensust 4 4depe3 TpyOy [ 1O JaBJIEHUEM [OJIABAJIACH HA PaCIPee/InTe/h 3, ¢ KOTOPOro
[IOCTYIIajIa Ha, BHEITHIOK IOBEPXHOCTH pabouero oprana 2. CyclieH3usl uMesa IUIOTHOCTb p =
= 1300 KF/M3 U JIMHAMHUYECKYIO BA3KOCTH 1) = 1,68 - 1073 Tla - c. Teepmoit dazoit cirykuia
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Puc. 2. 3aBuUCHMMOCTH MaccoOBOro pacxoja dacrul or dncia Peitronbaca d = 1-2,5 mm (xkpuBast 1) u 1-1,6 Mm
(xpuBast 2)

MarHeTUTOBas PYyla, COomepxKallas COOTBeTcTBeHHO 75, 15, 5, 3 m 2% wacTuny ¢ mmamerpamu
B unrepsaiax (0,0,5], (0,5,1], (1,1,5], (1,5,2], (2,2,5] mMm.
Breuterasiiue yactunpr § nonagaaun B cOOpHUK 6, cocrosiiuii u3 sdeek 7. ymna § kaxkmoit
sgueiiku cocrasiisiyia 100 mm. COOPHUK OXBaTbIBaJl YeTBEPTH IIEPUMETPa pabodero opraia.
NuaTencuBHOCTL BBHIOPOCA, YACTHUIL XAPAKTEPUIYETCA MACCOBBIM PaCXOIOM
m;
St’
e m; — Macca YacTHIl, MOMaBIIUX B -0 S4YelKy 3a BpeMs ¢, HymMepalnusl BBIIOJHEHA CBEPXY
B3 (1 = 1,2...10); S — miomaap ss9eiiku B JIOCKOCTH, MAapAJIIeIbHON Ocu pabodero oprasa.
Ha puc. 2 npusenersbl 3aBUCHMOCTH MaccoBoro pacxoga Go or uuncia PeiiHosibica

G, =

rjae I — ymenpHBIT MacCOBBI pacxon CycreH3un (Macca CyCIeH3UH, MPOXO/SINAs B €JHHUILY
BPEMEHHU dYepe3 eJIMHUILY JJIMHBI IlepuMeTpa pabodero oprana). fdeilka ¢ = 2 pacroyioKeHa BHe
30HBI BBIOPOCA YACTHI] OT yaapa, OOyCJIOBJIEHHOIO BCTpeUYel IOTOKA IOM YIJIOM (¢ C Pabodmm
oprasom (cm. puc. 1).

N3 rpaduka ciaemgyer, 4TO BLIOPOC YaCTUI, HAUUHACTCA TOJIBKO IMPHU JOCTUKEHUU OIIPeesIeH-
HOro 3HadeHns Re, KOTopoe Ha30BEM ITOPOroBbIM 3HadeHneM Re;. UeMm MeHbIe pasMep YacTHIl,
TeM O0JIbIITe TOPOTOBOE 3HAYeHME. TaK, /i dacTul] KpynHocTbio d = 2-2.5 mm Re, = 4450, a misa
qactut] ¢ d = 1-1,6 mm Re; = 5480. Hasnbreiimee ysenuuenune Re npusonur K Bozpacranuto Ga,
npudeM st 6oJjiee KPYIHBIX YaCTHI OHO MHTEHCUBHEE.

B pabore [14] ormeuaercsi, 4To, 110 MHEHUIO DPa3JMYHBIX ABTOPOB, KPUTHYECKOE 3HAYEHHE
qnciia PeitHosbica Rey, Ipu KOTOPOM IIPOMCXOINT HEPEXO, INIEHOYHOI'O TE€YEHHSI OT JJAMUHAPHOTO
pexxuma K TypOyaeHTHOMY, Haxoaurcs B unrepsaje or 180 mo 1000. ITockonbky Rey > Rey, To
BBIOPOC YaCTHUIL PEAJIM3YETCsI MMPHU TYPOYJIEHTHOM PEXKUME TEYEHUS.

Bepxune snauennss uarepBaioB 2—2,5 MM u 1-1,6 MM, B KOTOPBIX HAXOIATCS AAAMETPHI dac-
THI], COOTBETCTBEHHO 0bo3HaumM dy u dy. g Hux dmcia Bebepa

2
’ Wey = Pd2v2’

g o

d 2
W61 = Py
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Puc. 3. Pacnpenenenne orHOCHTEBHON Macchl dacTull ¢ 2 < d < 2,5 MM 10 JIJIMHE ITOTOKA,
Te U1 U Y9 — CKOPOCTH ITOTOKA, IIPU KOTOPBIX HAUMHAIOTCS BBIOPOCHI YACTHUI], 0 — KOIPPUIITEHT

HoBepxHOCTHOrO HaTsikeHust Boabl (0,0727 H/wm).
s yerpaneHust TPYIHOCTEH, CBSI3AHHBIX C SKCIEPHMEHTAJBHBIM OIIPeJIeJIEHNEeM CKOPOCTH

[IOTOKA, MOCTynuM cJeaytormum obpaszom. [Ipuaumast We; = Weg u BbIlpaxKkasi v1 U vo 4epes
uyncia Peiinosb/ica, mosydnm
di
Reto = Reg1 4/ =, (2)
do

rae Rego m Rey 1 — moporosble 3nauenns uncia Peiitnosbiaca Jyia gacrur ¢ do 1 di cooTBeTCT-
BEHHO.

Kak yxke ormedasioch BbIIIe, YaCTUIBI KPYITHOCTBIO di = 2,5 MM HAYHUHAIOT BbIOPACHIBATHCS
u3 cycuensun npu Rep; =4450. I3 coornomenns (2) mast dy = 1,6 mm nmeem Rey o = 5562,
KOTOpOe OTJINYAeTCs OT KCIepUMeHTaJbHOro 3Hadenust 5480 (cm. puc. 2) menee yem Ha 2%,
T.€. MOXKHO CUHMTATh, YTO BBIOPOC YACTHUI] HAYUHAETCS IPU OJHOM M TOM K€ 3HAYEHUU YUUCJIA
Bebepa.

Pacnipejiesierne BHIOPOIIEHHBIX YACTHIL BJIOJIb IOTOKA XAPAKTEPU3YIOT OTHOCUTEJIbHBIE MACCHI
qaCTUIl, MOIABIIUX B ¢-€ sSUeiKu

10
*
m; =m;/ E m; +my |,
i

rjae m;, — Macca JacTHIl, OCTAaBIINXCS B HOTOKE.

Pacmpesenenne m; (%) BIOIb MOTOKA IpeCTaBIeHo Ha puc. 3, rae R? — kosddumment
JIeTepMUHAIIIT; OCh T COBMEIIeHa ¢ 00pa3yIoleil pabouero opraua, Hauajao KOOPAMHAT ITIOMEIIEHO
B MECTO BCTPEUH IIOTOKA € TBEP/IOii IOBEPXHOCTBIO (cM. puc. 1). VI3 pacupe/ieienust cieiyer, 9Iro
C yBe€JIMYEHUEM I BI)I6pOC JaCTUIl 3KCIIOHECHIUAJIbHO YMEHbITACTCA; YBEJINICHUEC Re IIPUBOIUT
K YBEJIMUEHNIO OTHOCHTEILHBIX Macc M.

Taxwum 06pa3oM, IKCIIEPUMEHTAIBLHO YCTAHOBJIEHO, 9TO TBEP/IbIE YaCTUIBI BEIOPACHIBAIOTCS U3
TypOyAEHTHOM IIJIEHKU CYCIEH3UH IIPU JOCTHXKEHUU IIOPOrOBOIO 3HAaUeHHs 4dncia Peiinosbica.

st peasim3aiiun yCTaHOBJIEHHOTO 3hdpeKTa B IPOMBIIIJIEHHBIX YCIOBUAAX ObLI CO3/IaH dKCITe-
PUMEHTAILHLII 00paser] IJIEeHOYHOro Kiaccudukaropa. Vcnplragus B yCaIoBusX BosibHOropeKoro

ISSN 1025-6415  Jlonoeidi Hauionansvhoi axademii nayx Yxpainu, 2014, Ne12 61



FOPHO-MEeTAJIIy PrUIeCKOro KOMOMHATA MOKA3aJ/IM, UTO Ve bHas MPOU3BOIUTE/HLHOCTD IKCIEPHU-
MEHTAJILHOrO 00pasiia 6oJjiee YeM B 8 pa3 IPEBBIIIAeT YAJbHYIO IPOU3BOIUTEIBHOCTD N3BECTHO-
ro mweHouHoro kKiaccuduraropa [1|. Ilpu sToM u3 cycneHsun ¢ cojepKaHueM TBEpIbIX TaCTHIL
45-60% obecnieunBaercs ussiedenune 100% uwacrun kpynaee 3 MM u 88-90% wacTuil KpyiHee
2 MM ipu ipousBoguTesbHOCTH 150180 M3 /ana l Ve IJIOIIA . DTU PE3YIbTaThl CBUAIETE/IbCT-
BYIOT O IEPCHEKTUBHOCTU MPUMEHEHUS MOJIYIEHHOTO 3(DdPeKTa B Pa3IUIHBIX TEXHOJOTHAX JO-
Obrau 1 1IepepaboTKe PYJ YEPHBIX U I[BETHBIX METAJIJIOB, & TaKXKe B MHBIX OTPAC/ISIX, [Jie HeoD-
XOJINMA OYUCTKA PA3JIUIHBIX KUJIKOCTEH OT MHOPOIHBIX BKJIIOYEHMUI.
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EdekT Bukujay TBepAnX YaCTUHOK 3 TYpPOYJIEHTHOI MJIIBKM CyCHeH3il

Excnepumenmanvro suasseno epexm surudy meepour 4acmumokr 3 mypoyseHmMHo20 NAIBKOB020
nomoKy cycnensii. Bukud 4acmunox novunaemvbes npu 0ocaeHenHi Nopo206020 3HANEHHA YUCAL
Petinoavdca, npuwomy 4um menule PO3MIP 4ACMUHOK, Mum biavuwe nopozose 3navwenms. Jocaidu
nPo6edero Ha BEPMUKAALHOMY YUUATHOPL AK 6 AAOOPAMOPHUL, MAK | NPOMUCI06UT Yymosax. Edpexm
Mooice bYmu BUKOPUCTAHUT Y PISHUL 2AY3AT OAA OMUULEHHA PIduH 610 CMOPOHHIT BKAI0UYEHD
1 anpPoboBaHUL 8 METHON0IAL NEPEPOOKY MIHEPANLHOL CUPOBUHU.
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E.S. Lapshin, Academician of the NAS of Ukraine A.F. Bulat, B. A. Blyuss

Effect of the emission of solid particles from a turbulent slurry film

The effect of the emission of solid particles from the turbulent flow of a slurry film is experimentally
observed. The particle emission begins, when the threshold value of the Reynolds number is attained.
The smaller the particle size, the greater the threshold value. The experiments were carried in a
vertical cylinder both under laboratory and industrial conditions. The effect can be used in various

branches for the purification of liquids from foreign inclusions and was tested in mineral processing
technologies.
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