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A.B. Aneucenapoe, H.P. TaHHyrtlHHOB 

HCCIlELlOBAHHE BHYTPEHHEH CTPYKTYPbl 
flOTOKA OprAHOMHHEPAIlbHblX 
CYCflEH3HH HA OCHOBE 
KOMflblOTEPHOrO MOLIEIlHPOBAHHH 

C HCnOIlb30BaHHeM KOMnblOTepHOrO MOLlellHpOBaHHH eu nonnenu HCC/leLlOBa­
HJ1H TJ1LIp OllHHaMJ1KH n OTOKOB oprenounnepensn oii cycneH3J1J1 B nenycsnot« 
ycrpoitcrse. B pesyasrere J1CCIleL/OBaHJ1H ortpeaeaene CKOpOCTb B KaJKllOH 
rouse Ce'leHJ1H netty cxnoro ycrpoitcres, 'lTO aeer B03MOJKHOCTb cyant» 0 CTe­
neHJ1 .aucrteprnpoeennoctn cycneH3J1J1 B LIeIlOM, HaIlJ1'lJ1J1 3aCTOHHblX 30H J1 
BOLlOBOPOTHblX 061laCTeH B noaoctn neny csn or o yCTpoHCTBa. 060CHOBaHa 
MeTOLlJ1Ka OnTJ1MJ13aLIHJ1 KOHCTPYKLIHJ1 HanycKHblx Tl1LIp OllJ1HaMJ1'leCKJ1X yCT­
POHCTB C Y<JeTOM peOIlOTl1'leCK/1X oco6eHHOCTeH cycttensntt. B bl'lJ1CIlJ1TellbHbIH 
3KCnepJ1MeHT u e 6a3e nporpesosnoro ttexere Solid Works n osesea CIlOJKHOCTb 
rl1LIpOllJ1HaMJ1KJ1 06beKTa J1 Heo6xOLlJ1MOCTb p espetiorxn LlOnOIlHJ1TellbHbIX Me­
TOLlJ1K B 3allaHJ1J1 rpaHJ1'lHbIX YCIlOBJ1H. B llaHHOH cretse ttpeanoscenu J1 pea­
1lJ13QBaHbl u er oau OnTJ1MJ13aLIJ1J1 peootu Hany cKHblX ycrpOHCTB, petiottuoiunx 
C oprenounn epensnunn cycneH3J1HMJ1. 
Kato ueeue CIlOBa: TI1LIpOllJ1HaMJ1Ka, p eOIlOrJ1H, oprenounnepeasnue cyctten­
3J1J1, xourtuorepnoe MOLlellJ1pOBaHJ1e 

B
 XI1MI14eCK0J1 TeXHOllOrl111 601lbIlII1HCTBO TeXHOllOrI14e­


CKI1X npOUeCCOB OCYIlIeCTBlIHIOTCH B MaIlII1HaX 11 annapa­

TaX, xoropsre B03LIeJ1CTBYIOT Ha opranovanepazisnue cycneH31111 

(OMC), npeLICTaBlIHIOIlIl1e CMeCb BOLIbI, BOllOKOH 11 XI1MI14eCKI1X 

scncaorarensaux BeweCTB. Hanycxnue YCTpOJ1CTBa, KaK 113BeCT­

HO , npeLICTaBlIHIOT coaoxynnocrs xaaazioa pa311114H0J1 cPOPMbI ­

Tpy6 pa311114H0J1 KOHcP11rypaU1111 11 LIl1aMeTpa, xaaazios pa311114Horo 

npocpwis , LII1cPcPY30POB 11 KOHcPy30pOB, 06beLII1HeHHbIX B 06IlIYlO 

CI1CTeMY, npaaaaanyto 06ecne411Tb paBHOMepHbIJ1 nanycx MaCCbI 

no BCeJ1 umpune 11 BbICOTe nanycxaexoro nOTOKa. Ooecnesemre 
OnTI1MallbHbIX rI1llpOLII1HaMI14eCKI1X YClIOBI1J1 B nOTOKe B03MO)KHO 

1I11IlIb aa OCHOBe Y4eTa COOTHOIlIeHI1H CKOpOCTeJ1 11 Cl1l1, LIe J1CT­

BYIOWI1X B MacconOLIBOLIHIlII1X 11 MaccoHanycKHbIX CI1CTeMaX, LIlIH 

xero Heo6xOLII1MO 3HaHI1e BHYTpeHHl1eJ1 CTPYKTYPbI nOTOKa npn 

LIBI1)KeHI1I1 0 MC. 
C I1CnOllb30BaHl1eM KOMnblOTepHoro MOLIelll1pOBaHI1H npOBe­
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LIeHbI I1CClIeLIOBaHI1H rl1LIpOLII1HaMI1KI1 nOTOKOB OpraHOMI1He­

palIbHOI1 CYCneH31111 B nanycxao« YCTpOI1CTBe. B pesynsrare I1C­

ClIeLIOBaHUI1 OnpeLIelIeHa CKOpOCTb B Ka~OI1 T04Ke Ce4eHl1l1 

nartycxnoro yCTpOI1CTBa, 4TO LIaeT B03MOIKHOCTb CYLII1Tb 0 CTe­

neHI1 LII1Cneprl1pOBaHHOCTI1 cycneH31111 B UelIOM, HalIl1411l1 3a­

CTOI1HbIX 3:>H 11 BOLIOBOpOTHbIX 061IaCTel1 B nOlIOCTI1 aanycxnoro 

YCTPOI1CTI3a. KOMnblOTepHOe MOLIelIl1pOBaHl1e n03BOlIHeT 3KOHO­

Ml1Tb na npOe KTl1p OBa H l111 l1 MOLIepHl13aUI1I1, TeM, 4TO He HylKHO 

npoexrupoaars 11 l13rOTOBalIl1BaTb LIoporOCTOHIlll1e MOLIelIl1 na­

nycKHbIX ~TpOlkTB. 

KaK I£BeCTHO, paoo-nre OMC HBlIHIOTCH MHorocPa3HbIMl1 Cl1C­

TeMaMI1, KlDTOPblM npncyunr CneUl1Cpl14eCKl1e 3aKOHbI, xapaxrepn­

ayrounre rHLIpOlIl1HaMl1KY I1X nOBeLIeHl1H, KopeHHblM 06pa30M OT­

1Il14HylO OT LIBl1lKeHI1H 4l1CT0l1 BOLIbI [1]. 
y13 rJ-llllpOLII1HaMI1KI1 113BeCTHO, 4TO B TYP6ylIeHTHoM nOTOKe 

4l1CT0l1 aozur xacarensaoe aanpaaceane TpeHI1H t onpezreztsercs 

cornacao COOTHOIlleHI1IO: 

T =( T+~h , 

me T - LIllHaMl14eCKl1l1 K03cPQ:mUl1eHT TYP6ylIeHTHoro nepeneum­

BaHI1H ; ~ - LII1HaMl14eCKl111 K03cPcPl1Ul1eHT BH3KOCTI1. 

LIl1HaMl14eCKl1l1 K03cPcPl1Ul1eHT TYP6ylIeHTHoro nepesreum­

BaHI1H T on p eziezra e r c a I1HTeHCI1BHOCTblO 11 3Ha4eHl1eM nonepe-i ­

HbIX nYlIbcaU11I1 BOLIbl B Typ6ylIeHTHoM LIBI1IKeHl1I1. 3TOT K03cP­

cPl1Ul1eHT MOIKeT BO MHoro paa npeBOCXOLII1Tb K03cPcPl1Ul1eHT ~. 

n03TOMY B Typ6ylIeHTHoM LIBl1lKeHl111 BOLIbI K03cPcPl1Ul1eHT rl1LI­

paBlIl14eCKl1X noreps A 3aBl1Cl1T npaKTl14eCKl1 TOlIbKO OT K03cP­

cPl1Ul1eHTa T , TaK KaK 3Ha4eHl1e ~ HeC0l13Mepl1MO MallO no cpas­

HeHl110 CO 3Ha4eHl1eM T. 
EClIl1 B BOllY LI06aBl1Tb BOlIOKHa, TO B LII1Cneprl1pOBaHHOM no­

TOKe OHI1 raCHT Ml1KpOTYP6ylIeHTHOCTb 4l1CT0l1 BOLIbi. Flpa 3TOM 

4eM rl164e 11 3naCTl14Hee BOlIOKHa, TeM I1HTeHCI1BHee OHI1 raCHT 

nonepe-nmo nYlIbCaUl110 BOLIbI B nOTOKe 11 YMeHbIlJalOT 4l1ClIOBOe 

3Ha4eHl1e K03cPcPl1Ul1eHTa T. EClIl1 Y4eCTb, 4TO 3aBl1Cl1MOCTb KO­

3cPcP l1Ul1eHTa rl1lIpaBnl14eCKI1X noreps na TpeHl1e A OT K03cPcP11UI1­

eHTOB BH3KOCTl1 ortpezieziaerca cPOpMylIOI1: 

64g
A= (r + ~)- , 

dyv 
TO MOIKHO 3aMeTl1Tb, 4TO B OMC npaKTl14eCKl1 CBOlll1TCH K HylIlO 

BlIl1HHl1e 110 3cP<pl1Ul1e HTa T na 3Ha4eHl1e A. VI LIalKe HeCMOTpH aa 

1
 

TO, 4TO K03cPcPl1Ul1eHT f.1 LIlIH cycneH31111 ssnue, 4eM 1I1IH soziu , 06­

1111111 K03cPcPl1Ul1eHT rl1LIpaBlII14eCKI1X noreps LIlIH cycneH31111 CTa­

HOBI1TCH HI1IKe, 4eM LIlIH 4l1CT0l1 BOlIbI. BlIl1HHl1e OCTalIbHbIX BelIl1­

411H, BXOLlHllll1X B 3TY cPOpMylIy (g - yCKopeHI1H cB0601lHOro nazie­

Hl1H , d - lIl1aMeTpa KaHana, 'Y - YLIelIbHoro Beca IKl1LlKOCTl1, v ­ l'" 
CpeLIHel1 CKOpOCTl1 nOTOKa) aa K03cPcPl1Ul1eHT rl1LlpaBlIl14eCKI1X no­ I 

reps MOIKHO He Y4l1TblBaTb, TaK KaK OHI1 OCTalOTCH npaKTl14eCKl1 

Olll1HaKOBbIMI1 npn conocraanenaa LIBl1lKeHI1H B l1LleHTl14HbIX yClIO­ i\11
BI1HX 4l1CT0l1 BOllbl l1 cycneasan [2-4] . 

He06xOlll1MO OTMeTl1Tb saxosoe npl1KlIaLIHOe 3Ha4eHl1e peo­

1I0rl14eCK0I1 xapaxrepacnuor OMC. B03MOIKHOCTb nOlIY4eHl1H 

3KCnepl1MeHTalIbH0I1 KPI1BOI1 Te4eHl1H OMC na Bl1CK03I1MeTpe no­

3BOlIHeT T04HO OUeHl1Tb cnocoonocrs K cPlIOKYlIHUl1l1 paccxarpa­

BaeMOI1 cycneH31111 l1 I1CnOlIb30BaTb 3TOT noxasarezts B npaxrn-te­

CKl1X ueziax. PeOlIOrl14eCKaH xapaxrepncraxa n03BOlIHeT onpezie­ !I I Il YI 

lIl1Tb rpaztaerrr CKOpOCTl1, rtpn KOTOpOM HaCTYnaeT rtozmoe LIl1C­ I 
rtaprupoaamte OMC B nOTOKe paCCMaTpl1BaeMOI1 cycneH31111. I 

3TOT noxaaarezrs 0603Ha4aeTcH KaK Kpl1Tl14eCKI1I1 rpazmear CKO­

I
POCTl1 - Ysp • 

TaKl1M 06pa30M, ecztn B xaaazre paccaarpasaenoro annapa­ I[ 

'ra pa604l111 rpazraenr CKOpOCTl1 cycneH311l1 MeHblile Ysp " TO no-
I

Inl' 
TOK 6YLIeT npOHBlIHTb CKlIOHHOCTb K cPlIOKYlIHUI1I1, eClIl1 IKe rpa­

I 

LIl1eHT CKOpOCTI1 601Iblile Ysp ! TO MOIKHO 6bITb yBepeHHbIM, 4TO 

nOTOK HaXOLIl1TCH B LII1Cneprl1pOBaHHOM COCTOHHl1I1. 3Ha4eHl1e I 

sroro nOKa3aTelIH 1I1IH 06eCne4eHl1H 3cPcPeKTl1BHOCTl1 TeXHOlIOrl1­

-recxoro npouecca 4pe3BbI4al1HO BelIl1KO. MOIKHO C ysepeauo­ I' CTblO yrsepacrars, 4TO HeT HI1 OLIHoro anzra 060pylioBaHl1H B rex­

HOlI0rl14eCKOM nOTOKe npl1rOTOBlIeHI1H 11 napapaoorxu OMC, me IIi 
6bI BHYTpeHHHH CTpyKTYpa nOTOKa He 6bIlIa CBH3aHa C 3cPcP e K­

Tl1BHOCTblO npouecca 11 He Hy~anacb B 4eTKOM onpeLIelIeHl1l1. 

HalIl14l1e peOlI0rl14eCK0I1 xapaKTepl1CTl1KI1 n03BOlIHeT peuiars 

3TOT sonpoc.
 
VICClIeLIOBaHl1e LIBl1IKeHI1H cycneH311l1 aHalII1Tl14eCKl1M nYTeM
 

npezicrasoaer ClIOIKHYIO 3alIa4Y, KOTopaH noxa TeOpeT114eCKl1 He­


paspeurana. no 3T0l1 npl14l1He oomee ypasaexae LIBl1IKeHI1H CYC­


neH3l1l1 1I01IIKHO onaparscs na aHalIl1Tl14eCKl1 mrrepnperapyexsre
 
runoresu 3Mnl1pl14eCKOro npOI1CXO~eHl1H.
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OCHOBHiUI uens lIaHHOH pa6cl1Tbi - I1CnOnb3YH B03MO)/{HO­

CTI1 COBpeMeHH<::>ro KOMnhIOTepHoro naxera Solid Works Flow 

Simulation 060CJHOBaTh KOHCTpyKUluV nanycxnoro ycrporicraa C 

Om l1Man hHOI1 n PtOT04H0l1 4aCThIO C utn hIO nOBhIllIeHI1H 3cPcPeKTI1B­
HOCTI1 ero pa60TIbI. 

flnH peanl13laUI1I1 nOCTaBneHHofI uenl1 6hlnl1 nOCTaBneHhI I1 

peureasr cnelIYIOUIll1e 3ana411 I1CCnelI oB3HI1H: - aHMl1T114eCKI1I1 06­

30 p I1CCnelIOBaHIl111 no cPOPMI1POBatI,l1IO BHYTpeHHel1 crpyxrypu 
nOTOKOB OMC B nanycxaux yCTpol1ctBaX; - 3KCnepl1MeHTMhHoe 

I1CCnelIOBaHl1e r MmpOlIl1HaMI1KI1 lIB I1~HI1H nOTOKOB opraHOMI1He­

pMhHhIX cycneH31I1I1; - paapaoorxa peKo MeHlIaU1111 no OmI1MI13a­

UI1I1 npOT04H0l1 4IaCTl1 uanycxaoro yc1POI1CTBa. 

flnH 06eCneQeHl1H 3cPcPeKTJ1BHofO 1Il1CnepmpOBaHl1H nOTOKa 

opraHOMI1HepanhlHOI1 cycneH31111 B p ll f CMaTpI1BaeMhlx xanaziax Ha­

nycxnoro yCTPOJ:tcTBa He06xOlIl1MO 4[0 6 hI B Ka)!{lIOM 113 HI1X pa­

60411J1 rpaztaeirr CCKOp OCTI1 cycneH3~tI 6hln 60nhllIe xparn-recxoro, 

T.e . He06xOlIl1MO lBhInOn HeHl1e ycnoBIl ~ Yp > Ysp [3-4J . 

B Ka)!{lIOM C-e4eHI1I1 aanopaoro ~ CTp O I1 CTBa paCC4l1TaHhI pa­

604l1e rpanl1eHThn CKOpOCTI1 Yp » I1 cono cTaBneHhI C Kpl1Tl14eCKl1M 

rpaznrearoa Ysp : npl1HUl1nl1MhHaH c;o:eMa yCTpOI1CTBa, lInH KOTO­

poro BhInOnHeH p ;ac4eT, npezicraaoena aa PI1C. 1. 
Peanl13aUI1H lKo Mn hIOTep Ho ro Moaenl1poBaHI1H C I1CnOnb30Ba­

Hl1eM naxera Solid Works Flow Simulation lInH OMC B aanopnosr 

yCTpol1CTBe npelICTaBneHa ua pnc.Z. 

r!0 K TJly (l I 
I KOII!jJY30P I 

I (lJIOK nlfcnepraTopJ 

PHC. 1. IlpHHuHnHiJIlbHaJl cxeue HanycKH()fO YCTpoHCTBa 
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PHC. 2. IlHHHH TOKa B KOHcPY30pe HanyCKHoro ycrpoHCTBa 

AHanl13 ziaanux, rtpezrcrasnennux Ha PI1C. 2, CBl1lIenhcTByeT, 

4TO xenocpeztcrseaao sa 6noKoM znrcnepraropox Ha6nIOlIaIOTcH 

BOlIOBOpOTHhle 30HhI, 4TO CBH3aHO C HenpaBl1nhHO nOlI06paHHhIM 

pacnoacosemrex KaHanOB I1nl1 Hanl14l1e nynhcaul1l1 CKOpOCTI1. 

lInH yCTpaHeHI1H sroro HBneHI1H He06xOlIl1MO nozioopars ra­

KyIO reOMeTpI1IO KaHanOB 6noKa zmcneprarcpa, 4T06hI I1CKnI04l1Th 

B03MO)/{HOCTh B03Hl1KHOBeHl1H BOlIOBOPOTHhIX 06nacTel1 I1 3aCTOI1­

HhIX 30H B npOT04H0l1 4aCTl1 aanycxnoro ycrpoiicrsa. 

Kprrrepaess onruMI13aUI1I1 npOT04H0l1 xacru HBnHeTCH OTCYT­

CTBl1e 3aCT0l1HhIX 30H I1 BOlIOBOPOTHhIX oozracrea. Baphl1pyeMhIMI1 

cPaKTOpaMI1 npa MOlIen11pOBaH1111 6hlnl1 1Il1aMeTp I1 KOnl14eCTBO 

Tpy6 B Tpy6H0l1 CeKUI1I1. Peswrsraru Oml1Ml13aUl1l1 npOT04H0l1 

4aCTl1 npezicrasnenu na PI1C. 3. 

PHC. 3. IlHHHH TOKa B onTHMH3HpoBaHHoH KOHCTpyKUHH nettvcunoro 

ycrpoHCTBa (B KOHcPY30pe OTCyrCTBylOT BOiIOBOpOTHble 30HbI) 
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AHanH3 ziannsrx, npeztcraaztemrsrx aa pHC. 3 nOKa3bIBaeT, 'ITO 

3acrOI1HbIX 30H H BOllOBOPOTHbIX o611acreI1 HeT, nOTOK OMC xapax­

repnsyerca paBHOMepHOI1 CKOpOCTbIO no BCeI1 unrpnae nanycxnoro 
ycrpoacrsa. Ha OCHOBaHHH KOMnbIOTepHoro MOllellHp0BaHHH BbI­

nozmensr HCCllellOBaHHH rHllpOllHHaMHKH llBillKeHHH nOTOKOB opra­

HOMHHepanbHbIX cycneH3HI1 B nanycxasrx YCTpoI1cTBax. B pe3yllbTa­

Te HCCllellOBaHHH onpellelleHbI CKOpOCTH B KamllOI1 T04Ke ce4eHHH 

nanycxnoro yCTpOI1CTBa, 'ITO ztaer B03MO)KHOCTb ycranoaars ere­
neHb llHCneprHpOBaHHOCTH nOTOKa cycneH3HH B uellOM, HanH4He 

3aCTOI1HbIX 30H H BOllOBOPOTHbIX o611acreI1 B nonocrn aanycxnoro 
YCTpOI1crBa. KOMnbIOTepHoe xoziennpoaaxne n03BOllHeT 3KOHOMHTb 

Ha npOeKTHpOBaHHH TeM, 'ITO He Hy)KHO npoexrapoaars H H3roTO­

sanaaars zroporocrosurae MOllellH nanycxnux yCTpOI1CTB. T eM He 

MeHee, BbI4HCllHTellbHbII1 3KcnepHMeHT na 6a3e nporpaseeroro rta­
xera Solid Works noxasan CllO)KHOCTb fHllpOllHHaMHKH o6beKTa H 

neooxoznesocn, paapaoorxn ztononmrrezunux MeTOllHK B 3aLlaHHH 

rpaHH4HbIX YCllOBHI1. TaKHM o6pa30M, B llaHHOI1 crarse npezrtoace­
HbI H peaanaosaasr MeTOllbI OnTHMH3aUHH pa60TbI HanycKHbIX ycr­
pOI1CTB, paooraioumx C opraHOMHHepanbHbIMH cycneH3HHMH. 
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STUDY OF THE INTERNAL STRUCTURE OF FLOW ORGAMC - MIN­
ERAL SUSPENSIONS BASED ON COMPUTER SIMULATION 

Alexander A v., Doctor of Technical Sciences, Professor of machines automated 
systems, St. Petersburg State Technological University of Plant polymers, 
Gainutdinov IR., graduate student machines automated systems, Saint-Petersburg 

State Technological University of Plant Polymers. 

Using computer modeling studies conducted hydrodynamic flows organo-mineral sus­
pension in an imaginary device were performed. Determined velocity at each point of the 
section feigned device was identified, which enables to judge the degree of dispersion of 
slurry in general. the presence of dead zones and eddy fields in the cavity feigned device. 
Method of optimizing the design hydrodynamic devices based on the rheological characteris­
tics of suspensions justified. Computer experiment based on Solid Works software package 
showed the complexity of the hydrodynamics of the object and the need to develop addi­
tional methods in the boundary conditions. In this paper, methods of optimization of venting 
devices running organo-mineral suspensions proposed and implemented. 

Key words: hydrodynamics, rheology. organic mineral suspension, computer simula­

tion. 
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