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Lenvio uccnedosanuss Oviia pazpabomra peonocUtecKux 3asUcCUMocmel MAcCIU4HO20
mMamepuana 8 npoyecce SKCMPYOUPOBAHUS U MOOEIUPOS8AHUEe 6A3KOCMU Mamepuana npu
NONYYeHUU pacmumenbHo20 MAcCid Npeccosanuem 6 JKcmpyoepe 6 npoyecce meyeHus
naacmuyecku oegopmupyemor nopucmou cpeovl. Hcnonv3osanu memoovl MamemamuyecKo2o
MOOenUpo8anHusi CMpPYKMYPHuIX —Mooenell  6A3Kocmu Ol ONUCAHUA  KAK — HEeNUHelHO20
NIACMUYHO020, MAK U Ncegooniacmuinoeo meuenus. Memoouka 6asupyemcs Ha mom, uYmo
yuumwlearomes — A3Konaacmuumsie ceoticmeéa buneamosckoco meuenus. Ilpedcmasnena
AnnpOKCUMAayus YpasHeHul medeHus: 8 pamKax OUHeaMOBCKOU peoslo2udecKoll Mooeu ¢ y4emom
VCMAHOBNIEHHO20 IKCNEPUMEHMANILHO GIUAHUSL 2UOPOCMAMUYECKO20 O0ABNIeHUsl HA HANPSCEHUe
co8uU2a noOCOIHeYHOU Me32U, nocmynaioueli 8 akcmpyoep. I[lnacmuueckasn 6a3K0cmv npu SMom
APAKMU4ecKku Oocmaemcs HNOCMOAHHOU. Dpgekmusnyro 61a3KocCmb  paccmMampusanri Kax
cocmosawel U3 08yX KOMNOHEHMOS. NIACMUYECKOU 6A3KOCMU, COOMEemcmeyowel 633K0Cmu
HbIOMOHOBCKOU  JCUOKOCMU, U  CMPYKMYPHOU  8A3KOCMU,  KOMOpAs — Xapaxkmepusyem
conpomugnenue cosuzy, 8vi3vleaemoe meHoeHyuel co0epHCauuxcs 8 OUH2AMOBCKOU HCUOKOCMU
meepoviX uacmuy o6pazosvieams cmpykmypy. B pesynbmame npoeedeHHbIX uccie008aHuil
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NONYYeHA OYEHKA GIUAHUS OCHOBHLIX NAPAMEmpPO8 Nnpoyecca dKCMpyouposauus Ha
appexmusnylo  6A3KOCMb  MACIUYHO20 — mamepuand. 1nasHviM — 8bIBOOOM  AGIAEMCA
HeoOX00UMOCMb UCNOIb308AHUS HAUOOIee meopemuyecKu 000CHO8AHHO20 ypasHeHus buneama,
KOmopoe no36o0Jjsem onpeoeisimo 3PEOeKmusHyo 633K0Cmb  HA  OOCMAMOYHO  OONbULOM
unmepesane ckopocmel cosuea 6 Kauaie dKcmpyoepa. B pesyrbmame Oviiu onpedenenvi
peonozuieckue Mooenu CO8U208020 MEUeHUsl, ONUCLIBAIOWUE OOHOBPEMEHHO NIACMUYHOe U
nCeBOONIACMuUYHOe medeHue ¢ 00CMAamoyHO Xopouleti MmOYHOCMbIO.

Knwuesvie cnosa peonocusn, peonocuyeckue Mooeau, OUCNEPCHble — CUCHEMbL,
HbLIOMOHOBCKOE, HEHbIOMOHOBCKOE, HEIUHElHOe NIACMUYecKoe U NCes0ONIACUYecKoe meyeHue.
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The aim of the research is to develop rheological dependences of the oil material during
extrusion and to simulate viscosity of the material when producing vegetable oil by pressing in an
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extruder during the flow of a plastically deformable porous medium. Methods of mathematical
modeling of structural models of viscosity have been used to describe both non-linear plastic and
pseudo-plastic flows. The technique is based on the fact that the viscoplastic properties of the
Bingham flow are taken into account. An approximation of the flow equations has been presented
within the Bingham rheological model, taking into account the experimentally established effect of
hydrostatic pressure on the shear stress of the sunflower pulp entering the extruder. Plastic viscosity
remains almost constant.

The effective viscosity has been considered as consisting of two components: the plastic
viscosity, that corresponds to the Newtonian fluid viscosity, and the structural viscosity, which
characterizes the shear resistance caused by the tendency of the solid particles contained in
the Bingham fluid to form a structure. As a result of the studies, the influence of the main
parameters of the extrusion process on the effective viscosity of the oil material has been
assessed. The need to use the most theoretically substantiated Bingham equation has been
substantiated, which allows you to determine the effective viscosity over a sufficiently large
interval of shear rates in the extruder channel.

As a result, rheological models of the shear flow have been determined that describe both
plastic and pseudo plastic flows with fairly good accuracy.

Keywords: Rheology, rheological models, disperse systems, Newtonian, non-Newtonian,
nonlinear plastic and pseudo plastic flows.

For citation: Gukasyan A.V., Koshevoy E.P., Kosachev V.S., Shkhalyakhov A.A.,
Meretukov Z.A. Modeling of rheological dependencies of the process of oil material extruding.
Novye tehnologii (Majkop). 2019. Iss. 3(49). P. 41-50. (In Russ., English abstract). DOI:
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BBenenue

BrIsBiIeHME PEOIOrHYECKUX 3aBUCUMOCTEH MaclIMYHOro Marepuaa, oopadbarsiBaeMoro
B BHHTOBOM IIpecce-dKCTpyaepe [l] sBiseTcss BaKHOW HapOIHO-XO34M-CTBEHHOW 3amauei
MacJIO)KMpPOBON MpoMbIIeHHOCTH. OOmieil TeMoil uccineaoBaHus ABISETCS MOJEIHpPOBaHHE
BA3KOCTU MaTepuaia IpHU MMOJyYEHUN PACTUTENBHOTO Macja IPECCOBAHUEM B IKCTpynaepe [2] B
npolecce TeYeHHsl IMIIACTHUeCKU JedopMUpyeMoil mopucToil cpeasl. B Hactosiiee Bpems 310
MO3BOJISIET ONpPENENsATh TeOMETPUYECKHE IapaMeTpbl BUTKOB mpecca-akcTpyaepa [3] mns
MOJIy4eHHs] ~ BBICOKOKAQUYECTBEHHBIX  MHUIIEBBIX  pacTUTeNbHBIX  Macen.  CBoiicTBa
Macj0CcoepKalluX pacTUTENbHBIX MaTepUaJoB OKa3bIBAlOT CYLIECTBEHHOE BIHMSHUE Ha
napameTpbl TEXHOJIOTHYECKUX MPOLECCOB [4] rUAPOIMHAMUKH JJAMUHAPHBIX TEYEHHUH B Y3KHX
kaHanax. [lpu sToM mnoBeimieHHe 3(PGEKTUBHOCTH TNPOM3BOJCTBA PACTUTEIBHBIX Macel B
3HAUUTEIBHON Mepe omnpeaensercs (PU3NKO-XUMHUUYECKUMH OCOOEHHOCTSMU Ipolecca [5] Ha
OCHOBE YTOYHEHHS PEOJIOTUM MAaclIUYHOTO Marepuana. BaxHol npobieMoll HMHXKEHEPHOIo
pacueTa IPOMBIIUICHHBIX YCTAHOBOK SIBJIETCS TEOPETUYECKH U MPAKTHYECKH 0OOCHOBAHHBIE
pelieHusl peanu3aldd Maccornepenadd [6] mpu HM3MEHEHHMU CKOPOCTHM MOTOKAa Marepuala.
MacnuyHblii MaTepuan NpeCTaBiseT COo00M HEHBIOTOHOBCKYIO >KHIKOCTb, C TOCTOSTHHOM
muddepeHnnansHON BA3KOCTHIO [7], UTO COOTBETCTBYET IJIACTHYHOMY TeUeHUI0 brHrama kak

pe3ynbTaTa Tepexoda M3 TBEPAOrO COCTOSHUS CHUCTeMBl B Tekydee. Pa3pabaTwiBaemble



MaTeMaTHYECKUEe MOJEIN TUAPABINKU[8] MUIIEBBIX PEAKTOPOB B OOJIBIIMHCTBE CIy4aeB 3TOT
BBIOOp OIPEIENSIOTCS BO3MOXHOCTBIO HAWIYy4IIed anmpoKCHMAalMM 3SKCIEPUMEHTaJIbHBIX
JaHHbIX. ['0opa3go pexe NpUHMMAeTCsl BO BHUMaHHUE HAJIW4YUEe MHKPOPEOJIOrMYECKOM Mojaenn
YUNUTBHIBAIOIIEH KUHETHUKY CBOMCTB cMmecu Ipu mpousBoactBe Macen [9]. Llenp nHactosiero
UCCICNOBAHNUS — OIPENCICHUE PEOJOTMYECKUX XapAaKTCPUCTUK MAaCIMYHOIO Marepuaia
npouecca JKcTpyaupoBaHus. Ilpm 3ToM B mpomecce paboThl Oblla pelleHa 3ajada
CUHXPOHHU3ALMM WHKEHEPHOI0 U TEOPETUUYECKOTO MOAX0Ja K ONMCAHUIO CIOUCTOIO TEUEHHUS
Ha OCHOBE CONpsDKeHUs ypaBHeHHst bunrama u s¢dextuBHON BsskoctH. IIpoBenenHoe
uccieqoBaHue (GOpMyJIUpYeT HMHXKEHEPHbIM IMOAXO0J K PEOJOTMU IPOLECCOB U ammapaToB
SKCTPY3MOHHOTO THUIIA, YTO IOATBEPKAACT €€ aKTYaJIbHOCTb, TCOPETUYECKYIO U IPAKTUYECKYIO

3HAYUMMOCTD.

MeTtoauka
Metonuka Oa3upyercss Ha TOM, YTO YYUTBHIBAIOTCS BS3KOIJIACTHMYHBIE CBOMCTBA
bunramoBckoro TeuyeHus, IS UHUIMHPOBAHHUS KOTOPOro TpeOyeTcs MNPUIOKUTh HEKOTOPOe
KoHeuHoe Hanpsukenue 7, (I1a):
dv
Podr

T—Ty=—U

(1)

rle 7o — HampsHKEHUE CIBUIa, HEOOXoauMoe Uil Hadana JIBwkeHus skuakoctu (IMa); up —
IUTaCTHYECKas: BSI3KOCTb, MpejAcTaBisomas coboil KacaTelbHOE HampspKeHue, cooOlunaromiee
KHUIKOCTH eIUHUYHYIO ckopocTh ciasura (ITa-cek); dv — pa3HOCTh CKOPOCTEH COCENHHX CIOEB

dv 14
KUAKOCTH (M/cek); dr — paccTOsIHHE MEXAY CIOSMH KHIKOCTU (M); ar CKOpOCTh cBMra *
(I'm). CnenoBatenbHO, oOLIEe CONMPOTHUBIEHHWE CIBUTY OWHIaMOBCKOM BSI3KOIUIACTUYHOM
xuakoctd (1) mMoxer ObITH BbIpaXKEHO uepe3 IPPEKTHBHYIO BSI3KOCTH [l MPU OMPEICICHHOI

CKOpOCTI/I caBura f € .
Ty
M, =, + 5 (2)

ig

Anmnpokcumanusi ypaBHeHUs TedeHUs (2) B pamMkax OWMHIaMOBCKOW PEOJIOTHYECKOM

MOJIEJIA C YY4E€TOM YCTAHOBJIEHHOI'O DKCIEPUMEHTAIBHO BIUSHUSA TUAPOCTATUYECKOIO JaBICHUS
Ha HaNpsDKEHUE CABHUIa IMOJACOIHEYHOW ME3TH, MOCTyHaroIled B JKCTPYAEep, MOXKET OBITh
IIPEJICTaBICHA 3aBUCUMOCTBIO:

(7.p) = (0.016 - p +10.6041Ta)+ (1.607 - ITa - cex)- (3)

rae p — ruapocratuueckoe namienue (I1a). OOwvemuuss (1) u (2) momyuaem H3BECTHOE

T=Ty+ Hp ¥

PCOJIOTHUYCCKOC YPAaBHCHUC bunrama , KOTOpPOC COOTBCTCTBYCT IMapaMcTpamM

ypaBHeHwUsI(3):



J'rﬂ (p)=0.016- p+10.6041Ia
‘_ M, = L.607-Ila - cex (4)

W3 (4) crnemyer, 4YTO HampsHKEHHE CBUTa, HEOOXOAMMOE IS Havala JIBHDKCHHS
MOJICOJIHEYUHON ME3TH, MOCTYIAIOIIEH B AKCTPYAEP, 3aBUCUT OT JABJICHUS, Pa3BUBAEMOr0 MPECCOM.
[TnacTudeckasi BI3KOCTh IPU ITOM MPAKTHYECKH OCTACTCS MOCTOSHHOW. DPPEKTUBHYIO BS3KOCTh
OTIPENIEIISIIOT, KaK BSI3KOCTh HBIOTOHOBCKOM YKHIKOCTH, COOTBETCTBYIOIIYIO KOHKPETHBIM 3HAYCHUSIM
HaMNPSHKEHUS U CKOPOCTH CABUTa OMHTaMOBCKOM YKHJIKOCTH.

Takum oOpa3om, 3(h(PeKTHUBHYIO BSI3KOCTh MOXKHO paccMaTpuBaTh COCTOSIIICH U3 JIBYX
KOMIIOHEHTOB:  IUJIACTUYECKOM  BSI3KOCTH, COOTBETCTBYIOLIEH BA3KOCTH  HBIOTOHOBCKOM
KUAKOCTU, U CTPYKTYPHOM BSI3KOCTH, KOTOpas XapaKTepu3yeT COMPOTHUBICHUE CIBUTY,
BBI3BIBAEMOE TEHJICHIIUEU COJEpPKAIIUXCS B OWHTaMOBCKOW JKHUJIKOCTH TBEPHABIX YAaCTHUII

00pa30BbIBATH CTPYKTYPY:

0.016- p +10.60411Ia

¥

o

1, =1.607-IIa-cex +

—
A
e

B kauectBe 3()(heKTHBHON BS3KOCTH, BXOMAIICH B JICBYIO 4acTh ypaBHeHHs (5) Moxker
UCTIOJIB30BAThCS  CIUIAMH-aIpPOKCUMAanus Us ()()EKTHBHOM BI3KOCTH MOJCOTHEYHOW MeE3TH
nonxyuernoit PCT MathCAD 1o pe3ynbTaraM 3KCIepUMEHTAIbHOTO MPOIIecca MPECCOBAHUS:

Fls[f’n=b0=b1’bl'b3}l = fc{u} + oot/ by ... .f,.001,1

-by-n
-b bye

+exp(-byn) £ 2 ——(1-£,) - 0.0074

for ie0..75

1-005 .

vfi «— 005+ i

for =075
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75 .
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for 12075
for j0.75
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rne f — maciau4HOCTB, KI/KT; N — CKOPOCTh C/BUTA, co3maBaeMasi ImHekom, [y, by =202,534;

| 1-5
\

—
us < exp| interp| shM, mFN, In{n),

us

b: =0,517; b,=8,532; b3=9,532 — osmnupuueckue kodpduimentsl. CruiaiiH 3PPEeKTHBHOM
Bs3kocTH MaTepuaia (6) agexkBaTHO omuchiBaeT e€ m3MeHeHue, ot Macna (f = 1) 1o doprpeccoBoro

xmbixa (f = 0.15) Brmoyas msatky (f = 0.5) npu u3MeHeHUH CKOpOCTH cBura mHeka ot N =1 'y 10



n=15 I'u. O6bemunss ypaBuenust (5) u (6) momydaeM 3aBUCHMOCTh HANPSDKCHHS CIBUTA,

H€06XOI[I/IMOFO JUIA Ha4dajia ABHMXKCHUS )KUJKOCTH.

TD{.P]:[ﬂ;U.IF}—ﬂP] )
OroT mapametp (7p) GaKTHUECKU ONpPEeNsieT TPAHUITY TTOPITHEBOTO TEUSHUS MaTepHaa.

B cinyuae opHOMepHOro O€3HAMOPHOTO CJIOUCTOrO TedeHuss KydsTra CKOpOCTh clBUTA

ompezensercs GopMyIIO:
— (®)

rae V — CKOpOCTh TOJBWI)KHOW KpBIMIKK, M/cek; H — rnyOmna kanama mHeka, M. [lpum

nozcranoBke (8) B (7) ¢ yuerom (4) nonydaem:

0.016- p+10.604Ma = [11,(f.n)~1.607 - [Ta - cex] % , (9)

VpaBHenue (9) MoxeT OBITh HCIHOJNB30BAaHO IS ONPEICICHUS KOHCTPYKTHBHO-
TE€XHOJIOTMYECKHUX IapaMeTpPOB 3arpy30YHBIX BHUTKOB IIPECCOB-IKCTPYAEpoB. B atom citydae
THJIPOCTATUYECKOE JaBJCHUE P, BXojsiiee B ypaBHeHue (9) mpupaBHHBacM aTMOC(EpHOMY
JIaBICHUIO W, 3aJ[aBasCh HavajibHOW MaciaumuHocThio f=0,5, onpexensem mnpenenbHbIC

COOTHOIIIEHUs cKopocTH V K riyOuHe kaHana H.

PesyabTaTsl 1 HX 00CyKAeHHE
Onpenenenne COOTHOIICHUI KOHCTPYKTUBHO-TEXHOJIOTUYECKHUX [apaMeTpoB
3arpy304HBIX BUTKOB IIPECCOB-DKCTPYIEPOB IPOBOAUIOCH METOAOM YHCIEHHOTO pELICHUS
ypaBHeHus (9) B BUIY OTCYTCTBHS BO3MOXKHOCTH €0 Pa3pCIICHUS aHATUTHYCCKU. YUHTHIBAS

obnacth MPUMEHUMOCTH ciutaiiHa (6) paccMaTpuBaiM CKOPOCTh MOABMIKHOW KPBIIIKH IO

dbopmyre:

V =x-Dp-ng-cos| arctan

Sp |
10
7-Dp ‘ ' (10)

rne D — nuamerp mepa BUTKa, M; Nz — YacToTa BpaimleHUs IIHeKa, ['1; Sz — miar BUTKa, M.
Hcnonb3ys (10) ¢ yuerom (9) mosyuwnu ypaBHEHHE, ONpEAESIOIIee Mpeae/bHbIe 3HAYCHHS

KOHCTPYKTUBHO-TCXHOJIOTUYCCKUX MAPaAMETPOB 3arpy304HbIX BUTKOB IIPECCOB-3KCTPYACPOB:

(5, 117
x-Dyngcos a:c‘.a_n| —
S \ 7Dy ||

5y "l'.
7Dy -_|

x-Dpynycos a:c'.a_n|

—1.607-Ila-cex |- T

0.016- p+10.604ITa =| .| 0.5

Bapeupyst wactoty BpameHus mHeka B ypaBHeHuH (11) or 1 no 3 Tepm m mar
3arpy304HOTr0 BUTKa OT 75 MM 110 251 MM, onpenensiii npeeabHble 3Ha4eHus INTyOuHbI KaHaia
mHeka. Haiinennas u3 (11) npenenbHas riayOWHa KaHajga 00OECICUMBACT JAMUHAPHOE TCUCHUE
IIPU IPAKTHUECKOM OTCYTCTBUU 3aCTOMHON 30HBI B BUJE MJIACTUYHOIO KECTKOIO Sipa B KaHaJe
niHeka (puc. 1).
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I'nybuna namunapuoii 301l 3a2py3ounozo sumxa npu Dy = 250 mm
[Tonydyennsie 3HaueHus (puc. 1) 0000mUIM B BHAE HWHXXEHEPHOW pPETPECCHOHHOM
3aBUCUMOCTH:

H,,(S5.n5)=0.04-55+90.932 - n5 —0.022- S5 -np —1.23-107 - S5 +0.473-n5 - 1413 (12)

Hcnonp3oBanue ypaBuenus (12) npeanonaraet (D7 = 250 Mmm) ucnosp3oBanue Sz MM; Np
I'n, Torna riryonHa namMuHapHOM 30HBI H,, MM. YunuThIBas TOT (aKT, 4YTO B HACTOSILEE BPEMS
HIMPOKOE PACIpOCTPAaHEHHE TOJNYYHJIMA JABYXIIHEKOBble Tmipecca [10], oTnuuaromuecs
3HAYUTENIbHO MEHBIIMMH JUaMETpaMu BUTKOB MPOBEIU AHAJTIOTMYHOE MOJIETUPOBAHUE ISl STUX

3HAYCHUH:
H,,(S5.n5)=0.081- S5 +3135 15 0,025 §5 15 - 6,607-107 - S5+ 4165-10™ -5 2,423 (13)

Hcnonb3oBanue ypaBuenus (13) npennonaraet (D = 84 MM) ucnonb30BaHue Sp
mMM; N I'n, Torna riryouHa namuHapHoil 30HbI H,, MMm. Ilpu 5TOM YacToTa BpalleHHUs HIHEKa B
ypaBaenun (13) ot 2 no 5 'epu u mar 3arpy3ouHoro BUTKa oT 50 MM /10 72 M. B
pe3ynbTaTe MIPOBEAECHHOTO HCCIIEA0BAHUS paccMoTpeHa KOHIICTITTHS TCUYCHHS
CTPYKTYPUPOBAHHBIX JUCHEPCHBIX CHCTEM B KaHaje ImHeKa. [loka3aHa BO3MOXKHOCTh
WCIIOJIb30BaHNUs DBUHIaMOBCKOM pEONOTrMYECKOM MOJENW I OINWCAaHHWA KaK HEJIMHEHHOro
MJIACTUYHOTO, TaK U MCEBAOIJIACTUYHOTO TCUCHHUS.

3aKjao4YeHue



B pesynbrare mpoBeAeHHOrO KCCIENOBAaHUS YCTAHOBJIEHA BO3MOXKHOCTh HMCIOJIb30BaHUS
peosnoruueckoil Mojenu buHrama i onMcaHusi CTPYKTYPHOTO BSI3KO-TUIAC-TUYHOTO TEUEHUS B
KaHaJe IHEKa. YCTAaHOBJICHO YTO TPU YBEIMYCHHH TJIyOMHBI IIHEKA B CJIOUCTOM TEUYCHUU
dopmupyeTcss TUIACTHYHAS 3aCTOMHAs 30HA, TPaHUIBI KOTOPOH  OMpPENENsIoTcs Tpu
corocTtaBieHnd A(HPEKTUBHOM CTPYKTypHpoBaHHOM buHramMoBckoil BsizkocTh. [lomyueHsr
WH)KEHEPHbIE 3aBUCHMOCTH  TO3BOJIAIOIIME  ONPENENSITh MpEeAeibHYI0 I[IIYOMHY KaHaia

3arpy304HOro mrHeka, rapaHTUpPyroImnue OTCYTCTBUC 9TOM 30HBI.
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