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MojaeJib CJIONCTOT0 TeUEeHHU S BAZKOIJIacTUYHONM buHramosckou
JKHJIKOCTH B KaHaJIe IKCTPyAepa
Anexcannp B. 'ykacan 1 Aleksandr_ Gukasyan@mail

L Ky6aHCKHi roCy1apCTBEHHBIN TEXHOJIOTHIECKHI YHUBEPCUTET, ViI. Mockosekas, 2, Kpacuonap, 350072, Poccust

Peq)epar. HpOBCZ[eH aHaJIn3 U YCTAHOBJICHO HAJIWYHC 30HBI INOPIIHEBOI'O TEUCHUS, OKaSLIBaIOHlCﬁ 3HAYUTCJIbHOC BJIMSHHUE KaK Ha IIPOLECC
OKCTPYAUPOBAHUSI, TaK W HAa OHPCACIICHHUE PACXOAHO-HAIIOPHBIX XapaKTCPHUCTUK IIIHEKA. OTMG'-ICHO, qTo 3(1)(1)CKTI/IBH3_$I BA3KOCTh HMECT
(U3HYCCKHI CMBICIT, €CITH YKa3bIBACTCS CKOPOCTH CABUIA, KOTOPOiT OHA COOTBETCTBYET. D((HEKTHBHAS BSI3KOCTh PACCMATPHBACTCS KaK COCTOSIIAS
U3 ABYX KOMIIOHCHTOB!: TUTACTUIECKOM BS3KOCTH, COOTBGTCTByIOHICﬁ BSI3KOCTH HBIOTOHOBCKOM JKHUIOKOCTH, U C’I'pyKTypHOﬁ BA3KOCTH, KOTOpas
XapaKTepUu3yeT CONPOTUBIICHUC CABUI'Y, BBI3BIBAEMOC TeH,I[CHI_[I/Ieﬁ COZCPIKAILINXCS B OMHraMOBCKOI JKUJKOCTH TBEPAbIX YaCTHIL O6pa3OBI>IBaTL
CTPYKTYPY. D(PQEeKTHBHYIO BS3KOCTb BBOAST BO MHOTME YpaBHEHHs THIPOAWHAMHKH, €CIM M3BECTHa CKOPOCTh CIBHTa, KOTOPOM OHa
COOTBCTCTBYCT. B kanane miHeka TIPUCYTCTBYIOT 30HBI BBIHYXXJICHHOI'O IIOTOKa, CO31aBacMOro JAWHAMHUYCCKHUM HAIPSDKCHUEM CIABUTa, U
06paTHOI‘O II0TOKa, CO3JaBacMoOro HU30BITOYHBIM JAaBJICHUCM COIIPOTUBJICHUSI T'OJIOBKH. CKOpOCTI) CABUI'a B KaHAJIC HIHCKA OTIHYaCTCA
3HAYHTEIBHON HEOLHOPOIHOCTBIO M ONpEAEISCT CIOXKHBIN Xapakrep ehopMallii c/BHra Marepuana B IpOLecce SKCTPYAUpoBaHHs. BHe
3aBUCUMOCTH OT aMIUIMTY/bl OABJICHHSA, JKECTKOE AAPO IMOJHOCTBIO HCYE3HYTh HE MOXKCET, oo IpU OYCHb MaJIbIX ra6ap1/1Tax sAApa 3Ha4YCHUE
JABJICHUA OOJIKHO OBITH BECbMa 6OHI>HII/IM, a IIpy MUCYE3HOBCHUHU IUIACTHYHOI'O TCYCHHUSA NOJDKHO CTaTbh OCCKOHEUHBIM. Takum O6p330M,
3aBUCUMOCTH HAIIPSHKCHUS CABUI'a OT CKOPOCTU CABUIA I TCUCHUA OMHraMOBCKOM BSI3KOILIACTHYHOM KHUOKOCTHU BCCrjia HEJIMHeWHas npu
TOOBIX 3HAYCHUSX CKOPOCTH C/IBHIa. Ba)KHBIM 2JIEMEHTOM pacyera PacXoIHO-HAIIOPHBIX XapaKTEPHUCTHK MPOLEcca IKCTPYAUPOBAHHS SIBISCTCS
JIOKAJIM3aluys INIACTUYHOr0 TCUYCHHS B KaHAJIC IIHCKA. B pe3yabTaTe NPOBEACHHOI'O0 aHaIM3a MOJCIHN CJIOMCTOIO TCUCHUS BSI3KOIIJIACTUYHOM
OMHraMOBCKO# KUIAKOCTH B KaHAJIC SKCTPYACpa YCTAHOBJICHO HAJIMINE 30HbI IIOPIIHEBOI'O TCYCHUS, OKaSLIBaIOIIIeﬁ S3HAYUTCIIBHOC BIIMAHHUE KaK
Ha MPOLIECC SKCTPYANPOBAHHS, TAK 1 HA ONPE/ICIICHUE PACXO/IHO-HATIOPHBIX XaPAKTCPHCTUK IIHEKA.

KiioueBble cjioBa: BiHraMoBCKast )KHAKOCTh, PEOJIOTHUsL, SKCTpYaep, 3bdeKTHBHAS BI3KOCTh

Model of layered flow of viscous-plastic Bingham fluid in the extruder
channel

Aleksandr V. Gukasyan *  Aleksandr Gukasyan@mail
1 Kuban state technological university, Moskovskaya str., 2, Krasnodar, 350072, Russia
Summary.The analysis is carried out and the presence of a zone of a piston flow, which has a significant influence both on the process of extrusion,
and on the determination of the discharge-pressure characteristics of the screw, is established. It is noted that the effective viscosity has a physical
meaning if the shear rate to which it corresponds is indicated. The effective viscosity is considered to consist of two components: the plastic
viscosity corresponding to the viscosity of the Newtonian fluid and the structural viscosity that characterizes the shear resistance caused by the
tendency of the solid particles contained in the Bingham liquid to form a structure. The effective viscosity is introduced into many hydrodynamic
equations if the shear rate to which it corresponds is known. In the auger channel there are zones of forced flow created by the dynamic shear stress
and the reverse flow of the head resistance created by the overpressure. The shear rate in the auger channel is marked by considerable heterogeneity
and determines the complex nature of the shear deformation of the material during extrusion. Regardless of the pressure amplitude, the rigid core
can not completely disappear, because for very small dimensions of the nucleus the pressure value must be very large, and with the disappearance
of the plastic flow it must become infinite. Thus, the dependence of the shear stress on the shear rate for the flow of a Bingham viscoplastic fluid
is always nonlinear for any values of the shear rate. An important element in the calculation of the discharge-pressure characteristics of the extrusion
process is the localization of the plastic flow in the screw channel. As a result of the analysis of the model of the layered flow of viscoplastic
Bingham liquid in the extruder channel, it is established that there is a zone of piston flow that exerts a significant influence both on the process of
extrusion and on the determination of the discharge and pressure characteristics of the screw.
Keywords:Bingham liquid, rheology, extruder, effective viscosity

0COOEHHO ByKHO TSl JATTbHEHIIIErO Pa3BUTHS TTUIIEBBIX
otpacieti [6]. TloHsTHE O MIACTUYHBIX >KUAKOCTSIX
BIEpBbIC BBEJI BUHIaM, MOATOMY MX Ha3bIBAIOT OWH-
FAMOBCKUMM  BSI3KOIUIACTHYHBIMU  JKHIKOCTSIMIL,

BBenenne

Co3naHrie WHHOBAIMOHHBIX TEXHOJIOTUH
B IIMIIEBON MPOMBIIIJICHHOCTH Oaszupyercss Ha
yTIIyOJIGHHOM HW3y4YeHHH IporeccoB. OcoOeHHO

BayKEH TEOPETHUECKHI aHATTN3 MEXaHH3MOB PEATH3ALINN
3€JIEHBIX TEXHOJIOTMH. Pa3BuTHE TeOpeTHYEeCKHx
Y IPaKTUYECKUX METOIOB JAaeT BO3MOXKHOCTb
CO3/1aHUsl TPOPBIBHBIX TexHojoruil. Ilpum sToMm
OJITHUM U3 BOKHEHIINX HANpPaBJICHUH UX CO3AAaHUSA
SIBIIETCS M3yUeHME THAPOAuHaMukH [1—4], 3auacTyro
OCJIOKHEHHO# HENMHEWHBIMU KOMITOHeHTamu [5].
BoatoM cnywae wu3yyeHME U MOJAEIMPOBAHHE
MPOLIECCOB  BSA3KOIUIACTMYHOM TMIAPOAWHAMUKU

Ill'[f{ LIUTUPOBAHUA

WM OMHIaMOBCKUMHU TejiaMu [7]. OHM OTIIMYA0TCS
OT HBIOTOHOBCKHX KUAKOCTEH TeM, UTO ISl HHHIIU-
MPOBAHMS TeUEeHUs TPeOyeTCsl IPIIIOKUTh HEKOTOPOE
KOHEUHOe Hampspkenwe [8].

Pe3yabTarbl 1 00cyxIeHue

KoncucreHus npeanbHOW OWMHIramMOBCKOM
BSI3KOTIACTHYHOW YKHIKOCTH, OMHUCHIBAETCS YPaB-
HEHUEM.
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dv(r)

dr @

T—T,=—H,

:
IJle T — HaNpsDKEHWE CHBUTa; 7, — HAIpPSDKECHHE,
HeoOXOAUMOE JUIS Hauada TEUEHMS SKHIKOCTH;
M, — TUIACTHYECKAs BS3KOCTh, KOTOPAst ONPE/IENseTCs
KaK KacaTelbHOE HaMpsiKEeHHE, HPEBBIIIAIOIIEe
Tpe/ebHOE CABMIOBOE 3HAYEHHE U COOOINIAIOIIEE
JKHJIKOCTH €/IMHUYHYIO CKOPOCTh casura; dv(r) —
pasHOCTh CKOpocTeil cocemnux cioes; dr — pac-
crosuue Mexay Hamu; —dv(r)/dr — ckopocrs

caBura, i rpaau€HTta CKOPOCTHU dv(r)/dr ,

OTIPEIETIEMOT0 HAaKIOHOM TpoGMIIsl pacmpenee-
HUS CKOPOCTEH.

CHCIIOBaTeJII)HO ) JJaMHUHAapHOE€ TCUYCHHEC
BSI3KOILIACTUYHOM OMHIaMOBCKOM KUAKOCTHU
OIpeaACIACTCA ypaBHeHI/ICM:

T,

— [o]
py=r-"2 @)

v

Te y — CKOPOCTh CIBHIA, OIpenelsieMasi uepes
TPafleHT CKOPOCTH ;/=—dv(r)/ dr, xaK HaKJIOH

npodwirst  pacnpeneiaeHus ckopoctei. ['padux
KOHCHCTCHIIMA HBIOTOHOBCKOHM JKHUIKOCTH TIPE-
CTaBJSIET MPSMYIO JIMHHUIO, MPOXOISIIYI0 Yepe3
HAYasio KOOPJMHAT, & HAKJIOH 3TOH JIMHUU ONpe/IeIIsieT
TUTACTHYECKYIO BA3KOCTD (2). TIOCKOIBKY BI3KOCTD
HBIOTOHOBCKOM KHKOCTH ( HE 3aBUCUT OT CKOPOCTH
CIIBUTa, OHA SIBIISIETCS €IMHCTBEHHBIM IapamMeTpoM,
ONpEIESONUM CBOWCTBA NOTOKA HBIOTOHOBCKOM
KHUJIKOCTH, B OTJIMYKE OT OMHramMoBcKo#t (1) Bs3-
KOIJIACTUYHOM KHUJIKOCTH:

z-(7}):‘[0—'_/up.7} (3)

OOwiee conpoTUBIEHUE CIBUTY OMHIaMOB-
CKO¥ BS3KOIUTACTHYHOM )KUAKOCTH (3) MOXKET OBITH
BBIPAKEHO 4epe3 dPPEKTHBHYIO BAZKOCTb £, IPU

OIpEZIeNIeHHON CKOPOCTH CBUTA ¥, . DPHEKTHBHYIO

BS3KOCTh TIPW W3BECTHOH CKOPOCTH CIBHUTA 7Y
MOXKHO BBIYHMCIIUTDH C TOMOIIBIO CIEAYIOIIETO BBI-
PaXKCHHUS:

(4)

z-0
He = H p +—.

Ve
ConpoTHuBIIEHHE TPEHUS] OTHOCHUTEILHOMY
MIEPEMEIIICHHIO CTIOEB, WM (D PEKTUBHAS BA3KOCTH
(4) ompemensiercsi, Kak BS3KOCTh AHAJOTHYHON
HBIOTOHOBCKOH HUJIKOCTH, COOTBETCTBYIOIIYIO
KOHKPETHBIM 3HAYCHUSM HAMPSKEHUSI K CKOPOCTH
CIBUra OMHTaMOBCKOHM XHIKOCTH. TakuM 00pa3oM,
3¢ (peKTHBHYIO BSI3KOCTHP MOXXHO paccMaTpUBaTh
COCTOSILIEH U3 IBYX KOMIIOHEHTOB: IUIACTHYECKOU
BSI3KOCTH, COOTBETCTBYIOIIEH BI3KOCTH HHIOTOHOB-
CKOM >KHUJKOCTH, U CTPYKTYpPHOM BSI3KOCTH, KOTOpas
XapaKTepHU3yeT COINPOTUBIIEHUE CABUTY, BbI3bIBAEC-
MOe TEHIEHIHMEH colepyKalmxcs B OMHraMOBCKOM
JKUIIKOCTH TBEP/BIX HYacTHI] 0Opa3oBBIBATh CTPYK-
Typy [9]. Kak BunHO u3 ypaBuenns (4)z,/y, co-

CTaBJISIET 4acTh OOIIEr0 CONPOTUBIICHUS CABUTY,
YMEHBINAIOUIYIOCS.  C YBEJIMUYEHUEM  CKOPOCTH
CABWIa; CIIEAOBATEIbHO, C POCTOM CKOPOCTH
crnpura 3(heKkTrBHAs BSI3KOCTh CHUKaetcst. Crenyer
0cobo ormeTruth, uTo 3(deKkTuBHas BAZKOCTH
uMeeT (U3NYECKUH CMBICH, €CIIU YKa3bIBaeTcs
CKOpPOCTb CHBHIA, KOTOPOH OHa COOTBETCTBYET.
Tem He meHee, YPPEKTUBHYIO BSI3KOCTH BBOJIST
BO MHOTHE ypaBHEHHs TuapoanHaMuki [10], eciu
M3BECTHA 3Ta CKOPOCTH casura. [lnactuuHoe TeueHue
TIpH JIaBJICHUSX HIKE 7, NPEACTABIEHO SBICHUEM

momsydecTd. B oaTtom Bume TedeHHS APHEKTH
caBUra He mposBisIoTcs. CyclieH3us TedeT Kak
JKECTKOE SIIpO, CMa3aHHOE TOHKOW IUIEHKOH Yy
CTCHKH KaHaja, a B sIIPe YaCTUIIbl YACPKUBAKOTCS
BMECTE CHJIAMH TPUTSHKEHUS, JCHCTBYIONIMMHU
MEXKIY HUMH. 3aBHCUMOCTD JaBJICHHUS OT pacxona
IIPH TEUCHUH OWHTAMOBCKOH BSI3KOIIACTHYHOMN
JKHIIKOCTH OTIpe/iensieTcss (PaKTHYeCKUM Tpe e TbHBIM
TUHAMHYECKAM HamlpsHKeHHEM CIBUTa 0e3 ydeTa
TIOJI3YYECTH Po U YCIOBHBIM TPENCTILHBIM JUHAMUYC-
CKHM HarpspKeHUEM cIiBHTa (4/3)Xpo, ONPEACIISIONIM
JIBUKCHHE JKECTKOTO SApa OTHOCUTEIHLHO aCHMII-
TOTHI TEYEHHS OMHIaMOBCKOM kmakoctu [11].
B cnyyae TedeHHMs B MpSIMOYTOJNFHOM —KaHalle
miHeka [12], ¢ ABMKYIIUMHUCS CTEHKAMHU | HEro-
JBIDKHOM KpBIIIKO# [13], CKOpOCTh MOTOKA HBIO-
TOHOBCKOH >KUIKOCTH OIIPEeNsieTCs ypaBHEHUEM:

W, (x,y,a,b)=V -
4.V 4.p° AP 2-k+1 4.p° AP
7[-(2-|(+1)_ 3~(2~k+1)3 7 -ch| 7-x- . + 3.(2.k+1)3.7+
_i " " -sin(;;.y._z'kJ“lJ ©)
k:° 4'5“(”'2':,”] 2.k+1) AP 2.k+1 °
g .{bz.th[ﬁ a.;j.__v.Cth[ﬂ.a.;j.ﬂz.(g.kﬂ)z}
| 7% (2-k+1) b H b J
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Cxopoctb notoka (5) Gopmupyer rpaueHr,
KOTOPBIN NIPECTaBIsAET co00i BekTop VW2:

o, - elived),
X
6
oW, (x,y,a,b) _ ©)
+Tey

ONpeICISAIONINIT HAKJIOH NPO(UIIs pactpeeeHus
ckopocteid. CKOpPOCTh CIOBUTrA OMpPENEISICTCS Kak
MOJyJIb TPAJIEHTa CKOPOCTH cIoucToro TedeHus (6)
B HAIPaBJICHUH JIBWKCHHUS KaHasa ¢ rabapuramu axh
T0 OCH Z B €T0 MPSIMOYTOJIHOM CEUCHIH T10 OcsM X 1 Y.

dv(r)

dr

2 - @)

_ [tiyan] o)
x|

CootHorienue (7) MO3BOJSIET OMPEACTHTD

3¢ PEKTUBHYIO BA3KOCTh JAMHUHAPHOTO TEYCHUS
10 MPSIMOYTOJIBHOMY KaHaly:

Mo =y +
+ Lo 8
6W2(x,y,a,b)|2+ 6W2(x,y,a,b)|2 ®)
x| v |

U, CJIE/IOBATEIILHO, HMCMONB30BaTh COOTHOMICHHE (8)
JUTSL OTIPENIENICHUsT PAaCcXOTHO-HAMIOPHBIX XapaKTepH-
CTHK B 30HE JIAMUHAPHOT'O TEYEHHS IKCTPYAUPYEMOIt
OMHraMOBCKO# )HIKOCTU. B TaHHOM CITydae B&KHBIM
TIOKa3aTeseM SIBIIETCSl CKOPOCTh CIIBUTA CBSI3aHHAS

C MOZYJIEM I'PaIi€HTa COOTHOILIIEHUEM
2 2
1= oW, (x y.ab) oW, (x y.ab)l
OX dy

IMO3BOJIAOIIUM JIOKAJIM30BaTh 30HY ILNIACTHUYHOI'O
TCUCHUSA DBKCTPYAHUPYECMOI'0 MaTCpuajia B KaHAJIC

umexa. B cnyyae 7, = u, - A Habmozaercs rpanuna

TEYEHUsI B BHJIE )KECTKOTO siipa. B pe3ynbrate pac-
4eTOoB 1m0 3aBUCHUMOCTSM (5) 1 (7) OBLIM TOTyUEHBI
JMarpaMMbl JIMHHKA YPOBHSI CKOpOCTEH ClloeB W
¥ CKOPOCTEH CIBHTa Y JJIsl yCPEAHEHHBIX MMOKa3a-
tener (rabaputel kaHaga 40%X150 mMM; ckopocTH
CTEHOK KaHana 1,5 M/cek; rpaaveHTa IaBIICHUS
700 xIla/m; 1 3pPeKTUBHON BIZKOCTH MaTepuaa
100 ITaxcek) MpOMBINUICHHBIX IITHEKOBBIX TIPECCOB
(pucynok 1).
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Pucynok 1. JlnarpaMMbl JTUHUA YPOBHS CKOPOCTEH CIIOEB W W CKOPOCTEHM CIABUTA Y Ui YCPEAHEHHBIX IMOKa3aTesei

IIPOMBINUICHHBIX NTHEKOBBIX ITPECCOB

Figurel. Diagrams of the layer velocity level lines w and shear rates y for the average values of industrial screw presses
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Kakx BUIHO U3 TpeACTaBICHHBIX JAaHHBIX
(pucyHoKk 1) B KaHaJe IIHEKA MPUCYTCTBYIOT 30HEI
BBIHY)KIEHHOIO IIOTOKA CO3aBAEMOr0 JMHAMUYECKUM
HanpsDKEHUEM CABHUTa M 00paTHOTO MOTOKa CO3/a-
BaeMOT0 N30BITOYHBIM JaBJICHHEM COMTPOTHBIICHUS
ronoBkr. CKOpPOCTh CHIBHTA B KaHaJe IIHEKa OTJINYa-
€TCs 3HAUMTESILHONM HEOHOPOIHOCTBIO U ONPEAEIIIET
CIIOKHBIN XapakTep Jedopmary ciBura Matepuaia
B IIpOLIECCE DKCTPYAUPOBAHMSL.

[Ipy raBneHUsIX NPEBBILIAIOIINX JABICHUE Po,
IIpU KOTOPOM HAYMHAETCS INTACTUYHOE TEUYECHHUE Y
KPBIIIKK KaHala, HAYMHAETCS JIAMUHAPHOE TEYCHHUE.
[Ipu naBiaeHUAX, OPEBBIIAIONINX Po, JAMUHAPHOE
TEUYEHUE [OCTEICHHO OXBaTBIBACT OCTAJbHBIE
CJIOH, U TIOTOK MPEJCTABIISIET COOOM KECTKOE /PO,
OKPY)KEHHOE 30HOW JIaMMHApHOro TeueHus [14].
B Bsi3kO# KMIKOCTH KacaTelbHbIE HAMPSKEHUS
B LICHTPAIbHOU TUIOCKOCTU TEUEHUS! PaBHBI HYJIIO.
[Noatomy 0k0J10 3TOM MOBEpXHOCTH OyaeT hopMHupo-
BAThCs IUIACTHHYATOE PO, e 7 < 7, . Hanpsoxenus
BHYTpH 3TOH 0071acTH OyIyT YHCTO YIPYTHMH, U OHO
Oyzmer naBUTaTthCs Kak Kectkoe 1ienoe. I[lpm
X=X,;y=Y, umeem d/drW,(x,y,a,b)=0. Cre-
JIOBaTENIbHO, I X <Xo! Y <VY,, XOTS U €CTh IBIDKE-

HHUC, TCUCHHC OTCYTCTBYCT. O6nactb JIOKaJIM3alyn
TUTACTUYHOI'O TCYCHUS OMPCACIIACTC PABCHCTBOM!

|6WZ(x,y,a,b)|2+|6W2(x,y,a,b
o

i
X=Xo:Y=Yo
YyunuteiBas CUMMETPHUYHOCTE 3aaa4u OTHO-
CUTCJIbHO CCPCANHBI KaHala 10 OCHU Y paccMOTpuM

OZIHOMEPHOE YypaBHEHHE TIpH Y. = b/2TeueHus
B paMKax OMHTraMOBCKOW PEOJIOTMYeCKOr MOIeNIn

JUTS YCPEHEHHBIX TIOKa3aTeNeil MpOMBINUICHHBIX
IIHEKOBBIX TpeccoB (pUCYHOK 2). JIyis BBIZCTICHUS
IUTACTHYHOTO sIIpa HCMONb3yeM ypaBHeHue (9)
OTIPEJICIINB MOJIOKECHUE TUIACTHYHOTO TCUCHHS OT-
HOCHUTEIHHO KOOPAMHATHI X, I Y = 0/2:

dW, (x,Y,.a,b)

- =0 (10)

X=Xo

W3 cootrortrenws (10) ompeernsieM MoNoKeHIe
Cpe/HeH Y4acTH 30HbI IUTACTHYHOTO MOPLIHEBOTO
TeueHust (Xo = 11,51 MM) u onpenenuB CKOPOCTh
C/IBUTA HA TPAHMIIE ITOH 30HBI

dW, (x,,Y,.a,b)
dx

orpenenaeM €€ MOJ0KEHHE OTHOCUTENLHO CpelHel
JIMHUU U3 CUCTEMbI YpaBHEHUM:

dW, (X,,Y.,a,b) dW, (x,,y,.a,b)

=33.93 I'u

dx dx (11)
dW, (X%,,¥,.a,b) dW,(x,,y,,ab)
dx - dx

OrnpenenuB NOJ0KEHUE TPAHUI] 30HBI IIa-
CTHYHOTO TE€YEHHUS HA OCH CHMMETPHH U3 CHCTEMBI
ypaBHenuit (11) BbiAensieM 30HY TJIACTHYHOTO
TEUCHUE IO CKOPOCTH CIBUTA COOTBETCTBYIOLIECH
Hal{ICHHbIM 3HA4YE€HUSIM KoopjuHat. IIpu sTOM
CKOPOCTb MOPIIHEBOI0 TEUCHUS B 3TOU 30HE Ompe-
JIETISICTCS. COOTHOILICHUEM

W, (X, Y,.a,b),

KOTOpOE TIOJIydyaeM IOJICTAHOBKOM HaiJIeHHOMN
KOOpAMHATHl X, u3 ypaBHeHus (10).
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PI/ICYHOK 2 Pacnpeueneﬂne CKOpOCTeﬁ CJIOEB W, U CKOpOCTeﬁ CABUTA Y. ITO OCU CUMMCTPHUU KaHa1a
Figure 2.Distribution of velocities of the ws layers and shear rates of the ys along the channel symmetry axis
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Takum 00pa3oMm, TeueHHWE B INIACTUYHOM
SIpe KaHaja 3KCTpyJiepa MPeACTaBIsSeT CO0O0 Te-
YeHHE C KECTKUM sApoM (pucyHok 3). ITpu stom
HanpsDKEHUE B 9TOW OOJIACTH HE TPEBBIINACT TPECIT
TeKy4ecTu. AOCONIOTHOTO MPEIEIBHOTO JTUHAMU-
YeCKOro HampsDKEHUS CJIBHUra HE CYIIECTBYET,
MO3TOMY OWHTAMOBCKOE TPEICIIbHOE AUHAMIYECKOS
HamnpsDKEHUE CIIBUTA, STO HAIPSDKEHUE CJIBHTA,
HEOOXOMUMOe  JUIS MHHUIUAIMK  JIAMHHAPHOTO
TeueHHs cycrneH3un. Eciu fgaBiieHue TOCTENCHHO
YBEIUYMBATh  OT HyJsl, CYCIIGH3Ws  BHauaie
JIBIDKETCS KaK JKECTKOE SO, a MPOopHIb CKOpPO-
CTeW TPEJCTAaBISAECT COOOM TMPSIMYIO JIMHUIO,
NEePIEHIUKYISIpHYI0 K oc Z. BHe 3aBucHMoOcTH

OT aMIUTUTY/IbI JABJICHHS, )KECTKOE SIPO TOJTHOCTHIO
WCYE3HYTh HE MOXET, MO0 TNpU OYEeHb MAJIbIX
rabdapurax sjapa 3HAYCHHE JABJICHHS JOJDKHO
OBITH BEChbMa OOJIBPIIMM, a IMPU HCUYC3HOBEHUH
IUIACTUYHOI'0 TE€YEHHUs MOJDKHO CTaTh OECKOHEU-
HbIM. TakuM 00pa3oM, 3aBUCUMOCTb HaIPSKCHUS
CJBUTA OT CKOPOCTH CABUTA IS TCUCHUS OWHTa-
MOBCKOM BA3KOINIACTHUYHOM KUIKOCTHU BCETa He-
HHHeﬁHaH HpI/I .IHO6I)IX 3HAUYCHUAX CKOpOCTI/I
casura. CiieqoBaTeabHO, BaKHBIM DJJIEMEHTOM
pacdyera pPacxXOJHO-HAMOPHBIX XapaKTEPHCTUK
npolecca AKCTPYAUPOBAHUS SBJISCTCS JIOKATH3ALHS
IUIACTUYHOI'O TEUEHHUs B KaHaJIe IIIHEKA.
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Pucynok 3. I'eoMeTpHst 30HBI IUTACTHYHOTO SiIpa B KaHAJIE KCTPyaepa
Figure 3. The geometry of the plastic zone of the core in the channel of the extruder
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