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OUPKYJIAIUOHHOE TEUEHUE
BBICOKOBS3KOM HEHBIOTOHOBCKOM KUJKOCTH
B KAHAJIE OJJTHOIIIHEKOBOI'O SKCTPYJIEPA'

OmpezeneHsl OTHOIICHUS MIMPUHBI K TIyOMHE KaHama ITHEKA SKCTpynAepa, MpH
KOTOPOM SIBIISIETCS 0OOCHOBaHHBIM IPEIION0XKEHHE 00 OTCYTCTBHU BIHSHHUS 0O-
KOBBIX CTEHOK Ha HMPOQIIb CKOPOCTH HUPKYISIHOHHOTO TEUCHHS B CEPEIHHHOM
CeueHMU KaHajla, KOTOPbIM cuuTaeTcs NpsAMOYroiabHbIM. IIpuBoauTca Meronuka
MOYYEeHUs pelIeHus A1 oM BEKTOPAa CKOPOCTH ICEBOILIACTUYHOM KM
KocTH 0e3 yueTa BIMSHHS OOKOBBIX CTEHOK. JJOCTOBEPHOCTH Pe3yJbTaTOB IIOJI-
TBEP)KAAETCSl CPABHEHUEM C JAHHBIMH, TPEACTAaBICHHBIMH B nutepatype. [ls
YHUCIICHHOTO PEIIEHUs C YIEeTOM BIIUSHUS OOKOBBIX CTEHOK HCIIOIB3YETCSl HEMps-
MOH MeTOJ TPaHHYHBIX 31eMeHTOB. ONpeeneHo OTHONIEHHE MUPHHBI K TITyOnHe
KaHaJa IIHEeKa, TP KOTOPOM JOIMyCTUMO TpeHeOperaTs BIusSHHEM OOKOBBIX CTe-
HOK Ha T€UCHHE B CepeAnHe KaHaa.

KiroueBble cinoBa: 00HowHeKo8bIll IKCMpPyOep, HEeHbIOMOHOBCKAA HCUOKOCHIb,
HENnpAMOU Memo0 SPAHUYHBIX dNEMEHIN08, MeUeHUe 8 KABepHe.

OnHUM W3 BaXKHEHIIMX HaNpaBJIEHUH COBPEMEHHOW NPOMBIIUIEHHOCTH SIBISAETCS
nepepabOTKa BHICOKOBSI3KMX ITOJMMEPHBIX MaTepHaloB. B HacTrosImee BpeMs MIMPOKO
pacmpocTpaHEeHB! SKCTPY3HOHHBIE METObI TepepaboTki. OCHOBHBIMH NPEUMYIECTBA-
MH TaKHX METOJIOB ABJISIFOTCSI BO3MOKHOCTb MX COBMEIICHUS C APYTHMH TEXHOJIOTHYE-
CKUMH TIPOIIECCAMH M HETPEPBIBHOCTH Ipomecca nepepaboTku. Hambonee mmpokoe
MPUMEHEHNE CPeAH SKCTPY3MOHHBIX MAIINH IS NepepaboTKH MMOJUMEpPOB HAIUTH Of-
HOIITHEKOBBIE IKCTPyiepbl. VX poib B COBpEeMEHHON MPOMBIIIIIEHHOCTH CIIOXKHO Iepe-
OLIEHHTB, TIOCKOJIBKY YacTO TOJILKO OHM CIIOCOOHBI MepepadaThiBaTh BHICOKOBSA3KHE Ma-
Tepuaibl. B cBs3M ¢ 3TUM, 00JIBIIOE BHUMaHHE YAEIAETCS CO3AaHHI0 MaTeMaTHYECKUX
W YUCIICHHBIX MOJIeJIel mporiecca akeTpy3uH [1-5], a Taxke pa3paboTke peKoMeHaaIui
MO ONTUMH3ALMHU ONPEACIISIONINX TapaMeTPOB OJHOIIHEKOBBIX MaIluH [6, 7].

YacTuupl BEIIECTBAa, HAXOMAAMIErOoCs B IIHEKOBOM KaHale, COBEPILAIOT CIIOKHOE
JIBIDKEHHUE, TTO3TOMY B PEUTHHBIX YCIOBHSX OMUCATh TEUEHHUE MPOIYKTA B ITHEKE OYEHb
CJIO’KHO, TOCKOJIBKY TIOMHMO TE€UYEHUsI BIOJIb KaHa/a ITHEKAa MMEET MECTO IIMPKYIIAIH-
OHHOE TEUCHHE B TOTNEPEYHOM K OCH KaHaJla HANpaBJICHUU U MEPETOK BEIIECTBA Yepe3
rpeOeHb IIHeKa 3a CYET 3a30POB MEKAY TpeOHEM 1 KOPITYCOM.

TeueHne pacIuUIaBICHHOTO MOJMMEPHOTO BEIIECTBAa B 30HE JO3UPOBAHMSA MPUHATO
MPEICTaBIATh KaK CyMMY JOBYX HE3aBHCHUMBIX IBIDKEHHH: MOCTYNATENBHOTO TEUCHHS
BJIOJIb OCH IIHEKa M HUPKYJSIIHMOHHOTO TEUYEHHs B MOMEPEYHOM K OCH KaHaja Halpas-
JeHHHU, KOTopoe U OyJeT pacCMOTPEHO B HacToswlel padote. [Ipu noctpoenun marema-
THUYECKHUX MOJIENIEH Mpoliecca TeUEeHHsI B 30HE 103UPOBAHMUS, I/Ie TOJIMMEPHOE BEILIECTBO
HAaXOJAUTCSI B PACIIaBIEHHOM COCTOSHUM, BBOJHUTCS psAf YNPOLIAOUUX MPEANOIoKe-
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HUI: paccMaTpUBAaeTCs CTAI[MOHAPHBINA MPOIECC C 3aJaHHBIM MacCOBBIM PAacXooM,
IITHEKOBBIN KaHaJ Pa3BOPAYMBACTCS HA TUIOCKOCTh M UCIOJB3YETCs PUHIIMIT 0OpalleH-
HOTO JBYDKCHHS, TIPEHEOPEracTCs MacCOBBIMHU CHJIAMH ¥ MEPETOKAMH JKHUIKOCTH Uepes3
3a30pbl [8]. Kpome Toro, mpu moctpoeHHH IMIOCKOW MOJETM KaHAalla CYUTAETCS, UTO
rTyOVWHA KaHaja IIHeKa MHOTO MEHBIIIE ero MIMPHHEL. TakuM 00pa3oM, MmojlaraeTcs, 9ro
OTCYTCTBYET BIIMSHHE OOKOBBIX CTCHOK Ha CKOPOCTh TEUCHUS B CEpeIMHE KaHaja. JTo
TIO3BOJISIET TIPECTABUTE IUPKYIAMNOHHOE TeYeHHE KaK TeUYeHHEe B OECKOHEYHO UTMH-
HOM TIPSIMOYTOITFHOM KaHaJle, BEPXHSI CTEHKAa KOTOPOTO BMYKETCS C TIOCTOSTHHOHM CKO-
POCTBIO B CBOEH IJIOCKOCTU. B CBSI3M € 3THM BO3HUKAET BONPOC, IPHU KAKOW BEIMYNHE
OTHOIIICHHS NIMPHHBI KaHAJIa K €ro TJIyOHHE SBJISIETCS TOMYCTHUMBIM MTPEIIOI0KEHHE 00
OTCYTCTBUH BIMSHHUS OOKOBBIX CTEHOK. DTOT BOMPOC M PaCCMATPUBAETCS B HACTOSIIIEH
pabore.

OcHoOBHBIE YyPaBHEHHA

[TockonbKy B 30HE 1O3UPOBAHUS CYLIECTBYET TOIBKO XKUAKas (aza, paciiaB MOXKHO
CYNTATh HEHBIOTOHOBCKOMH JKMAKOCTHI0. OCHOBHBIMH YPaBHEHUSIMHU JJISI OTTUCAHUS JIBY-
MEpHOTO TEYeHHE HEHBIOTOHOBCKOHM >KHIKOCTH IIpHW MajbIX duciax PelHonbaca
(Re <« 1) sBsrores ypapaeHus CTokca:

ac,.j o
—=0, i,j=12, )]
ox ;
J
rjae 6, =-— pSij +1;; — KOMIIOHEHTBI TI0JIHOI0 TEH30pa HaMpSOKSHUH, p — TaBJICHUE, 51‘/‘

— CHUMBOIJI KpOHeKepa, Tij — KOMIIOHCHTBI TCH30pa BA3KHUX HaHpH)KeHHfI, xj — ACKapToO-

Bbl KOOpAWHATLI.

B xauectBe peonornquKoﬁ MOJECIN, OIHUCHIBAIONIEH HEHBIOTOHOBCKOE TOBEICHUE
JKUJIKOCTH, UCTTOJIB3YCTCA CTCTICHHOU 3aKOH, xapaKTepmy}onmﬁ 3aBUCHUMOCTDH BA3KOCTH
OT CKOPOCTH C/IBUTA:

T; =2neg;, (2

- n—1 o
roae n=y" - koapdunueHT 3 HEeKTUBHON BA3KOCTH, 1 — HHICKC TeYeHHUs (TOKa3a-
Telb HEIMHEHHOCTH), | =(2¢;¢é ji)l/2 — HHTEHCUBHOCTBb CKOpoOCTel nedopmanui,

¢; =(0u; / Ox; +0u; /Ox;)/ 2 — KOMIIOHEHTBI TEH30pa CKOpOCTeH aedopmanuii, u; —

KOMIIOHEHTHI BEKTOPa CKOPOCTH.
Cucremy (1) He0OX0IMMO JOTIONHUTH YPaBHEHNEM HEpa3phIBHOCTH

ou,
—L_0 3
. (3)

l

W TPaHWYHBIMH YCJIOBUSMH, KOTOPBIE COCTOST B 33JaHWU KOMITOHEHT CKOPOCTH Ha
CTEHKax KaHaJla: Ha BEpXHEH MOJABUXHON CTEHKE

u =1,u,=0 “4)
Y Ha OCTAJIBHBIX CTEHKAX
u; =0. (5)

Bce ypaBHeHus 3amicaHbl B Oe3pa3MepHBIX HEepeMEHHBIX. B KauecTBe XapaKTepHOTO
pa3Mepa BBIOpaHa IlyOMHA KaHana H, B KadyecTBE XapaKTEPHOH CKOPOCTH — CKOPOCTb
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JBHXXCHUS BerHeﬁ CTCHKM KaHalla u. I[aBJ'IeHI/Ie o6e3pa3MepeHo K BCJIIMYHUHC

n
u
k(ﬁo) , Tne k — xoapdunuent koncucrennuu. Ha puc. 1 nmpencrasiena obmacts pe-

IICHUA.

T
T

0 u=0 X

=0

ST
i

>
1

Puc. 1. O6nacts pemenus (S — mupuHa, H — ri1yOnHa)

B rtakoii mocraHoBke 3aaua (paKTUYECKH CBOIMTCS K 337a4e O TEUSHHH CTEICHHOU
JKUJIKOCTH B IIPSIMOYTOJIEHOM KaBEpHE C BepXHeil ABIKyIeiics cTeHkoit [9].

Pemenue 3agaun 0e3 yyera BIUSIHHSI O0KOBBIX CTEHOK

[pennonaraercs, uro H <« S . Torma moctaHoBKa 3aJadu 0 MUPKYISIMOHHOM Te-
YCHUHM HEHBIOTOHOBCKOM MKHMIKOCTH B KaHalle IIIHEKAa 3KCTpyAepa HpH OTCYTCTBHUHU
BIIUSHUS OOKOBBIX CT€HOK Ha Ipoduib ckopocTu B cedeHuu x; =0 (puc. 1) u ¢ ygetom

yKaSaHHbIX BBIIIIC ,Z[OHyH.[eHI/Iﬁ CBOJUTCSA K ypaBHeHI/IﬂM
up =uy(xy),
p=p(x),

dp _du,
&y dv, ©

X X2
I'pannunsie ycnoBus (4) u (5) ocratores mpexHuMH. JleBas 9acTh ypaBHeHHs (6) He
3aBHCHT OT X,, 3HAYMT, U TpaBasi 9acThb HE MOXET 3aBHCETh OT X,, CIICOBATEIBHO,

. )
00e JacTu ypaBHEHMs PaBHBI IOCTOSHHOHM BenuunHe. BBegem oOo3HadeHwme P _ A.
x
1

B pesynbraTe HHTErpUpOBaHUs ypaBHEHUS (6) MOITyduM

1y, = Ax, — AC,, (7
/i€ TOCTOSTHHYIO MHTETPHUPOBAHMUS IS yIOOCTBA NaNbHEHIINX BEIYHUCICHUI BEIOEpEM B
Bujie —AC,. C yueToM COOTHOIIECHUH AN M U | BbIpaxkeHHe (7) 3alMIIeM CleIyo-
UM 00pazoM:

n

A\ g, -0, ®

dx,
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VYpaBuenue (8) mpeobpasyem K BULY
duy. = n=C) )
dx, a

1
rue o= (Zjn . Unrterpupys BoipakeHue (9) ¢ y4eToM IpaHHYHOTO YCIOBHS Ha HIK-

Hel CTCHKE, IMOJYyYHUM

n+l ﬂ

1 n ntl
Ml(xz)zam |X2—C1| n _Cl n . (10)

J1s HaxoK/IeHUs] HEN3BECTHBIX NOCTOAHHBIX C;, A WCIOIb3yeM IPaHUYHOE YCJIOBHUE

Ha JBIKYILEHCS CTEHKE W TOT ()aKT, 9YTO pacxo/] MONepeK KaHajla JOJDKEH OBITh paBeH
HyJt0. B pesynbTare nosiydaem cucTeMy ypaBHEHUH C IByMsI HEU3BECTHBIMU

n+l

1 il
—— 2 _lp-¢qw -¢ " |-1=0,
o (n+1)

11
1 n 2n+l 2n+l1 n+l ( )
—|—|-G[» -G " |-G =0,
ol (2n+1)

KoTopas periaerca MeTonoM Herorona nns onpenenenus sHaueHuil C; u A npu pas-

JUYHBIX 3Ha4YeHusX n . [locne atoro mo dopmyne (10) MOKHO paccuuTath HIPOPUIH
CKOpOCTH.

Penienue 3agaum ¢ YuyeToOM BJIMAHUSA 00KOBBIX CTEHOK

21.]'[5[ YHUCJIICHHOI'O PCIICHUA 3aJa491 C YUYCTOM BIUAHUA 6OKOBI)IX CTCHOK HCIIOJIB3YyECT-
Csl HEMPSMOHN METOJ] rpaHrYHBIX d5ieMeHToB [11]. IIpeacraBum (1) B Bune

N
do;; _y
ox;

J

2 (12)

. N . 0 .
rae cfjv =—pd; +2¢; — NuHEHHAs 9aCTh TEH30pa HanpsokeHud, ‘¥, :g[Z(I—n)eU]:

a’CNN

i .
=-—" _ HenuHeiiHas BeKTOpHas (YHKIHS, KOTOPYIO OyJIeM paccMaTphBaTh Kak

ox :
IUTOTHOCTh MCTOYHUKOB, pacpeieieHHbIX mo obmactu teuenust (). Toraa, B COOTBET-
CTBHH C TOJIOXEHHUSAMH HEMPSIMOTO METOJa TPAaHUYHBIX DJIEMEHTOB [12], MOXHO 3amu-

CaTh

u; (x) = [ Gy (x,8); (8)dS (&) + [ Gy (x,2) ¥ ; (2)d(2), (13)

rae ¢; (§) — mIOTHOCTH (PHKTHBHBIX MCTOYHUKOB, PACIPEICICHHBIX II0 TPAaHHIE 00-

nacty TeveHust I'. Oynkuus G sBIseTcst (yHIAMEHTAIBHBIM PCIICHHEM ypaBHCHUH
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Crokca u omnpenensercs GopmyJioi [13]

R 1 vy,
Gy (X,E_))——E Slj ln:+ ],.2 , (14)
1

THE V; =X, —G;, I'= (yiyi)2 . Ecnu na TpaHune obnmact Teuenuss [ 3amaHbBl 3HAYCHUS

CKOpOCTH, TO ypaBHeHHUs (13) MO3BOJIAIOT MOMYyYUTh 3HAYEHUS HEU3BECTHBIX TPaHUU-
Hex cun ¢, (&) (E€l). Dro BO3MOKHO cpenaTh mpH M3BECTHOH QyHKIMH

¥, (z) (z€Q). Tak kak 5Ta QyHKUUA 3apaHee HE U3BECTHA, TO BOHUKAET HEOOXO/M-

MOCTb OpraHHM3aliu UTEPALUOHHOTO IMpoIiecca.
[ aucnenHoro pemennst ypaBHeHni (13) MCIIONb3yIOTCS MOCTOSHHBIE 3JIEMEHTEHI
U TIOCTOSTHHBIE sueiiku. ['pannmia obmactu TeueHns [T pazomBaercs Ha N DIEMEHTOB.

Oyuxyst ¢ (&) cunraercst HOCTOSHHOI Ha Kax1oM dieMeHTe. OGnacTb TeYeHHs pas-

6uBacrcs Ha N stueek. Oyukus VY j (z) cumraercs mocTosHHOI BHYTpH sideiiku. To-

rna ypasHenus (13) B quckpetHoit popme npruoOpeTyT B

N N N
w (x7) =D OIAGH + 3 Y whAGE™, (15)
g=1 k=1m=1

rie AGH? = J. G (xp,é';)dl“(c";), AG;km = J. G; (xp,z)dQ(z), x? - cepennna
ATY Q™

aneMeHTa p (y3en).

Jlst Berauicnienust 2N HEU3BECTHBIX ¢j oepytcs 2N ypaBHenwuit (15), cooTBeTCT-

Byfone N diIeMeHTaM, Ha KOTOpbIX 3amaHbl u;(x”). Koaddurmentsr momydaemoit
CHCTEMBbI JIMHEHHBIX alreOpandyeckux ypaBHEHUit AGIf‘f B ClIy4ae IOCTOSIHHBIX DJIe-

MEHTOB MOHO BBIYUCIUTH aHATUTHUECKU. TEeXHOIOTHs BEIYUCTICHUSI U3JI0kKeHa B [ 14].
Jlist BbluMCIEHMs MHTerpaoB no obmacth AG/?" wMcmonb3yroTes CTaHJapTHbIE

kBazpatypHbeie hopmyisl ['aycca, 6e3 BbiaeacHUs ocobeHHOCTEH. OCOOCHHOCTH B 3THX

uHTerpanax mumetor Bua In(l/7). CienoBarenbHO, MPH MHTETPUPOBAHUM 110 00MacTn

9TH MHTETPajbl CYHIECTBYIOT B OOBIYHOM CMBICIE. Takoi MOAX0l 3HAYUTENHEHO YIpO-
IIAeT aJrOpPUTM pemeHus. [Ipu mpoBeJeHNH pacyeTOB HCIOJIB30Baach KBaJpaTypHas
thopmyna ¢ 64 y3mamu. {1 pemieHns CHCTEMBl HEJTMHEHHBIX areOpandeckux ypaBHe-

Huit (15) oTHOCHTEITEHO ¢§ TIPUMEHSIICS METOJ] IPOCTOH utepannu. Ha mepBoii nurepa-

IIUHM UCTIOIH30BAIHNCh 3HAUYCHUS \Pf."" , OTIpe/IeTICHHBIC TI0 HFIOTOHOBCKOMY TIOJTIO Tede-
Hus. s pemeHusl COOTBETCTBYIOMIEH CHCTEMBI JTMHEHHBIX alreOpanvdeckux ypaBHe-
HUW ucnoib3oBalics Metof ['aycca. Jlanee MCNOIb30BAIMCh 3HAUEHUS ‘I’f‘m, paccuu-
TaHHBIC B COOTBCTCTBHUU C IOJIEM TCUCHHS, IMOJTYUCHHBIM Ha HpC}ILI}IyIJ.[Cﬁ HUTCpalunu.

OyHxumm ‘}’l’f'" B LeHTpe s4elkn (k,m) BBIYUCISINCH KOHEYHO-PA3HOCTHBIM CIIOCO-

km
0OM C HCIIONB30BAaHUEM PACCUMTAHHBIX (rf}w ) B BEpIIMHAX sS9eeK (y3/1ax CETKH).
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NN
3HaueHUSA ('r-

km km
i ) IIOJTHOCTBIO OIIPEACIIAOTCA ITPOU3BOTHBIMUA (ﬁul /X/-) , 3HAYCHU

KOTOPBIX HAXOAWJINCH C MCIOJIB30BAHUEM HEHTPAJIbHBIX pa3HOCT€I>i BO BHYTPCHHUX Y3-
JlaxX 1 OJHOCTOPOHHHX pa3HOCTeﬁ B MPUTPAHUYHBIX Yy3JIaX B COOTBETCTBUHM CO 3HA4C-

HUAMHA ulkm , BBIYUCJICHHBIMHU B y3JIaX CCTKH.

AHaJIN3 NOJIy4YeHHBIX Pe3yIbTaTOB

PacueTsl ObIIM MPOBEJCHBI B IHANIa30HE M3MEHEHUS IapaMeTpa HEIWHEWHOCTH 7
ot 0.4 1o 1.0. Pe3ynbTarsl BEIYNCIICHNH MpeCTaBIeHbI Ha puc. 2 — 5 n tabn. 1 u 2.

B pesynbrare pemenus cuctems! ypaBHeHuit (11) meromom Herorona, 6buti mosy-
yeHbl 3HaueHuss C; u A, xoTopsle npeacTaBiensl B Tadn. 1. Ilocrosnuas C, mnpexn-

CTaBIIIeT cOOO0M 3HAUCHUE KOOPAMHATHI X,, IA€ KACATCIbHOC HAIIPSDKCHUE T, 06pan1a—

ercs B HOJb. [lomydenHsle npoduim mpeacrasieHsl Ha puc. 2. B ciiywae n=0.5 Haii-
JICHHBIN TPO(QUIIb CKOPOCTH COTJIACYETCSI C pe3yJIbTaToM, npeacTaBieHHbM B [10]. Oto
corJacoBaHHUe MOKa3aHo Ha puc. 3.

Tabauma 1
3unavenus Cy, A

n C] A
0.4 0.37 3.41
0.6 0.35 4.10
0.8 0.34 4.96
1.0 0.33 6.00
X
0.8 —
0.6 —
0.4 —
n=1.0
02— -o—o0—o n=0.8
—A—a—an=0.6
[ -a—a—a n=0.4
0 i \ \
-0.4 0 0.4 0.8 u

Puc. 2. IIpodunu cocrapusronieit ckopoct u, (x; = 0)
st n=1.0, 0.8, 0.6, 0.4
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X
0.8 —
0.6 —
0.4 —
i o o o o [10]
0.2 permienue 6e3
ydeTa BIMSHUS
0 OOKOBBIX CTEHOK
0 \ \
-0.4 0 0.4 0.8 u

Puc. 3. CpaBneHue npoduis cocTapisouei ckopoctu u) (x; = 0)

¢ nanubiMu [10] gt n=0.5

M
032
0.28 — ‘
=) =) 3|
o—o—o §/H=1
0.24 B85 S§/H=2
—+—+—S/[{=3
L a—a—a S/ =4
| | | °
0.2
0 200 400 600 N

Puc. 4. 3aBucuMoCTh HOPMBI CKOPOCTU M OT 4YHCIa DIEMEHTOB N
mpu n=0.4 s S/H=1,2,3,4

st pemienys 3a1a4y 0 NUPKYJISIMOHHOM TEUYCHUH CTETIEHHOH JKUIKOCTH B IITHEKO-
BOM KaHAJle C yYeTOM BIIMSHHA OOKOBBIX CTEHOK OBLI MCIIOJIB30BAaH HENPSAMOW METOx
TPaHUYHBIX 3JIEMEHTOB, ONMCAHHBIH BBIIIEC M YCIEIIHO MPUMEHEHHBIN AJIs pEILICHUs 3a-
Jladud O TeUCHUH CTETIEHHOM JKUAKOCTH B KBaJIpaTHOU KaBepHe [9]. I uccnemoBaHus
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aIlIIPOKCUMALIMOHHOM CXOAMMOCTH METOJA MCIIONb30BaJIach BeIM4MHAa M , KOTOpas
ABJIAETCSL HOpMOHR L, mpoduiist ckopocTH B ceueHun x; =0

1 & 2
ufm(xz)":E /Z(u’") , K =100, (16)
i=1

rae u;" (x,) — OpodHIb CKOPOCTH, MOTYIEHHBIH Mpu oMotk MI'D.

M =

Puc. 4 wnnmocTpupyeT 3aBUCHMOCTh 3HAYEHHSI HOPMBI IPOMUIISE CKOPOCTH OT YHCIIa
TPaHUYHBIX JJIEMEHTOB N IIPH Pa3sIMYHbIX 3HAYCHWSX OTHOwWeHus S/H mis ciaydas
n=0.4. HopmMa mnpoduns CKOpOCTH HE H3MEHSET CBOEr0 3HAUCHWsS, HAaYMHAas C
N =320. [IpeacrapneHHble aanee pacyeTsl ObuH npoBeeHs! mpu N =512 . [Ipodunn
COCTABIISIOIIEH CKOPOCTH u;(X,) , TIONyYEHHBIE C YUETOM BIMSHUS OOKOBBIX CTEHOK,

MOKa3aHbl Ha puc. 5.

X2

0.8

0.6

04

02

0.6 —

04+

n=1.0
-o—e——o-n=0.8
—a—a—a-n=0.6
-8 n=0.4

0 N | . |
0.4 0 0.4 0.8 u

02

Puc. 5. IIpodunu cocrapisiromieit ckopocty v, Baois muuun X; =0 w1 0.4 <n<1.0
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OTHOCUTEIbHOE OTKJIOHEHUE E pellIeHHi, TTOJlyYeHHBIX C YYeTOM BIMSHHS OOKO-
BBIX CTE€HOK U 0€3 Hero, paccuuTaHo B Hopme L, 1o dopmyne

cm

oo | = o
Jus

rae [u|| — HopMa ckopoctn Ge3 yuera BIHsHHS GOKOBBIX CTCHOK. Pe3yibTaThl mpHBe-

E= 100 %, (17)

JIeHbl B Taba. 2. BuaHo, 4TO IS BCeX 7 OTKIOHCHHE cocTaBisseT mMeHee 1 % mpu
S/ H =3 u 6onee. Takum 00pa3om, MOKHO CKa3aTh, 9TO IPH MOJCITUPOBAHUN TCUCHHS
B KaHaJIe OJ{HOIIHEKOBOTO YKCTPYAEpPa MOKHO HE YUUTHIBATH BIMSHHE OOKOBBIX CTEHOK
Ha IUPKYJSIHOHHOE TeueHue npu S/ H > 3. [Tpu 3TOM OTHOCHTEIBHOE OTKIIOHEHHE E
OyzmeT rapaHTHpoBaHHO MeHee | % B yKa3aHHOM JMalia30He 3HAUSHMH MOKa3aTelsl He-
JIUHENHOCTH.

Tabnauma 2

OTHocuTebHOE OTKJIOHEHHE PellieHHii, pacCYUTaAaHHOE B HOpMe L,

n=1.0 n=0.8
S/H 1 2 3 4 1 2 3 4
E, % 24 1 0.2 0.08 24.7 1.9 0.07 0.03
n=0.6 n=04
S/H 1 2 3 4 1 2 3 4
E.% 26 3.5 0.67 0.2 254 3.8 0.6 0.05
3akaouenne

PaccMmoTpeHn Bompoc 0 TOM, MpH KaKOi BETMYHMHE OTHOIUICHUS IUPHUHBI IITHEKOBOTO
KaHaJa dKCTPyJiepa K ero TIIyOWHE SBISCTCS JOIMYCTHMBIM IMPEIIOI0KEHHE 00 OTCYT-
CTBUM BIUSHHSA OOKOBBIX CTEHOK Ha MPO(MIb CKOPOCTH IUPKYISAIUOHHOTO TCUCHHS B
cepenune KaHana. [IpeiokeHa METOAMKA MOMYUYCHUs! PEIICHHs UTss PO BEKTOPA
CKOPOCTH TCEBIOIUIACTUYHOMN KUAKOCTH Oe3 ydera BIUsHUS OOKOBBIX cTeHOK. Corac-
HO TPOBEICHHOMY HCCJICOBAHUIO, BIUSHHEM OOKOBBIX CTEHOK HAa HUPKYJSIMOHHOE
TEUCHHE B CepeiMHE KaHajda MOXHO mpeHeOpeub mist S/H >3, MOCKOIbKY OTHOCH-
TENILHOE OTKIIOHEHHUE PEIICHHUH, MOTYUYEHHBIX C YYETOM BIHSHHSI OOKOBBIX CTCHOK 1 03
HETO0, B 3TOM CIIy4ae cocTaBiisieT MeHee | % B nuamnazoHe W3MEHEHHs ITOKa3aTels Hellu-
HetiHoctr n oT 0.4 1o 1.0.

JIUTEPATYPA

1. Muxynénox M.O. K Bompocy MOJeIMpOBaHHs Ipoliecca YepBsiuHOi dKcTpy3un // N3Bectus
BBICHIMX YYeOHBIX 3aBeleHMH. XUMHUS M XuMuueckas texnomorumsa. 2011. T. 54. Ne 12.
C. 96-100.

2. Ocmpuxos A.H., Abpamos O.B. Marematudeckas MOJENb IMpoIecca SKCTPY3UH MPH HEM30-
TEPMHIECKOM TEUCHHH BS3KOH Cpeibl B OJHOIIHEKOBBIX SKCTpynepax // M3BecTus BBICIIMX
yueOHbIX 3aBeeHuil. [Inmesas rexHomorus. 1999. Ne 1. C. 49-52.

3. Caeupoe C.H. UccnenoBanue U MOACTHUPOBAHKE Ipoliecca ABMKEHUS MOJIMMepPa B OJJHOLIHE-
KOBOM 3kcTpyaepe // Texuudeckne Hayku. OyHaaMeHTanbHble HccnenoBanusa. 2011, Ne 12,
C. 179-183.

4. Xamemosa M.I'. OnucaHue CTallOHAPHOTO, HEU30TEPMUIECKOTO TEUEHUSI HEHBIOTOHOBCKON
JKUJIKOCTH B OIHOIIHEKOBOM 3kcTpyaepe // Bectauk CI'TY. [IpobieMsl ecTeCTBEHHBIX HAYK.
2012. Ne 1(64). C. 15-19.



106 M.A. llonomapesa, M.I1. @ununa, B.A. Aryrenox

5. Covas J.A., Costa P.A. A miniature extrusion line for small scale processing studies // Poly-
mer Testing. 2004. No. 23. C. 763-773.

6. Coxonoe M.B., Knunxos A.C., E¢ppemos O.B. ABTOMaTH3MPOBAaHHOE MPOSKTHPOBAHKUE U Pac-
YeT IHEKOBBIX MamuH. M.: MamuHocTpoenue-1, 2004.

7. Kepowcenyes B.A., Kypceumos C.U., Kypceumosa D.C. BbIOOp reoMeTprH KaHaJIa IIHEKA IS
MPOJBIKEHHSI MAcCHl B ITHEKOBOM JKCTpyaepe // MexaHu3amus MpOU3BOICTBEHHBIX MPOIEC-
COB PBIOHOTO XO35HiCTBA, MPOMBIIUIEHHBIX M arPapHBIX NMPEANpusATHii: c6. Hayd. Tp. Kepuen-
CKOI0 MOPCKOro TexHojormdeckoro uHcrutyta. Kepus: Wzg-so KMTHU, 2006. Bem. 7.
C. 130-136.

. Taomop 3., I'ococ K. TeopeTrueckue 0CHOBBI niepepadoTku noaumepoB. M.: Xumus, 1984.

9. Ilonomapesa M.A., @ununa M.I1., Hxymenox B.A. TeueHne HEHbIOTOHOBCKOM >KHUIKOCTH B
KBa/IpaTHOW KaBepHE MpH Majbix uuciax Peitnonbaca // Bectauk TI'Y. Marematuka u Mexa-
Huka. 2015. Ne 6(38). C. 90-100.

10. Anxoe B.U., bospuenxo B.U., [lepsaduyk B.I1. TlepepaboTka BOJIOKHOOOPA3YIOMIUX ITOJINME-
poB. Mocksa — Mxkesck: HULL «Perymnspuas u xaotuueckas quHamukay, 2005. T. 2.

11. Ponomareva M.A., Filina M.P., Yakutenok V.A. The indirect boundary element method for the
two-dimensional pressure- and gravity-driven free surface Stokes flow // WIT Transactions on
Modelling and Simulation. 2014. V. 57. P. 289-304. DOI: 10.2495/BE370241.

12. bpebous K., Tennec K., Bpoyben JI. MeTonpl rpaHUYHBIX 37eMeHTOB. M.: Mup, 1987.

13. Jlaowiscenckaa O.A. MatemaTHdeckre BOMPOCH! JUHAMUKH BA3KOH HEC)KUMAaeMON KUAKOCTH.
M.: Hayka, 1970.

14. Axymenok B.A. UnucneHHOE MOJAETHPOBAaHNE MEIJICHHBIX TEUCHUH BA3KOM )KHUIKOCTH CO CBO-
00IHOIT MOBEPXHOCTHIO METOOM TPAHIYHBIX JIEMEHTOB // Mat. MozxenmupoBanue. 1992. T. 4.
Ne 10. C. 62-70.

o]

Cratbg noctynuina 19.02.2016 r.

Ponomareva M.A., Filina M.P., Yakutenok V.A. CIRCULATORY HIGH-VISCOSITY NON-
NEWTONIAN FLUID FLOW IN A SINGLE-SCREW EXTRUDER CHANNEL

DOI 10.17223/19988621/40/10

This paper is devoted to definition of a width-to-depth ratio of a single-screw extruder chan-
nel when sidewalls do not affect the velocity profiles of circulatory high-viscosity non-Newtonian
fluid flow at the mid of the channel. The channel has a rectangular cross-section. Power-law
model is used to describe fluid behavior. The indirect boundary element method is used for nu-
merical solution taking into account of sidewalls. Comparing of obtained velocity profiles with
the known results showed a good agreement. Research is performed in the range of power-law in-
dex from 0.4 to 1.0. The method for obtaining the velocity component profiles for the case of
shear-thinning fluid flow without considering influence of sidewalls is presented. The width-to-
depth ratio of a single-screw extruder channel when it is acceptable to neglect influence of side-
walls on flow at the mid of the channel is defined.

Keywords: single-screw extruder, non-Newtonian fluid, Indirect Boundary Element Method, flow
in lid-driven cavity.
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