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MOJEJUMPOBAHUE TEYEHUSA HEHBIOTOHOBCKOM
KUAKOCTHU B KAHAJIE DKCTPYJAEPA C YYETOM OTXKUMA
(peueH3upoBaHa)

Onucanue meuenus (hocghamuoro2o KOHYEHMpPama 6 Kauae 8aid 0OHOUHEKOB020 IKCMPYOepa ¢ y4enmom
omocuma 8 npeoenax 6cetl ONUHblI KAHANA C HEUIMEHHOU 2eomempueti NOIYYEeHO AHATUMUYECKUM DeueHuem
cucmembvl UCXOOHbIX OUGhpepeHyUuanbHbIX YPasHeHULl RPOU3B0OUMETbHOCIU IKCMPYoepad U purbmpayuu.

Ilomok omorcumaemon HUOKOCMU HA DNEMEHMAPHOM Y4acmKe ONUHbl HANPAGIEHHbIN HAPYHCY
npedcmaeien ypaguenuem gunvmpayuu. [lpu smom peonozust H#CUOKOCMU NPUHAMA ONUCAHHOU QYHKYUell
sazkocmu Xepwensa-bankau.

s yuema 6uxpesoeo cosi o wWupuHe KaHaLa Ha 08UICYUelicsi CmeHKe 68eu KOdp@uyuenm cKob-
JHCEHUSL HCUOKOCU NO NOBEPXHOCMU CMEHKU [f, 4mo NO3680JULO NPUMEHAMb NOLYYEHHble VPABHEeHUS Ol
MeyeHUst HCUOKOCMU 8 PEANbHOM KAHALe WHEKA.
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MODELLING OF NON-NEWTON FLUID IN THE EXTRUDER CANAL WITH REGARD TO
SPIN

The description of phosphatidic concentrate flow in the wall canal of a single-screw extruder with a
light spinning across the entire length of the channel with fixed geometry of the analytical solution of the
original differential equations and filtering extruder has been obtained.

The flow of the liquid presses on the elementary portion of the length of the outward has been
represented by an equation of filtration. Meanwhile the fluid rheology has been described by the function of
viscosity of Hershel- Bulkley.

To account for the vortex sheet across the width of the channel at the moving wall liquid slip
coefficient has been introduced on the surface of the wall 8, which allowed to apply the equations for fluid
flow in a real channel screw.

An analytical solution of the original differential equations, which is valid within the entire length of
the channel with fixed geometry of single-screw extruder has been obtained.

Keywords: axial flow, non-Newtonian fluid, extrusion, spinning speed, performance.

Texnomorust mponsBoacTBa GhochaTUIHOTO KOHIIEHTpaTa (PAaCTUTEIBHOTO JISUTUHA), 3aKII0YAeTCs
B NPSIMO SKCTPAKIIMOHHOM OYMCTKE PACTUTENBHBIX (DOCQOIUINIOB, MOTYUCHHBIX MPH MEepepaboTKe CEMsH
noacoimHedHuKa [1]. B ¢Bsi3u ¢ pa3paboTKO#l SKCTPY3MOHHOM arjioMeparu JJisi OTTOHKH PacTBOPUTENS U3
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¢dochaTuIHOrO KOHIIEHTpPATa, HACHIIMIEHHOTO MOCJE SKCTPAKIMOHHOM OYUCTKH alleTOHOM [2], BBINOJIHEHO
MOJICJINPOBAaHUE TEYEHUS HEHBIOTOHOBCKOM JKMIKOCTM B KaHajmax »3kcTpynepa. Kak pactBopurens
npumensiercs anetoH o 'OCT 2768-84, copt BbICIINI.

OceBoll TIOTOK HEHBIOTOHOBCKOM JKHJIKOCTM B KaHaje Baja OJHOIIHEKOBOIO JKCTpyJepa
onuchIBaeTCst (OpMYJION, MPUHATON B TEOPUHU IKCTpyAupoBaHus [3,4], koTopas ¢ yueTroM 0COOEHHOCTEH
mporecca SKCTPYAMPOBAHUS COBMELIEHHOIO € OTKUMOM CHEUM(UYHOrO MaTepuayia BKIHOYAET
KOppeKTHpyromue napamerpsl ky u ko:

f H®W.f - f, -k, dp

Q,=7-D-W-H-N-cos@-—-k, —
2 12-n- p, dX (1)

rie Qxi — OCEBOIl IOTOK HEHBIOTOHOBCKO# JKHIKOCTH B DKCTPyJepe, M/c; i — Homep BUTKa; D — nmamerp
3eepa, M; H — rimyouna Butka, M; W — mupuHa Butka (depes mar S, W =S cos0), m; 0 = arctg S/(nD) — yron
HaKJIOHAa HUTKU BUTKA, pajguaH; N — CKOPOCTh BpAIlleHHsI IIHEKOBOT'O Bajia, 1/c; n — Mokas3areslb CTEECHHOTO
3aKOHA B YPaBHEHHUU TEUYEHUS HEHBIOTOHOBCKOM JKUAKOCTH (MaTepuaina); |l — BI3KOCTh HEHBIOTOHOBCKOM
xuakocty, [1a-c; P — naBnenue, Bei3BanHOE Basiom, [1a; X — paccrosHue BOIb NIHEKOBOTO KaHAla, M.

[Tpu 3TOM KO3 GUIHEHT POPMBI BBIHYXKJISHHOTO MOTOKA

H
fr=1-[0487 n® - 0948 n+0972) =
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K03 punreHT GOpMBI Ui IPOTHUBOTOKA, BBI3BAHHOTO COIIPOTUBIIEHUEM BBIXOJHOTO YCTPOHCTBA

H
Fp =1- (0,949 0% - 187 - n+1,59) =
v ©)
KOPPEKTUPYIOLINI KOA(GUIMEHT ISl CpeTHEH BSI3KOCTH B IOTOKE
fs =098
[Torox OTXMMaeMOW XHIKOCTH Ha JJIEMEHTAPHOM YydYacTKe JUIMHbI dX HampaBIeHHBIH Hapyxy
MOJKET OBITh MPEACTaBIEH ypaBHEHUEM (PUIIbTPALNH:
P
Q,=n-D-dX-u, =7-D-dX - ———
A - Hy - M (4)
IZI€ Uy — CKOPOCTh IOTOKA OT)KMUMAEeMOM KUAKOCTH Ha MOBEPXHOCTH 3€€pa; Ols — YAEIbHOE COIPOTUBIICHUE
GuibTpanuy; Ly — BA3KOCTh Macjia U Ms — Macca TBEPAbIX B KaHAJE IIHEKA HAa €IUHUILY IUIOLIAJH 3eepa.
HyokHMi MHIEKC S OTHOCHUTCS K TBepaoH ¢ase u | — k xxuakoi dase.
N3 matepuanbHOro 6ajgaHca Ha SJIEMEHTapHOM Y4acTKe KaHalla 3KCTpyzepa:

Qxa' % =[Q;ﬂ' +dQJﬂ'}'.'Gc+Qn"PI (5)

rJe p — IUIOTHOCTh (MHIEKCHI C — TBEpbIi MaTepual; | — KuaKocTs).
Kom6unupyst ypasaenust (4) u (5) nocie npeodpa3oBaHUs OITydaeM:

dQ, 7-D-P  p

dX Ag -y -Mg O (6)
Cuctema ypaBHeHuid (1) u (6) MOXET HCHOJIB30BAThCS, YTOOBI OLIEHUTH MPOU3BOIUTEIHLHOCTh U

CKOPOCTh OTKMMa >KUJIKON (ha3bl, €ClI pa3BUBAIOIIEeCs AaBIICHHE B AKCTPYAepe U3BECTHO.
Cucrema ypasHenwuii (1) u (6) moxeT ObITh IpeoOpa3oBaHa K BUY (MHAEKC Mpu Q ommycKaeTcs):

o_a .
dX (7)
_d_Q_C.p
dx (8)
A:ﬂ-'D'W'H'N'COSH'fd'kl B:H3.W.fps.fpd.k2 o 7-D P
rIe: 2 : 12-n- p, : As -y -Mg P
[Tocne nuddepennmpoBanus ypaBHeHus (7), HOTYIHM:
dQ _ ., d°P
dX dx 2 (9)

[Ipu moxcranoBke mocneaHero ypaBHeHus B (8) cucrema (7) u (8) MokeT OBITh CBeJeHA K OAHOMY
mudepeHnaTbHOMY YPaBHEHHUIO BTOPOTO MTOPSIIKA.
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I[J'IH Hamero ciryvas

WNHrerpupyeM B mpenenax BCEM JUIMHBI KaHala OJHOIIHEKOBOIO JKCTpyAepa L M ¢ KOHEYHBIM
naBieHueM Py
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UHTErpupyeM (HM3MEHsIsl Tpeaenabl UHTerpupoBaHuss mo (Q ycTpaHseM 3HAaK «—» U 3ameHsieM Qp B
COOTBETCTBHHM ¢ ypaBHeHUeM (1) Ha A) 1 moiy4yaem
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[TomyueHHOE ypaBHEHHUE SIBISETCS aHAJIUTHUECKUM pEIICHHEM HCXOAHBIX Aud@epeHunanbHbIX
ypaBHeHu#t (1) u (6) u copaBemMBO B Mpefenax BCeH IMHBI KaHalla ¢ HEM3MEHHOM TeoMeTpuei
OJTHOIIIHEKOBOT'O 3KCTpYyAepa.

Pacxon matepuana B 0OTBEpCTHH MaTpHUILIbl SKCTpyaepa Q, OMUCHIBACTCS YpaBHEHUEM:

g=A-B-
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(22)
rac LO HIg— FGOMeTpI/IIIeCKI/Ie paBMepH OTBepCTI/ISI MaTpulbl — AJIMHA U paauyc, COOTBETCTBCHHO, K, Tou N
— HapaMeprI peOJIOFI/IquKOFO ypaBHeHI/IH JJIA 3KCprI[I/IpOBaHHOFO MaTepI/IaJIa.
COL[Cp)KaHI/Ie OT)I(I/IMaeMOﬁ KHUIAKOCTH B SKCTPYAHUPOBAHHOM MATCpHUAJIC, BBIPA)KCHHOC B MACCOBbLIX
JOJISIX, B JIFOOOM TOYKE BJOJIb Bajla MOKET ObITh BBIUMCIEHO KaK:
F=1-(1-Fo) (Qopco/Qxpcx) (22)
rac HI/I}KHI/H\;I HUHOCKC O OTHOCHUTCA K HAYaJIbHOMY CCUCHUTIO BKCpr,I[epHOFO KaHaJjia.
HOHyLIeHHBIe B UTOI'C 3HAYCHUA QO nu FK I/ICHOJ_H):;yIOTC;I, qTO6BI BBIYHUCIIUTH HpOI/I3BOHHTeHBHOCTB )41
OCTaTOYHYIO MACIIMYHOCTD, COOTBETCTBECHHO, CJICayronum 06pa30M:

Qu = Qo'Peo-3600 (23)
M, =F, - 100 (24)
rre Q; — TPOM3BOOUTEIBHOCTH JKCTPYyJEpa MO HMCXOJHOMY Marepuainy, Kr/4ac; My — OCTaTOYHOE

coJiep>KaHue KUIKOHM ¢a3bl B MaTepHalie Ha BBIXOJIE U3 KCTpyaepa, %.
Heob6xoauMmele a1 pacuera CBOWMCTBA:
- INIOTHOCTH aIleTOHA (Kr/M3): p1=0,787 10°
- INIOTHOCTh TBEPI0H (a3l (Kr/M3): Pe = 1,050-10°
- Bsi3kocTh arterona ([a-c): = 3,16-10
- BA3KOCTh Macchl hocaruanoro konneHrpara (Ila-c):

/uc:£+K'7/n_l
/4

rJie: Y — CKOPOCTh CABUTa BHYTPH IIHEKOBOT'O KaHajla OKCTpyAepa:
a (D-H)(D-2 H) N

. 60 H oJa* (D-2 HY +W*
(25)
T=2z2446-0124 ¢ .
— HanpspbkeHue casura, [la-c;
— ) _ -2
£ =1623+270.24- exp [ 8,59 %10 ﬁ) — k03¢ (UIMEeHT HanpspKeHue caBura, [la-c;
n=-2083x107 +6,8x107 . expl- 24 x10% .£) _
— UH/IEKC TeYCHMUS;
t — Temneparypa, ocC.
Macca TBepAbIX Ha €IUHUILY IUIOMIAIN (PUIBTPALIMM B SKCTPYAEPE AAETCsI COOTHOLICHUEM:
‘H
m, = Ps
w
[1+ 1 u j * pl
— (26)

CdopmynupoBanHas  MaTemMaTHuyeckas  MOJAENb  WIACHTHQHUIMpPOBAIACh IO  pe3yjbTaTaMm
71a00paTOPHBIX HIKCIIEPUMEHTOB:

oy 1- {0487 2 - 0948 n+0,972) 2
H=H-D-W-H-N-cns[arctan(5]:|- 5 W-ﬂk[}f}

(27)
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Koaddutments: Moenu uaeHTUGUIUPOBAIKCH 10 Pe3yJIbTaTaM JIabOpaTOPHBIX IKCIEPUMEHTOB.

Ha ocHOBaHMM IpenCTaBIEHHOIO, MOXHO CJelaTh CIEAYIOIIMA BBIBOJ: COBMELICHHAs
MaTeMaThyeckas MoJieJb IPOU3BOJUTEIBLHOCTH M  OTXKMMA T[O3BOJSET HUACHTUPHUIUPOBATH 1O
HKCHEPUMEHTAIBHBIM JIaHHBIM TOCTOSHHBIE KOX(PQHUIMEHTH (GUIBTPAIIMM U KOPPEKTHPOBKU MPSIMOTO
MOTOKA, a TAK)KE 3aBUCUMOCTh KO3 PHUIIEHTa KOPPEKTUPOBKU OOPATHOTO MOTOKA OT CKOPOCTH CIIBUTA.
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