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Pedepar. PaccMoTpeHbI 0COOCHHOCTH TEUSHUS BSI3KO-IUTACTHYHOTO MaTepraia 1o KaHaly IHeka. [[epCrieKTHBHBIM HATIPABICHAEM B 9TOM
Cllydae SBJISIOTCS MOJIEIN IEPEHOCA, ONPEAEIsIEMbIE THAPOANHAMUKON (pa30BOro nepexona. B paGore ananu3upyercs BIMsSHEE rabapuToB
Ha PEXUM TEYEHHS BSI3KO-IUIACTHYHOTO Marepuaia.Marepuall, HaAXOMAIMNACS B KaHAC BPAINAIOMIETOCS [IHEKa W OTPAHUYCHHBINA
HETOIBMKHBIM KOPITyCOM, HAYHET JBUraThCs MOCTYIATEIBHO 110 KaHAly BCJIEACTBHEC BO3HUKAIOIICH B HEM IeOpMandu CABHra —
HOSBISETCS BBIHYKACHHBIH (MpsAMON) mMoToK. OCHOBHBIMU ITapaMETPAMHM, ONPENEIAIONMMYI BEIMYMHY 00BEMHOIO PacXoja, SBISIOTCH
riryOWHa, U IMUPUHA KaHaja, IMaMeTp [IHEKa M YacToTa ero BpaiieHus. Heo6X0auMbIM yCIIOBHEM CYIECTBOBAHKS STOTO MOTOKA SBISETCA
COXpaHEHHE B MaTEPUaje HANMPSKEHUM CIBHIa, YTO BO3MOKHO TOJNBKO B TOM CIIy4a€, €CJIM MATEPHAN MMEET ONPENETIEHHYIO BA3KOCTD.
VcinoBueM BO3HUKHOBEHHS 0OPATHOTO TOTOKA SBIAETCS W3OBITOYHOE JAaBIECHKE, CO3aBAEMOE CONPOTHBICHHEM T0J0BKH. [IpencraBum
cebe B OTUX YCIIOBHAX, YTO INHEK HE IBHKETCA. TOra 1o/ ACHCTBUEM AABJIEHHS CO CTOPOHBI TOJOBKHM MAaTEPHAI IIOTEYET OT HEE BIOJb
[IHEKOBOTO KaHaja — B OOpaTHOM HampaBliCHHH. BenwdnHa 0OBEMHOrO pacxoja MPOTHBOTOKA TAKXKE 3aBUCUT OT TIyOMHBI KaHaia,
JMaMeTpa U JUTHHHBI ITHEKA, BA3KOCTH MaTepHala W BEJIMINHbI IaBJICHHUS B TOJIOBKe. Ha mpaxkTike, OHAKO, B KaHAJIE ITHEKAa HUKOT[a HE
BO3HHUKAET NMPOTHBOTOK, & JABJIECHHE B I'OJIOBKE OKa3bIBAET CBOCOOPA3HOE OTPAaHUYEHHUE NPAMOMY IOTOKY, KOTOPOE PacCMAaTPHBAETCS
TEOPETUYECCKH KaK MPOTHBOTOK, & MPOU3BOAUTEILHOCTD ITHEKOBOIO HATHETATENsl — KaK CyMMapHBIH pacXo[ ABYX MOTOKOB. J[iist ydera
reOMETPUH KaHaja pa3padaThiBanachk MaTEMATHIECKAs MOJEIb CKOPOCTHOIO HAMOpPa B MPAMOYTOJLHOM KaHane. I1oqy4eHHoe ypaBHEHHE
MO3BOJIAET OMPEICIUTh HATPSKEHUE CIBUTA IO CKOPOCTH CIBUTA MaTepuaia. Y IuThIBask CHMMETPUYHOCTD M JIMHEHHOCTD PACIIPEICIICH Usl
CKOPOCTH B KaHaJ€ OTHOCHTEILHO €r0 CEPEIMHBI, MONYy4eHO yPaBHEHHME PACIpEAEIEHHE CKOPOCTH CABHMra IO BhicoTe. Halinmennas B
pe3yJbTarte aHaJMTHYECKOTO PEIICHHS IBYMEPHOTO ypaBHEHHs IlyaccoHa 3aBHCHMOCTH MO3BOJIET 3HAYHMTEIBHO YIPOCTUTH PacuyeT
PaCXOIHO-HAIOPHBIX XaPaKTEPUCTHK OJKCTPYIEPHON YacTH INMHEKOBBIX MPECCOB VI OTXKUMA DPACTHTEIBHBIX Macel OTHOCHTENHHO
TpeOyeMOl CKOPOCTH BPAIEHHs IITHEKA.
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fixed cover
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Summary.Features of the viscous-plastic material flow through the screw channel are studied. A promising direction in this case is the transport
models determined by the hydrodynamics of the phase transition. The author also analyzed the effect of dimensions on the flow rate of a viscous-
plastic material. The material situated in the channel of the rotating auger and bounded by the fixed body will start to move in a translational
motion along the channel due to the shear deformation that appears in it, this is where a forced flow appears. The main param eters that determine
the volume flow rate are the depth and width of the channel, the diameter of the screw and the frequency of its rotation. A necessary condition for
the existence of this flow is the persistence of shear stress in the material, which is possible only if the material has a certain viscosity. The condition
of the return flow is the excessive pressure created by the resistance of the head. We assume the case when in these conditions the auger does not
move. Then, under the action of pressure from the side of the head, the material will flow from it along the screw channel — in the opposite direction.
The volume flow rate of the counter-flow also depends on the depth of the channel, on the diameter and length of the screw, on the viscosity of the
material and on the pressure in the head. In practice, however, there is never a countercurrent in the auger channel, and the head pressure exerts a
kind of limitation on the direct flow, which is theoretically viewed as a countercurrent, and the productivity of the screw supercharger is the total
flow of the two flows. To account for the geometry of the channel, the author developed a mathematical model of the velocity head in a rectangular
channel. The resulting equation makes it possible to determine the shear stress in terms of the shear rate of the material. Taking into account the
symmetry and linearity of the velocity distribution in the channel with respect to its midpoint, an equation is obtained for the distribution of the
shear rate along the height. The dependence, obtained as a result of the analytical solution of the two-dimensional Poisson equation, makes it
possible to simplify considerably the calculation of the discharge-pressure characteristics of the extruder part of the screw presses for pressing
vegetable oils with respect to the required screw rotation speed.
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BBeaenne

Pa3paboTka COBpPEMEHHBIX TEXHOJIOTHIA
B ITUIIIEBON MPOMBIILICHHOCTH 0a3upyeTcs: Ha uc-
MTOJIb30BAaHUU BBICOKOMHTEHCUBHBIX BO3/IEHCTBUI
Ha MUKpoypoBHe. Ilpu 3ToM aHanu3 QaxTopoB
MTPOU3BOICTBEHHOT O IPOIIECCABBIABIISCT HANOOJIEE
3¢ pexTUBHEBIC TEXHOJIOTHUECKHE TIPUEMB,
WCTIONIb30BaHNE KOTOPBIX MO3BOJISIET 0OOCHOBATH
3¢ (HEeKTUBHOE COBEPIICHCTBOBAHUE IPOIIECCOB
M3BIICYCHUS IICHHBIX KOMIIOHEHTOB. Pa3ButHe
TEXHOJIOTMYECKUX WHHOBalUH B MMULIEBOM
MMPOMBINIJICHHOCTH OCHOBAaHO Ha MOJICITUPOBAHUU
MPOIIECCOB THAPOJIMHAMUKY B paboyeii 30He ycTa-
HOBOK TIpY 3HAYUTEIHHBIX H3MEHEHHUAX BHEITHUX
Bo3feicTBHiA. ['a0apuThl NHTAIOMIETO BHUTKA
IITHEKOBOTO TPEecca OKa3bIBAIOT CYIICCTBCHHOE
BIIMSIHAE HA €TO PACXOJHO-HAIOPHBIE XapaKTepH-
cTUKHA. MeTOAbI MAaTEMAaTHYECKOTO MOICTTHPOBAHHS
MOTOKOB YYUTBIBAIOT 3TH XapaKTEPUCTHKH. Br16op
mapaMeTpoB MOJCIM B PABHOBECHBLIX YCIIOBUAX
OKa3bIBAIOT CYIIECTBEHHOE BIUSHUE HA ITOCTIETYTO-
IOYIO ONITUMHU3AaINI0 TCXHOJIOTUH. HepCHeKTI/IBHLIM
HaIPaBJICHUEM B 3TOM CJIy4ae SBJISIOTCS MOJCIH
MepeHoca, orpeenseMble THIPOAMHAMUKOH (hazo-
BOTO Tepexosa.B pabore aHanmM3upyeTcs: BIUSHIE
I‘a6apI/ITOB Ha PCXKUM TCUCHUA BA3ZKO-IIACTUYHOI'O
Martepuana [ 1-14].

OcHoBHas YacTh

Marepuail, HaXOLUICS B KaHAJIE Bpalla-
OIICTOCA ITHCKA U OFpaHI/I'-IeHHHﬁ HECTIOABMKHBIM
KOPIIyCOM, HAuHET JBUTaThCS IOCTYNATENBHO
10 KaHajly BCJEACTBHE BO3HUKAIOUIEH B HEM Jie-
¢)0pMauI/H/I CJIBUra — TIOSIBIIAETCS] BBIHYKIEHHBIN
(mpsimoit) moTok. OCHOBHBIMH IapaMeTpamu,
OTIPEIEIIAIOIIMMHI BEIMYMHY 00BEMHOI0 Pacxoa,
SIBIIAFOTCA FHyGI/IHa, U IIHMpUHA KaHajla, OUaMETp
IIIHEKA U YacTOTa €r0 BpallCHUS. Heo6xonuMbiM
YCJIOBHEM CYILIECTBOBAHMS 3TOT0 IIOTOKA SABIAETCS
COXpaHEHUE B MaTepuajie HaIpsHKEHUU CIBUTra,
YTO BO3MOYKHO TOJIBKO B TOM CIIy4dae, €CJIM MaTe-
pHaJl UMEET OMNPENEICHHYIO BA3KOCTb. Y CIIOBUEM
BO3HHKHOBEHHSI OOpaTHOTO TIIOTOKa SBISETCS
n30bITOYHOE JABJIEHUE, CO31aBacMOE COIPOTHUBIIC-
HueM ronoskH. [IpeacTaBum cee B 3THX yCIOBHSX,
YTO IIHEK He ABwxkeTcs. Torma moj JedcTBHEM
JIABJIEHUS CO CTOPOHBI FOJIOBKH MaTEPHUAIT IOTEUET
OT Hee BJOJb IIHEKOBOIO KaHaia —B 00paTHOM
HampaBieHUH. BennunHa 00BEMHOTrO pacxona
IIPOTUBOTOKA TAKXKE 3aBUCHUT OT FJ'Iy6I/IHI)IKaHaHa,
JuaMeTpa U AIUHHBI ITHEKA, BA3KOCTH MaTepuaia
U BEIMYUHBI JaBIEHUS B rojoBke. Ha mpakTuke,
OJIHAKO, B KaHAJ€ IIHEKAa HUKOIJA HE BO3HUKAET
MIPOTUBOTOK, & JABICHUE B OJIOBKE OKAa3bIBAECT
CcBOEOOpa3HOE OTpaHUYeHHE TMPSIMOMY MOTOKY,

Jlnst cBsi3u ¢ pepakimeii: post@vestnik-vsuet.ru

KOTOpOE paccMaTpHBaeTcsl TEOPETUYECKH Kak
MPOTHUBOTOK, a MPOM3BOAUTENBHOCTh IITHEKOBOTO
HarHeTaTeys — Kak CyMMapHBIA pacXoJI IBYX MOTOKOB.
s ygeta TeoMeTpuu KaHaja pa3padaThiBanach
MaTeMaTH4YecKass MOJEIh CKOPOCTHOTO Hamopa
B MIPSIMOYTOJIFHOM KaHaJe.

Jis onmcaHusl pacnpeneieHus] CKOpOCTeH
WCIONB30BaNIachk JABYMepHas 3agada Ilyaccona
C TPAaHMYHBIMH YCJIOBHSMH TIEPBOTO poja. 3amada
CBOAWTCS K pemeHuto ypaBHeHus Ilyaccona
Uy tuty, =0 BHYTPH NIPSIMOYTOJIBHUKA TIPH KPaeBbIX
yemoBusix:  u(0,y) =V, u(ay) =V, u(x,0) =0
u(x, b) =V. bynem uckaTh BHauajle HETPHBUAIHHEIE
YyacTHbBIE penieHus ypaBHeHus [lyaccona, yaosie-
TBOPSIIOIIME TPAaHUYHBIM YCIOBUsIM  u(X,() =0,
u(x,b) =V Buge u(x,y) =X(x) -Y(y). lloncrasmss
3TO BBIpaXXeHHE B ypaBHeHHE [TyaccoHa, momyynm
X (x)xY(y) +X(x)-Y(y)” =0, oTKyna neneHueM Ha
X(x)*Y(y) HaiineM COOTHOIIIEHHE MEXIYy IMPOH3-
BOJHBIMH U WX (QYHKITUSIMU:

X’ Y’ 2
X(x) ¥(y) M

JleBas gacTh paBeHCTBa (2) MOXKET 3aBUCETH
TOJIBKO OT X, WJIU OBITH IIOCTOSHHBIM YHCIIOM,
HE 3aBHCSIINM OT KOOPJMHAT. AHAJIOTMYHO U TIpaBast
YacTh HE 3aBUCHT OT KoopauHatel y. CremoBa-
TEJIHHO, ITH COOTHOIICHHS BBITIOMHSIIOTCS TIPU UX
PaBEHCTBE IOCTOSHHOM Benmuube A2, Jlomyckas,
uro Y(0) =Y(b) =0, nonyunm 3amauy Lltypma—
JInyBumns:

Y+ 27 ¥(y)=0
,0<y<b )
7(0)=Y(p)=0

Jns pemenus ypaBHeHUS (2) MCHONB3yeM
ONEepalMOHHBIN METO]T, OCHOBaHHBIN HA MHTErPATTEHOM
npeoOpa3oBanny Jlariaca, mo3BoISIOIIHIA Tpeodpa-
30BaTh MU depeHImanbsHoe ypaBHEeHHE (OpUTHHAT)
K €€ ayireOpanyecKoMy aHajory (M300paKeHHIO).
B aToMm ciydae perenne anreOpandeckoro ypaBHe-
HUsE OyJIET COOTBETCTBOBATh pelleHHut0 TuddepeH-
MaIBHOTO. Mcnonb3yst mpsiMoe TIpeoOpa3oBaHue
Jlamnaca, mpeobpa3syem ypaBHeHue (2) K BHIY:

ﬂ,z-L(S)—dy()—S2~L(S)—S-y0=O 3)

Paspemas noinyuenHoe ypaBHeHue (3) OTHO-
CUTEIbHO M300pakeHUs] UCKOMOH GyHKUuH L(s)
HaxoJIuM IIOJIyYCHHYIO 3aBHCHMOCTb, CUHTas §
MIPOCTOM NEPEMEHHOM:

dy, +s-

4)
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Ucnone3yss  oOpatHoe mpeoOpa3oBaHue
Jlamumaca, mpeoOpasyem ypaBaeHue (4) K BUIY:
dy, -sin(A-y)+ y,-cos(1-y)-4
¥(y)= Bosin(d-y) L (4-») 5)
Ucnonesys (5) ¢ yuerom(2) moryyaem coo-
CTBEHHBIE 3HAYEHHS U COOCTBEHHBIE (DYHKIINU
JIByMepHou 3aaauu [lyaccoHa Ha IpSAMOYTOJIbHUKE:

n-mw .|\ n-
Lt 12 (©)

CootBercTBytomue GyHKIHA X,(X) ABISA-
10TCS peleHusMu ypaBHenus X (x) -A2 -X(x) =0,
OTKyZa HCIONB3yd MpsAMoe MpeoOpazoBaHue
Jlannaca, npeoOpa3yeM 3To ypaBHEHHE K BUAY:

s*-L(s)= 2 -L(s)—dx, —s-x,=0 (7

Paspemas nmonyuennoe ypaBHenue(7) OTHO-
CUTENFHO HM300paXKeHUs] MCKOMON (yHKIH L(s)
HaxXoauM IIOJYYCHHYIO 3aBHCUMOCTL, CUHUTAA S
MNPOCTON NEPEMEHHOM:

dx,+s-Xx
L(S)Z—W (®)

Hcnone3ys obparHoe nmpeodpazoanue Jlamaca,
mpeoOpasyeM ypaBHeHue (4) K BUAY:

X(x):xo'Ch(ﬂ-x)—kM

©)
HUcrionesys (9) ¢ yaeroM rpaHUYHBIX YCIIOBUIA

ToJTy4aeM cOOCTBeHHbIE (PYHKIMH ABYMEPHOH 33141

[Iyaccona Ha IpsAMOYTOJIbHUKE IO KOOPAHHATEX:

Xﬂ(x)zan'ch(T'xJann-sh(n;[-x) (10)

rae a, u b, — npou3BonbHBIE OCTOSTHHBIE. COOT-
BETCTBYIOIIME (DYHKIMH pEHICHUS YpaBHEHUS
[Iyaccona Ha npsAMOYyTroJbHUKE OyIyT UMETh BHUL:

u,(x,)= {an -ch[% . x] +b, -sh(%»xﬂ . sin(”;’ -yj (11)

B kaudecTtBe penieHuMs HMCXOJHON 3amauu
BO3BMEM PsIA:

s y)= 2{‘1 d{% , x] b, w{% : XH ‘ sm["‘b’f }j} (12)

IoncraBmsist x =a B ypaBHeHue(12) Haxo-
JTUM TIOCTOSIHHBIC U3 CJICTYIOIIEr0 COOTHOIICHUS:

an-ch(T-a)+bn-sh(T-aj=0 (13)

B Toxe Bpemst mpu x =a B ypaBHeHHe(12)
¢ yuetom(13) nmeem:

el o

Wurerpupyst psan (14) momydaem cremyro-
M€ COOTHOUICHHUS JUIS Uy

0, n uemnoe

24 (nrx
a=-2 {v.sm(—b -y]dy, a, —{w oo (15)
n-mw

TakuMm 00pa3oM, pellieHue 3aJadul Ha Ips-
MOYTOJIBHUKE UMECT BU:
} (2‘k+l)~(afx)~7r} . |:(2»k+1)«7z»y}
sh[ sin|
u(r ) =22s b b
T Z‘: (2./{“)4”,[@} (16)

b

[lomyuenHoe pemenne (16) cooTBETCTBYET
kpaesoii 3amaue u(0,y) =V, u(a,y) =0, u(x,0) =0 u
(x,b) =0. llpoBenst 3ameHy mnepeMeHHbIX B (16)
TMOCJIE OUEBUTHBIX ANITEOpantecKiX MpeoOpa3oBaHuii
MOJy4YaeM pellicHre MCXOJHOM 3a7adl ¢ TpaHdud-
HbMU yenoBusimu u(0,y) =V, u(a,y) =V, u(x,0) =0
u (x,b) =V

- S,{(z~k+1)'(h—y)4r]sin[(2-k+1).,;Ax}

rae a, b— radaputsl kaHana (a>b), M; X, y — Jekap-
TOBa cucteMa koopmuHar, (0<x<a) m (0<y<b);
V — CKOpOCTh IBIKEHHS CTeHOK KaHana (1 m/cex).
3anaua (17) popMmynmupyercs Kak AByMepHas C HETIO-
JIBIDKHOHM  KPBIIKOW M JABWKYIIUMUCS CTEHKAMHU.
B aToMm cnydyae ckopocTh cABHTra B KaHaie IpH
CKOPOCTH €ro CTEHOK V M/CEeK M HeNOABMXHON
KPBIIIKE TPONOPIHOHAIbHA TPAJAUCHTY, MOMIYJIb
KOTOPOTO OIpENENsieT CKOPOCTh C/BHTA B IPSIMO-
yroJbHOM KaHaiie. MHTerpupysi MOIy/lb TPaeHTa,
OIpeieIsieM CPEHIOI CKOPOCTh C/IBUIa B KaHAJIE:

ch(2-7r~b—2-7r-y+4~7r-b-k—4~7r-y-k]_COS[Z-ﬂ~x+4-ﬂ'-k~xj

a

apl [ Z} a

7(V,a,b)=

2~k+1)~b~7rT

il

-dxdy (18)

11 HBEOTOHOBCKO# peosioruu BaskHa CpeHsIs
CKOPOCTb CIIBUTa, KOTOpasl B CIy4ae OJHOMEPHOMU
3agaun KysTTa paBHa CKOPOCTH CABUIa Ha JBUXKY-
LIEHCS KPBIIIKE KaHaa. DTO CBA3aHO C JIMHEHHBIM
XapaKTepoM U3MEHEHUsI CKOPOCTH IO BBICOTE KaHasa.
W3meHeHne CKOpPOCTH B KaHAJeC HEMOJABHKHON

22

a-b

KPBIIIKOH H JBWKYIIMMHUCS CTEHKAMH HOCHUT He-
JIMHEWHBIN XapakTep, ONpeesseMbll ypaBHEHUEM
(17). TlosTomMy cpemaHee 3Ha4YCHHE TpagueHTA
10 TUIOIIAIM CEYEHUS] MPSMOYTOJBHOTO KaHasia
7 (V,a,b) onpezensieT cpeaHIO0 CKOPOCTh C/IBUTa

B 3TOM KaHaJIC. HpI/I HU3MCHCHUMU I' a6apI/ITOB KaHalia
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OyZeT MeHATbCS M CPEelHAS CKOPOCTh CJIBMTa
7(V,a,b) BkaHane, cpefHssi CKOPOCTb CJIBUTa,
KaK yCpeIHEHHBI 110 MIomaau npoduis MOIyIb

a

TpaZiieHTa CKOPOCTH MaTephaia armpoKCHMHPYeTCs
PErPECCHOHHON 3aBHCHMOCTBIO TIOJIYYCHHOM st
CKOPOCTH JBWKYIIEHCA KPBIIIKHA V OTHOCHUTEIHHO
rabapuTOB KaHajia ITHEKa:

y (5, 1) = (v )42+ ()=o) o, v ay explag - () -, by (19)

(72)"

rAc v — CKOPOCTh KPLBIIIKY KaHajla, b- IIMpUHA KaHalia, h — BBICOTA KaHAaja.

Ta6numa 1.
3HadyeHus1 K03 PHUIUEHTOB PErPECCUOHHON 3aBHCUMOCTH
Tablel.
Values of regression dependence coefficients
KoadpdprmmenTsr
Coefficients ao ai az as aq as ae ai
3nasciis 1,751 | 0949 | 7.932 | 0,712 | 4426 | 1372 | 29,037 13,736
Value
VYpaBHeHnue (2) TO3BOJSET  ONPEICIHTH JaK/II0YeHHe

HATPSDKCHHUE CaBUTA 7 (] 10 CKOPOCTH CIBHUTra

marepuana y(v,b,h). VduTbIBasS CHMMETPHYHOCTH

U IMHEWHOCTh PacHpeAeIeHUs] CKOPOCTH B KaHale
OTHOCHUTEJIBHO €r0 CEPEOHHBI, MOJydaeM pacipe-
JieTICHUE CKOPOCTH caBHTa IO BBICOTE:!

; .-7(v,b,h)-y , Tae y — TeKymas BbICOTa

/

KaHana, 0 <y <h.
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