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MOJIEJIIOBAHHS TEUII PO3ILIABIB IIOJIIMEPIB
3A HAABHOCTI HU3bKOB’A3KOI'O IPUCTIHHOI'O LIAPY

Hoxazano ocobausocmi npucminnux epexmia ¢ npoyeci 3D-Opyxy. Ompumani 3anenicHocmi po3nooiy weuoKoCcmi
noniMepy ma MUcKy 8 KaHAl 8i0 NPOOVKMUGHOCHI NpU PISHUX 3HAYEHHAX 8 A3Kocmi noniMmepy 8 npucmiHHOMY
Wapi, @ MaxKox;c 3a1exHCHOCHI 8 A3KOCHi NPUCMIHHO20 Wapy 8i0 wsuoKocmi pyxy ma memnepamypu. Pesynomamu
MOOeNI08aHH 00360JIAI0Mb  VIMOYHUMY  Pe3VIbMamy  po3paxyHKie napamempia excmpysil ma iHwux npoyecis
nepepobKy nonimepis.
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Hocranoska npodaemu. JOCTiMKCHHA TPOLCCY PYyXy NONIMECPIB B KAaHATAX TCPESPOOHOTO OOJIaTHAHHA
TOKA3aJH, IO Iap MOJIMEPY O1M CTIHOK KaHAIY MPOTPIBAETHCS IMBHIIIC i TOMY HaOYBa€ BIAMIHHHX BiX OCHOBHOL
MacH Matepiaiy BIACTHBOCTCH — MiABHINCHOI TEMIICPATYPH, 3HIKCHOT MOJICKYJIIPHOI MAcH, a BiITAaK 1 3MEHIICHOL
B si3kocTl [1]. Xapakrep NMPUCTIHHOTO IMApy BH3HAYAETHCA HU3KOIO (DAKTOPIB: BEIMUYHHOI IPHUCTIHHOTO TEPTSL,
MIBUAKICTIO PYXY MaTepiaiy, peXKUMOM HarpiBaHHA CHpOBHHU. [101i0HI MPHUCTIHHI IMApH BIAPIZHIIOTHCS BLX TAKUX
Y 3BHYAWHUX HA3BKOMOJICKY IAPHUX PiAHHAX [2], OCKITPKA MAFOTh 1HIY MPHPOAY.

AmnaJiz nonepeanix qociikenb. B podoti [3] po3raamaeTsea aHANITHYHS PO3B A3aHHA HAMMPOCTIIIO 3a1ati
PO PO3MOAINT INBHAKOCTI B IJAMIHAPHOMY IIPHTPAHMYHOMY Imapi Ha IoiacTwHi. HaOmmwkeHWH po3paxyHOK
TIPUTPAHUYHOTO Mmapy B Kpyrimiii TpyOi Oys Buxonanmit IlIminepom [4]. Bin mpuimyckas, mio B MPUTPAHHIHOMY
mIapi 3MiHAa MIBHAKOCTI BiIOYBA€THCS MO Mapadoi, a B MOTCHIIHHIN Teii 1O IPSIMIH.

B pobori [5] Exmoncon i deHHep moKazaid iCHYBaHHSI HH3bKOB S3KOTO MIAPY PO3ILIABY, IO 3HAXOAUTHCS MDK
OCHOBHHM INAPOM TOTIMEPY 1 OCCpIAIM INHCKA, AKHH 3'ABIAETHCA B PE3YIIbTATi IUIABJCHHSA MPOOKH TPAHYN 3a
PaxyHOK TeIUla, M0 HAAXOJWTh BIJ INHEKA. Takud pPEKUM IUIABJICHHS BHHHKAE 33 BIICYTHOCTI OXOJIOKCHHS
IITHCKA.

B poborax [6, 7] aBTOpHM HABOAATH METOAMKH BH3HAYCHHSA B S3KOCTI HMPHUCTIHHOTO mapy v (opmyroumx
KaHamax oONaJHAHHA A MIEPEPOOKH MOIMEPIB, SIKI MOXYTH OyTH 3aCTOCOBAHI NMPH BH3HAYCHHI XAPAKTEPHCTHK
MaTepiany a1 BHKOPHCTAHHS Y CHCTEMAaX MATCMATHYHOTO MOACTIOBAHHA. Y poOortax [8, 9] mpumincHo yBary
MATCMATHYHOMY MOJICTIOBAHHIO KOB3AHHS MOJMIMEPY MO CTIiHII KAHAJAY TCPCPOOHOTO OONATHAHHA, NMPH IBOMY
BIUTHB HA3HKOB SI3KOTO MPUCTIHHOTO MIAPY 3BEACHUH A0 KOC(Ii€HTY KOB3aHHSL.

Amnani3 HaBeACHUX poOIT MOKA3aB, IO 32 YMOBH TOHKOTO BITHOCHO OCHOBHOTO IIOTOKY NPHTPAHHYHOTO INAPY
O30T INBUAKOCTEH B HHOMY MOXKHA BBKATH OJIM3bKUM 0 JTiHIHHOTO.

Merto10 cTrarTi € aHam3 Pe3yIbTaTiB MATEMATHYHOTO MOJCIIOBAHHS TCUil PO3IUIIABIB MOJIMEPIB 3 IMITALIER
HASBHOCTI HU3BKOB A3KOTO MPHCTIHHOTO IIAPY.

Buxaanx ocnoBaoro marepiamy. OcoOnuBHE IHTEPEC NMPEACTABIIIE BHBYCHHS XapaKTepy TEUill MOJiMepy 3
MIPUCTIHHUM IIApPOM B KaHAJI TOJOBKH MPUCTPOIO A (JOPMYBAHHSI METOJOM HPOCTOPOBOTO ApyKy (3D-mpuHTED).
3a OCHOBY 00paHO MPHCTPil, M0 MPAIIOE 32 MCTOAOM MOIMAPOBOTO HAIUIABICHHA (DOPMH MAHOYTHHOTO BHPOOY
(puc. 1). Kanan pobodoro oprany mae 3a3pmuai giamerp Bix 0,1 MM mo 1,2 Mm. 3a Magmx miaMeTpiB COILIA
BIIACTHBOCTI MOIIMEPY IO BChOMY 00 €My KaHAIy BIANOBINAIOTH BIACTHBOCTSIM NpHCTiHHOTO mapy. IIpore mpm
3pOCTaHHI JIaMETPy COIUIA, MOJIMCPHHH MAarepian cTa€ OipII XOTOTHHM i B’ S3KHM OJIKUIC OO NCHTPAIBHOI OC.
Sk mMOKA3yIOTh TOCTMKCHHA, 32 miaMeTpiB comma 0,8 MM i BHING, LCHTPATbHA YACTHHA MATCPIANy 3aTHINAETHCI
HEpO3IIaBIcHOK. [lomaua marepiamy BiZOYBAeThCS 3a PAXYHOK KOB3aHHA ILICHTPAIBHOTO HEPO3ILIABICHOTO
MaTepiany mo TPaHAYHOMY IHAPY 3 HH3BKOO B A3KICTHO. [IpraoMy 30LUTBIICHHS MOTY>KHOCTI HATPiBAYa MPH3BOIUTH
Jmmie 10 nie OiIbINOTO MiABHINCHHS B A3KOCTI TPAHMYHOTO IMApy 1 HaBiTh Horo miaropsHHA (puc. 2). Ilpu mpomy
0ChOBA YACTHHA MATCPIiay JIMMIAETHCA 1 HAKAMI HEPOSILIABICHOK. MOXKTHBHIT BApPiaHT 3MCHIICHHS MIBHAKOCTI
moja4i MaTepianmy B poOouy 30HY. B TakoMy BHIAazky TeMIEpaTypHE MOJE IO IEpepily KaHaIy IOPIBHSIHO
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BHPIBHIETHCSL, allc IIE CYTTEBO 3HU3UTH MBHAKICTH (popMyBaHHSI BHPoOy. ToMy HAHOLIBII ONTHMAIBHUMH € CEPEIH]
3HAYCHHA MAPAMETPIB APYKY (TeMmepaTrypa, IIBUAKICTh ITOJA4i, IHTCHCHBHICTh OXOJO/DKCHHS 30HH JPYKY). 3a
TaKUX MAPaMETPiB BUXI MOIIMEPY 3 COILIa (POPMYIOHUOi TOJIOBKH IPOXOIUTH PIBHOMIPHO Ta 0€3 YCKIAIHCHS, IO B
CBOIO YEPIy BiJOOPAKAETHCS HA SAKOCTI (PIHAIBHOTO BHPOOY.

[lepcnekTHBHAM € TOYHE MATEMATHYHE MOZJCIFOBAHHS Ta CKCIICPUMCHTAIBHE AOCIIHKCHHS TAPAMETPIB APYKY,
TIPH SIKUX SKICTh BUPOOiB Oy e HaHBUIOK0. ONTHMAIbHO NPOBOAMTH AOCIIHKCHHS KaHamiB 3 aiamerpom 0.4 ta 0,5
MM — Ui TOYHOTO JPYKY, Ta 1 MM - mmaa rpyboro. Jlami miamMeTpu € HaHOINBIN PO3IMOBCIOMKCHUMH B cepi
ATUTHBHUX TEXHONOTiIH. OcoOIMBO CHiA 3BEPHYTH YBAry Ha TCHIF0 B COII JiaMeTpoM 1 MM, Tak AK HOIIMEpPH
HAWOLIPII MOMY/UIPHUX THITIB B OCBOBIA YACTHHI KAHATY 3aJHINAFOTHECA HCMPOIUIABICHUMH. SIKICTH apyKy ams
TAKOTO JIAMETPY HATIPSIMY 3aJCKUTh BiJ TEPTS MK TPAHUYHHM Ta BHY TPIIIHIM IIAPOM.
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Puc. 2 — Temneparypue noJie ekcrpyaepa 3D-npunrepa

Oco0IMBICTIO MPOBEACHUX YHCIOBUX EKCIEPHMEHTIB € T€, IO OCKLIPKH 3HAYCHHS IMBUAKOCTI MOIIMEpy Oimt
CTIHKHM 3a37alerifp HE BiIOMA, 3aMiCTh HEi BBEACHO YMOBHHH TOHKHH INAP PIAWHY, 3 BIACTHBOCTSIMH, BiIMIHHUMHU
BiJl BIACTHUBOCTCH OCHOBHOTO Marepiaiy. Lle Moaenroe HasgBHICTh HH3bKOMOJICKYILSIPHUX (PPaKILiii B MPHCTIHHOMY
mapi momimMepy, ab0 3aCTOCYBAHHS 3MAIIYBAIBHHEX JOMIMIOK PH CKCTPY3ii.

Po3paxyHKkn mpoBeIeHO 11 TEOMETpii KaHady IMHEKA eKcTpyAepa. Il MOAETIOBAHHS BHKOPHCTOBYBAJUCS
BIIACTHBOCTI TOJIIETHICHY BHCOKOTO THCKY Mapku 15803-020 (TOCT 16337-77).

Ha puc. 3 300paskeHO 3a7I€KHICTD PO3NOALTY IMBHAKOCTI PiIMHHE Bil HATBHOCTI IPUCTIHHOTO HIAPY.
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Puc. 3 — Poznpoaisi mBuakocreii no BHCOTI KaHATY

[poanamizyBaBImK OTPHUMAHI 3AJICKHOCTI, MOKHA 3POOWTH BHCHOBOK TIPO TC, IO 3a HASBHOCTI MPHCTIHHOTO
mapy 301bIIY€ThCS CEPEIHS MIBUAKICTh PYXY B KaHAI.
Takox Oyim OTpHUMaHI 3aJCKHOCTI 3MIHH IEPENafiB THCKY BiJ B S3KOCTI IPUCTIHHOTO IHApy, NPH PI3HUX
3HAYCHHAX MPOIYKTUBHOCTI PIAMHH, SIKA MPOTIKAE KPi3b KaHA (puc. 4).
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Puc. 4 — 3anexnicTs mepenagy THCKY Bij 3MiHH B’SI3KOCTi TPAHIHYHOTO MIAPY NMPH Pi3HAX NPOIYKTUBHOCTSIX

37



Bicnux Hauionanvnozo mexniunozo ynisepcumemy Yrpainu «Kuiecokuii nonimexniunui incmumym
imeni Izops Cikopcokoeor. Cepis «Ximiuna inxcenepis, exonozisi ma pecypcosoepexcenns». 2019. Ne 1 (18)

Otxe, 3 puc. 4 BHTIKAae, MO0 THCK B KaHAJI 3POCTAE MPH 30UIBINCHI B S3KOCTI TPAHHYHOTO APy, 1 AOCsTaE
HAWOLTBINOTO 3HAYCHHS IPH BIACYTHOCTI 3MANICHHS CTIHOK KaHAmy. TakoX THCK 3pOCTAaE NPH 30LTbIICHHI
TPOAY KTUBHOCTI.

TakoX AOCHMKYBaNACh 3aJCKHICTh TNMEPENay THCKY B KAHAM BiX TeMOEparypd TPAHWIHOTO IHAPY UL
MOHOMIAPY Ta MMAPy 31 3MAMICHHAM, 332 TAKHX BHXITHAX JAHUX. MPOAYKTUBHICTH 60 KI/TO, B’ A3KICTh MPUCTIHHOTO
mapy p=100 ITa-c mpu Temneparypi T=120°C. Pe3ymbraT 70CIHIIKEHD MOKA3aHO HA pHUC. 5.
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Puc. § — 3anexnicTs nepenaxy THCKY Bix Temmeparypu

3 miei 3anexHOCTI MH 0auMMO, MmO 3i 30UTBINCHHSIM TEMIICPATYPH THCK IMAJa€ SK B KaHAJNL 3 MOHOIIAPOM
MOJIMEPY, TaK 1 B KAHAMI 31 3MAIyBaHHAM, TaKOK MOKHA MOOAYMTH, IO MEPENaj TUCKY B KaHAT 3 MOHOIIAPOM
TMOMITHO BHIIHH.

[TpoBeacHi YUCIIOBI CKCTICPUMCHTH TO3BOJIIH 3MOACTIOBATH 3AICKHICTh MK MPOIYKTHBHICTIO Ta MEPETaIoM
THCKY B KaHAJI 32 HASBHOCTI MPUCTIHHOTO mapy (puc. 6).
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Puc. 6 — 3anexnicTs mepenagy THCKY Bil TPOAYKTHBHOCTI

3 3ameKHOCTI HA pHUC. 4 MOYKHA BCTAHOBHTH, MO 31 301MBMICHHSAM MPOAYKTHBHOCTI, THCK 3POCTAE 3a OLTBII
TMOXWIOK HCTIHIHHOK KPHBOIO, HA BIAMIHY Bi TAaKOi 3aJCKHOCTI 32 BILACYTHOCTI MPHCTIHHOTO Imapy. Tomy
BBE/ICHHSI 3MAIIYBAJIbHOTO IMPHUCTIHHOTO IMApy 301IbNIY€E MPOIYKTHBHICTH EPEPOOHOTO 00IaTHAHHSL.

BucnoBkn. OTpuMaHi 3aJ€;KHOCTI PO3MOZLTY TMAPAMETPIB Teyii momiMepy B KaHAIl BiX HASBHOCTI Ta
BIIACTHBOCTCH MPHCTIHHOTO HIAPy, a TAKOX 3AJIC)KHOCTI B SI3KOCTI NMPHCTIHHOTO IIAPY B HIBHAKOCTI PYXy Ta
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TeMreparypu. Pe3ynbTati MOACMIOBAHHS JO3BOJUIIOTH YTOUHUTH PE3yIbTATH PO3PAXYHKIB MApAMETPIB EKCTPY3ii,
3D-apyky Ta iHmMX IPOLECIB NMEPEpOOKH IMOMMEPIB, a TAKOXK PEKOMEHIYBAaTH 3aCTOCYBAHHS 3MAIlyBaJbHUX
JOMIIIOK 111 301 ICHHS IPOJYKTUBHOCTI i 3am00iTaHHS .

[NepcnekrnBaMy MOJANBINHX JOCHIHKCHb MOXKYTh OyTH MOJCTIOBAHHS Te4ii 3 MPUCTIHHAM IIAPOM PO3ILIABIB 3
BHCOKOCJTACTHIHUMHE BIACTHBOCTSIMH.
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Sokolskiy O. L., Ivitskiy 1. 1., Oleksishen V. O.

MODELING OF POLYMER MELT FLOW WITH THE PRESENCE OF A LOW VISCOSITY NEAR-
WALL LAYER

Investigation of polymers movement process in the channels of processing equipment showed that the polymer layer
near channel walls warms up faster and therefore acquires different properties from the main mass of the material -
increased temperature, low molecular weight, and then reduced viscosity. A number of factors determines the
nature of the wall layer: the amount of wall friction, the speed of the material, the mode of heating of the raw

material. Such near-wall layers differ from those of ordinary low-molecular liquids, since they have a different
nature.

An analysis of these works showed that with a thin relative to the main flow of the boundary layer, the distribution
of velocities in it can be considered close to linear. The purpose of the article is to analyze the results of
mathematical modeling of the flow of polymer melts with imitation of the presence of low viscosity wall layer.

Of particular interest is the study of the nature of polymer flows with a wall layer in the channel of the head of the
device for forming by the method of spatial printing (3D printer). A device based on the method of layer-by-layer
surfacing of the shape of the future product is selected as the basis the channel of the working body usually has a
diameter of from 0.1 mm to 1.2 mm. For small nozzle diameters, the polymer properties throughout the channel
volume correspond to the properties of the near-wall layer. However, as the diameter of the nozzle increases, the
polymeric material becomes cooler and more viscous closer fo the central axis.

A feature of the conducted numerical experiments is that, since the value of the velocity of the polymer at the wall is
not known in advance, instead of it, a conditional thin laver of liquid is introduced, with properties different from

those of the base material. This simulates the presence of low molecular weight fractions in the surface layer of the
polymer, or the use of lubricating impurities during extrusion.

1t has been established that with an increase in productivity, the pressure increases along a flatter nonlinear curve,

in contrast to this dependence in the absence of a near-wall layer. Therefore, the introduction of a lubricating wall
layer increases the productivity of processing equipment.

The obtained dependences of the distribution of the flow parameters of the polymer in the channel on the presence
and properties of the near-wall laver, as well as the dependence of the viscosity of the near-wall layer on the
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velocity and temperature. The simulation results help to clarify the results of calculations of the parameters of
extrusion, 3D printing and other polymer processing processes, as well as recommend the use of lubricant additives
to increase productivity and prevent.

Prospects for further research may be modeling flow with a wall of melts with highly elastic properties.

Keywords: melt, polymer, near-wall layer, modeling, viscosity.

References

1. Pugachevich P.P., Beglyarov E.M. Poverhnostnyie yavleniya v polimerah — M.: Himiya, 1982. — 198 p.

2. Loytsyanskiy L.G. Laminarnyiy pogranichnyiy sloy - M.: «Fizmat», 1962. — 479 p.

3. Kirpikov V.A., Shorin G.N. Vvedenie v teoriyu pogranichnogo sloya. Nauchnoe posobie. Pod redaktsiey d-ra
fiz. nauk, professora Guhmana A.A. — M.: MIHM, 1974. — 287 p.

4. Shiller G. Teoriya pogranichnogo sloya - M.: «Nauka», 1969. — 774 p.

Edmonson I.R., Fenner R.T. Polimerna inzheneriya, vip.. 16, 1975. — P. 49-56.

6. Sokolskyi A.L., Ivitskyi I.I. Method of Accounting Wall Slip Polymer in Modeling Channel Processing
Equipment. Modern Scientific Research and their Practical application. 2014. Vol. J21410 . P. 137—140.

7. Sokolskiy O.L., Ivitskiy LI., Sivetskiy V.I., Mikulonok 1.O. Viznachennya v’yazkostl pristinnogo sharu u
formuyuchih kanalah obladnannya dlya pererobki polimeriv. Naukovi visti NTUU «KPI». 2014. Ne2(94).
P. 66—69.

8. Ivitskyi LI. Polymer Wall Slip Modelling. Technology Audit and Production Reserves. 2014. Vol 5, N 3(19). P.
8—11.

9. Sokolskiy O.L., Sivetskiy V.I., Mikulonok 1.O., Ivitskiy I.I. Chislove modelyuvannya vplivu pristinnogo sharu
na protses techii polimeru v pererobnomu obladnanni. Himichna promislovist Ukraini. 2013, Ne6. P, 34—37.

o

YK 66.041.491
IMEPBEUHA B. 10, 1.1.H., ipod.
Hamionamsanii TexHivunmii yHiBepeurer Yirpainm «KniBcokmii mostirexuivamii incruryt iveni Iropst Cikopeskoro»

MOJEJIIOBAHHSI IMTPOLECY CEHNAPAIIIl B TUKJIOHHUX
BUXPOBHX AITAPATAX

Ha npuxnaoi yuxioHHo20 menniooOMiHHUKA 00epmogux neyeti po3enaoacmvea NUMAHHL MOOETIO8AHHA npoyecy
cenapayii 2emepoceHHUX CUCHIEM & YUKIOHHUX @QUXposux anapamax. B pobomi obrpyHmoganusi npuxyun
cenapysants YaCMuHOK i chopmynbo8ana y3azanbHeHa Mooens po3nooily aepo30abHOL cUCmeMU 3 BUKOPUCIAHHIM
30IPHUKIE YACMUHOK NOOIMOGAHUX MAC, KA OA3YeMbCs HA 3AKOHOMIPHOCHIAX DYXY NULONOSIMPAHOL CYMiti.
3anpononosano Hoguil nioxio 00 GuUsHAYEHHS pPO30LNI0OL 30amuocmi Ha 6aszi pO3PAXYHKY pyXy OUCNepcitiHo2o
cepedoguua ma OUCHEPCHUX HACMUHOK 3 VPAXVEAHHAM AGUWA 3IMKHEHHS HACMUHOK 3 NepeuiKoooio ma
BCAHOBGNEHHA 3AKOHOMIPHOCHIEN PYXY YACHUHOK NPU 83AEMOOIT 3 POOOUUMY OP2AHAMU GUXPOBO2O aNApANty.
Po3spobnena mamemamuyna Mmooenv, npospamue 3abesnedeHHs ma GUKOHAHI YUCTO8I PO3PAXYHKU AKI 00380JIAI0Mb
GUSHAUUMYU MPAEKMOPII0 PYXY, OMPUMAmiy noje WeuoKocmeil ma yac nepeOY8aHHA HACMUHOK Mamepiany &
cenapayiiinomy anapami. Pe3ynomamu po3paxyHKy maKoxic npugeoeHi 8 000amky y euenioi gideo ¢aiinig.

Knrouosi cnosa: cenapayis, euxpogi anapamu, yuknowHull meniooOMiHHUK, Oucnepciline cepedoguule, OUCNepCHA
Qasa, ueUOKicme, MpaeKmopisa pyxy.
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Mocranoska nipodJemu. [Iponecn momiiiB TETCPOTCHHAX CHCTEM CKIANAIOTh OCHOBY 0ararb0X BHPOOHHIITB
XiMiyHOI, HAQTOXIMIYHOI, XapuOBOi, TIPHHUIOPYIHOI, OI0TOTIUHOT W IHIIMX Taxy3eH MPOMHUCIOBOCTI. Y 3aTadbHOMY
BHIIAJKY IIi CHCTEMH INJPO3IULTIOTh HA PIAKI 1 Ta30Bi TETEPOTCHHI CHCTEMH Ta CENMAPYIOTHCS B YCTATKYBAHHI, IO
BIZPI3HIETHCS BEIMKOKO PO3MAITICTIO. MeToau NMOoAiNy BHOMPAIOTH Y 3aJEKHOCTI BIT XapakTepy CKIATOBHX YaCTHH
cucremu i crany (a3 [1-3] 3 BpaxyBaHHIM (i3UYHUX 1 XIMIMHHX BIACTHBOCTCH CEpPEIOBHIN, a TaKOXK (ha3w, mIo
3HAXOJUTHCS B MUIKOpa3apoOIcHOMY craHi. HalOuremr mommpeHMMH amapataMu il Cemapanii € IMKIOHHI
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