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MOJEJIOBAHHSA TEUYII PO3ILJIABIB IOJIIMEPIB
3A HAABHOCTI HU3BKOB’A3KOT'O IPUCTIHHOI'O HIAPY

Iokaszano ocobnusocmi npucminnux egpexmie 6 npoyeci 3D-0pyky. Ompumani 3anexircHocmi po3nooiny ueuoKocmi
nojimepy ma mucky 8 Kauaii 6i0 nPoOYKMUBHOCMI NPU PIZHUX 3HAYEHHAX 8 SA3KOCMI NoiMepy 8 NPUCMIHHOMY wiapi,
a MakodiC 3anedHCHOCmi 6 A3KOCMi NPUCMINHO20 wapy 6i0 Weuokocmi pyxy ma memnepamypu. Peszynomamu
MOOeno8antss 00360AI0OMb YIMOUHUMU Pe3VIbmamy pO3pAxyHKie napamempie ekcmpysii ma iHwux npoyecie
nepepooKu noaimepis.

Knrouosi cnosa: posnnas, nonimep, npucminHuil wap, MOOeNO8aHH s, 8 SI3KIiCHb.
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IMocranoBka mpo6semu. JlocimiypkeHHS mNpolecy pyxy IOJIMEpiB B KaHanaXx HepepoOHOro o0JagHaHHS
MOKa3aJiu, 10 LIap MoJliMepy OiIsl CTIHOK KaHally MpOTpiBa€Thes MIBUALIE i TOMY HaOyBa€e BiIMIHHHMX BiJl OCHOBHOI
Macu MaTepialy BIACTHBOCTEH — MIIBHUIEHOI TEMIEpaTypH, 3HIKEHOI MOJICKYIISIPHOI MacH, a BiATaK i 3MEHIICHOL
B’s3KoCTi [1]. Xapakrep NMPHUCTIHHOTO INapy BHW3HAYAETHCS HHU3KOIO (DAKTOPIB: BEIMYMHOIO MPUCTIHHOTO TEPTH,
MIBUJIKICTIO PyXy MaTepiay, pe:KIMOM HarpiBaHHS cHpoBUHH. [lomiOHI MPUCTiHHI Mapy BiAPI3HAIOTHCS Bill TAKUX Y
3BHYAHUX HU3bKOMOJICKYJIIPHUX piAnHAX [2], OCKIIBKH MAIOTh 1HITY IIPUPOLY.

AHani3 nomepenHix mocaimkensb. B po6oTi [3] posrisigaeTscs aHAMITHYHE PO3B’sA3aHHA HAMIPOCTIIIOT 3a1adi
PO PO3MOMIN IIBUAKOCTI B JIaMiHAPHOMY MPHUTPAHUYHOMY IHapi Ha IDIacTUHI. HaOmkeHW po3paxyHOK
NPUTPaHUYHOTO APy B KPYIJii TpyOi OyB BukoHanuit Lllwuiepom [4]. Bin npumyckas, 1110 B IpUrpaHUYHOMY IIapi
3MiHa OIBUJKOCTI BiOYBa€ThHCS MO apaboti, a B TOTEHIIHHIH Tevil Mo npsmii.

B pob6orti [5] Enmoncon i @eHHep nokas3aiy icCHyBaHHSI HU3bKOB SI3KOTO IIapy PO3ILIABY, II0 3HAXOAUTHCS MIX
OCHOBHHM LIIAPOM NOJTIMEPY 1 OCepAsIM LIHEKa, IKUH 3'SBJIA€THCS B pE3YJIbTaTi IUTABJICHHS NPOOKH IPaHyIl 3a paXyHOK
TeIlIa, 110 HaJXOJUTh BiJl IIHEeKa. Takuil pexkuM IUIaBICHHS BUHHUKAE 32 BIJICYTHOCTI OXOJIOJDKEHHS IITHEKa.

B po6orax [6, 7] aBTOpH HABOJSITH METOAMKH BU3HAYCHHS B SI3KOCTI MPUCTIHHOTO IIapy y GOPMYIOUHX KaHalax
o0agHaHHS ISl IEpepOOKH MOTIMEpiB, IKI MOXKYTh OyTH 3aCTOCOBaHI MPpH BU3HAUCHHI XapaKTEPHCTHUK MaTepialy
JUISl BUKOPUCTAHHS y CUCTEMaxX MaTeMaTHYHOI0 MOJCTIOBaHHA. Y poboTax [8, 9] npuaineHo yBary MaTeMaTHIHOMY
MOJICTIFOBAaHHIO KOB3aHH IOJIIMEPY I10 CTiHI KaHATy MepepoOHOro 00JaiHaHH, IIPU IbOMY BIIJIMB HU3HKOB’ SI3KOTO
MPUCTIHHOTO MIapy 3BeCHUN 10 Koe(illieHTy KOB3aHHS.

Amnai3 HaBeJleHHX poOIT MOKa3as, IO 32 YMOBH TOHKOTO BiIHOCHO OCHOBHOT'O ITOTOKY NPHUIPAHUYHOTO IIapy
PO3IOIIT HIBUIKOCTEH B HLOMY MOXKHA BBaYKaTH OJIM3bKHUM JI0 JIiHIHHOTO.

MeTtol0 cTaTTi € aHANII3 pe3yNbTaTiB MaTeMAaTHYHOI'O MOJISIIOBAHHS Teyil PO3IUIaBiB MOJIIMEPIB 3 IMiTalli€ro
HAsIBHOCTI HU3bKOB’SI3KOTO MTPHUCTIHHOTO HIapy.

BukJjan ocHoBHOro marepiasy. OcoOnuBHiA IHTEpEC MPEACTABJISIE€ BUBYCHHS XapaKTepy Tedidl mHomiMepy 3
MPUCTIHHUM IIAPOM B KaHaJIi TOJIOBKH MIPHUCTPOIO s POPMYBAHHS METOAOM IIPOCTOPOBOTO ApyKy (3D-mpunTtep). 3a
OCHOBY 00paHO MPHUCTPIid, 1[0 MPAIFOE 32 METOIOM IOIIAPOBOr0 HAILTABICHHS (POPMH MaiiOyTHHOTO BUPOOY (puc. 1).
Kanan pobGodoro oprany mae 3a3Buuail miametp Bix 0,1 MM mo 1,2 MMm. 3a Manux JiaMeTpiB COIDIa BIACTHBOCTI
nojiMepy 1O BChOMY O0’€My KaHally BiINOBIZAlOTh BIACTHBOCTSIM NPHUCTIHHOrO mapy. [IpoTe mpu 3poctaHHi
JiaMeTpy coIuia, MOJiMepHHUN MaTepial cTae OUTBIT XOJIOMHUM i B’SI3KUM OJIM)KYE JI0 IIEHTPaIbHOI oci. SIK moka3yroTh
JOCIIIIKEHHS, 3a AiameTpiB comta 0,8 MM i BHIIe, HEHTPpaJIbHA YaCTHHA MaTepialy 3aJMIIA€ThCsl HEPO3ILIABICHOIO.
INonaua maTepiany BinOyBaeThes 32 paXyHOK KOB3aHHS LIEHTPAIBHOTO HEPO3IUIABJICHOTO MaTepialy 10 IPaHUIHOMY
mrapy 3 HHU3BKOK B’si3KicTro. [Tpmdomy 30ULTBIICHHS MOTYXKHOCTI HarpiBada MpPHU3BOAWTH JIMIIE A0 Ie OLTBIIOTO
MIIBUILIEHHS B 13KOCTI IPaHUYHOTO IIapy i HaBiTh Horo miaropsHHs (puc. 2). [Ipu 11boMy 0CbOBa 4acTHHA MaTepiay
JIUIIIAETHCS 1 Ha/lalli Hepo3IUIaBiIeHO. MOKINBUN BapiaHT 3MEHIIIEHHS IIBUKOCTI TIOJIa4i MaTepiaay B poOouy 30Hy.
B TakoMy BUNajKy TemIepaTypHe MOJie Mo Mepepily KaHaly MOpPIBHSHO BUPIBHIETHCS, aje 1€ CYTTEBO 3HH3HUTh
MIBUJKICTE (opMyBaHHS BHpoOy. TomMy HalOIIBII ONTHMAaTbHUMH € CEepefHi 3HAYeHHA IapaMeTpiB APYKY
(TemmepaTypa, MBUIKICTH [0J1a4i, IHTEHCHBHICTH OXOJIO/KCHHS 30HH APYKY). 3a TAKUX MapaMeTpiB BUXiJ HOTIMEpY
3 comia (HopMyroUoi TOJOBKH MPOXOIUTHh PIBHOMIPHO Ta 0€3 yCKIIaJHEeHb, IO B CBOIO HEpry BiJoOpaxacTbcs Ha
SKOCTi (PiHABHOTO BUPOOY.

[lepcriekTHBHUM € TOYHE MaTeMaTHYHE MOJICJIIOBAHHS Ta €KCIIEPHMEHTAIbHE JTOCII/DKEHHS [TapaMeTpiB JIpYKY,
MPU SKHUX SKICTh BUPOOiB Oyne HalBuIow. ONTUMaIBHO MPOBOAUTH IOCIKEHHS KaHamiB 3 niamerpoM 0,4 ta 0,5
MM — JUIsl TOYHOTO JIpYKY, Ta | MM - [u1st rpyOoro. [laHi tiaMeTpu € HaiOIbII PO3MOBCIOKEHUMH B chepi aJUTUBHUX
TexHonoriii. OcoOaMBO CiIi/l 3BEpHYTH yBary Ha TEYil0 B COILT JiaMeTpoM | MM, Tak K IOJIMEpH HalOiIbII
MOITYJISIPHUX THITIB B OCHOBIH YaCTHHI KaHAITY 3aJUINAIOTHCS HEMPOIIABICHIMH. SIKICTh APYKY AJIS TAaKOTO JiaMeTpy
HaNpsAMY 3aJI€KUTh BiJl TEPTS MK TPAaHUYHUM Ta BHYTPIIIHIM IIapoM.
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Puc. 2 — TemneparypHe noJjie ekcrpyaepa 3D-npunrepa

OcoONUBICTIO TPOBEICHUX YUCIOBUX €KCIIEPHMEHTIB € Te, M0 OCKUIBKH 3HAYCHHS IMIBHIKOCTI MOJIMeEpy Ois
CTIHKH 3a3JaJIeTi b He BiJOMa, 3aMiCTh Hel BBEACHO YMOBHHI TOHKHA IIAp PIMHU, 3 BIACTHBOCTSIMH, BiIMiHHHUMHA
BiJI BIACTHBOCTEH OCHOBHOTO MaTepiany. Lle Moaeinroe HasBHICTh HU3bKOMOJICKYJISIPHUX (pakiiidi B MPUCTIHHOMY
mrapi moximMepy, a00 3aCTOCYBaHHSI 3MAITYBAIBHUX JOMIIIOK IIPH €KCTPY3ii.

Po3paxyHku mpoBeneHO AJsi TeOMETpii KaHaly LIHeKa eKcTpyaepa. s MOoIenroBaHHS BHKOPHCTOBYBAJIUCS
BJIACTHBOCTI MONTiETHIICHY BUCOKOTO THCKY Mapku 15803-020 (ITOCT 16337-77).

Ha puc. 3 300pa)xeH0 3aJeXHICTh PO3IOALTY HIBUIAKOCTI PIJMHH BiJl HASBHOCTI IPUCTIHHOTO IIapy.
7

6

\
/

HIBHAKICTB,CM/C
W
*
-
\\
\
i
L
..

N
L

I
*
\
1
\\
i
\
\\
-
by
\
\
\
L ]
. |
I3
[}
el
1
I}
1}
J
/
/
!
1}
4

0 5 10 15 20

25
Bucota kaHaty, MM

1 — monomeuis, 2 — 3 npuCmMiHHUM WAPOM
Puc. 3 — Po3npoain mBHaKOCTel M0 BUCOTI KaHATY

[IpoananizyBaBmu OTpUMaHi 3aJIEKHOCTI, MOXKHA 3pOOMTH BHCHOBOK PO Te, IO 33 HASBHOCTI NMPHCTIHHOTO
nrapy 30UTBIIYETHCS CepeHs MBUAKICT PyXy B KaHAII.

Takoxx Oynu oTpuMMaHi 3aJIe)KHOCTI 3MIHM IEpenagiB THCKY BiJl B’SI3KOCTI MPHUCTIHHOTO MHIapy, HPH Pi3HUX
3HAYEHHSAX [IPOAYKTUBHOCTI PiAMHY, SKa MPOTIKae Kpi3b KaHa (puc. 4).
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B'a3kicTs rpammanoro mapy, [a-c

a— 40 k2/200, 6 — 60 ke/200, 6 — 80 k2/200

Puc. 4 — 3anexHicTb nepenaay TUCKY Bill 3MiHM B’SI3KOCTi TPAHMYHOIO WIAPY NPH Pi3HUX NMPOAYKTHBHOCTIX

OTxe, 3 puc. 4 BHUTIKae, MO TUCK B KaHANI 3pOCTa€ MpH 301IbIICHI B’S3KOCTI TPAHUYHOTO IIapy, i Jocsrae
HaWOLTPIIOTO 3HAYEHHS NPH BiJCYTHOCTI 3MAaIleHHS CTIHOK KaHalmy. TakoX THCK 3pocTae MpH 30UIBIICHHI
HPOAYKTUBHOCTI.

Takox JOCHTIDKyBalaCh 3aJIeXKHICTh IMEpenajy THCKY B KaHal BiJ TEMIIEPaTypH TPAHUYHOTO IHapy s
MOHOIIIAPY Ta APy 3i 3MAICHHSM, 38 TAKUX BUXIAHUX JAHUX: OPOMYKTHBHICTH 60 Kr/roj, B sI3KiCTh MPUCTIHHOTO
mapy p=100 ITa-c npu Temneparypi T=120°C. Pe3ynbraTi H0CIiKEHb IOKa3aHO Ha pUC. 5.
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1-T7T=120°C, 2—-T=140"°C, 3—-T=160 °C
Puc. 5 — 3anexHicTh mepenaay THCKY BiJ TeMnepaTypu

3 mi€el 3ayie)KHOCTI MM 6aunMMo, 110 31 30iJbLIEHHSIM TeMIlepaTypd THUCK Iajae SK B KaHaJi 3 MOHOIIAPOM
noyxiMepy, Tak i B KaHaji 31 3MallyBaHHIM, TaKOXK MOXHa IT00AYUTH, IO MEpenaja THCKY B KaHalli 3 MOHOIIAPOM
TIOMITHO BHUIIMH.

[TpoBeneHi YUCIIOB] EKCTIEPUMEHTH JIO3BOJIMIIN 3MOJIEIIIOBATH 3AJISKHICTh MK NMPOAYKTHBHICTIO Ta NEPENajioM
THCKY B KaHaJli 32 HassBHOCTI ITPUCTIHHOTO mapy (puc. 6).
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Puc. 6 — 3anexHicTh mepenaay THCKY BiJ MIPOAYKTUBHOCTI

3 3aiexHOCTI Ha puc. 4 MOXKHA BCTAHOBUTH, IO 31 30UIBLIEHHSM IPOAYKTHBHOCTI, THCK 3pOCTa€ 3a OUIbII
MOXWJIOIO HEJIIHIHHOIO KPHBOIO, HA BIIMIHY BiJl TaKO1 3aJIS)KHOCTI 32 BiZICYyTHOCTI IPUCTIHHOTO 1mapy. ToMy BBeaeHHS
3MalllyBaJbHOTO IIPUCTIHHOTO IIapy 301IbIIYE MPOIYKTUBHICTH IEPEPOOHOT0 00JIaIHAHHS.

BucnoBkn. OTpumaHi 3aJIe)KHOCTI pO3MONTY MapaMeTpiB Tedwii mojiMepy B KaHall BiJ HasBHOCTI Ta
BJIACTHBOCTEH IMPHUCTIHHOTO LIApY, a TAKOX 3aJ€KHOCTI B’SI3KOCTI MPHUCTIHHOTO INapy BiJ HIBUAKOCTI PyXy Ta
TemIepaTypu. Pe3ynbTaTé MOJIETIOBaHHs JO3BOJISIIOTH YTOYHUTH PE3YJbTaTH PO3PAXYHKIB IapaMeTpiB eKCTpy3ii,
3D-mpyky Ta IHOIMX NPOIECIB MEpepoOKH IOJIMEpiB, a TaKOXK PEKOMEHIYBATH 3aCTOCYBAaHHS 3MAaIlyBaJlbHUX
JIOMIIIOK IJIs 30UThIIEHHS MPOAYKTUBHOCTI i 3ar100iraHH .

[MepcnekTHBaMH MOAAIBIINX JOCIHIKEHb MOXYTh OYTH MOACIIOBAHHA Tedii 3 MPUCTIHHUM IIAPOM PO3ILIABIB 3
BHCOKOCJTaCTUYHHMH BJIACTHBOCTSIMHU.
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Sokolskiy O. L., lvitskiy I. 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 to 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 layer 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.

It 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 layer, as well as the dependence of the viscosity of the near-wall layer on the 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.
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