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YUCEJIBHE MOJAEJIOBAHHSA NPOLECY HEPEMIIITY BAHHSA
MNOJIMEPHI KOMIO3UIIII B KAHAJII CTATUYHOI'O 3MIITYBAYA

Haseoeno nopienanvhi pe3yrsmamu YuceibHO20 MOOENO8AHHA Npoyecy nepemiuly8anHa 080¢hasHoi nonimepHoi
xomnosuyii y nponopyii 50/50 6 xaumanax 6azosoeo cmamuunoco 3miwiysaua muny Kenics ma po3pobaenozo
JONAMeB020 CMAMUYHO20 3MIULY8aua 6 PI3HUX 1020 KOH@Icypayisx, AKi 0aroms YAGIeHHs w000 epeKmusHOoCmi
3aNpPONOHOBANH020 3MIULYBAYAd 6 NOPIGHAHHI i3 0a306UM. [[1a ONUCY pPeOoNo2iYHUX 61ACMUBOCTEU NONIMEPHO20
PO3nIA8y SUKOPUCMAHO Modelb 8 sizkocmi Bepoa-Kappo, sxka Haubitbu adekeamHo 8i000paicae HeHbIOMOHIBCbKY
nosedinky noaimepis. Cucmema pi6HsHb, WO GKIIOYAE PIGHSHHA IMNYIbCY, eHepeil, HepO3PUBHOCMI ma 00 eMHOT
yacmku 6mopuHHol gaszu, 6yna peanizogana y npoepamuomy cepedosuuyi ANSYS Fluent i3 sacmocysannam memooy
CKiHueHHUx enemenmis. bazoeum 06’ ekmom nopigHanHA sucmynae cmamuynuil smiwyéay Kenics i3 mpaouyiunumu
2eoOMempUUHUMU NAPAMEmpamuy, a came: Kym nogopomy eremenmis 120°, posmautysanns cycionix enemenmis nio
xkymom 90°. Jlnsi 1onamesoco cmamudHoco 3miuy8aua posensioascs Oitbud WupoKull pizHosud Kougicypayii
eeomempii: moswuna eremenmis (10, 15 ma 20 mm) ma xymu ix e3aemnoco nosopomy (45°1 90°).
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IocTanoBka npodjemu. BupoOu Ha 0CHOBI 0araTOKOMIIOHEHTHHUX MOJIMEPHUX CyMilllel 3 pOKaMH BilirpaioTh
Bce OBy pOJib B PI3HOMAHITHHUX TaTy3sIX, a OTXKe, 30UIBIIYIOTHCSI BAMOTH LIOJO0 SIKOCTI IMX BUPOOIB, 1110 B CBOIO
4epry, akTyalli3ye MNHUTaHHA MIOAO0 SKOCTI MEpEeMIlIyBaHHS MOJIMEPHOI KOMIO3WIii. AJDKe came SKICTh
NepeMillyBaHHS Ja€ FapaHTiio TOTO, 0 qUcnepcHa (haza piBHOMIPHO PO3IOALINTHCS 110 BCbOMY 00’ €My KOMITO3HILII,
10 JO3BOJIMTH 3a0€3MeYUTH Kpamly (yHKLIOHAIBHICTh KiHLIEBOI'O NPOAYKTY. Merolo pobGoru Oysio mpoBeneHHs
MOPIBHSUILHUX JIOCHIKEHb IOAO SKOCTI MEpeMillyBaHHS TOJIMEPHOT KOMITO3UIll B KaHaJlaX 3alpOIOHOBAHOTO
JIOTIATEBOTO CTATHYHOTO 3MilllyBaya B MOPIBHSAHHI 31 CTATHYHUM 3MinTyBadeM Ty Kenics [1].

AHaji3 momepenHix xocaimkeHb. B pe3ynbrari aHamizy momepemHiX poOIT IIOMO TOCTIJKEHHS SKOCTI
TepeMilTyBaHHs KOMIIO3HIIIH Ha OCHOBI TOJIMEpHHX MatepiamiB [2-14] MoxHa 3pOOWTH BHUCHOBOK, IO OCHOBHI
TTOKa3HUKH SIKOCTI TIEpEMilllyBaHHS BU3HAYAIOTHCS CHCTEMaMU TUQEPEHIIIHHAX PiBHSHB, IO TPEACTaBICHI OCHOBHUMH
CHiBBIIHOIICHHAMH MeXaHiku cynuibHux cepenosuill (MCC). B nabopaTopHux Ta NpOMHCIOBUX YMOBAX 3MilllyBaHHS
MOJIMEPHUX KOMIO3MLIN BiIOyBaeThCs IPU BUKOPUCTaHHI MaTepialiB 3 OJHAKOBUMH (Di3MKO-MEXaHIYHHUMHU
BiacTuBoCTsAMH [2-5]. Kpurepiem oqHOPIMHOCTI MOIIMEPHOT CYyMIIlli MOXKE CITyTyBaTH IepernaJ KOHIICHTPAIIii OHOTO i3
KOMIIOHEHTIB B Pi3HHUX MOIEPEYHUX Mepepizax 1o JOBKHHI KaHaTy CTaTHYHOrO 3MinyBaya [5-8].

MeTo10 fOCHiTKEeHHsSI € BH3HAUCHHS e€(EKTHBHOCTI 3alpOINOHOBAHOI KOHCTPYKILIi JIONATEBOrO CTaTHYHOTO
3MilllyBaya Ta 3aJEXHOCTI TOTo, SIK TEOMETPHYHI 1 TEXHOJIOTiYHI NapaMeTpH BIUIMBAaIOTh Ha JHWHAMIKY
TepeMillyBaHHsA 1 pe3yJbTyIouy OIHOPIJHICTh BHXIAHOI TOJIMEPHOI KOMIIO3UIli, 1 TMOPIBHAHHA 11 3 piBHEM
OJHOPITHOCTI aHAJOTIYHNX KOMIO3HIIM OTPUMYBaHUX Ha CTATHYHOMY 3MimryBadi Tuiy Kenics.

Buksiang ocHoBHOro wmarepiajgy. B maHili po0OOTi TpencTaBiIeHO TMOPIBHUIbHI PE3YyJIbTaTH TIPOIECY
MepeMilTyBaHHS MOJIIMEPHOI KOMITO3HIIiT, IO CKIAAEThCS 3 IBOX MOJIMEPHUX PO3IUIaBiB y cmiBBigHOMIEeHHI 50/50,
SIKI BIZJPI3HAIOTHCS TapaMeTpaMmu, M0 He BIUIMBAIOTh Ha (Di3MKO-TEXHIYHI BIACTHBOCTI, HANPHUKIAA KOJIBOPOM, B
KaHallaX CTaTUYHWX 3MilryBadiB Tumy Kenics Ta 3ampormoHOBaHOi HOBOi KOHCTPYKIIi JIONATEBOTO 3MilTyBada.
[Toka3HMKOM OJHOPIAHOCTI i Yac MOJEIIOBAHHS CIYI'yBajla KOHLEHTpaLisl oaHiel i3 (a3 moxiMepHOi cymimn B
PI3HMX TONEpeYHHX IepepizaXx MO JOBXKHMHI KaHAJy CTaTHYHOTO 3MilryBaya. MOJENIOBaHHS IIOTOKY y KaHalli
CTaTUYHOTrO 3MilryBava Tuiry Kenics mpoBoIuiIiCh IpH pi3HiA 00’ €MHIH NMPOAYKTHUBHOCTI NONIMEPHOT KOMITO3HMIIIT.
IIpn MozemroBaHHI IMOTOKY Yy 3alpONOHOBAHOMY JIONATEBOMY CTAaTHYHOMY 3MillyBadi, OKpiM 00’eMHOI

9

© The Author(s) 2025. Published by Igor Sikorsky Kyiv Polytechnic Institute. This is an Open Access article
distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.




Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy». 2025. No 4 (24)

MIPOIYKTUBHOCTI, OyJIO JOCHIIHPKEHO psAJ IOJATKOBHX TEOMETPUYHUX TNapaMeTpiB (TOBIIMHA 3MIlTyBaJLHOTO
€JIeMEeHTa, KyT PO3MIICHHS €JIEeMEHTIB BiJHOCHO OJIWH OJHOTO), Ta iXHIM BIUIMB Ha IMPOIEC MEepeMilryBaHHS i
3arajbHy romMoreHizamifo. lle mano MOXIMBICTH BHIUIMTH HAHOUIBII ONTHUMAaJbHY T'€OMETPil0 KOHCTPYKTHBHHX
€JIEMEHTIB Ta TEXHOJIOTIYHUX PEKHMIB IMPOLECIB 3MIlIyBaHHS y 3alpOINOHOBAHOMY JIOIIATEBOMY 3MIlllyBadyi, MpH
SIKOMY JJOCSITa€ThCsl HAWKpaIInii piBeHb TOMOTEeHI3awii nojiiMepHoi koMmo3uiii. Pe3ynpTyrounii piBeHb 0JHOPiAHOCTI
CyMIllli BU3HAYAETHCS JIMIIE MEXaHIYHUM IepeMillyBaHHAM (a3 moiiMepHOT KOMITO3HIII.

MarematiuHa MOJIENb, SIKa OIMCY€E 130TEPMIYHUH MpOLEC MepeMillyBaHHs JBO(GA3HOTO JaMiHAPHOTO MOTOKY
HEHBIOTOHIBCHKOT DIIMHHU, PO3IJINAETHCS Y BHUMVIAAI CHCTEMH IH(pEpeHUiHHMX pIBHSAHb IMITyJIbCY, €HEprii,
HEPO3PUBHOCTI Ta PiBHAHHS 00’ €MHOI 4yacTKu BTOpHHHOI (hazm [2-4, 9, 10-12]. Tak sk 3MOAeT»OBaHUN MaTepial
SIBJISIETHCST PO3ILIABOM TOJTIMEPY (HEHBIOTOHIBCHKOIO PIIMHOI0), a HOTO B SA3KICTh 1 IBUIAKICTH 3CYBY HE € JIIHIKHUMU
1 IPOAYKTHUBHICTh Tedii PO3IUIaBy B CTATUYHOMY 3MIIIyBadi ONMUCY€ETHCS PIBHAHHAM Oe3MepepBHOCTI Ta OCHOBHUM
PIBHSHHSM PO3IUIaBY, a MOJIEIh B’ SI3KOCTI ONUCYy€eThest Moaeutio bepma-Kappo [2].

PiBHSHHS IMITYJIBCY JUISI KOMITO3UITIT SABJISETHCSI CYMOTO PiBHSHB IMITYJIbCY iHAWBITyaTBHO IS KOXKHOI i3 (ha3:
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PiBHSIHHS HEPO3PHUBHOCTI ISl KOMITO3HLLT:
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a(pm) +V- (pmvm) =0 (6)
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L, IR
5 ZZk—l kPkVk )
Pm

Pm — FYCTHHA KOMITO3MLIT:
n

Pm = z APk (®)

k=1
ay —00’emHa yactka dasu k.
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PiBHsIHHS Oe3MepepBHOCTI Ta OCHOBHE PiBHSAHHS PO3ILIABY:

V-v=0 (10)
-Vp+V:-t=0 (11)
T = 2n,D (12)

JIe U — BEKTOP IIBUJIKOCTI, P — TUCK, T — TEH30p HaNpyKeHb, D — TeH30p WBHIKOCTI AedopMaii, 7y — B’I3KiCTb IpU
HYJIbOBIH IIBUAKOCTI 3CyBY (ysiBHa B’3KicTh). B naniit Mozesi poOMMO HacTYITHI MPUITYILEHHS:
- BCS CHCTeMa 3HaXOIWTHCS B CTAI[iIOHAPHOMY CTaHi Tedii, a po3IIaB HECTUCIUBHIA;
- TOTIK PO3IIIaBY 3alIOBHIOE BCIO MTOPOKHIHY, & CaM PO3IUIAB CYyHiIbHUN, TOOTO HeMae OyIb0amoxK;
- cwia B’A3KOCTi Habararo OinpIla 3a CHIM IHEpIil Ta TpaBiTamilo, TOMYy CHJIaMH iHepmii Ta rpasitarii
3HEXTYEMO.
Monens B’s13K0CTi onucyeThest 3akoHOM beprma-Kappo:

0=+ (=) (1 + AP T (13)

i€ 7o, - B'SI3KICTH TP HECKIHYEHHIN MIBUIKOCTI 3CyBY, A — 4ac penakcauii, y — IBUIKICTb 3CYBY, N — IHAEKC Tedil.

IIpomec 3minryBaHHs ABO(MA3HOI MOJMIMEPHOI KOMITO3HUIII MPOBOIMBCS IMPH 3aCTOCYBAaHHS IBOX CTATHYHHX
3MillyBayiB: 0a30BUi CTaTHYHMX 3MillyBay TUITy Kenics Ta 3anponoHOBaHMH JONATEeBUI CTATUYHUI 3MiLIyBay.

3rifHO TOMepenHiX nochimkeHp [1-6], HaWOUIBII ONTUMATBHUN PIBEHb 3MIIIyBaHHSI Ta MPOAYKTUBHOCTL
cratnyHuid 3mimryBau Ty Kenics (puc. 1) nemoHcTpye TOxi, KOJM KyT IOBOPOTY I'peOHsI OJHOTO CTaTHYHOTO
eneMeHTa cTaHOBUTh 120°, KOXKEH HAaCTYNHHH CTATUYHUH €JIEMEHT pO3TalllOBaHWH 3 MOBOpPOTOM B 90° BiIHOCHO
MOMEPETHHOTO | CHIBBIIHOIICHHS M JOBKHHOI OJTHOTO €JIEMEHTa Ta WOro 30BHIIIHIM JiaMeTPOM JOPiBHIOE 1.
Came Taki reoMeTpUyHI NapaMeTpy BHKOPHUCTOBYBAJIMCH B JaHIH poOoTi mis Ga3oBoro 3MinryBadya tumy Kenics.
Binbmr neransHa iHopMmanis o0 reoMeTpii cTaTuyHOro 3MilryBaya Tiiry Kenics HaBeneHo B (Tabi. 1).

Puc. 1 —T'eomeTpuuHa MojesIb cTaTUYHOro 3mMimyBaua Tuny Kenics

Taéauus 1 — eomeTpuyni mapamMeTpu cTaTu4HOro 3mimysada tTunmy Kenics

IMapametp 3HaueHHsI

JliaMmeTp cTaTHYHOTO 3MilTyBaya 0,04 m

JliameTp kanamy 0,04 m

JIoBKMHA 0JTHOTO 3MIITYBAJILHOTO €JIEMEHTA 0,04 m
KyT moBOpoTy 0JJHOTO CTATUYHOTO €JIEMEHTA 120°

[ITupuHa 51€3a CTATHYHOTO eJIEMEHTa 0,004 m

KinpKicTh 3MilTyBaIbHUX €JIEMEHTIB 6
3arajgpHa JOBKMHA CTATHYHOTO 3MilTyBaya 0,24 m
3arajgpHa TOBKMHA KaHATY 0,32 M
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Pyx koxHO] i3 (a3 momiMepHOi KOMMIO3HUII] B 6a30BOMY CTaTHYHOMY 3MIMIyBadi 3aJaBaBCs Yepe3 IIBUIKICTh
MIOTOKY MaTepialy Ha BXOJi B pobody 30HY KaHAIy, sKa € CKBIBAJIEHTOM 00’ €MHIH MPOAYKTHBHOCTI MOJIIMEPHOTO
posmuiaBy (puc. 2). Po3paxyHKH NpOBOAMIMCH i3 3aCTOCYBaHHSIM METOAY CKIHYEHHHMX €JICMEHTIB B IIPOTrPaMHOMY
cepenosuii ANSYS Fluent.

Puc. 2 — Cxema 3aganns rpanuynnx ymoB (Inlet-1 — Bxinnuii nepepis kanaay ans noaadvi nepuoi gasun
nojiMepHoro po3miany; Inlet-2 — BxigHuii nepepi3z kanaay aAas nmoaadvi apyroi ¢pa3u nojaiMepHoro pos3mjaBy;
Outlet — Buxignuii nepepiz; Wall — moBepxHsi CTIHKHM KaHAJTy)

MognemoBaHHsT Ipoliecy 3MIIIyBaHHS II0JIIMEPHOT KOMIIO3MLIi B cTaTW4HOMY 3MimnyBadi Tumy Kenics
MPOBOIMIIACK 33 HACTYITHUX 3HAYEHHSX 06 eMHOT popykTuBHOCTL: 2-107 M%/c; 4-107 M3/c; 6-107 m/c; 8-107 m3/c.
Jlo yBaru Opanuch pe3ysibTaTH Iiepenajny OJHODIJHOCTI B PI3HUX IONEPEYHMX Iepepi3ax MO JOBKHHI KaHaly,
noynHarou 3 Bixcrtani 150 MM i 3akiHUyrouM Ha BHXOZi KaHamy. Ilicist mpoBelIeHHS MOZENIOBaHb, BUIHO LIO
Pe3yNBTYIOUHI TIepena] OAHOPITHOCTI MOJIIMEPHOi KOMITO3UIIIT IIPH Pi3HUX 3HAYCHHSAX MPOAYKTUBHOCTI 3MIHIOETHCS
He3Ha4yHoO (puc. 3).

70
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Puc. 3 — I'padik nepenangy ogHopiaHocTi moiMepHoi KoMMo3uIii MO AOBKUHI KaHATY NPU Pi3Hii
NPOAYKTHBHOCTI

3HaueHHs Mepenaay OXHOPIAHOCTI Ipu 06’ eMHiN mpoayKTUBHOCTI cymirmi 2-107° m*/c cranosuts 2,08 %, a nmpu
npoayktusHoCTi 8- 107 M%/c — 2,67 %. To6TO 3a KOKHOTO i3 BUIIE 3a3HAYEHOTO PiBHS MPOLYKTHBHOCTI, paliaibHU
posmozin (puc. 4) koxHoi i3 (a3 moaiMepHOI KOMITO3MLIT 10CAT TaApHOTO CTYINEHs roMoreHizauii (puc. 5).
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150 mm 200 MM 250 MM 300 mMm 320 mm

Puc. 4 — Koaboposi myapu po3noainy oaHiel i3 ¢ppakuiii mojiMmepHoi komno3uuii B monepeyHux nepepizax mno
JOB:KMHI KaHAJy cTaTH4YHOro 3MimyBaya tuny Kenics nmpu pi3Hiii 06’ emHiii npoaykTuBHOCTI

Ie cBimuuTh MpO TE, IO OCHOBA CKIIAIOBA MIBHIKOCTI B TOCIIIXKYBAaHOMY [ialla30Hi MPOYKTUBHOCTI HECYTTEBO
BIUIMBAE Ha pajiaibHy, a TOMY, BIIUB ITPOJYKTUBHOCTI Ha PiBEHb PaiajIbHOTO IIEPEeMillyBaHHs MiHIMaIbHUMH.

Topuson — -

TaJbHUI
2107
m3/c

Beptuka

JbHUN

T'opuzon
410° TaJIbHUI
M/c

Beptuka

JbHUN

T'opuzon
6:10° TaJIbHUI
M/c

Bepruka

JIbHUHI

T'opuzon
810 TaJbHUI
M/c

Beptuka

JIbHUHI

Puc. 5 — Koasoposi myapu po3noainy oauiei i3 ¢gpakuiii mosiMepHoi komno3uuii B MOB310B:KHiX mepepizax
10 JOB:KMHi KaHAJY CTATHYHOrO 3MimyBaya tuny Kenics npu pi3Hiii 00’ emHiif npoaykTuBHOCTI

13  —



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2025. Ne 4 (24)

Ilepemax Trcky (puc. 6) 1Mo MOBXKHWHI KaHAIy CTaTUYHOTO 3MimryBada Tumy Kenics mpm 3MeHIIEHI 3Ha4CHHS
00’eMHOT TPOAYKTHBHOCTI JEMOHCTPY€E CTyIiHYacTe 3HIKCHHA. Lle 3yMOBIIEHO HAasSBHICTIO PO3CIKaHHS ITOTOKY
MOJIMEPHOI KOMIIO3MLIi, a TaKoXX BTPATOI0 €Heprii HOTOKY INpH INPOXOJUKEHHI uYepe3 CTAaTH4HI 3MillyBasibHi
eneMeHTH. YuM Oisblra 00’ €MHa MPOLYKTHBHICT, TUM IHTEHCHBHIIIE BiJOYyBa€ThCs MAiHHS TUCKY.

3,5
3,0
< 2.5
=
= 20
g 1,5 ——2-10"-5 M"3/c
S 10 —4—4-10"-5 M"3/c
, 6-10"-5 M"3/c
0,5 ——8-10"-5 M"3/c

0 50 100 150 200 250 300 350
JoB:KMHA KaHAY, MM

Puc. 6 — I'padik 3ae:kHOCTI Nepenagy THCKY N0 JOBKUHI KaHATY NPH Pi3Hill NPOIYKTHBHOCTI

Takoxx OyJ0 IPOBEEHO MOJICNIIOBAHHS 13 BUKOPUCTAHHSAM pO3pO0JIEHOI KOHCTPYKLIT JIONATEBOIO CTaTHYHOTO
3MinryBaya (puc. 7). OcKiJbKY Lie HOBUI CTaTHYHHHN 3MilllyBay, cepell IIapaMeTpiB, sSIKi po3risiIaincs K 3MiHHI 1]
gac MOJETIOBaHHA, OKPiM 00’€MHOI MPOAYKTHBHOCTI TaKoX OyJIM JOBXMHA OJHOTO 3MIIIyBAIFHOTO €JIEMEHTa, a
TaKOX TPH Pi3HUX KyTax MOBOPOTY KOHCTPYKTHUBHHX eieMeHTiB. Lle Oymo 3pobieHo 3 MeToro OUIbIl rmOOKOTo
JTOCTIKEHHS BIIMBY T€OMETPHYHUX ITapaMeTpPiB CTaTUYHOTO 3MilllyBada Ha PiBeHb MEPEMINIyBaHHA ITOJIMEPHOI
KOMIO3HIIii B poOOYOMY KaHaJIi.

Puc. 7 — T'eomeTpr4yHa Mo/eJIb 3a1IPONOHOBAHOIO JIONATEBOr0 CTATUYHOIO 3MilTyBayYa:
a — BUTJIS/] B PO3Pi3i 330BHi; 6 — 3MilIyBaJILHI e1eMeHTH

Binbu geranbHa iHGOPMALIis OO0 3aIIPOITIOHOBAHOTO JIONATEBOTr0 CTATHYHOTO 3MilllyBaya HaBeAEHO B (Talur. 2).

Tabauns 2 — I'eoMeTpH4HI NapaMeTpH J10NATEBOI0 CTATHYHOTO 3MilllyBaya

IMapamerp 3HaueHHs

BHyTpimHi# giaMeTp 3MilTyBILHOTO eJIeMEHTa 0,04 m

JiameTp kanamy 0,04 m

JloBXHMHA 0JTHOTO 3MIIITYBJILHOTO €JIEMEHTA 0,015 ™M
KyT Haxumy nameneii 0JTHOrO CTATHYHOTO eJIEMEHTa 30°

[[TupuHa 1e3a CTATHYHOTO eJIeMEHTa 0,002 m
KisbKicTh 3MillIyBaJbHUX €JIEMEHTIB 16

3arangpHa TOBKMHA CTATHYHOTO 3MillTyBayda 0,24 m

3aranpHa TOBKHHA KaHAITY 0,32 m
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I'panmuHi yMOBHM A AaHOTO 3MimryBada (puc. 8) Oy TaKUMHU CAaMHMU SK 1 A7 CTATUYHOTO 3MIlTyBavya THILY
Kenics.

Outlet  Wall

Inlet-1

Puc. 8 — Cxema 3aaHHsI TPAHNYHHUX YMOB JI0NIaTeBOIr0 CTATHYHOrO 3MimyBayda (Inlet-1 — Bxignmii
nepepi3z kaHaTy JUIf oAavi nepmoi ¢gasu mojaiMepHoro posmiaBy; Inlet-2 — Bxinnmii nepepis kanauay nias
noaayi apyroi ¢a3u noaiMmeproro po3miaany; Outlet — Buxinuuii nepepiz; Wall — noBepxHs cTiHKH KaHaTy)

[ling gac MoxenmroBaHHA HMOTOKY ITOJIMEPHOI KOMIIO3HWINil y KaHANi JIOIIATEBOTO CTaTUYHOTO 3MilTyBada, 0yJio
MIPOBEACHO PO3PaxXyHKH MPHU Pi3HUX T€OMETPHUYHHUX IapaMmeTpax 3MilllyBada Ta 3MIIIyBaIFHUX €JIIEMEHTIB, a caMme:
IIPH Pi3HIA TOBMIMHI CTaTHYHOTO 3MimryBanbHOTO enementa (10 mm; 15 MM ta 20 MM), a TakOX TIPH Pi3HOMY KYTi
MOBOPOTY CTaTHYHHMX 3MIIyBadiB BiTHOCHO oAMH ofHoro (45° ta 90°). 3 oTpuMaHuX pe3yjbTaTiB BUIHO, IO
TeOMeTpisl JIONAaTeBOro 3MilllyBaya Ay)XE CYTTEBO BIUIMBAE€ Ha OJHOPINHICTH BHXIJHOI IMOJIMEPHOI KOMIO3MINT
(puc.9). Haiiripmuuii piBeHb roMoreHizarii 0yjo OTpUMaHO KOJIM KyT IIOBOPOTY 3MIiLlyBaJIbHUX €JIEMEHTIB CTAHOBHB
90°, a ToBmmMHA eneMmeHTa — 10 MM, 3a JaHMX Te€OMETPUYHHMX IapaMeTpax 3MIllyBaHHA JBOX (a3 mojiMepHOT
KOMITO3MLIT HAmpoTs3i BCi€l NOBXKHMHM KaHaly OylOo HE CYTTEBUM. 3arajioM, IpH JaHOMY KyTi IIOBOPOTY
3MIlIyBaJIbHUX €JIEMEHTIB Pe3yJIbTaTH FOMOTeHi3alii KoMIO3uIii OyIn He3aA0BUIbHI.

100
90
80
X
ET 70
E 60 20MmMm (45°)
= —#—15MmM (45°)
£ 50 .
= —0—10mmM (45°)
g 40 ——20mm (90°)
o o
é;. 30 —A—15mmM (90°)
20 —— 10mmM (90°)
10
0
100 150 200 250 300 350

JoB:XMHA KaHAY, MM

Puc. 9 — I'padik nepenagy ogHopiaHOCTi moaiMepHOT KOMMIO3UILIT O AOBKUHI KaHATY JONATEBOI0
3MilmryBaya npu pisHiid TOBIIMHI 3MilIyBaabHOI0 eJieMeHTa Ta MPU Pi3HOMY KYTi HOBOPOTY CTATHYHHX
eJleMeHTIB
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3MmillyBay i3 TOBIIMHOO 3MilIlyBAIbHHUX elieMeHTiB 20 MM Ta KyTOM MOBOPOTY 45° IeMOHCTPYBaB Jy)Ke XaOTH4HI
pe3ynpTaTé MO BCidd moBxkuHI KaHamny (puc. 10). Ile myxe yCKIQIHHIO MPOIEC OLIHKH OJHOPIAHOCTI BHXITHOT
KOMITO3HIIil, sika ckinagana npubnuzHo 30 %, 10 € He3aJ0BUIBHUM pe3yJIbTaTOM, OCOOJHMBO B TMOPIBHSHHI 31
3minryBadem tuiry Kenics.

20MM

45°

15mMm
45°

10MMm
45°

20MM
90°

15mMm
90°

10MMm

250 mMm 300 mm

Puc. 10 — Koaboposi Mmyapu po3noainy oaHiei i3 ppaxuiii moniMepHoi koMmno3uuii B monepeyHux nepepizax
O JOB:KMHi KaHAJYy JIONIATeBOr0 CTATHYHOIO0 3MillyBaya Nnpu pisHii 00’ eMHil npoayKTHBHOCTI

Haiikpamii pe3ynbTaTH, 1010 SIKOCTI [IepeMilllyBaHHs, [I0Ka3aB JIONATeBUI CTATHYHUIN 3MIllIyBay MMPH TOBIIMHI
CTaTHYHOTO eeMeHTa 15 MM 1 KyToM oBopoTy Mixk exementamu 45° (puc. 11), a came 8,6 %.

PesynbraTi nepenay THCKY IO JOBXKMHI KaHaJTy JIOIATEBOI0 CTAaTHYHOTO 3MilllyBaya, 0 HaBezeHi Ha (puc. 12),
JIEMOHCTPYIOTh CTYIIIHYaTe 3HIKEHHS THCKY B Oy/b-sIKOMY BUIAJKy, IPUUOMY IIKOBE 3HAUCHHS THCKY Ha BXOIl B
KaHaJl 3MEHIIIyE CBOE 3HAYCHHS B 3aJISKHOCTI BiJ] reoMeTpii, a caMme: MaKCUMajJbHE 3HAYCHHS THUCKY Ha BXOJl
CHOCTEpIraeThes NP TOBLIMHI enieMeHTa 20 MM 3 TOBOPOTOM B 45° OMH BiJHOCHO OJHOT'O, @ MiHIMaJIbHE 3HAYCHHS
TUCKY — IIPH TOBILKHI esleMeHTa 15 MM 3 moBopotoM B 90°. I]e MOXKHA HOSICHUTH THM, LIO [IPU KYTY TOBOPOTY 45°, B
Micui 3’€HAHHI CTATHYHHUX EJIEMEHTIB TiIpaBIiuyHUN mepepi3 Ui NPOTIKAHHS PO3IUIABY MOJIMEPHOT KOMIO3HUIIIT
MEHIINH HiX B TOMY BHIaJKY, KOJIH KyT HOBOPOTY MiX €JIeMEHTaMHt CTaHOBHUTH 90°.
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T'opuson
TanbHUH
20MM
45°
Bepruka
JIbHUI
T'opuson
TanbHUH
15mMm
45°
Beptuka
JIbHUI
T'opuzon
TaIbHUN
10MMm
45°
Bepruka
JIBHHI
T'opuzon
TabHUH
20MM
90°
Beptuka
JIbHUI
T'opuson
TanbHUH
15mMm
90°
Beptuka
JIbHUI
T'opuson
TanbHUHA
10MMm
90°
Beptuka
JIBHHI

Puc. 11 — Konbsopogi Mmyapu po3noainy onniei i3 ¢ppaxuiii mosimepHoi komno3uiii B moB310B:KHiX nepepizax
MO JOBKHHI KaHAJY JIONATeBOr0 CTATHYHOIO 3MilllyBa4a NpH pi3Hiii 00’€MHill TPOIYKTHBHOCTI

I3 oTpuMaHuX MOPIBHSUIBHUX PE3YJIBTATIB 100 SKOCTI MNEepEMIlyBaHHs OJIIMEPHOT KOMIIO3UIIIT B JIOIATEBOMY
CTaTHYHOMY 3MilllyBayi, HaliKpallli pe3yJIbTaTH M0Ka3aB CTAaTWYHHUH 3MillyBad i3 TOBIIMHOIO ejleMeHTa 15 MM Ta
IIOBOPOTOM MIX €JIeMeHTaMH B 45°.

[licns BuABNEHHS HAMOUIBII ONTHMAJBHUX TEOMETPUYHHX ITapaMETPiB JIOMATEBOTO CTATHYHOTO 3MiITyBada,
OyJI0 MPOBEICHO MOJISIIIOBAHHS 13 IaHKM 3MilllyBa4yeM MpH pi3Hii 00’ eMHill TpoayKTHBHOCTI (puc. 13), aHanoridny

IO THX, IO TIPOBOJIMIINCE 13 3aCTOCYBAaHHAM CTaTUYHOTO 3MinTyBada Tumy Kenics.
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8,0
7,0 20mm (45%)
g 60 ——15mm (45°)
E 50
= —0— 10mm (457)
2 40
E 3,0 —B—20mm (90°)
20 15Mm (90°)
MM
1,0
, —0— 10mm (90°)
0 50 100 150 200 250 300 350

JoB:XxMHA KaHAY, MM

Puc. 12 — I'padik 3anexxHOCTi Mepenaay THCKY 110 0BKHHI KAHAJY IPH Pi3HUX reOMeTPHYHHUX
napamMeTpax

3 OTpUMaHUX pe3yJIbTAaTiB BUAHO, IO JHHAMIKA TIEPEMIITyBaHHS ITOJIIMEPHOI KOMITO3HUIII] Ta Mepenaj THCKY IPH
pi3Hili 00’eMHili TPOAYKTUBHOCTI B JIONIATEBOMY CTAaTHYHOMY 3MIIlyBadi, ayke MOMIOHI pe3ympTataM i3
3aCTOCYBaHHSAM 3MilryBada tumy Kenics, ToOTO pe3ynbTyroda OJHOPIAHICTE KOMIO3WMIII HpH pi3HIH 00’ e€MHIH
HPOAYKTUBHOCTI 3MIHIOETECS Ty’Ke HE CYTTEBO, @ THCK IEMOHCTPYE CTYIIHYACTO 3HIKSHHS 10 IOBXKUHI KaHAILY.

Hepenan oxnopinnocti, %

Tuck, MIla

45
40 ——2-10"-5 m"3/c
35 4-107-5 M"3/c
30 6-107-5 M~3/c
25 —0—8-10"-5 M"3/c
20
15
10 o
5
0
100 150 200 250 300 350
JIoBKMHA KAHATY, MM
12,0
10/ A
10,0 ——2-10"-5 M"3/c
4-10"-5 M"3/c
8,0
6-10"-5 M"3/c
6,0 ——38-10"-5 M"3/c
4,0
2,0

0 50 100 150 200 250 300 350
JloBiKuHA KaHAIY, MM

Puc. 13 — I'padiku 3a1exHoCTi Nepenaay 0OAHOPITHOCTI MOJIiIMePHOI KOMIIO3MIIil Ta TUCKY MO JOB/KHHI
KaHAJIy JI0NATeBOIr0 CTATHYHOI0 3MilllyBaya NMpH Pi3Hiil 00’ eMHill npogyKTHBHOCTI
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IIpencraBuMoO TOPIBHSIIBHI PE3YJIbTaTH MOJIETIOBaHb 0a30BOTO CTaTHYHOrO 3MimnryBada Tumy Kenics Ta
JIOTIATEBOTO CTATHYHOTO 3MillryBaya (puc. 14).

. 60
'c\ﬁ 15MmmM (45°)
E 50
E —e—Kenics
'g_ 40
=
s 30
s
RN
5y
=
10
0 —0— ®
100 150 200 250 300 350
JIOBKHHA KAHAJTY, MM
7,0
15mm (45°)
6,0
—o—Kenics
5,0
=
= 4,0
g 3,0
=
=
2,0
1,0
0 50 100 150 200 250 300 350

JloBikHHA KaHATY, MM

Puc. 14 — IlopiBHsIbHMIA rpadik Nepenaay OAHOPIAHOCTI KOMIO3HUIIT Ta THCKY 10 JOB/KHHI KaHATY
JIONATeBOro 3MilmyBava Ta 3minrysaya tumy Kenics

OTxe, 13 3acTOCYBaHHSM 3aIPOIIOHOBAHOI'O JIONATEBOIO CTATHYHOTO 3MilllyBaya, Iepemnaj OJHOPIIHOCTI Ha
BHXOJI 3 KaHAJy CTAaHOBHTH 8,64 %, B TOH Yac 5K i3 3aCTOCYBaHHIM iCHYIOYOTO CTAaTHYHOTO 3MilryBada Tuiy Kenics,
JTaHWH TIOKa3HUK JIOCATAETHCS IPU MEHIIIN JOBXUHI KaHaiy (=~ 240 MM), a Ha BUXOJI 3 KaHAITy IIepenas 0JHOPiJHOCTI
cTanoBUTh 2,08 %.

BucHoBku. Ilim0uBaroum pe3ynbTaTd MOJESIIOBAHHS TIPOIECY TMepeMilmyBaHHS IBOGAa3HOI TMOJIMEpHOT
KOMITO3UIIiT TIpH pi3Hii 00’ €MHIN MPOIyKTUBHOCTI MOTOKY MaTtepiaiy i3 3aCTOCYBaHHSIM CTaTHYHUX 3MilIyBadiB,
OyJ10 BU3HAYCHO, 1110 NEpenaj] OJHOPIAHOCTI MOJIIMEPHOT KOMIIO3UIIT Ha BUXO/I 3 KaHaly OyB Maike OJJHAKOBHH B
JIOCJTIPKYBAaHOMY Jliala3oHi MPOJYyKTUBHOCTEH, MPH 3aCTOCYBaHHI OyHIb-fKOTO CTATUYHOTO 3MimryBada. ToOTo
00’eMHa MPOTYKTHUBHICTh MOTOKY MaTepiany ocoOJIMBO HE BILTMBAE Ha KiHIEBUH pPiBEHb TOMOTEHI3aIlli TOIIMEPHOT
KOMIIO3HIIi.

Haiixpamuii piBeHb roMoreHisatii, skuii 0yJio TOCATHYTO 13 3aCTOCYBaHHIM 3MilryBaya Tuiry Kenics, craHoBUTh
2,08 %. Ilix wac MopmemOBaHHS TIPOLECY MEPEeMIITyBaHHSA i3 BHKOPHCTAHHSM 3allPOIOHOBAHOI KOHCTPYKIIii
JIONaTeBOr0 CTaTUYHOTO 3MilllyBaya, HalKpanuid piBeHb OJJHOPIAHOCTI KU OYyJI0 TOCATHYTO CTaHOBUTH 8,6 %.

HesBaskarouu Ha Te, 110 6a30BHi 3MilTyBau TuIy Kenics mpu npocToTi CBOET reoMeTpii XapaKTepH3y€eThCs TyKe
BrcOKMM(2,08 %) MOKa3HMKOM OTHOPIMHOCTI HAa BHXOIl 3 KaHATy 3 JOCHTh HEBEIWKHM IIEperazoM THUCKY,
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3aMpOTIOHOBaHUM B JaHili poOOTI JIOMATeBHA CTATUYHHUM 3MIlTyBad TAKOX Ma€ TapHi MEPCTICKTUBU Ha MalOyTHE,
OCKIJIbKM XapaKTepU3YETbCS HACTYITHHUMHU IIepeBaramu: 3a0e3nedyye HOpPMalbHUH pIiBEHb TOMOTrEHi3awii, II0
CTaHOBUTH 8,6 %; CKIIaNaeThCs 31 3MIITYBAJIBHUX KIJELb», KUIKICTh SIKMX MOXKHA KOPUI'YBAaTH B 3aJIS)KHOCTI Bif
BHMOT IIOJIO0 KiHIIEBOTO MPOIYKTY; TE€OMETPII0 3MIITyBAJIBHUX €JIEMEHTIB MOYKHA MOJICPHI3yBaTH i KOMOIHYBAaTH.
IMepcnekTUBY MOAAJBIIUX JOCTIIKEeHb., Y TMOAATBIIOMY OyJe AOIIBHO PO3TISHYTH Oiiblle KOMOIHAIliH
reoMeTpii JIONaTeBOro 3MillyBaya JUlsl peaibHUX €KCIIEPUMEHTIB 3 TPOMHCIOBUMH MTOJIIMEPHUMH KOMITO3ULIISIMU.
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Volodymyr Sivetskyi, Oleksiy Malchevskyi

NUMERICAL MODELING OF THE PROCESS OF MIXING A POLYMER COMPOSITION IN A STATIC
MIXER CHANNEL

The work includes numerical modeling of the process of mixing a polymer composition in static mixers of various
designs, namely in a classic Kenics mixer and in a new proposed modification of a blade static mixer. The relevance
of the topic is due to the growing need for high-quality polymer products, for which a uniform distribution of the
dispersed phase is of decisive importance in the formation of the final physical and mechanical characteristics of the
material. The purpose of the study was to determine the efficiency of a new design of a static mixer, analyze the
influence of its geometric and technological parameters on the dynamics of polymer composition flows and the level
of homogenization in comparison with the basic Kenics design.

The work has applied numerical modeling of the process of mixing a two-phase polymer composition (in a ratio of
50/50) under isothermal laminar flow conditions. To describe the rheological properties of the polymer melt, the
Bird-Carrot viscosity model was used, which most adequately reflects the non-Newtonian behavior of polymers. The
system of equations, including the equations of momentum, energy, continuity and volume fraction of the secondary
phase, was implemented in the ANSYS Fluent software environment using the finite element method.

The basic object of comparison was a Kenics static mixer with traditional geometric parameters (element rotation
angle 120°, arrangement of adjacent elements at an angle of 90°). The influence of different values of the volumetric
flow rate (2:107° — 8107 m¥s) on the level of homogeneity and pressure drop was investigated. The results showed
that the flow rate only slightly affects the final level of homogenization, and the resulting homogeneity drop was within
2.08-2.67 %.

For the blade static mixer, various geometry configurations were considered: the thickness of the elements (10, 15
and 20 mm) and the angles of their mutual rotation (45° and 90°). It was found that the geometry of the structure has
a decisive influence on the quality of mixing. The worst results were obtained when the elements were rotated by 90°
regardless of the thickness, while the best level of homogenization (8.6%) was recorded for the variant with a thickness
of 15 mm and a rotation angle of 45°. Although these results are inferior to the basic Kenics mixer, they confirmed
the promising design, which, thanks to its modular structure, allows you to vary the number and configuration of
elements, adapting the device to specific technological tasks. A comparative analysis of the pressure drop showed
similar patterns in the two types of mixers - for both, a stepwise decrease in pressure along the channel is observed.
However, the peak pressure values in the blade mixer significantly depended on the geometric parameters of the
elements, which opens up opportunities for optimizing the design for specific requirements.

In general, the study demonstrated that the classic Kenics mixer provides a significantly higher quality of
homogenization of polymer compositions. At the same time, the new blade mixer has the potential for further
modernization and application, given its flexibility in geometric variations and the possibility of improvement. The
prospects for future work are to expand the range of geometries studied and conduct experimental tests on industrial
samples of polymer materials.

Keywords: extrusion, mixing, static mixer, polymer composition, modeling
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