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EFFECT OF CRYSTALLIZATION ON THE KINEMATICS OF
A CHANNEL FILLING WITH A NON-NEWTONIAN FLUID

E. I. Borzenko, G. R. Shrager

The mathematical modeling of a vertical channel filling with a crystallizing polymer
compound, which is ducted through the inlet section at a given constant flow rate, is
carried out. A mathematical formulation of the problem includes the motion, continuity,
and energy equations. A description of the crystallization kinetics in the non-isothermal
flow is based on the Avrami—Kolmogorov theory [1,2] using a modification [3]. On the
solid wall, the constant temperature is maintained, and the no-slip condition is applied. On
the free surface, corresponding boundary conditions are used. At the initial time instant,
the channel is partially filled with the fluid at a wall temperature and a zero degree
of crystallization. The rheological behavior of the compound is described by a modified
Carreau model with a dependence of its parameters on temperature and crystallization
degree [4].

The formulated problem is solved numerically using the finite volume method to
calculate the flow characteristics in the region and the invariant method to satisfy the
boundary conditions on the free surface. The parametric studies have been performed to
show the effect of non-isothermality and crystallization on the kinematic characteristics
of the flow during filling.

The research is implemented at the expanses of the Russian Science Foundation, project
18-19-00021.
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BIINAHNE KPUCTAJINTN3ALUNN HA KWHEMATNKY
3ANOJIHEHNS KAHANA HEHBKOTOHOBCKO

MUOKOCTBHO
E. U. Bopsenxo, I P. Ilpazep

[TpoBegeno maremMaTHdecKoe MOAEIMPOBAHUE MPOIECCA 3AMOJHEHNsT BEPTUKAJILHOTO
KaHaJIa KPUCTALIM3APYIOMEeRCcd TOJIUMEePHO KOMIIO3UIIEH, KOTOpad MOJAETCA Yepes3 BXOI-
HOE CeYeHHUs C 3aJAHHBIM MOCTOAHHBIM PacXomoM. MareMaTwueckas HOCTAHOBKA 3a/1a9d
BKJIIOYAET YPABHEHUS JABUKCHUS, HEPA3PBLIBHOCTH 1 dHepruu. Onucanue KMHETHKU KPU-
CTAIN3allMl B HCM30TEPMUYCCKOM ITOTOKEe OCHOBBLIBACTCA Ha Teopuu Appamu — Kosmo-
roposa [1,2| ¢ ucnosbzopannem moandukarnun [3]. Ha TBépaoil crenke momaepKuBaeTcs
HOCTOSIHHAA TEMIIEPATYPA, BBIIOIHACTCS YCJIOBHE Npuinnanusg. Ha ¢Bo6oaHOl MOBepXHO-
CTH HCIOJIbL3YIOTCA TPAIUIMOHHLIE MPAHUYHLIC YCIOBHd. B HaYaJbHBI MOMEHT BpeMeH:
KaHa/I YaCTUIHO 3aII0/IHEH KUJKOCTHIO ¢ TEMIIEPATY PO CTeHKM U HyJIeBOM CTeNeHbI0 KPU-
craam3anu. Peosorndeckoe moBeaeHne KOMIIO3AINN OIUCHIBACTCA MOAU(MDUIUPOBAHHON
Mozeabio Kappo ¢ 3aBHCMMOCTBIO €€ mapaMeTpoB OT TeMNepaTypbl U CTENeHH KPUCTaJl-
muzanun [4]. ChopmynupoBanHas 3a/1ada PeIIAeTCs YUCTEHHO ¢ HCHOTb30BAHIEM MEeTOJA
KOHTPOJIBHOTO 00bEMAa I pacdera XapaKTepUCTUK TeUeHHd B 00JACTH U MeTOIa MHBa-
PHAHTOB /I PeATN3alliid MPAHMYHLIX YCIOBUI Ha ¢BOGOAHOI moBepxHOCTH. [IpoBenens:
HaPAMETPHYCCKHIE UCCICI0BAHNS, JeMOHCTPUPYIOLIUE BJIAAHIEC HEM30TePMUIHOCTI U KPH-
CTALIN3aIM HA KUHEMATHIECKAe XapAKTePUCTUKHU ITOTOKA B IIPOIECCe 3AM0JTHCHUS.

Hcenedosanue svnoaneno 3a cuém epanma PH®, npoexm 18-19-00021.
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