
ÈÍÑÒÈÒÓÒ ÂÛ×ÈÑËÈÒÅËÜÍÎÃÎ ÌÎÄÅËÈÐÎÂÀÍÈß ÑÎ ÐÀÍ

ÈÍÑÒÈÒÓÒ ÃÈÄÐÎÄÈÍÀÌÈÊÈ

ÈÌ. Ì. À. ËÀÂÐÅÍÒÜÅÂÀ ÑÎ ÐÀÍ

ÈÍÑÒÈÒÓÒ ÒÅÏËÎÔÈÇÈÊÈ

ÈÌ. Ñ. Ñ. ÊÓÒÀÒÅËÀÄÇÅ ÑÎ ÐÀÍ

ÑÈÁÈÐÑÊÈÉ ÔÅÄÅÐÀËÜÍÛÉ ÓÍÈÂÅÐÑÈÒÅÒ

VII ÂÑÅÐÎÑÑÈÉÑÊÀß ÊÎÍÔÅÐÅÍÖÈß

Ñ Ó×ÀÑÒÈÅÌ ÇÀÐÓÁÅÆÍÛÕ Ó×�ÍÛÕ

�ÇÀÄÀ×È ÑÎ ÑÂÎÁÎÄÍÛÌÈ

ÃÐÀÍÈÖÀÌÈ: ÒÅÎÐÈß, ÝÊÑÏÅÐÈÌÅÍÒ

È ÏÐÈËÎÆÅÍÈß�

1 � 4 èþëÿ 2020 ã.

ÒÅÇÈÑÛ ÄÎÊËÀÄÎÂ

Êðàñíîÿðñê
2020



52 Borzenko E. I., Shrager G.R.

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 �lling with a crystallizing polymer
compound, which is ducted through the inlet section at a given constant �ow 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
�ow is based on the Avrami �Kolmogorov theory [1, 2] using a modi�cation [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 �lled with the �uid at a wall temperature and a zero degree
of crystallization. The rheological behavior of the compound is described by a modi�ed
Carreau model with a dependence of its parameters on temperature and crystallization
degree [4].

The formulated problem is solved numerically using the �nite volume method to
calculate the �ow 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 e�ect of non-isothermality and crystallization on the kinematic characteristics
of the �ow during �lling.

The research is implemented at the expanses of the Russian Science Foundation, project
18-19-00021.
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ÂËÈßÍÈÅ ÊÐÈÑÒÀËËÈÇÀÖÈÈ ÍÀ ÊÈÍÅÌÀÒÈÊÓ
ÇÀÏÎËÍÅÍÈß ÊÀÍÀËÀ ÍÅÍÜÞÒÎÍÎÂÑÊÎÉ

ÆÈÄÊÎÑÒÜÞ
Å.È. Áîðçåíêî, Ã. Ð. Øðàãåð

Ïðîâåäåíî ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ïðîöåññà çàïîëíåíèÿ âåðòèêàëüíîãî
êàíàëà êðèñòàëëèçèðóþùåéñÿ ïîëèìåðíîé êîìïîçèöèåé, êîòîðàÿ ïîäà¼òñÿ ÷åðåç âõîä-
íîå ñå÷åíèÿ ñ çàäàííûì ïîñòîÿííûì ðàñõîäîì. Ìàòåìàòè÷åñêàÿ ïîñòàíîâêà çàäà÷è
âêëþ÷àåò óðàâíåíèÿ äâèæåíèÿ, íåðàçðûâíîñòè è ýíåðãèè. Îïèñàíèå êèíåòèêè êðè-
ñòàëëèçàöèè â íåèçîòåðìè÷åñêîì ïîòîêå îñíîâûâàåòñÿ íà òåîðèè Àâðàìè �Êîëìî-
ãîðîâà [1, 2] ñ èñïîëüçîâàíèåì ìîäèôèêàöèè [3]. Íà òâ¼ðäîé ñòåíêå ïîääåðæèâàåòñÿ
ïîñòîÿííàÿ òåìïåðàòóðà, âûïîëíÿåòñÿ óñëîâèå ïðèëèïàíèÿ. Íà ñâîáîäíîé ïîâåðõíî-
ñòè èñïîëüçóþòñÿ òðàäèöèîííûå ãðàíè÷íûå óñëîâèÿ. Â íà÷àëüíûé ìîìåíò âðåìåíè
êàíàë ÷àñòè÷íî çàïîëíåí æèäêîñòüþ ñ òåìïåðàòóðîé ñòåíêè è íóëåâîé ñòåïåíüþ êðè-
ñòàëëèçàöèè. Ðåîëîãè÷åñêîå ïîâåäåíèå êîìïîçèöèè îïèñûâàåòñÿ ìîäèôèöèðîâàííîé
ìîäåëüþ Êàððî ñ çàâèñèìîñòüþ å¼ ïàðàìåòðîâ îò òåìïåðàòóðû è ñòåïåíè êðèñòàë-
ëèçàöèè [4]. Ñôîðìóëèðîâàííàÿ çàäà÷à ðåøàåòñÿ ÷èñëåííî ñ èñïîëüçîâàíèåì ìåòîäà
êîíòðîëüíîãî îáú¼ìà äëÿ ðàñ÷åòà õàðàêòåðèñòèê òå÷åíèÿ â îáëàñòè è ìåòîäà èíâà-
ðèàíòîâ äëÿ ðåàëèçàöèè ãðàíè÷íûõ óñëîâèé íà ñâîáîäíîé ïîâåðõíîñòè. Ïðîâåäåíû
ïàðàìåòðè÷åñêèå èññëåäîâàíèÿ, äåìîíñòðèðóþùèå âëèÿíèå íåèçîòåðìè÷íîñòè è êðè-
ñòàëëèçàöèè íà êèíåìàòè÷åñêèå õàðàêòåðèñòèêè ïîòîêà â ïðîöåññå çàïîëíåíèÿ.

Èññëåäîâàíèå âûïîëíåíî çà ñ÷¼ò ãðàíòà ÐÍÔ, ïðîåêò 18-19-00021.
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