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Numerical simulation of branched polymer melts through planar
contraction with inset based on XPP model

ZHAO Zhifeng, OUYANG Jie, ZHANG Ling, LIU Defeng
(College of Science, Northwestern Polytechnical University, Xi’an 710072, Shaanzxi, China)

Abstract: The finite volume method in the non-staggered grid was applied to the prediction of the two-
dimensional branched polymer melts through a 4 : 1 planar contraction and planar contraction with
inset. The constitutive equation followed the extended pom-pom model (XPP model), which was developed
from the Doi-Edwards model based on the rheology molecular theory. The decoupling about velocity-
pressure and velocity-stress was removed by a new interpolation technique inspired by that of Rhie and
Chow. Moreover, some numerical terms were added in order to promote the stability of the finite volume
schemes. With the help of contour about stream function, backbone stretch, the first normal stress
difference and the second normal stress difference, the development tendency of the polymer melts in 4 : 1
planar contraction and planar contraction with inset was presented. The influence of inset on viscoelasticity
of concentrated liquids was also discussed in detail. The numerical result indicated that the quantities
describing viscoelasticity of polymer melts, especially for the size and shape of the salient corner vortex and

backbone stretch behind inset, had obvious changes if the central position of inset was different.
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Table 1 Definition of constants and functions in general equation

Equation m [ r Sy
continuity 1 1 0 0
w-momentum  Re u 1 — %+ (7;;" + a;;‘ +@B—D ( 321[: +317? )
v-momentum  Re v 1 - %Jr a;;:“ + '7;;“ +(@E—1 ( 32;7; + g;, )
z.enormal stress We T 0 (%*2/})%+2Wer,, %JrZWer,.y%*f(/\,r)r,-,*[f(/\,r)*l]%g*a lv?ﬂ(rf‘ Jrrffy)*%%
coshear stress We o 0 (1—f) ( %+% ) +Wer., %+W€r . %+W«f,, %JrWerw-%* fGuDty —a lvvfe/gfli,, (re Fr)
ryynormal stress We Tyy 0 (%—2ﬁ>%‘FZW«;W%JrZWer‘.y%*‘f’(/\,r)r” *[f(/l-r)*lj%@*a 1‘){?,8(1—%“‘ Jrrf\,)*%%
7. Stress We [ 0 *]'(A-T)r;;*[,/‘(Avr)*lj%{@*a %Ti
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Fig. 1 Geometry of 4 : 1 planar contraction
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Table 2 Mesh characteristic parameters

Mesh Mesh 1 Mesh 2 Mesh 3
I 320X 120 160X 60 8030
il 320X 40 160X 20 80X 10
i} 320120 160X 60 80X 30
v 120X 40 60X 20 30X 10
\ 80X 40 40X 20 20X 10
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(c) the first normal stress difference

(d) the second normal stress difference
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Fig. 2 Viscoelasticity quantities in 4 ¢ 1 planar contraction
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Fig. 3 Influence of inset lying center line on viscoelasticity quantity
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Fig. 4 Influence of inset lying side of planar contraction on viscoelasticity quantity
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