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Friction reduction due to chain stretch and segment orientation
under biaxial elongational flow
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We calculated the steady-state viscosity under equi-biaxial and uniaxial elongational flow using the multi-
chain slip-link simulation (primitive chain network simulation) and examined friction reduction due to chain
stretch and segment orientation. We used two types of the order parameter of stretch and orientation depending
on the Weissenberg number based on the Rouse relaxation time (Wir) for biaxial elongation. One is orientation
anisotropy S close to 1 (S1) along elongational direction means almost perfectly orientated and the other S close
to 1/2 (S12) means half-orientated. At Wir<0.1, there is no friction reduction both S; and Si2. At 0.1<Wir <1, Sy
reduced friction value, and the steady-state viscosity decreased. On the other hand, Si» reduced friction value

same as uniaxial elongation at 1<Wig.
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Figure 1 Steady state values for the reduced viscosity,
orientation, squared reduced stretch and reduced friction
for PS 250k Melt from top to bottom. The viscosity and
friction are reduced with respect to the equilibrium
values. The stretch is normalized by the maximum
stretch. Thin curves (S;2) and thin curves (uni) are for
biaxial and uniaxial deformations, respectively. Thin
curves (S;) are for biaxial deformations with definition
of Eq. 5. Bold curves (S;,2) are for biaxial deformations
with definition of Eq. 6. Solid and dotted curves are for
the results with and without friction reduction.
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