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Table 1~ Consistency coefficient K and rheological index

n of polymer melts at different temperatures

i PET ECDP-1 ECDP-2
e K/(Pa:s") n K/(Pa's") n K/(Pa's") n
270 525 0. 888 479 0. 848 490 0. 851
280 355 0. 897 316 0. 875 339 0. 871
290 251 0.910 229 0. 885 240 0. 884
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Fig.2 Viscosity of polymer melt as a function of shear rate at different temperatures
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Fig.4 Schematic diagrams of the numerical simulation

domain and grid
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Fig.5 Velocity distribution at different positions in the z =0 plane for different grid sizes
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experiment and numerical simulation
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Fig. 14 Velocity distribution contours of fluids with

different rheological indexes on the z =0

plane in the sand cavity
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Fig. 15  Velocity distribution of fluids with different
rheological indexes at different positions on

the z =0 plane in the sand cavity
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different rheological indexes in front of the
spinneret(y/H = -0. 84)

K5 RFEIEASTR R RAAAE A T B4 B

B AR i 2
Table 5 Mass flow and relative deviation of fluids with

different rheological indexes at each outlet

WA n HH g/ (g™ 0/ %
outlet 1 0.1210 28.7

0.4 outlet 2 0.0803 14. 6
outlet 3 0.080 8 14.1

outlet 1 0.1050 11.7

0.6 outlet 2 0.088 5 5.88
outlet 3 0.088 6 5.78

outlet 1 0.098 0 4.92

0.8 outlet 2 0.0917 2.52
outlet 3 0.0918 2.41

outlet 1 0.096 1 2.16

1.0 outlet 2 0.0930 1.13
outlet 3 0.093 1 1.03
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Rheological properties of polymer melts and their effects
on the flow field in spinning assembly

JI Xin' LI Xin®> WU PengFei’ GAN LiHua’® ZHANG TianLiang' MA Xin'"

(1. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. State Key Laboratory of Biobased Fiber Manufacturing Technology, China Textile Academy Co. , Ltd. , Beijing 100025, China)

Abstract: The rheological properties of polyethylene glycol terephthalate ( PET) and cationic dyeable polymer
(ECDP) melts have been measured. The flow field in a spinning assembly was simulated by the computational fluid
dynamics method, and the accuracy of numerical simulation was verified by particle image velocimetry (PIV) ex-
periments. The influence of the rheological properties of a polymer melt on the flow field in the spinning assembly
was studied by the established numerical simulation method. The results showed that in the temperature range
270 -290 °C, the rheological indexes n of PET and ECDP increased and approached 1 with the increase of temper-
ature. The viscosity of the polymer melt decreases with increasing shear rate. The consistency coefficient K of the
fluid has little effect on the velocity field in the spinning assembly but has a significant influence on the pressure
distribution, and the inlet pressure increases with increasing K. The inlet pressure and inlet velocity both increase
with increasing rheological index n. The flow velocity of the fluid in a sand cavity is low, but its distribution is uni-
form. In the upstream of the sand cavity, larger values of rheological index result in increased flow velocity. The
polymer melt forms a retention zone between the spinneret holes in the outer ring of the spinneret plate. Further-
more, as the rheological index increases, the retention zone becomes smaller, and the flow distribution in the inner
and outer rings of the spinneret hole becomes more uniform.

Key words: spinning assembly; pseudoplastic fluid; rheological properties; flow field; power law equation; nu-

merical simulation
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