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Abstract — This study is to analyze the flow behavior of Newtonian and Carreau model fluids in a coextrusion
wire coating die by finite element method. The effects of the change of the relative position of the coating materials and
the operating conditions on the flow fields and investigated. A nonisothermal analysis is also carried out to take into ac-
count the temperature rise due to viscous dissipation. The interface is positioned closer to the outer die wall when the
lower viscous component forms the outer layer. The total pressure drop for the PS/LDPE system is nearly twice as large
as that of the LDPE/PS system at the same wire velocity. The wall shear stress increases as the wire velocity increases
and the PS/LDPE system has the larger value than the LDPE/PS system for both isothermal and nonisothermal condi-
tions. The maximum temperature and the die exit temperature increase as the wire velocity increases. And the tem-
perature rise due to viscous dissipation of molten polymer is higher when the higher viscous component forms the in-
ner layer.
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Fig. 1. Wire coating coextrusion die geometry

and finite element grid system.

Table 1. Rheological properties of LDPE and PS
used in the calculations (at 443°K)

LDPED Ps2

Density (g/cm3) 0.78 0.99

Power-law index 0.45 0.45

Zero-shear rate viscosity 4.1« 104 6.3 104
{g/cm-sec)

Infinite shear rate viscosity 0 0
(g/cm-cm)

Heat capacity (erg/g-K) 2.7+ 107 2.1 107

Thermal conductivity 3.3%10%  1.3*104

(erg/cm-sec-K)
Time constant (sec) 0.95 0.49

b value of equation (6) 0.00948 0.03

D Union Carbide Corp., DYNF-1
2 Dow Chemical Co., STYRON 678
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Fig. 2. Streamlines with wire speed of 100 cm/sec
(a) LDPE/PS, (b) PS/LDPE system.

(b)

Fig. 3. Pressure distribution with wire speed of
100 cm/sec, the marked valus are P/AP,, , is
1.300%107 dynefecm? for the LDPE/PS
system (a), and 2.570+107 dyne/em? for the
PS/LDPE system (h).

(a)
------- Interface position

(b)
Fig. 4. Interface position along the coating die
with wire speed of 100 c¢cm/sec (a) LDPE/
PS, (b) PS/LLDPE system.
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Fig. 5. Comparison of velocity profiles at the die
exit between the Newtonian model and
Carreau model for the LDPE/PS system
with wire speed of 100 cm/sec.
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Fig. 6. Velocity profiles at the die exit as function

of wire speed for the PS/LDPE system.
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Fig. 7. Comparison of velocity profiles at die exit
between the LDPE/PS and the PS/LDPE
system with wire speed of 25 cm/sec.
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Fig. 8. Comparison of velocity profiles at the im-
pact point between the LDPE/PS and the
PS/LDPE system with wire speed of 25

cm/sec.
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Fig. 9. The change of total pressure drop for var-

ious wire speeds.
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Fig. 10. Comparison of temperature distributions
for the LDPE/PS and the PS/LLDPE sys-
tem with wire speed of 25 cm/sec.
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Fig. 12. Comparison of the temperature profile
at the impact point between the LDPE/
PS and the PS/LDPE system with wire
speed of 25 cm/sec.
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NOMENCLATURE

. heat capacity of fluid [erg/g°K]

: thermal conductivity of fluid [erg/cm-sec °K]

: power-law index of Carreau model!

. pressure

. heat flux normal to the boundary

: temperature [°K]

. reference temperature [°K]
r-component of the contact force vector

: z-component of the contact force vector

: velocity vector ‘

. r-directional velocity [cm/sec}

: z-directional velocity [cm/sec]

. wire speed [cm/sec]

: rate of strain tensor {1/sec]

: apparent viscosity [poise]

: zero shear rate viscosity [poise]

: infinite shear rate viscosity [poise]

: time constant of Carreau model [sec]

: density of fluid

: stress tensor

: viscous dissipation function
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¢, . linear interpolation function
¢, © quadratic interpolation function
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