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Abstract — The flow phenomena through a wire coating die are quantitatively analyzed using Carreau model
by a finite element method. The effect of the rheological parameters for polyvinyl chloride (PVC) melt and
tion is also incorporated to account for the fluid slip along the fast moving wire and the stationary die wall.
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Fig. 2. Boundary conditions used in numercal simulations.
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Fig. 3. Wire coating die geometry and finite element grid
system.

Table 1. Rheological properties of PVC used in the
calculations.

Density, o : 1.28 g/cm?

Zero-shear rate Viscosity, ¥ 5 3% 105 poise.
Infinite-shear rate Viscosity, # : 0 poise.
Power-law index, n: 1.0, 0.7, 0.4, 0.2

Time constant, A: 10.0, 0.706, 0.1 sec

Slip coefficient, A: 110~ !3 cm3sec3/g?

Slip power index, a: 2

Inlet and outer die wall temperature, T,: 443 K
Heat capacity, c,: .46 x 107 erg/g K

Thermal conductivity, k: 1.424 x 10?4 erg/cm sec K
Activation energy, E : 2.84 x 10% cal/g-mole
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Fig. 4. (a) Streamlines and (b) pressure distribution when
the wire speed is 100 cm/sec, In (b), the marked
values are P/ P and P, is 1. 1979 x 107

dyne/ cm?,
(o]
(&)
I
4 O A= 0. see
oy —A— A= 0,706 sec
g |
el —— XN=10.0 sec

Total pressure drop (10%yne/cm?)

i
T T
g.00 .20 Q.40 4,60 0.80 1.00

Power-law index, n

Fig. 5. Total pressure drop for various power-law indices
and time constants of Carreau model.
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Fig. 8. Temperature distribution with (a) no-slip and (b) slip
boundary condition. The wire speed is 25 cm/sec
and the unit of temperature is K.
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Fig. 9. Maximum temperature in the die unit for various
wire speeds.
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NOMENCLATURE

C, : Heat capacity of fluid, erg/g K.

E : Activation energy at constant stress, cal/g-mol.

k  : Thermal conductivity of fluid, erg/cm sec K.

n : Power-law index,

P : Pressure, dvne/cm2,

g, - Heat flux on boundary.

R : Gas constant.

T : Temperature, K.

t, . r-component of the contact force vector.

t. : z-compenent ot the contact force vector,

u - Velocity vector.

u  : r-directional velocity, cm/sec.

V, : Solid boundary velocity, cm/sec.

V, : Normal velocity, cm/sec,

V, : Slip velocity, cm/sec.

V, : Tangential velocity, cm/sec.

v : z-directional velocity, cm/sec.
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Greek letters

: Slip coefficient.

: Rate-of-strain tensor.

: Apparent viscosity, Poise.

: Zero-shear-rate viscosity, Poise.

: Infinite-shear-rate viscosity, Poise.
: Time constant, sec.

: Density of fluid, g/cm3.

: Stress tensor.

: Wall stress, dyne/cm?2.

: Viscosity dissipation function.

: Linear interpolation function.

: Quadratic interpolation function.
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