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Abstract—Flow of non-Newtonian fluid following power-law model in coat-hanger die has been studied
through 2-dimensional and 3-dimensional model. Finite element codes for numerical simulation were devel-
oped for each model. The mathematical model of coat-hanger die was constructed according to the analytic
design equation based on one-dimensional flow model. Both 2-dimensional and 3-dimensional simulation were
executed for the same model die. The flow rate distributions, pressure distributions, streamlines, and pathlines
were calculated for comparison between two models. The validity of the two-dimensional analysis was investi-
gated based on the three-dimensional analysis. The two-dimensional model was found to be inadequate in
regions of the manifold and the die side wall. There was a significant difference in the flow rate distribution
and the total pressure drop between two models.
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Fig. 1. Geometry of linearly tapered coat-hanger die.
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Fig. 2. Local velocity profile in the flow field.
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Fig. 5. Effect of ng.s on the flow rate distribution with
n;=0.5, 0=15°, and W=4 cm. (a) 3-D simulation,
(b) 2-D simulation.
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Fig. 8. Flow field for n,=0.5, 6=15°, and W=4 cm. (a)
pathlines on the x-y symmetric plane from 3-D sim-
ulation, (b) streamlines from 2-D simulation.
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a, b, c:constants in Eq. (4)
h : characteristic length of the manifold
h,  :characteristic length of the manifold at the die
inlet
| : identity matrix
K : power-law constant
L : half the die width

~ o~
S

: half the die inlet width
:the land length

n : power-law index

n;, :power-law index for design equation

e - power-law index for fluid property

n :outward unit normal vector

p : pressure

q : flow rate vector in two-dimensional model
un : velocity vector

u, u,, ¥, :components of velocity vector
W :the slot thickness

w(x, y) : depth of the die

X, ¥, z: global coordinates

azloja 2%t

aQa =T > o<

: magnitude of the rate of strain tensor
: the manifold angle

: shape factor

: viscosity

: stress tensor
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