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Abstract: Effects of the dimensionless variables on the heat transport phenomena in the extrusion process of a single
screw extruder have been studied numerically. Based on the understanding of the solids conveying related to the
geometrica structure and characteristics of the screw, the heat balance equation for the solids conveying zone was
established and normalized. The finite volume method and power-law scheme were applied to derive a discretized equation
and the equation was solved using the aternating direction iterative method with relaxation. Effects of the dimensionless
parameters, Biot and Peclet numbers, that define the heat transfer characteristics of the solids conveying zone have been
investigated with respect to the temperature of the feeding zone and the length of the solids conveying zone. As the Biot
number is increased, the heat loss by cooling dominates to decrease the temperature of the barrel but it has little effects on
the temperature of the solids bed and the length of the solids conveying zone. On the other hand, if the Peclet number is
increased, the convection term dominates to decrease the temperature of the solids bed and it results in an increase in the
length of the solids conveying zone.

Keywor ds: extruder, solids conveying zone, heat transfer, numerical anaysis, dimensionless numbers.
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Figure 2. Meshes and nodes of the finite volume method.

Heating Band

Figure 1. Schematic diagram of the computational domain with boundary conditions shown for the solids conveying zone.
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(a) 79%16(Uniform)

(b) 79%16(Non-Uniform 1)

(c) 79%16(Non-Uniform 2)

Figure 3. 7916 meshes selected for testing computationa efficiency.
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Figure 4. Convergence of the temperature at the center of the screw on the
downstream boundary shown as the meshes are refined in the compu-

tationad domain.
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Figure 5. Convergence of the interfacid temperature between the screw
and the solids bed on the downstream boundary shown as the meshes are
refined in the computationa domain.
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Figure 6. Convergence of the interfacial temperature between the solids
bed and the barrel on the downstream boundary shown as the meshes are
refined in the computationa domain.
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Table 1. Physcal PropertiesUsad for theBarrd, Screw and the Solids Bed

k p G
[Wim - C] [kg/m] [Jkg - €]
Barrel & Screw 50.21 7830 816
Solids bed 0.19 1200 1172
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Figure 7. Temperature distribution in the solids conveying zone when Bi = 0.01, Pe=1000.
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Figure 8. Temperature distribution in the solids conveying zone when Bi =

0.01, Pe=2500.
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Figure 9. Temperature distribution in the solids conveying zone when Bi = 1, Pe= 1000.
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Figure 10. Temperature distribution in the solids conveying zone when Bi = 1, Pe= 2500.
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Figure 11. Temperature distribution in the solids conveying zone when Bi = 0.1, Pe= 1500.
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a : coefficients of the discretized equation
Bi : Biot number, hR/k,
C, © Specific heat, [Jkg - C]
D : diffusion conductance
F : strength of the convection or flow
h : heat transfer coefficient between the barrel and the surroundings,
[Wim? - C]
k : therma conductivity, [W/m - C]
Pe : Peclet number, VR o¢
r @ radia coordinate, [m]
R : outsde radius of the barrel, [m]
T : temperature, [ C]
Tc © temperature a the upstream boundary, [ C]
Ty © glasstransition temperature, [ C]
Th * temperature of the heating band, [ C]
T.. : temperature of the surroundings, [ C]
T, : interfacid temperature between the solids bed and the barrdl, [ C]
Ty * temperature of the center of the screw on the downstream boun-
dary, [C]
Tnk © interfacid temperature between the screw and the solids bed on
the downstream boundary, [ C]
L © interfacid temperature between the solids bed and the barrel on
the downstream boundary, [ C]
: velocity, [m/g]
: axia velocity of the solids bed, [m/s]
: axid coordinate, [m]
7 : axia coordinate of the heating band, [m]
Z : axid coordinate of the downstream boundary, [m]
A A=

*  dimensonlessvarigble

N < <

Z2|H, A297 A6Z, 200551

ok} Azt
b: bard
e E : east face or node of the mesh
n, N : north face or node of the mesh
P : center node of the mesh
s, S : south face or node of the mesh, screw
w, W : west face or node of the mesh
r : redia direction
b : solidsbed
z @ axia direction
agle]x= A
o therma diffusivity, [m%s]
B : ratio of thethermd conductivities of the screw and the solids bed
: ratio of thetherma conductivities of the solidsbed and the barrd
: difference between nodes of the mesh
: difference between faces of the mesh

: density, [kg/m’]
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