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ABSTRACT: A theoreiical study with non-Newtonian fluid model was conducted on the per-
formance of the Maddock mixing head (MMH) in plasticating single-screw extrusion. In this
study, the flow analysis network (FAN) method with the corresponding viscosity, so called,
the equivalent non-Newtonian viscosity was used for the prediction of pressure variation in
both the down-channel and cross-channel direction of MMH. And for the experimental study,
the published data were used. Two kinds of screws with the MMH were used, namely : one
screw (exp. # 28~36) to measure the pressure difference between the entrance and the exit
of the mixing head in the down-channel direction and the other screw (exp.# 40~49) to
measure pressure variations in the cross-channel direction in the middle of the mixing head.
In this study we tried it by using the parameter 4,. The equivalent non-Newtonian viscosity
of power law model with drag flow was used to simulate the experimental results. This study
made the progress on the agreements between experimental results and theoretical predic-
tions.
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Figure 1. Schematic diagram of the Maddock mixing
head: (a) side view and (b) cross-sectional view.
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Table 1. Geometrical Configurations of the Sin-
gle-Screw Extruder Employed

screw diameter (mm) 63.5
extruder length (L/D) 24.35
feed section (I./D) 5.0
channel width (mm) 54.14
channel depth in the feed section (mm) 11.35
tapered section (L./D) 3.0
metering section (L/D) 16.35
channel depth in the metering section (m) 373
flight width (mm) 6.35
flight helix angle (degree) 17.7
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Figure 2. Velocity and shear stress profiles at the
simple shear and pressure flow.

Table 2. The Position of the Pressure Transduc-
ers Mounted along the Extruder Axis

position Zy Zy Z3 Zy Zs5 Zg Z7 Zg Zg
L/D 068 381 663 945 12.27 1509 1791 20.13 23.73

Table 3. Dimensions of the Maddock Mixing
Heads Employed

mixing mixing
head #1 head #2

length of the mixing head (mm) 21260 212.73
length of the channel (mm) 149.10 149.23
width of the channel (mm) 9.35 8.35
clearance of the barrier flight (mm) 0.53 0.66
clearance of the wiping flight {(mm) 0.08 0.08
maximum radius of the channel (mm) 1488 14.88
number of inlet channels 3.00 3.00
number of outlet channels 3.00 3.00
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Figure 3. Schematic depicting the positions of pres-
sure transducers mounted in the Maddock mixing
head : (a) Screw #1 and (b) Screw #2.
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Figure 4. Geometrical configurations of the Maddock
mixing head employed in the present study.
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Figure 5. Experimental pressure variations in the
cross-channel direction of mixing head #2 at a screw
speed of 50 rpm: (a) Run #40;(b) Run #41;(c) Run #
42. The extrusion conditions used are given in Table 5.
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Figure 6. Schematic of a Maddock mixing head: (a)
plane view and (b) cross-sectional view at section A-B.

walo Al22¢ A1z 19989 19

Down-Channel Direction -----n-- >
g Nee L[ s
g —ie— i
: LN
& ;
1
(a)
= = N N

Pressure(Pa)
7
!
[

(b)

Figure 7. Predicted pressure distributions in the
down-channel direction of mixing head #1 at a screw
speed of 50 rpm for the same extrusion conditions as
experiments : (a) Run #28;(b) Run #30. The extru-
sion conditions simulated are given in Table 4. (Solid
line : pressure profile at the inlet channel, dotted line -
pressure profile at the outlet channel).
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Figure 8. Predicted pressure variations in the cross-
channel direction of mixing head #2 at a screw speed of
50 rpm for the same extrusion conditions as experi-
ments:{a) Run #40;(b) Run #41:and (c) Run #42.
The extrusion conditions simulated are given in Table 5.
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Table 4. Summary of the Extrusion Conditions Employed for Screw # 1 and Comparison of Predicted
Pressure Variation across Mixing Head with Experiment

screw head

predicted 4 P(MPa)

run no. speed pressure throughput measured® Newtonian equivalent.
(rpm) (MPa) (kg/h) 4 P(MPa) viscosity non-?\lew.toman

L ~ V1SCosity
28 50 6.89 41.95 ~0.27 -0.12 -0.25
29 50 13.78 38.77 +0.28 +0.01 +0.40
30 50 20.67 35.59 +1.03 +0.15 +1.07
31 75 6.89 64.33 —0.43 -0.18 -0.56
32 75 13.78 60.34 +0.14 -0.05 +0.11
33 75 20.67 56.21 +0.62 +0.06 +0.82
34 100 6.89 86.81 -0.89 -021 —0.80
35 100 1378 81.81 -0.28 —-0.11 —-0.21
36 100 20.67 -77.14 +0.34 -0.02 +0.63

¢ 4 P=P8-P7, so the minus sign denotes pressure drop and the plus sign denotes pressure rise across the Maddock mixing head.

Table 5. Summary of the Extrusion Conditions Employed for Screw # 2 and Comparison of Predicted
Pressure Variation across Mixing Head with Experiment

predicted 4 P(MPa)

screw head R .
throughput measured . equivalent
run no. speed pressure (sg/h) 4 P(MPa) Ne.wtor.nan non-Newtonian
(rpm) (MPa) viscosity L
VISCostity
40 50 6.89 54.39 —0.55 -0.19 ~-0.44
41 50 13.78 4853 +0.14 —0.06 —-0.14
42 50 20'67 42.04 +0.82 +0.09 +0.12
43 50 6.89 35.37 +1.72 +0.36 +0.38
44 25 13‘78 2742 —-055 +0.13 -0.28
45 25 20.67 16.34 +1.58 +0.33 +0.35
46 75 6‘89 77.59 —0.41 -0.19 —0.40
47 75 13.78 64.29 +0.62 +0.07 +0.10
48 100 20.67 99.88 —0.34 -0.13 —0.28
49 100 ’ 85.44 +0.90 +0.08 +0.13

¢ These are the values obtained by interpolating the pressure readi;

and the plus sign denotes pressure rise.
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Figure 9. Predicted pressure distributions in the
down-channel direction of mixing head #2 at a screw
speed 50 rpm for the same extrusion conditions as ex-
periments : (a) Run #40, (b) Run #41, and (c) Run #
42. The extrusion conditions simulated are given in
Tabie 5.
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