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Abstract: Polymer materials have gradually replaced metals as the most important raw materials in the pipe
production industry, leading to increasingly stringent requirements for pipe quality. However, improving
pipe performance solely by modifying the chemical structure of polymers or incorporating fillers such
as glass fiber and carbon fiber can no longer fully meet these demands. Taking poly(phthalazinone ether
sulfone ketone) (PPESK) as an example, this study modifies a conventional extruder head by incorporating
an annular expansion strengthening device, analogous to the principle of film blowing, to enhance pipe
strength. The annular expansion effect of the designed extruder head is simulated and analyzed using
Ansys-Polyflow. At an expansion angle of 30°, a suitable annular expansion velocity component of
3.51 cm/s is obtained, under which the melt maintains favorable flow characteristics without significant
vortex or stagnation. The velocity component in the annular expansion direction causes the molecular
chains within the melt to deviate from their original flow direction and form an orientation along the axial
direction, thereby improving the circumferential stress resistance of the pipe.
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Figure 1 3D schematic diagram of the extruder head section
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Figure 2 Schematic of the main parameter of extruder

design (a: extendingangle, g: compressing, L: length of die,
L,: length of compress, Lj: length of allocation, d: external
diameter, d;: inner diameter, R: torpedo fillet radius)
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Figure 3 Schematic of the spiderplate section
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SECTION A-A

1-torpedo, 2-die body, 3—spiderplate, 4-die, 5~mandrel, 6-expansion zone, 7-sizing zone, 8—plug chain

9-cooling channel, 10-rubber plug, 11—gas inflow screw, 12—gas passage, 13-regulating screw, 14—fixed flange
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Figure 4 The design drawing of the extruder head
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Figure 5 Sketch illustrating 3D model of the melt
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Figure 6 The simulation results of local shear rate

SR ZE B UMER, JEHAEY SR B A M s M A
BT R G5 BE R A B DLk 3 P 52 80 1 1
WAL

MIE6 T LLE ) BEE 3 sk B LI AR K, &
HI8 A B U3 R AR B 2 MK, JC R A Ik B 60°
LAJE, PPESKZEY 5K BUIT 52 21 (1 B )k R 1 2 v
THF B, XA BTN R 5 51 AR LR
HDPSENE N e LRI ke o N TR 87 N = e i 2 N
T (A A 454 P, B T . BT
60° LA_L FRI97™ 5K Ay B AT REANA T SEBR AN T A

A~ MEMRERR IR, 57K 5 8K
R B, BE T A (1 BY D)3 5 L P A ) B R B i B
DI A TR, W H AR 5K M 224, XA
B )R R (76 80~90 5710 IXFhARAL AT LA
O TN R IR B SRR JE » 0 SRAE T B B
DPREAR W T, 7T LR R0.2 mm Ze A5 (¥ 5 2 R
WU 7E Ja Sl B AT — 2P A 0.3~0.4 mm S B
B TSR RS T A Z, SO
FIUR KA, FI A EE 2 AR ot K&
J&, DRI 5 A 2 kAR B 5 - (38 2 [ 52 R
KICIBE IR o B2 PN o3 BE I B AR A
EERAE S G R AN A A I 5 M RE AT

PR TS EAAT ARG AR AT . T B U
AR [ B R AT RE R R 5K A I KA A R i SN
7 T A S 2 AR (HE AR AE IR T 5K BUR T 3)
TR SRR B, AR K A B0 3 A 22 S
BIY) 13 55 (R AT B fe 24 3 BOBE i BT V)i R
HARE . BN KA ENLASER BT U1 R
RAR A B i A BUEE T BY D) R AR 2 o

Fz2 JRHBTUE AL R
Table 2 Results of local shear rate simulation
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60° 360.10 90.00
70° 665.00 89.65
80° 1550.00 91.00
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Figure 7 The simulation results of velocity
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Table 3 Results of velocity
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50° 3.392 8.480
60° 3.236 10.790
70° 2.462 12.310
80° 2.635 13.170
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Figure 9 The simulation results of z-axis velocity component
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Figure 12 Simulation results of improved extruder head: (a) shear rate; (b) velocity; (c) z-axis velocity component
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