P EEHP DA R

24 1REA hExp: few

SRS § TR P

i &

A2 P - BRSO R - B op RECEE R
2T HA AN A BN EBRIR TG AR M e
BHH T AR o B GEE AL R 2 B R N i B B
7 o #% % 71 * Sanchez-Lacombe equatiom 3+ & iz - &4 &g
T de 3R e BA R AR 0 B E A o B R o P erIp ) L g

Wenbe e 4 LA R EUE R ST AR R ARG IER S o i

{7 x
T
\\\?{r

#cd 3G Ao FDEPTH ~ 42 45 7% 5 WCHAN ~ 42 4 FF K. GIBC -

taper 4 £~ 8 & HBC ~ overlap#NOSEC -~ 017 2 fhes PEAL & q o

\\\?{r

LR XS R SIR Ty & SRS ¥ SEARN S EEN- L RS
£ R 5 dp R0 & s B Ak HREAS AT o F RS
1547 ArE A TER - BRI T R B E BCE s g

Bole BT S0 R s o B MDD = £ A ) 5 DEPTH »

WCHAN % GIBC 5 #2 Z8UNI & 7 <% B K WCHAN = NOSEC 5 #2 58 AP# 7



% #ZGIBCZ ALFAR> ®* & ?{f%fi B 4~b % 6 AP *‘]'51370 < o

d 3t Al e iEAR P 0 F ficEp p 9B 4 (local die pressure) & i

v
¥

D R-FEAEERREPN 200 RSP RIS E A LR

»

S

(prefoaming) ePah % o F]pt 8 41 ¢ (77 T HCR 0 die land) € #-
DR R R A R g > - B RAEEOE & (taper) o & 9 HCER NP0 L B
B4 AZEH TR R PR B SRR B MR 2 (2 2LER
AL IR 2 - BRI Y IR e A B E R R A

17 kg -

il



Flow Simulation and Optimal Design of Spiral die for

Physical Foaming extrusion Process
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Abstract

The purpose of the present study.is.to establish an analytical program
for spiral die with physical-foaming-agent. First, we predict the viscosity
of melt polymer with foaming.agent mathematically, and establish the
flow model by fluid dynamics. Applying the Sanchez-Lacombe equation,
we can calculate the weight percentage of foaming agent in melt polymer
at any pressure and temperature. As predicted, more foaming agent can be
dissolved into melt polymer at a high pressure or low temperature. The
parameters of spiral die include DEPTH, WCHAN, GIBC, HBC, NOSEC,
0 and a. Second, we use the Tguchi method to search several optimal sets
of die geometric parameters by assessing the flow uniformity(UNI) and

mixing degree(MD) isothermally and create ANOVA tables. From

il



ANOVA tables, we realize that the seven parameters can totally describe
the flow situation in spiral die. At the same time, we find that whatever
the number of channels is, the most relevant parameters with respect to
MD are DEPTH,WCHAN and GIBC; with respect to UNI, WCHAN and
NOSEC are the most relevant parameters; furthermore, with respect to
pressure gradient, GIBC % ALFAR are the most relevant. During
polymer foaming, if the local die pressure cannot reach the critical
pressure, prefoaming occurs. Therefore, at the outlet of spiral die, we
narrow down the channel depth to increase the local pressure, which is
thus greater than critical pressure. Finally, with die lip being attached to
spiral die, we examine the non-isothermal condition, so that an analytical

program for spiral die with physical foaming agent can be established.
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