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Design and Flow Visualization for The Planar Spiral

Extrusion Die

Student: Ming-Da Chen Advisor: Professor Chung-Ching Huang

Institute of Mold and Die Engineering
National Kaohsiung University of Applied sciences

Abstract

The function of spiral mandrel die is mainly use for extrusion polymer pipes
or thin films  the advantage of the process is to mix the flow of polymer
melts inside the die well to solve the melting line and also enhance the
strength .The spiral die could divide into mandrel and planar type. This study
iIs mainly to investigated the flow distribution in planar spiral dies. The
feature of die has eight helical grooves cut on the planar surface. Proper
groove design can produce the beautiful and durable products. In this study we
analyze through Lumped Parameter Method applied over a finite number of
control volume and associated with the Taguchi approach is applied to

search several sets of die geometric parameters such as initial gap of die



initial depth of spiral channel taper angle and converge constant of spiral

from which process the flow uniformity mixing degree and total pressure

drop finally the optimal geometry of the die was determined.

Sequentially the performance of the die with a glass window is

developed to observe the flow distribution by digital video  and the images

are cut out of for observe the mixing degree of the two polymers by Optical

Microscopy. The effect of initial gap of die on the mixing degree of the two

polymers is investigated three initial gap of die 0.2 0.4 0.6mm were

sel ected.

Finally the effect of the mold temperature gap of die lip and ratio of

shear thinning on the flow uniformity of die lip are investigated the

experiment result can compare with simulation to valuate the correctness of

the die design.

Key word: Planar spiral extrusion die Control volume method Visualization
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i 18~ fRBEES (5 2 7 2 Ul T B

fu=7 N ] AE- | AEED | ES
A BB == 4 8 s R (G) 0.1 0.3 0.5
B R € N K (H) 5 6 7
C BB G B (A) 0.1 0.125 0.15
D Pl = R el % () 1 1.5 2
2.8°fifi 53 4

o A R BERO FREL  2S P RS - R TIROR AT
SE AT e S AR o R Y] I RIE [
I TE R B E B AR 55 A Fﬁ (A 0 Pl B PR SR S B I?ru%ﬁl s o

e 3 5 ERSLPE B GRS P A LR )RR L R B

B i 5 5

F 3~ L9 & A o B RIGZFS L] Vg i i B

$5 Sy T3 [ 5T A

EXP\PAR| G H A a Ul | PD | S/IN(UI) | SIN(PD)
1 0.1 5 0.1 1 |0.872|339.3| -1.18967 |-50.611677
2 0.1 6 |0.125| 1.5 |0.873| 172 |-1.179715 |-44.710569
3 0.1 7 | 0.15 0.869 | 114.1 | -1.219604 |-41.145713
4 0.3 5 |0.125 0.905 | 96.4 |-0.867028 |-39.681541
5 0.3 6 | 0.15 0.838 | 177.4 | -1.53512 |-44.979072
6 0.3 7 0.1 | 1.5 |0.882|126.8 |-1.090628 |-42.062385
7 0.5 5 | 015 | 1.5 |0.879| 90.2 |-1.120222 |-39.104131
8 0.5 6 0.1 2 |0.907 | 69.3 |-0.847854 |-36.814665
9 0.5 7 |o0.125 0.851 | 119.6 | -1.401409 |-41.554624
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(2) HIFHf= 12 (process capability - cp) »
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(3) J\ﬁ 1% (large-the-better)
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n

sk 3 Frt BTy SIN B 20 S i & (it =2 gl & (=¥ SIN 25
P s i 3 A A 4 W%%%Umﬁﬁi$ﬁ$Wwﬁﬁ
IR (L ) 1 R P A R Sl 812
BEVEE F"T[Jcaz H2, ALal F34 FARSR R o 1)) fﬁ” BT
e R EL Lo e ﬂﬁﬁﬁﬂ*ﬁﬁiVﬁwyﬁﬁﬁ
o SRR EESAE éﬁ%"r%ﬂﬁﬁ% 15 El@%ﬁ,_éfjﬂ"ﬁ Ef'» Bb: RGeS e de
(A) ~ BB BZFMRE ¢ () ~ BB ©0E W (H) - B 4 0 @ g
(G) » M3 Talp Fl 1B = [ o R a8y » #5 ?Z‘ifﬁﬁﬁfﬁﬁ'r ISR A% 5
-« o

4~ hEHES SR Py O R (R A

level\factor A B C D
1( average S/N) | -1.19633 |-0.904945|-0.652552|-0.779942
2( average S/N) |-1.088783|-0.770078|-1.314798|-0.800716
3( average S/N) [-1.207251|-1.058974|-0.766646|-1.153338

delta(S/N)  |0.1184682/0.2888961|0.662246 [0.3733956

RANK 4 3 1 2

Meaning of factor G H A a
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G2,H2,ALal Hh4 i Py ;Fﬁ o [F=RE ”F*?;fgﬁ SO [RE EL
[&fr?ﬁﬁﬁﬁﬁ‘%“’iﬁjf'F"Iﬁl[ﬂ o [P [—i;&‘-/alf[ B BloSaf S o [5E fiY BL

25_5 % )HFT

Tyh: PR ] (@) - ﬁﬁiN#W@ﬁ@ﬂA%¢EE%@MmFHGﬂ

A 4 L S A (G) - 4

LR YA SR A P%g,xgg]\'f

SPY B S S PUR AR A o
Fo 5 B i U ] TR A
level\factor A B C D
1( average S/N) |-45.48932|-29.89655|-27.24798|-26.74995
2( average S/N) |-41.84594|-27.73603|-45.57882|-28.22020
3( average S/N) |-41.93544|-43.13245|-27.93823|-45.79488
delta(S/N)  |3.6433788(15.396417|18.33085|19.044929
RANK 4 3 2 1
Meaning of factor G H A a
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S/N ratio=((-0.904945)+(-0.652552))/2=-0.778749(db)

% 6~ Ul 7= C&B [V & = [=H]
C1 C2 C3

B1 |-0.778749|-1.109872|-0.835796
B2 |-0.711315|-1.042438|-0.768362
B3 |-0.855763|-1.186886| -0.91281

51
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* 8-~ Ul Ir(=D&C |V 4 = [BH]

D1 D2 D3 D1 5o 03
B1|-0.842443|-0.852833|-1.029143| | C1 |-0.716246|-0.726236/-0.902946
B2 |-0.775009|-0.785399|-0.961709 C2 |-1.047369|-1.057759|-1.234069
B3 |-0.919457|-0.929847|-1.106157| | C3 |-0.773293|-0.783683-0.959993
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g AT BRI O e D[R (R e 2 T R A R R

Frsr%i’TV f/%“ TR EE RS (e Q) He & = P T i B g5 pu i A [ 28]
(/pﬁ;ﬁl 24 FrA.

# 9~ ﬁ PR T e Y T ]

Parameter min max levell | level2 | level3
G(mm) 0.1 0.9 0.3 0.5 0.7
H(mm) 3 7 4 5 6

A 0.1 0.24 0.135 0.17 0.205
a(’) 1 3 1.5 2 2.5
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F 10~ A A [ E R EE

PAR. G(mm) H(mm) A-VALUE AIFAR
Dsign
No. levelljlevel2|level3|levell|level2|level 3|levell|level2|level 3|levell|level 2|level 3
1 01 | 0.3 | 05 3 4 5 0.1 |0.135| 0.17 1 15 2
2 01 | 0.3 | 05 3 4 5 0.1 |0.135| 0.17 2 2.5 3
3 01 | 0.3 | 05 3 4 5 ]0.17 [0.205| 0.24 1 15 2
4 01 | 0.3 | 05 3 4 5 ]10.17 [0.205| 0.24 | 2 2.5 3
5 01 | 0.3 | 05 5 6 7 0.1 |0.135| 0.17 1 15 2
6 01 | 0.3 | 05 5 6 7 0.1 |0.135| 0.17 2 2.5 3
7 01 | 0.3 | 05 5 6 7 | 0.17 |0.205| 0.24 1 15 2
8 01 | 0.3 | 05 5 6 7 |0.17 |0.205] 0.24 | 2 2.5 3
9 05 | 0.7 | 0.9 3 4 5 0.1 |0.135| 0.17 1 15 2
10 | 0.5 | 0.7 | 0.9 3 4 5 0.1 |0.135| 0.17 2 2.5 3
11 | 0.5 | 0.7 | 0.9 3 4 5 |0.17 |0.205] 0.24 1 1.5 2
12 | 0.5 | 0.7 | 0.9 3 4 5 |0.17 |0.205] 0.24 | 2 2.5 3
13 | 0.5 | 0.7 | 0.9 5 6 7 0.1 |0.135| 0.17 1 15 2
14 | 0.5 | 0.7 | 0.9 5 6 7 0.1 |0.135| 0.17 2 2.5 3
15 | 0.5 | 0.7 | 0.9 5 6 7 |1 0.17 |0.205| 0.24 1 15 2
16 | 0.5 | 0.7 | 0.9 5 6 7 |0.17 |0.205| 0.24 | 2 2.5 3
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#0114 + [ﬁ?%gﬂﬂ/ﬁﬁl = L:J@E&-}J[gg@ﬁ S B SN L 2

EXP Ul DP MD G H A ALFAR
0.94 76.42 0.631 0.1844 5 0.1 1.0105
2 0.916 27.838 0.651 0.1973 | 5.995 | 0.0981 | 1.6274
3 0.936 71.31 0.616 0.159 6.05 0.1115 | 1.0781
4 0.947 32.887 0.686 0.1959 | 7.3205 | 0.1115 | 1.4434
5 0.916 62.407 0.673 0.2656 | 6.93 0.099 1.1979
6 0.919 19.287 0.645 0.1984 | 6.63 | 0.0992 | 1.9674
7 0.933 63.974 0.618 0.1729 | 6.237 | 0.1115 | 1.0/81
8 0.947 35.429 0.607 0.2656 7 0.1115 | 1.4434
9 0.87 33.197 0.644 0.2952 | 6.655 | 0.1089 0.729
10 0.892 19.257 0.633 0.2952 7 0.1 1.181
11 0.863 38.442 0.619 0.2952 | 5.9895 | 0.1227 | 0.6561
12 0.902 19.119 0.626 0.2952 7 0.1004 1.181
13 0.874 18.469 0.632 0.3609 7.7 0.099 0.99
14 0.844 10.707 0.659 0.3973 7 0.0981 | 1.5892
15 0.868 33.064 0.655 0.2952 7.2 0.1115 0.729
16 0.902 19.24 0.626 0.2952 7 0.1004 1.18

ﬁ%ﬁ%, o 15 IR e F%?—[—E#I—g« i 5 Fﬁl
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# 12~ LDPE £\ [% 1 % Bk
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BV BT B

W ps(Kg/m) 954

TR p,(Kg/n) 770

£1Cs(I/Kg/C) 2500

B RN CL (I Kg/ C) 2250

B A R K (W / m/ C) 0.3

BV TR K, W/ m/C) 0.25

HRITL(C) 133

(" £ VH (I 1kg) 180000
3% cross model [ gy

fslf[’gl’r K (pa-sn) 37961

2 Y% 1(C) 200

1% 578 % b(1/C) 0.0151

g 47.817

n 0.409
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