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NOMENCLATURE

A : Screw pitch

C, : Constant pressure specific heat
D, : Barrel diameter

D, . Dies output diameter

D, : Dies hole diameter

Dy . Hydraulic diameter

H : Screw channel height

H; . Feeding zone screw length
H, . Metering zone screw length
K . Factor term can operate on a single momentum equation
L . Metering zone screw length
L, . Dies upper hole length

L . Dies under hole length

P . In-put pressure

P, : Out-put pressure

R1 : Screw channel front round
R2 : Screw channel back round
S : Screw channel length

T . Temperature melt(Static)
75 . Initial Temperature

v . Velocity

e . Flight width

f ¢ Friction factor

h : Enthalpy

. Global coordinate direction & The other terms are described in

~.

the previous section

k : Thermal conductivity
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g

. Consistency index
. Power law index

: Volumetric heat source

: Distance from the axis of rotation
© time

: Velocity component in x-direction
: Velocity component in y-direction
: Velocity component in z-direction
: Consistency

: Screw helix angle

. Dies cone hole angle

: Viscosity

. Density

: Shear stress

. Rotational speed
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ABSTRACT

Analysis of Dynamic Characteristic in The Polymer Single

Screw Extruder with The Metering zone and Die

Chung Hyo Hee

Advisor : Prof. Kim Jae-Yeol Ph.D.
Dept. of Advanced Parts and Materials
Engineering.

Graduate School of Chosun University

Can divide into bisk kind extruder and screw extruder if divide greatly
extruder by basic.

To use to pump that carry water and oil as plastic extrusion simplicity of
utilization be but thing which is used most these day is screw extruder. Use of
screw 1s using at a lot of extrusion processes.

Extrusion process is becoming use that is much in complex processing and
process to charge shape or form of various material with , plastic material,
medicine material, food material, polymer composite material, iron and ceramics
powder material etc.

Also, because material correction of deformities by flow and physicochemical
reaction phenomenon according to heat transfer and so on of material at

extrusion process is available, become fearful. And various material comes to

- viii -



hopper because extruder has function by blender and mixing of materials can
go well before come out through dice.

These change process is so complicated that process condition is decided by
trial and error that process condition is underground mainly at extrusion
molding process.

Single screw extruder that is used widely at process of this extruder mixing
rate of material drops than multi axles screw but facilities investment rain and
working expenses do not cost much and screw is raw material supply wealth
(Feed zone) that is part that structure in-put material of solid state usually, and
material of solid state melting (Transition zone), solid material that is done part
perfection melting to three parts of measuring stoker (Metering zone) who is
transfer in done state attain .

These metering zone need research on dynamic characteristic of screw to be
place to heighten design of extrusion process and process productivity as
central part of single screw extruder control. And dynamic characteristic
analysis about dice that end product turns must attain.

Specially, access method is very important crystallinity numerical analysis
enemy of optimum screw design and optimum process condition and a seen
treatise wishes to achieve numerical analysis that consider dice at the same

time with metering zone of personal use single screw extruder.

_ix_



gHoz a4 F

9

o]

=2

=

AlA dreA
4271

ALdAE

olJ

=]

=
7oA A}

hs

o] A Hofo]

H o

o714 Tl 22

=

=
&5 (Transition zone),

A8 (Metering zone) 9] AF-E2.2 o] FoA it
FAFE, AduAAY,

o]

el

fazt g,

.
T

o

A48 5
el A Qofi}

sttt 2 ASAE O] 1= tholid

5

2

i

ZaAE50] /o] ¢t 1 F CFD( Computational Fluid Dynamics )

of o2 7k4 A&7}

24

hva

H o] Ala Sl

~

1
ﬁl—oﬂ t‘l_lL ul

=

o] &3] ojH
2 Fluent IncAFe] FLUENT9 ANSYSAHY CFX 18]t

kol ezl 2AH A At

9

72A9 75 e

5 3k

hva

d o

= FAl 5
2959 N

Ay

a4

&

ol A7te) 2279 Aste thol
A

i=
7o}

16 T

o A e o
=

=

ko

.

e

=

AEARY F53t GdE Sol weh =g sy W@ 3 Aol T

2

AToA

Nz & A7

+o]
ool LEARE A R GEHS Fohllo] AA $A A 24

H o
T
&9
L

T

Q

o7] 91% Rol7lo] 2279 FHER B A7} 2L
=}

=3 AA
=
2

o}
, W
21

Ay

CAD A 299 7S &

3 s 297t wel 54 o e Ao o

TEAETAE, 2 2 A
CFdesign= A}
 CFDY A3}

A4



288+ Blue Ridge Numeric, IncAHe] CFdesigne] 9ltt.



Aol 7]EAoR ol AYARE F2 G4 MFS Fol AFARE FrEdHE WEY 54 58
Ads es o ofFofth o] I 7HAE S

O

Wzt e st 22 dde Ao ofFojnh o] F HAY dLoR ofFoAE ¢
27194 7P A B9 2379 JAAAE BE7] HsiH @AM B 4 So] o] FolA L Jith

A @5 23% S=71e vlud 71584 abo] desto] tE 2aFd vsi B A7 A8
A4 0] 9lltk. Tadmorst Gogos''$ Femner ™= 4%71¢) ofe] R9ojA 9] Zeule] f50 B8 H4S 89

2, Fener”, Karwes} Jaluria”& 402 9bds) wad 9571 2484 g5 Addiie 45 f45190
M, Giiffith ' o] Aol 2 741 23F dE1dMe NGEA FAY S P LERES 459D
Chiruvella®= %9 o] 91’5} AU A7 B FolHst £24Y U diMste] 425 v
7519t} Gopalakrishna 57& Extrusion Cooking®] 294 s|4& AEdle] LERT Bk oj)e} 459 &
A A AEYold 2de raagly, Kwon<8%% FHELAA HFERAY dHFRE ANT F
B4 S ARG, Lind Jalura”Es FEGAS 35% doldA stelo] g@ g4 F44S 1
Aasi. ol @ ArAse 2479 AFsHe tolas Eefete] 47 Ay toldld AR E ¢y
shto]l wefE AFHEE 453

Ao W8S EE Ao 237 3 tho]29 7P} o] A HAE Adl B2 AEdold 2 sj4o] ofF
AARE o] w46 Woke AU AAE B2 Azt Age AlEold 2 A2 dd A9 79T x
2 A A2 ] o ek okt FAY, 7P AlEY AbdEl ol g Geth 1990d Y Fet
o] PC(Personal Computer) OS(Operating System)®] &7} Bl2E 7]¥ke] MS-DOS|A GUI(Graphic User
Interface) 7]4+9] MS-Windows® HH 1, PCY Ago] 543 dAF o o]d9 Yaxgoldg PCEo] dAAof
S A BFH7| AFsaA, CAD(Computer Aided Design) 2 CFD(Computational Fluid Dynamics, AAH-#49

Al 54 S szt dojur] Al ) oo gazuolde] ] o B TE R
AYolgol 2 F& glo] 3D CADE Ao, 3oL, AHES = oA A4 B2 AxYolgo] AT AA|, A
2 Akl 3D CADE st Jlth H2de et 49 AFS 2D CADE o834 2444 EHoE 17
AAR Qe B3 e Aol 3D CADE o]43iA 33 2d FeE AAE 1, of 33 RS0
NC (Nurnerical Control) 7}&oluh, A9 % RP (Rapid Prototype) 59 A2, Aol o451 9lck
&4, 1990d T o] %o PCY 5ol &
o] Fo{ AA 2000 thell E0 3DE 7]R R G HilsjAo] FFHE o] FojA L Jltk o]& AFHY AR of

Yk Bk Agsta oHgAdl HolHE 95 ¢ e dHZRaRE] EE g of2F HolHES e

=

i

P



19 71950 nEAY ASAYE st ka2 4 vk =8, A BEE AR R A

SgoeAs Bo u2 AE 9 H4 dAE ] g



9 RE A zeade DY 7o diAEojA L glrk & AFgNE 22
TEHA Hol e sfXo] opfzt FEalA A Hog HIT Aoy fArgL fFEdwdy Z2ade
CFdesigns AH-sto] MRAHREO GEEA A 53 2379 tho]a9f FEdo] e /A d4 3
stol Ao AAS =S & Aotk 2 fAsdes Zdo] d @5 4E7le £ AR FAFH Tl A

ARE 8 42718 292 A4 $A5

“u
to
-
>
to
§1=

>,

g g4 AfANY ZradY A e Y Z2ads AR 2o ¢ g2 A4EE
a#Ee] »et 9lom 1 F Fluent IncAHe] FLUENT9F ANSYS InsAke] CFX 12] 3l Blue Ridge Numeric, Inc
AH) CFdesign] HEA 9 AMFAH 2o solt), ¥ At A< Blue Ridge Numeric, IncAFe] CFdesigne
A e ARt or, 1 o RE T AAHTAEA T2l st 3DEE Y dlolH 3

A4 Fhd Sol7ke At T B2 o7t A48 A CRdesigne AlE= Ngdtels MEAEe 7H 718

A9 o4 22908 94 v 7] el

oA 9

A4 Fao] Pad 7|RAe) mdee CADZZ a9 CATIA VoE AHatada, djA5aS sk 2 ado

AEF o AT ope} & Aol AHSE 42719 AT dolHE Algdeldd vl #Y FdsE AL 7Ee

2 2 drdMe A 7 ddeR 4 e 3T Aot

=
=1
M
B
=
=
oo
s
i
~
o
m
>
=2,
5
o
=3
=Y
_‘>i
it
)
e,
L
rsl
Ay
[
&
=
o,
Eu)
o
[>
>
P
=,
o
x
o,
>
o2t
=

o= oHE §EYS ke #E719 A £HeE 9E719 Y REA 2A57s tolaE AA dAeA



Table 1 Verification examples and accuracy of CFdesign

- Verification
No. Verification problem : error
variable
1 | Laminar axisymmetric Pipe Flow dP [kPal 1.1
Turbulent axisymmetric Pipe
2 dP [leal 4.3
Flow
3 Turbulent Pipe Flow - 3D dP [lea] 25
4 | Starting Flow in a Circular Pipe uMax at t=0.05 3.9
5 Drag Force on a Cylinder Cd at Re=10eb 2.0
6 | Turbulent Flow Over NACAO0012 Cpcurve fits well
7 |Pressure Drop Through an Orifice] Cd at Re=10e5 8.9
8 Laminar Flow Over a reattachment 33
Backward-Facing Step distance '
9 Turbulent Flow Over a reattachment 3.0
Backward-Facing Step distance '
10 Turbulent Flow Over reattachment 6.3
Backward-Facing Step - 3D distance '
11 Turbulent Swirling Flow W/r slope 0.05
12 Distributed Resistance Models dpP 1.9
13 3D Laboratory Pump Flow Flow Ratelgpml] 9.86
Compressible Flow in a )
14 . ) ) exit Ma number 2.4
Converging-Diverging Nozzle
Non-Newtonian Flow Around an
15 ) dP [Pal] 3.0
Array Of Cylinders
16 Shocktube Transient Flow TI[K] 7.4
Transient Conduction Heat
17 TI[C] 0.21
Transfer
. ) ) TI[F1] 0.06
18 | 2D Axisymmetric Joule Heating ]
Q[Btu/hr-in] 0.07
) TIFI 0.07
19 3D Joule Heating )
Q[Btu/hr-in] 0.10
Laminar Flow Over Heated Nusselt
20 ) 9.3
Cylinder number
Turbulent Flow Over Heated Nusselt
21 ) 24.7
Cylinder number




9 2D Water Flow Over a Heated Nusselt 9.3
Cylinder number '
03 Turbulent Flow with a Heated Umax/Uinf at 438
Jet Injection Stream x/D=3.06 '
) heat transfer
24 3D Natural Convection 11
[Btu/hr]
.. heat transfer
25 3D Radiation Heat Transfer 1.2
[Watt]
) ) ) max vel. 0.58
26 laminar thermal-driven cavity o
position 2.2
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Fig. 4-1 Metering zone modelling of screw
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(a) Basis modelling perspective drawing

(b) Basis modelling drawing in section

Fig. 4-2 Built-in type modelling of barrel and dies
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Table 4-1 Each part size of modelling (Reference of Fig. 2-2, Fig. 2-5)

Model geometry Value

Barrel diameter, D, 40mm

Metering zone screw length, L, 240mm

Screw channel height, H 1.6mm

Flight width, € 6mm

Helix angle, 6, 30°

Dies upper hole length, Z, 190mm

Dies under hole length, Zs 125mm

Dies cone hole angle, 6, 20°

Dies output diameter, D, @ 12.5mm

Dies hole diameter, D, & 18mm
Prototype screw 42mm
Ex. screw 1 24mm
Ex. screw 2 26mm
Ex. screw 3 28mm
Ex. screw 4 30mm

Screw pitch, A4 Ex. screw 5 32mm
Ex. screw 6 34mm
Ex. screw 7 36mm
Ex. screw 8 38mm
Ex. screw 9 40mm
Ex. screw 10 44mm
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B oo A ARl ajA5A1= PEEK(Polyetheretherketones) 24 AE A9 ZH A G7tArA4AE ALHLd)
Stk PEEK= @7kad vz 7heol foldh edele RRAEE throldint & AdM e sde
UEAFAEY PEEK7} AR Hglom AEdo]dE AHdete Aele 849 PEEKY 245 ARshylon
4 9 dole= PEEKS AzA] &4 % dolHE AHEelSith PEEKY &4 % dlolH= CFdesign?]
Material PropertiesE® et o] gl A4, B, HE, AxA, &

%% 39lt} Table 4-3 = CFdesigno] A% PEEKS] 24 o812 veuoie. ™

Table 4-2 PEEK's properties of matter data table

Properties of PEEK melt Value
Density, p 1.30 g/cn
Viscosity, W 10,000 Pa s
Thermal conductivity, k 025 W/mT
Specific heat, C, 2160 J/kgC
Temperature melt(Static), 7' 360C
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Table 4-3 Simulation achievement condition

 2A%

F WIS e

Properties of simulation

Value

Density, p

1.30 g/cif

Viscosity, W

10,000 Pa s

Thermal conductivity, k

0.25 W/mT

Specific heat, C,

2160 J/kgC

Temperature melt(Static), 7' 360C
Input pressure, P 30 Bar
Output pressure, P, 1.0135 Bar
Screw velocity, w 60 rpm
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(h) Extrusion amount of a minute working fluid

Fig. 44 Dies modelling with prototype screw(Pitch 42mm)
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(a) CFdesign simulation
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Fig. 45 Pitch 24mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 4-6 Pitch 26mm screw modelling and dies
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(a) CFdesign simulation
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(h) Extrusion amount of a minute working fluid

Fig. 4-7 Pitch 28mm screw modelling and dies
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(a) CFdesign simulation
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(h) Extrusion amount of a minute working fluid

Fig. 4-8 Pitch 30mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 49 Pitch 32mm screw modelling and dies



(a) CFdesign simulation

— B — Pitch34 rate average
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Fig. 4-10 Pitch 34mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 4-11 Pitch 36mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 4-12 Pitch 38mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 4-13 Pitch 40mm screw modelling and dies
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(a) CFdesign simulation
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Fig. 4-14 Pitch 44mm screw modelling and dies
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Table 4-4 Whole modelling data and survey experiment data

measuring efficiency comparison

1-10min error

6-10min error

Note

Prototype model

(Pitch 42mm) 1.522% 1.743%
Pitch 24mm model 3.067% 1.764%
Pitch 26mm model 8.028% 8.374%
Pitch 28mm model 8.004% 9.009%
Pitch 30mm model 1.315% 2.398%
Pitch 32mm model -5.308% -4.276%
Pitch 34mm model -5.562% -3.479%
Pitch 36mm model -11.129% -9.677%
Pitch 38mm model -10.075% -8.971%
Pitch 40mm model -6.089% -4.968%
Pitch 44mm model 3.312% 4.786%

Experiment model
data
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