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Abstract—1It is of great importance to accurately measure or predict Residence Time Distribution (RTD) in
designing extruders and/or in setting up a proper operating condition, because chemical reactions depend
significantly on the RTD and temperature when chemical reactions take place during the extrusion process.

A previous method to predict the RTD can analytically determnine RTD, Residence Time Distribution Func-
tion f(T) and Cumulative Residence Time Distribution Function F(T), based on a simplified 2-dimensional velo-
city field in an extruder. However, this previous method cannot accurately take into accout the 3-dimensional
circulatory flow inside the extruder.

The present paper suggests a new method to accurately determine the RTD taking into account the 3-dimen-
sional circulatory flow and presents a new formula derived to calculate f(T). In order to demonstrate the
application of the new method including the circulatory flow effect, RTD, f(T) and F (T) were calculated based
on a 3-dimensional velocity field obtained via a quasi-3-dimensional finite element analysis. It was found that
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the previous method has a tendency to underestimate the RTD due to the neglect of the 3-dimensional circula-

tory flow in comparison of the new method.

Keywords: Residence Time Distribution, Residence Time Distribution Function, Screw Extrusion, Three-Dimen-

sional Circulatory Flow, FEM Analysis

1. M

rhu

23% 4&7|Y Ase ZAAse T8 84=
7|l A AFAES] AFA] J%E(Remdence
Time Distribution(RTD))-& & & Utk °|A
o] 7} ¢)3]o] wt &2 =7]7} ‘4—7] “H—a:"ﬂ
A5t rE7IWel A AFeRs A7te] thE2A H e
A7) 29 ArefollA A AfFes 7ol
TR} sEhs-g deo 4 gle=® RTDE
k5| mhebshz AL g Fasty B A7
o]2[1-7] & A¥[8-10]& F3le] 23] $irh
o] 7}¢d| Lindor® Tadmor[9]& 7}A3t ~3F
st& 7)ol 41 2] RTDE &4 4 o2 3tich Pintosh
Tadmor[3]& £3F9] wig A7 4oz 7}
Asl gt iéga](Aspect Ratio)7} #AA] &%
Wl 4] Flighte] &g FAIL 5 dcka 71 s
e Aol A °‘74114—% Ao g 74z ofe] wraka
g9 who 2 13 F5& ok A
$E fA A RTDQ} AFAIZ H2Z (T) <}
A AFAZ 22 F(DE dAdes 78t
3 ©

o

H
45 I8 E9sle] 4219 Wsle] BE A

o= Li% ﬂfi}a}“ﬂ wfFoll A hE 7 W el
A dojuh= 31 wE-5-S AEstA kA
3tz e A3be] sk wEha oldl s
23%F Flight ¥2olA &35 &3 43FE
& A=, B8 whle] F3v|r) 2rr] =27

0

%3 75l RTD o Ze] FAgsAd A3< 2t
ook & Ry o84 hEZIAAY
fEslxe] shsstAl seolld, 6] 32 FEAE
FRAo g o & oA =gk ey 33 #-F
Aol a4 sle 4% RIDE T3k wWiel of
AR Edel dEE b glek

fr st A 34 A 23, 1991

33}k 35‘]’%_ &5 A o]
3z +5e
Xﬂ"]a}l °19+ pu il

ZolA gl o olzye
223 RIDE Fohe WHe
Aﬂi—r RTD FA& fr=3

-

Ak =3 @F £3F hEr]e AA| 23F Y
wjEde] 713l o % wiglo g f-3he sl AS
E3lo] 3xk 75 7 F MZo] AA™ RTD

Axbyg-g A8kt

33 FrEAs ?5}71 et B =FelAe
A FgE mogle ¢E7VY F5EF 94
Fig. 13} #-& 4% &ﬂ]ﬂ‘ﬂ 5o o3 d3FE
FAE F5 T Ak frEEWelA AA
NEARE HFEE FA FE5E SRR o] <4
o Aol FEalAe s FAF 33k 34 (Quasi-3-
Dimensional Analysis)& $1% #3844HE o4&
sto] Al w] HAdAY gHE % SERXE 73
6] FErea XA SEREEE 0] 83t
Flighte] <33kl 2 oA 9] $h{-5(Cir-
culatory Flow)& 2% RTD % AFAIZF F2
g (T2 F(T) & Al Ze] Aatslad !
zejety E 9 A4 Aot v]awste] =23l

ERs

2. REHN 2E U REHRL HA
21. R334 2

4& 237 VWA AFE A7sked
185 715kshd fake Fig 13} Zrh o] 3L
HE719] S-S vt AR mefgle 23
o

o

o4

29| $%2(Channel)E o] FHA el &
v

>
o

Itk meta] o] Ao Xe fER
FAZE FE Qsted e <GS
2h5 & 4 ook FE7IHeA Y frESes AR
H—?* zel7] Wil FEe] e FAE ol
o2 9o AL s & ¢ ik %
e $13 AZAE Fig 1o veht gl 23
F-2] FE(Root)oll 2% S xy Folzt s

SEZ WL 23l D) 25 WYL 23

[o



%
Y
Hr
o
Ho
off
Ml
i)
o
K

Barrel
Surface

Screw Root

H = Maximum Channel Depth
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¢ = Helix Angle

Fig. 1. Geometric model of the single screw extru-
der ignoring the curvature effect.
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Fig. 2. (a) Schematic digagram of velocity distribu-
tion in 2-D approach, (b) u distribution with
imaginary circulatory flow path included in
2-D approach.
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simulation. .

Fig. 5. Results of finite element analysis under an
operating condition (20 rpm, 1.0 bar/turn: II
—0.0684), (a) vector plot for u, v velocity co-
mponents (b) Isolvel contours of w (c) Pres-
sure contours.
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Fig. 6-1. Particle trajectories in screw channel under
an operating condition (30 rpm, 0.2 bar/
turn: IT —0.0091). (a) 3-D plot, (b) 2-D plots
projected in x-y, y-z, z-x planes (Length di-
mension is in cm.).
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Particle trajectories in screw channel under
an operating condition (20 rpm, 1.0 bar/
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b; c k] A=k} A= (body force)

D; . Rate of Deformation Tensor

f(T) : Residence Time Distribution Function

F(T) : Cumulative Residence Time Distribution
Function

H . screw channel®] FHt zlo]

h(S) @49 *

dy; :S=0%1 A Aol 4] %

n . power law index

n, > x Component of an outward normal vec-
tor

n, .y Component of an outward normal vec-

A3A A23, 191

o
E
)

dq4

tor
p . pressure
r(t) : displacement
RTD : Residence Time Distribution

S . surface

t . time

T . Residence Time

T. . toal elapsed time per 1 turn

T; . Residence Time for i-th shell

u . velocity component in the x-direction
Vauia - axial velocity

Vix, y): velocity vector
Vcir(S): 7‘} "/g_]oﬂk]'o’] i]zd

. velocity component in the y-direction

2% (circulating velocity)
- maximum width of the screw channel

. x-coordinate

v
W
' . velocity component in the z-direction
X
y . y-coordinate

Y/

. z-coordinate
() : prescribed value of(..)
Greek Letters

8(.) : variation of (.)

A . Lagragian multiplier
(] . pitch angle
u . viscosity
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