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INTRODUCTION



Bi—component hollow compound fibers may be
manufactured by MELT SPINNING processes.

Applications

Necessary: modelling of the drawing process of
semi—crystalline hollow compound fibers.

Previous studies are based on one—dimensional models of
amorphous, slender fibers at very low Re and Bi numbers.
NO INFORMATION ABOUT TEMPERATURE
NON-UNIFORMITIES IN THE RADIAL DIRECTION.

Use of a two—dimensional model for fiber spinning.
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Bi—component hollow compound fibers may be
manufactured by MELT SPINNING processes.

Applications

@ Chemical industry: Filtration and separation
processes.
@ Textile industry.
© Optics: Data transmission.
O Biomedical industry.
Necessary: modelling of the drawing process of
semi—crystalline hollow compound fibers.

Previous studies are based on one—dimensional models of
amorphous, slender fibers at very low Re and Bi numbers.

NO INFORMATION ABOUT TEMPERATURE
NON-UNIFORMITIES IN THE RADIAL DIRECTION.

Use of a two—dimensional model for fiber spinning.
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FORMULATION



@ Mass conservation equation

V-vi=0 i=1,2,
where v = u(r,z) ex + v(r, x) e
@ Linear Momentum conservation equation
[ Ov;
0i | =+
. ( ot

Vi Tv,) —Vpi+V-1i+p;-f"
where " = gex

@ Energy conservation equation

. )
i C; (’—‘7“ VT ) = —KAT,  i=1
ot

,2
@ Constitutive equations

o Rheology

where

Tp=3ckgT |-Z F(S)+2X\ (Vv' :S)(S+1
o

<
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o
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@ Mass conservation equation

Vovi=0 i=12,
where v = u(r,z) ex + v(r, x) e,

@ Linear Momentum conservation equation
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pi (% +vi- VVi) Vpi+V-Ti+p;if"
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V-vi=0

pi (% +vi sz-)
where ™ = geyx

@ Energy conservation equation

@ Constitutive equations
o Rheology
.

w (Vv +wvh) + 7
where

T, =3ckgT

ZF(S)+2X\ (Vv :S) (S +1/3)
o

i=12,
where v = u(r,z) ex + v(r, x) e,

@ Linear Momentum conservation equation

pi Ci (% +vi- VTi) = —K;AT; i

@ Mass conservation equation

Vpi+V-Ti+p;if"

=1,2,

i=1,2,
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@ Mass conservation equation

Vovi=0 i=12,
where v = u(r,z) ex + v(r, x) e,

@ Linear Momentum conservation equation

Ov:
pi (% +vi- V\'i) Vpi+V-Ti+p;if"
where ™ = geyx

@ Energy conservation equation

pi Ci (% +vi- VTi) = —K;AT; i

@ Constitutive equations

=1,2,
e Rheology

T=u (Vw+ W)+,
where

7, =3ckpT —% F(S) +2x (Vv
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9Y; .
atl +vi - VY = kai(Si) (Yoo, — Vi) i=1,2,
where
kai(Si) = kai(0) exp ((121'8;‘2) s i=1,2.
@ Molecular orientation scalar order parameter
N /3 & o N 1 . . . .
55\7(5:5] S = = -diag (Syr, — (Spr + Saz), S
@ Molecular orientation tensor equation: Doi—-Edwards theory
S = F(S) + G(Vv, S),
F(S)= -2 {(1-N/3)S—N(S-S)+ N(S:S)(S+1/3)}
Y <\ 1 . T P B
G(Vv,S) E(T\—T\ )7:@\ vs) 3)
where subscript (1) denote UCTD operator
IA
Ay =

(T A+A vv)

<« 0

«F

@ Crystallization: Avrami-Kolmogorov’s theory & Ziabicki's model
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a9Y;

@ Crystallization: Avrami—Kolmogorov’s theory & Ziabicki’'s model
ot +vi - VY = kai(Si) (Yoo,i — Yi) i=1,2,
where

kai(Si) = kai(0) exp (a2i8i2) s

i=1,2.
@ Molecular orientation scalar order parameter

s;d%@:s S =L diag(Srr, — (Sur 4+ Sux), Sus).

@ Molecular orientation tensor equation: Doi—-Edwards theory
S

F(S)+ G(Vv,S),
F(s)=-2

~2{1-N/3)S—N(S-S)+N(S:S)(S+1/3)}
G(Vv,S)

1 - -

S (Vv4+ Vv ) =2(Vv :S)(S+1/3)
3 ( )-2( ) -
where subscript (1) denote UCTD operator

(v A+ vv)

<« O «F

Do
8/27



ICCHMT
2011,
Istanbul,
Turkey

Francisco J.
Blanco—
Rodriguez, J.
I. Ramos

Formulation

Numerical
results of the
two-dimensional
model
Comparisons
with results of
one—dimensional
model

Molecular orientation and crystallinity models

@ Crystallization: Avrami—Kolmogorov’s theory & Ziabicki's model

O Vi VY= kalS) (Voo = 0) =12,

where
kai(Si) = kai(0) exp (a2:S7),  i=1,2.

@ Molecular orientation scalar order parameter

S=1/2(8:8) 8= diag(Su, — (St 5ur), Sua).

@ Molecular orientation tensor equation: Doi—-Edwards theory

Sa) = F(8) +G(Vv,8),
F(S) = 7%{(1 ~ N/3)S—N(S-8)+N(S:S)(S+1/3)}
G(Vv,8) = % (vV + Vv"‘) —2 (VVT : s) (S+1/3).

where subscript (1) denote UCTD operator

Ay =%+V~VA— (Vv1'<A\+A<Vv)
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Kinematic, dynamic and
thermal boundary conditions
are required:

e Initial conditions (¢ = 0)

@ Die exit conditions (z = 0)

@ Take—up point conditions
(r=1L)

e Conditions on free surfaces
of hollow compound fiber
(r = Ri(z), r = R(x) and
r = Ra(x))
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@ Non-dimensional numbers

Re
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Ca
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@ Non-dimensional variables

p=

LS
(L/uo) Ro
i=—= = —
uo (uo E)
. P A, C .
= — C = — =
= e A
@ Non-dimensional numbers
Re _ po’l.b()R()7 _ ’LL% ,
Ho gRo
Pr= 'uO—CO Pe = Re Pr,
Ko’

T B
L T L
P A T
_pr T
(pouo/L) To
m S K
il k=2
Ho Ko
_ Mouo
. hRy
Bi=—
=5
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Asymptotic analysis: 1D model

@ Asymptotic method using the fiber slenderness, ¢ << 1, as

perturbation parameter
U, =V, 0+ 62‘1’1',2 + 0(64) )

for the variables R;, d;, 9;, p; and T; where i = 1,2.
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Asymptotic analysis: 1D model

@ Asymptotic method using the fiber slenderness, ¢ << 1, as
perturbation parameter

U, =V, 0+ 62‘1’1',2 + 0(64) )

for the variables Ri, u;, U;, p; and Tl where i = 1, 2.

@ Flow regime steady (% = 0) jets and

Re =€R,

Pe=¢P,
where T = O(1).
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One—dimensional equations of the 2D model

@ Asymptotic one—dimensional mass conservation equation

A1 B =1V,
Aa B = Vs,
d (RE .\ _ .0
d@(?s)*c(m)
where
Al:’Rﬁ—Rf’ A2:R§—R3’
2 2
and
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One—dimensional equations of the 2D model

@ Asymptotic one—dimensional axial momentum equation

R . B . R R
(p1V1+ p2V2)R = (pr1A1L + p2A2) =

d F
+% <3 (< frer,0 > A+ < fie2,0 > Az) (:{]l;)
~ <A1 P+ 2,22,
where
Dy = — < fle1,0 > 2%(;6) - % (%) %17
D2 = — < fle2,0 > 2%(;7) +% (%) %2
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One—dimensional equations of the 2D model

@ Asymptotic one—dimensional axial momentum equation

R . B . R R
(p1V1+ p2V2)R = (pr1A1L + p2A2) =

dz F
+% <3 (< frer,o > A1+ < flez0 > A2) (:{]l;)
_ (A] P+ 2,22,
where
D1 = — < fle1,0 > 2%(;6) N % (%> %17
Dy = — < fie2,0 > 2%(;) +% (%) %2

@ Incompressibility condition

C@) _ids
T 2ds’

V(&) =
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Two—dimensional equations of the 2D model

@ Two—dimensional energy equation

ofy  (C(&) #dB\OTn 119 [ oh N
— = - — 3 <r< s
Bage+< 7 2di) oF _Bror\ oF Rist<Ro,
Ty (7, 0) = Ta(F),
. OT )
AJ(lzﬁ}CRl,m)::Q
T1 (Ro, #) = T (Ro, &)

aly (c(x) +dB\ 9T 110 [ 0T N
Baﬂ(; ‘5%)%‘@;%0 > Ro<f < Ra,

To(7, 0) = To(7),
—K2 52 (Ro, &) = Bhs (T2(R2, &) — Tm) ,

T s 0D .
5 (Ro. &) = —K2 2= (Ro, 2)

—K

14/27



@ Two—dimensional degree of crystallinity equation

Y, (C(z) +dB\ oY _, o2 v .
B % +(T §%> o kai(0) exp (amSi) (Yeo,i — Vi), i=1,2,
}/1(7:7 O) = f/z(i)» i=1,2,

@ Effective dynamic viscosity

fleio (T, &) = G exp (In, (l = I,> + Bi (YX ‘> >+£ ; /\,b,‘) i=1,2
@ Cross-sectionally averaged effective dynamic viscosity
"Ro

< fler,o > (T) = /

JRy
"Ro

< fle2,0 > (T) = /

JRo

fre1,0(7, &) 7 dit ) Aq,

fle2,0(7, ) 7 dit | As.
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Two—dimensional equations of the 2D model
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@ Two—dimensional degree of crystallinity equation

2 .
Francisco J. B 0 7 24z ) or = kai(0) exp (aQiSi ) (Yo,i = Vi), =12
Blanco— v -
Rodriguez, J.

I. Ramos

aY; <C(a:«) de) aY;

Yi(#, 0) =Yi(7),  i=1,2,

Formulation @ Effective dynamic viscosity

N L A A S Vi Y\, 2 ¢ w2 .
Numerical fieio (7, &) = Gy exp (Ez (1 — Ti) + Bi ( += i MiS; i=1,2.
results of the Yoc,z 3

two—dimensional

model

Comparisons

with results of

one-dimensional

model
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Two—dimensional equations of the 2D model
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@ Two—dimensional degree of crystallinity equation

Francisco J. o F 24z ) or = kai(0) exp (GQiSf) (Yoori — i), i=1,2,
Blanco— v -

Rodriguez, J.
I. Ramos

5 <C(§:) de) aY;

Yi(#, 0) =Yi(7), i=1,2,

Formulation @ Effective dynamic viscosity

N A A S S Y; \"™ 2 2 .

Numerical fieio (7, &) = Gy exp (Ez (1 — Ti) + Bi ( += i MiS; i=1,2.
results of the Yoc,z 3
two—dimensional
model . . L. )
@ @ Cross-sectionally averaged effective dynamic viscosity
with results of
one-dimensional
model

Ro

< fle1,0 > () :/ fie1,0(7, &) FdFf | A,
R1

R2
< fle2,0 > (£) :/ fre2,0 (7, ) 7 dit [ As.
Ro
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Two—dimensional equations of the 2D model

@ Two—dimensional equations for the molecular orientation tensor

components

S | (C(&) 7dBY OSim .

BT+< . 7%) S (1 i) (14 S) B
¢1{ }

S1rr+7 irr — 1) (Sirr — O

: (Siee 1) (8

8S:,e  (C(3) FdBY 0Sin . B

BW+< ‘ 7§%> St (14 8i) (2 i) 2B
& N, ,
— 2 S e — 2 [(Siwa + 1) (Siw — Ois =12
2 {5 - s+ 100 i
PN 2 2 2

00si1) = 2 (Sh0r 4 5P — S1rv Si)

16 /27



(7, &) = (€ m) maps Qs = {[R1(%), Ra(&)] x [0, 1]} into a rectangular
domain Q¢, = {[0, 1] x [0, 1]}

O @ =

«z>

Q>
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Mapping: 2D model

(7, &) — (&,m) maps Q5 = {[R1(2), R2(&)] x [0, 1]} into a rectangular

domain Q¢, = {[0, 1] x [0, 1]}

R3(0) - & Ro0) /R3O) + &%

v
B(0)

0.8

0.9

Ri(n)

Ro(n)

Ra(n)
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Two—dimensional equations of the 2D model

|C2(i)|‘l‘¥|T @ Two-dimensional energy equation

Istanbul,
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Contributions of the present work:

o

(2]

© 0o

Development of a quasi—-two—dimensional model for
semi—crystalline hollow compound fibers with modified
Newtonian rheology.

1D model (asymptotic analysis for € << 1) for R; and B and
2D equations for T;, S; and Y.

Determination of the two—dimensional fields of temperature,
order parameter for molecular orientation and degree of
crystallinity for hollow compound fibers.

Integro—differential model highly dependent on E5 and Gs.

Find substantial temperature non—uniformities (may affect the
degree of crystallization and have great effects on the
mechanical, optical,... properties of hollow compound fibers) in
the radial direction.
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