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Introduction

AlEI:T:Ei\IEI ® Bi—component compound fibres are manufactured by
Italy MELT SPINNING processes.
J1. Ramos o Applications
aT glr:rr:s:—co €} Telecommunications: Data transmission.
s # Chemical industry: Filtration and separation processes.
P € Biomedical industry.
¢ Textile industry.
® Necessary: modelling of the drawing process for both
hollow and solid semi—crystalline compound fibres.

® Previous studies are based on one—dimensional models of
Two- amorphous, slender fibres at low Re.
« NO INFORMATION ABOUT RADIAL VARIATIONS.
e » Use of a hybrid model for fibre spinning.

model
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Mathematical formulation (1)

# Mass conservation equation

V.-vi=0 0= 1%

where v = u(r, z) ex + v(r, z) er

# Linear Momentum conservation equation

pi ((,)‘;Lﬁ»vl-Vvl):—Vp+V~T1+prfm i=1,2,

where £ = gex

# Energy conservation equation

pi Ci <(;)’:l+vL-VT1):7k1AT, i=1,2,

« Constitutive equations
« Rheology
T = [leff (Vv Ik VVT) + Ty,

where
A
7, =3ckpT 3 F(S)+2X (VvT :S) (S +1/3)
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Mathematical formulation (1)

# Molecular orientation tensor equation: Doi—Edwards theory

Suy = F(S) + G(Vv,8),
F(S) = —%{(1—N/3)S—N(S~S)+N(S :S)(S+1/3)}
G(Vv,S) = % (Vv +9T) —2(VT:8) (S +1/3).
where subscript (1) denote UCTD operator

Aw) =

aj:+V-VA7(VVT4A+AvVV)

# Molecular orientation scalar order parameter

,/g (S:S) S = diag(Svr, Sos, Sen),

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

S

0X;
ot

+ v VX = kai(Si) (Xoo,i — Xi) i=1,2,
where

kai(Si) = kai(0) exp (a2:S7),  i=1,2.
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Mathematical formulation (I11)

ASME-ATI- H H H
L Kinematic, dynamic and
Sopretor thermal boundary conditions
1.1, Ramos are required:
d Fi i oy ..
"), Blanco- * Initial conditions (¢ = 0)
Rodri spc
ocste » Symmetry conditions
(r=0)
Mathematical » Die exit conditions (z = 0)
formulation

e Take—up point conditions
(x=1L)

» Conditions on free surfaces
of compound fibre
(r = Ry(z) and
r = Ry(x))
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Non—dimensionalize
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UIT 2010, ® Non—dimensional variables
Sorrento,
Italy tA t N T N X - RO
= r= — T = — €= —
J.l. Ramos (L/UO) Ro L L
and Francisco @ @ p
J. Blanco— ~ ~ A 7
A a4 = v = = T =
Rodriguez Uo (UO 6) (NOUO/L)
. P A C . I - k
00 0 o ko
® Non—dimensional numbers
Numerical
method 2
oo Ro U 0Uo
Rezip , Fr=-—"2, Ca:—’u ,
o gRo o2
Two
et ) Pr = MLCO’ Pe = RePr, Bi= @
model numerical ko ko
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Asymptotic analysis: 1D model

ASME-ATI-
UIT 2010,
Sorrento, . . .
Italy * Asymptotic method using the fibre slenderness, ¢ << 1, as
J.I. Ramos perturbation parameter
and Francisco
J. Blanco—
Rodriguez \I}z — \I/i’() P 62\:[/1'72 + 0(64) 5
for the variables R;, w;, v;, p; and T; where ¢ = 1, 2.
* Flow regime considered for steady (% = 0) jets
Numerical
method — _
_ F C
Re =¢R, Fr=—, Ca=—,
€ €
Two—
dimensional — 2 5
model numerical f— —
results Pe_EP) BZ—E B
C(_)mpuvison _
;‘llll‘(:ldimsnsiunal where T = 0(1)

model
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One—dimensional equations of the 1 4+ 1/2D model

Asymptotic one—dimensional mass conservation equation
AU = Q1, AU = Q2
where

2

) AQ_T’

Asymptotic one—dimensional linear momentum equation

— . dau d R N au
R(p1 A1 + p2A2)U T (3 (< fregs1 > Ai+ < flegg2 > Asz) £>
L L (dRe, i dRs

20 \ dz o2 dT:

3

+  (pr AL+ p2A2)

# Radial velocity field
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Mapping: 2D model

ASME-ATI-
UIT 2010,
Sorrento,

Italy

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

Numerical
method

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

domain Q¢, = {[0, 1] x [0, 1]}

RG]

n(F. &)

R
i

0.3F

0.4F

=0.5-

Ri(n)
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Two—dimensional equations of the 1 + 1/2D model

ASME-ATI- . . R
uIT 2010, *» Two—dimensional energy equation
So:’trslr;tciv
J.I. Ramos - ~
and Francisco aT, 1 11 8 8,1_1L .
J. Blanco— = — =< f 1= 1,27
Rodriguez 87] 2 Q Pz é- 6£ 65
» Two-dimensional degree of crystallinity equation
Numerical . 8)(‘
method U= = kai(0) exp (a2iS]) (oo = X),  i=1,2,
n
e » Effective dynamic viscosity

model numerical
results

Comparison

;‘ll::ltlilllsr\siunal X Uz
model Peffi= G‘l exp (E, (1 = TZ) + 5; (X v ) ) 0= 1,2
00,1
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Molecular orientation tensor components equations

aSz‘r'r _ au
677 (S’LT’I‘+ ) (SZI“I +S769+Szzm ) dn

¢ s, N -
_i {Swr - N {(SITT + 3> (Sw'r st):| }¢ = 1727

u

95, au

u 8:799 = <S199 + ) (SlTT +S109 + Stzz - 1) %

*% {Si997N|:<Sz«99+ )(5199 )]}-, i=1,2,

Oz 1 au
Z/{T <S1I1+ ) (SlTT+Sloo+SllZ+2)

n dn

*%{sz*NKSiva%)( o — 11 >}} i=12,

2 2 2
Ois = Sirr + Si(%} + SLzz
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Two—dimensional velocity field (B = 5)
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Influence of Biot number on cooling process
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Analysis of the 2D model
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1D model vs
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Conclusions

ASME-ATI- Contributions of the present work:

uIT 2010,
Sopretor & Development of a 14 1/2D model for both amorphous and
11, Ramos semicrystalline fibres with modified Newtonian rheology.

and Prancisco # Validation of applicability range of the 1D model with the

Rodriguez 1+ 1/2D one for slender fibres.

& Determination of the two—dimensional fields of temperature,
molecular orientation tensor and degree of crystallinity for solid
compound fibres.

@ Find substantial temperature non—uniformities (affect the degree
of crystallization and have great effects on the properties of
compound fibres) in the radial direction exist even at small Biot

e numbers.
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