Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 4766

25 E=24 49 vAd¥ T A

494, 485, a4
& e ATAH

Nonlinear Dynamics and Stability of Film Blowing Process
Hyunchul Kim, Hyun Wook Jung, and Jae Chun Hyun

Department of Chemical and Biological Engineering, Applied Rheology Center,
Korea University

X,
rt

m
il
e
&
o o
flo
ofo

o~
=

b e
bt oot (R

=
=

>,

I @ o
oflt ro

2

oftt

o off & i b aff
= -

2 o Ex
2
B ot L A 0

S

o
ol
-
—
—
L-.—-l

z e O

o,

filo

H
BN g 2
i (‘g °—¥-'

H Oﬁl‘;
— oX o}l

ofr

o

o

alf

o

N

BN

QE

rr

)

2
Rl
N

1
A stal, A4l ™, freezeline heighte] 57|22
3}, bubble®] helical A& & B2 22084 o] 2AHEZ o] FHo o o
ATF7} o] FolA of grh2-5].
12 S 5k o] 22 E2]2 Cain and Denn [6]°] 23}
Maxwell Ao sl = a1, o] ot

4
o
[E
2
R
e
)
N
rr
Sl
ol
e
°
>
2
=
ry
g
)
rl
-
c
o
=
o)
1o
i
2
ol
oX
o
2
)\
ol
N
rr sid
offt ot fu

th &, d4alFgo] HASH bubble 27, & F7, 48 To] F71Ho2Z W)

of freezeline height® F7]4 o2 W3tA =H<=H, = FHAA = freezeline heights
aFHE Ao=Z Mt S EAStEE a9 19 22 AA HstE A%E 5 ¢l
A ok 3, F2 AYAMAAY B0 F S B4 WALF oY EE A H
FTAAA FIHAR A 22 vAY FF AT U 2= EF E=29Y FAHAA

obx FHso} 94 e Fejolnt.
=]

metd, & ATl e 25 EEY s8N YEus dAeE 49 IR 4
S 98 Aoz uAy Hm H(transient response)S AAFSIH I o|ZHE theFet
xS B AE SAS AT cl2HH 78 A AFIAEAL A
S 2HE HosiA Fdd F don, F7] e AEo] ddy gYHer & ges &
detAth A= SHOERE F5EH HEHe o ¥4e s syl AR WHEES Al
Alsk=dl 3lo] FF ol



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 4767

. .5 | or 2) 3 _
Continuity equation: ot (rw 1—|—( o7 ) t 3, (rwv) = 0 (1)
Axial force balance: _2rwoy +B(rk—1,) = T, )
e (3)
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Radial force balance: B = W<_ 01,(97/92°) 33 ) (3)
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Constitutive equation: PTT fluids
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where, L = v v —£&D, De= Dejexp (k(Jé - 1))

Equation of energy:

vV 20 U _ E 1 _
¢ V1+ (or/oz)? 92 T w (0=62) + W(e 0) = 0 )

Boundary conditions:
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AAEEH ] e 22 219 AHB)St SHYE (T el g7t EAste=z
o8 Z&AHOZ ALSHZ] 913l pseudo arc-length continuation 7|'HS AFE-3le] I3RS
H, 1% §9 = OCFE (orthogonal collocation method on finite element)E ©]-&3}<
FAR AR FeFHT. B FA ANS g3 22 2l S T8 FHEAT
T2 A AT freezeline he1ght 712 AFAET go] Ao uAH xHo g 7}
At @i, AP o5 Wz AFRE EUZ bubbled] 1¥F LE71A YzEHE A
How Aot T3, bubble Wil FAH 37|19 dx LA RHEZREH oS
gel me A7) bubbles] 75 & AT,

a43% 2 a3z

PTIT A7} bubbled] H&& # BARGG = AL Hdsg 5
oldth 1Y 2% freezeline heighto] 52 18 E 4%, 4=€B)¢ =HF S8 (T)S W
ANA7ZIH e FT2F3FdAe] A H 3lE BUR(blow-up ratio)® TR(thickness
reduction)®l] T3] A 5} Aolty. Cain and Denn [6]°] <3l #A|Al¥ Upper-Convected
Maxwell A Ed&(2d 2(b)) FWUF Fo] 71 #j BURC] 1 ZH = HWA H 01
& EFY FAVE WEA G vdAdA] AsSs Holw W, PIT #4 Zde (2
2@) Fol AR wet AEFHoz FF FAV FadFe AL HAFE=Z A bubble
Ase & vHedd. a2y, o8 22 52 3HXAE 88 £EEY %" e 1] &
A3t7) 98 nel® o= AAZAQ bubble AFE AW 5 gl AV Ak AA
AEL oA AT vk} 2o vHle 2 T Wi XS 2 freezeline heighto] 274
HA oz Ho E9siA d5E 4 ok

a9 32 Han and Park [2]oA AAISE %=

2 FAAME A &

_‘

JOI|

+ 2
=3

Jon

of o O|E4d E& H8Z A2z 20028



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 4768

E TS o= o] AY, 7 7HA FEHE ZFAE A B F AU a9 3(a)=
freezeline heighto] 57} & & A= E Y7S LGEstHA 4L 7.%4011, a9 3(b)=
W7hs dAHA FrAStEA 73 AR, o] uf freezeline height2 v Zivith 27
"o EE ERZS Y gdFslirt SAEtERE o]y g tFaldA 3] g Ado] %
A WstE =R @8t Aol o] FH A Fr| BFFHolth
7—5"23-4 AFAAE O3 Zo] A F 7HA A= 4E & Aok A A= dht
¥S dAsH

THZAoZ FFHEE9 bubble WH-o F=UE 3719 |
= Aol (L 4(a), THE dtye HBHEES bubble W H
o] &7 ¢ES A FABHA S AHE= Aot 4(b). sHEZ0]

=

o] wel vy I3 5402 Q3% WG ES phase-trajectory HE Fol B
A AE B & Atk o5 59, 11 4(b)9 2ol dE S %1240}71] FAS B, A A
e EQHAT 2xio] fete] =d wet 98 EAS dHeEB) e ol <A
g 4o z(Q) olFate Bold AFo] #AHT. AAH 02 E bubble ] F71FE
AAA FASHAA st o] O A 20dS ¢ F Uk

olglg I= SH Ae AFMHE A ARdE HFsH dAEHon, 433
oz & oo I 3 29 349 MY, NAE, YIS P

l-'O
"
—rr
jud]
-
o ©

ZFuE3

1. Pearson, ]J. R. A. and Petrie, C. J. S.: J. Fluid Mech., 40, 1 (1970).

2. Han, C. D. and Park, J. Y.: . Appl. Polym. Sci., 19, 3277 (1975).

3. Kanai, T. and White, J. L.: Polym. Eng. Sci.,, 24, 1185 (1984).

4. Minoshima, W. and White, J. L.: J. Non-Newt. Fluid Mech., 19, 275 (1986).

5. Ghaneh-Fard, A., Carreau, P. J., and Lafleur, P. G.: AICKhE ]., 42, 1388 (1996).
6. Cain, J. J. and Denn, M. M.: Polym. Eng. Sci., 28, 1527 (1988).

7. Yoon, K. S. and Park, C. W.: Int. Polym. Proc., 14, 342 (2000).

Bubble shape at
steady state

Freezeline height

Evolution with time

Figure 1. Transient bubble shape under the unstable condition.
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Figure 2. Isothermal steady solutions of (a) a PTT fluid and (b) a Maxwell fluid.
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Figure 3. Nonisothermal steady solutions under (a) the fixed freezeline height and

(b) fixed cooling conditions.
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Figure 4. Stability results of the steady solutions of Fig. 3(b) to any disturbances
under the following operating conditions: (a) constant air amount inside
the bubble and (b) constant blow-up pressure.



