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Slot Coating Flows of Viscoelastic Fluid inside Dies
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Flows of a viscoelastic fluid in slot die coating were experimentally and theoretically investigated. A viscoelastic

fluid having a constant viscosity and a relaxation time (Boger fluid) as well as Newtonian fluid were used as test
liquids in a wide range of Weissenberg numbers (0 < Wi < 42). We observed experimentally that the Boger fluid
reduced the widthwise non-uniformity of the flow inside a slot die as flow rates were increased. However, this
advantage disappeared in the higher flow rate region. This was not observed in the case of Newtonian fluids. In order

to depict this behavior, a one-dimensional flow model was presented, where cavity flow and slot flow were combined

by means of a planar entrance flow. The pressure drop induced by the planar entrance flow was assumed to characterize

the flow from a cavity to a slot. Moreover, an excess pressure drop due to the viscoelasticity was empirically estimated,

where the high deformation rates attained in the entrance flow from the cavity to the slot caused the increase of the

excess pressure drop. The prediction by this model qualitatively agreed with the experimental results and showed utility

of the proposed simple model.
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Table I. Model liquid prerties.

ns(Pas) noPas) p (kg/m’) [n] (M /kg) A zimm (s)
Newtonian fluid N.A. 0.230 1241 NA. 0
Boger fluid 0.217 0.231 1073 1.41 0.219

N.A. : not applicable

/f -/~ Newtonian fluid
& -O- Boger fluid

Z

2

2

=

5 0000000000000
L

=

%]

Z

<

L

w

0.1 1 10 100

Shear rate y (s'l)

Fig. 1. Steady shear viscosities of model liquids in Table I.
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Fig. 2. Schematic of the experimental slot coating apparatus.

Table II. Slot die geometries.

No.1 No.2 No.3 No.4
Hydraulic radius R (m)  3.77 x10°  3.83 x10° 390 x10°  3.98 x10°
Slot gap H ¢ (m) 532 x10" 693 x10* 854 x10"  1.05 x10°
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Fig. 3. Experimental results of widthwise distribution of flow rate.

241



Nihon Reoroji Gakkaishi Vol.37 2009

ZOMER, Za— b VRMAETOREE g* O0FIZEA
WIS Jon 12X SFTIRIER L & oz, —F, RF—HiRIC
B B R qg* DR gy =28 57 TIHITIZK (@ D=2 —
b RAOREREF UM% R L TR0, je OHIINE &
DIZHAE IS R 2 AR SND . LA L E 5T jgn A
HINL 72 2 A TIRag* DRI T0 b 2 Edvhirb.

20y MEBH, 7ELE AR Q, # 2L & ¢ 7:-F
Za— M UiRB LR =R E N ORI B
50O — R 5 DEBFE R Fig. 4 IR, 22
T, HEENIE AWTEE 7, B L AT v b OFIGHEE TR
THTA L VT B W, THb (R (5)).

. 2 /7’ Zimm QO
Vo = o, ©
0 C

A8y MR H ICE VL5 EEZ TS,

ZFORER =2 — b VAR TOE— IR S, 138 AT
FEyen ICE HFITIF—FEME LY, KHAT v MEE H, 1%
L 8y OFEIZZF 211003, 013, 027, 041 CHAH. —
TR — AR T O — AR S 13X g 1208 U TEAL L 72
AWy M H,=532x10% m Tld3E=2— b Uitk & [H
URERPEON TV LA, FNDA/NIME O R L T
W5, BlziEAay MEBRASH, =854 x 10" m D4, Kt
AMRFE (7s) I T S 1 8y & [F— DMl (# 0.27) TH 5 77,
Yem= 4251 5 ST LU, yen=61s" TH/ME5=0.13
e otk WINCEE U7z, ZofEnidAa y bR H, 2
BINLCLFABETH B25, Hy oBhne & b Ic/Miix & %
Yam (FD SRz

Il
3

HO
~ 0O 5.32x10™ (m)
206 A 6.90x10™ (m)
§ O 8.54x10‘f (m)
E.l e® o & 1.03x10° (m)
z ¢
£ 0D Ogao
?*é* 0.2
= A A 4 A
0.0 O O O Q
0 50 100 150 200 250
Average shear rate in slot flow yg,, (s™)
(a) Newtonian fluid
0.8
HU
~ . O 5.32x10™(m)
w 06 A 6.93x10™ (m)
ks . O 8.54x10™ (m)
k= * 3
.04 ¢ 1.05x107 (m)
g * * a
S Og Od O
E 02 | AA A DD E A
=)
O A A
)
0.0 A O O O }’ (S-])
0 50 100 150 200 250 /S
(‘1 |I() zi) 3:) 4:) 5(|> L owi m (')

(b) Boger fluid

Fig. 4. Experimental results of uniformity index of widthwise distribution
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Fig. 8. Theoretical results of uniformity index of widthwise distribution
of flow rate.
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