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Computational fluid dynamic simulation based on the ABAQUS software was conducted to
observe the inside flow of slot-die nozzle. The slot-die nozzle was modeled as 3-dimensional
structure and three significant parameters were determined. inlet velocity of fluid, reservoir
angles, number of strips none of which have been mentioned previously in the literature. The
design of experiment, full factorial analysis was performed within determined design and process
levels. The simulation result shows the inlet fluid velocity is most significant factor for the flows of
inside nozzle. As an interaction effect, reservoir angle is closely related with number of strip that
should address when the nozzle is designed. Moreover, the optimized values of each determined
parameter were obtained as 35 mm/s of inlet velocity, 3 of strip numbers, and 22° of reservoir
angles. Based on these parameters, the outlet velocity was obtained as 0.53% of outlet uniformity
which is improved from 8.67% of nominal results.
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Fig.1 (a) 3-Dimensional modeling of slot-die and
screened simulation parameters, and (b) Side-
View of slot-die and the one of screened
parameters: reservoir with different angles (Inset:
Reservoir Angle Versus Vertical Length)

Table 1 Screened parameters for D.O.E and their levels

Parameters Unit Levels
Inlet velocity of fluid mm/s 1,10, 100
Reservoir angle ° 20, 25, 30, 35
Number of strip - 1,3,5,10
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Fig. 2 Outlet velocity of fluid nearby slot-die lip with
various number of (a) 1-, (b) 3-, (¢) 5-, (d) 10-
strips (Fixed Values: Reservoir Angle of 20° and
Inlet Velocity of Fluid of 10 mm/s)

Table 2 Simulation conditions for ABAQUS

Parameters Unit Value
Fluid type - Newtonian
Outlet pressure Pa 0
Fluid viscosity mPa-s 1800
Fluid density g/em’ 0.96
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Fig. 3 Summarized simulation results for outlet velocity

of fluid (a) 1-, (b) 3-,

(¢) 5-, (d) 10-Strips
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Fig. 4 Contour plot of analyzed full factorial design

W] Axgle] ot a7 9@ wsads e
Wtk Ao g Fghe 2E-S A5 (O)7F 5.32
2 7P =4 vEseH o 45 £=
(A) W7 249, 18] 3L reservoir 2= (B)T 132
2 YEP =Y reservoir 4E7F A4S L=k u
R8s PSS W 1412 F 5 B E7
UElgo 2 &X-tho] URe 4L fA oF
5o o wizkelA WateteE AS s
SRS AHEY Fig 4@ A5 95 &

[

0 - 90 mm/soll A reservoir ZF=7} oF 24° o|&
B 1% ol =5 ZEad ddEE
o™ Fig. 4b)llE 2EH 4 2 reservoir

o



sH2 My asts|x| X 33 X 835 pp.611-616

August 2016 / 615

he
130260401
F20182401
F1 00504

$0.0002400

S 1 R

(a) ABAQUS simulation

120
100
80+
60+
40

20+

Outlet velocity (mm/s)

5 10 15 20 25 30
X-distance (mm)
(b) Sampled outlet velocity as x-distances

Fig. 5 Optimized design and its simulation

Jehge) wi
% %7 2057 80
3 o

LRI IE BN

247y 247) 3 9 220 o]skd uf
2O 2 Fig. 4(c)¢t ol ¢
mm/s 183 ~EY |57}

LFERS T
32 HF N&dojd

A ozl HA g we ger 5
of £ HAE Y F e vol I3 HHs)
e APtz s AlEwelds FAE 3
Reservoir Zt=5 22°, 2~EH] /|5 3, 45 §=

AES 35 mm/s=E A A
HAstd vho] P4 A T =1l
o] 4-S ABAQUSE ©]§3}4 Fig. 5(a)
wow % g &% Zegds o
£ FUEE 0.53%

= 7% AlEdelde] B it 8.67%¢°l skl 2t

rot
>

FIO—QE
N
s
ga O g

G
fru
i
o
s
Ny
%)
i

N

1) £%-to] Z® 7 £59 £= HA= &
1Y IHES A3t Yool HHY, ol AF
of d&&S wAA ¥

) tol 59 &% #ak Yol BAS 9
3 A= 7, reservoird] EF 4R, 2EH
ol W2 £59 £k B4IS AEHINHNE T
8 #olS 33

3) AEHA HAHs ngoz AIAIHS
23] thole] Fx W FA Z7d W3 HZH 3=
RGeS a=

@ HAg A7 71E9 AElAAA =5
&5 H FLE 8.67%AM 0.53%=2 Aol T
2 o 5 Aok

5) Fold Axe ZY HIFTAF 71 4o
e ddetA ste N AAE 2d 5 9
= AA B 28 2 F g

2 7]
2 owre  @ATATAY  (NRF-2016RI

ATAI003477)8] A4S ol 538 AT,
REFERENCES

1. Park, J., Shin, K., and Lee, C., “Roll-to-Roll Coating
Technology and Its Applications: A Review,” Int. J.
Precis. Eng. Manuf., Vol. 17, No. 4, pp. 537-550,
2016.

2. Romero, O., Suszynski, W., Scriven, L., and Carvalho,
M., “Low-Flow Limit in Slot Coating of Dilute
Solutions of High Molecular Weight Polymer,”
Journal of Non-Newtonian Fluid Mechanics, Vol. 118,
No. 2, pp. 137-156, 2004.

3. Lee, J. and Nam, J., “A Simple Model for
Viscoplastic Thin Film Formation for Coating
Flows,” Journal of Non-Newtonian Fluid Mechanics,
Vol. 229, pp. 16-26, 2016.

4. Romero, O., Scriven, L., and Carvalho, M., “Slot-
Coating of Mildly Viscoelastic Liquids,” Journal of
Non-Newtonian Fluid Mechanics, Vol. 138, No. 2, pp.
63-75, 2006.

5. Chang, Y.-R., Chang, H.-M., Lin, C.-F.,, Liu, T.-J,,
and Wu, P.-Y., “Three Minimum Wet Thickness
Regions of Slot Die Coating,” Journal of Colloid and
Interface Science, Vol. 308, No. 1, pp. 220-230, 2006.



ok

+2

JLUSst3 X X 332 X 8= pp.611-616

August 2016 / 616

10.

11.

12.

13.

Park, J., Shin, K., and Lee, C., “Optimized Design for
Anti-Reflection Coating Process in Roll-to-Roll Slot-
Die Coating System,” Robotics and Computer-
Integrated Manufacturing, Vol. 30, No. 10, pp. 432-
441, 2016.

Hecht, D. S., Hu, L., and Irvin, G, “Emerging
Transparent Electrodes Based on Thin Films of
Carbon and Metallic
Nanostructures,” Advanced Materials, Vol. 23, No. 13,
pp. 1482-1513, 2011.

Shin, K., Park, J., and Lee. C., “A 250-mm-Width,
Flexible, Roll-to-Roll  Slot-Die
Coated Carbon Nanotube/Silver Nanowire Film
Fabrication and a Study on the Effect of Anti-
Reflective Overcoat,” Thin Solid Films, Vol. 598, pp.
95-102, 2016.

Kim, S., Kim, S. Y., Chung, M. H., Kim, J., and Kim,
J. H., “A One-Step Roll-to-Roll Process of Stable
AgNW/PEDOT: PSS Solution Using Imidazole as a
Mild Base for Highly Conductive and Transparent

Nanotubes,  Graphene,

and Continuous

Films: Optimizations and Mechanisms,” Journal of
Materials Chemistry C, Vol. 3, No. 22, pp. 5859-5868,
2015.

Park, J., Shin, K., and Lee, C., “Improvement of
Cross-Machine Directional Thickness Deviation for
Uniform Pressure-Sensitive Adhesive Layer in Roll-
to-Roll Slot-Die Coating Process,” Int. J. Precis. Eng.
Manuf., Vol. 16, No. 5, pp. 937-943, 2015.

Krebs, F. C., Fyenbo, J., and Jergensen, M., “Product
Integration of Compact Roll-to-Roll Processed
Cell Modules: Method
Manufacture Using Flexographic Printing, Slot-Die

Polymer Solar and
Coating and Rotary Screen Printing,” Journal of
Materials Chemistry, Vol. 20, No. 41, pp. 8994-9001,

2010.

Schmidt, T. M., Larsen-Olsen, T. T., Carlé, J. E.,
Angmo, D., and Krebs, F. C., “Upscaling of
Perovskite Solar Cells: Fully Ambient Roll

Processing of Flexible Perovskite Solar Cells with
Printed Back Electrodes,” Advanced Energy
Materials, Vol. 5, No. 15, Paper No. 02164, 2015.

Lima, F. A. S., Beliatis, M. J., Roth, B., Andersen, T.
R., Bortoti, A., et al., “Flexible ITO-Free Organic
Solar Cells Applying Aqueous Solution-Processed
V205 Hole Transport Layer: An Outdoor Stability

14.

Study,” APL Materials Vol. 4, No. 2, Paper No.
1500569, 2016.

Lee, C., Kang, H., Kim, C., and Shin, K., “A Novel
Method to Guarantee the Specified Thickness and
Surface Roughness of the Roll-to-Roll Printed
Patterns Using the Tension of a Moving Substrate,”
Journal of Microelectromechanical, Vol. 19, No. 5, pp.
1243-1253, 2010.



