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Analysis on Aerodynamic Characteristics of Drying Process in R2R Printed Electronics
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Roll to Roll (R2R) is one of the most promising production technologies in the printed electronics
such as OLEDs, e-paper, backplanes, RFID because this technology can save production cost
and increase production speed. Prinfed electronics includes various processes such as printing,
drying, winding, unwinding, and so on. In printed electronics R2R system, air-flotation oven is
employed for drying process. Therefore, it is essential to introduce efficient and fast drying
process when printing is finished. This paper considers the analysis of drying process in R2R that
involves hot air flow. Air-flotation oven consists of non-contact supports and drying of coated web
materials such as plastic films and paper. In this paper, experimental results and numerical
analysis of pressure-pad air bar are investigated. The aerodynamic characteristics of pressure-
pad air bar are numerically calculated using computational fluid dynamics (CFD) approach. Then
the measured values of the aerodynamic forces for air bars are compared with those of CFD

analysis.
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b = width of air jet; width of slot nozzle

C = nozzle coefficient

h = flotation height; vertical distance between web and
the exit of air jet

1 = length of air bar

P = pressure

P, = cushion pressure

and the exit of air jet
w = width of air bar; distance between two slot nozzles
0 = angle of ejection of air jet
p = density of fluid
L = viscosity coefficient
u = the fluid velocity component in the x-direction
v = the fluid velocity component in the y-direction
w = the fluid velocity component in the z-direction

P; = effective total pressure of air jet (Pj = C-P,) 1. MEB
P, = supply pressure
s = vertical distance between the top surface of air bar LEY 3w Q= OLEDs, e-Paper 9 2
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Fig. 1 Electronic printing machine by R2R system
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Fig. 2 Top view of air bars and web materials in a typical
air-flotation oven
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Fig. 3 Cross section view of air bars and web in air-
flotation oven
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Fig. 5 Schematic of experimental setup
Table | The geometric data of two air bars
Air bar type | Air bar type 2

b (mm) 1.65 3.30
s (mm) 381 3.30
W (mm} 89 127

Table 2 The experimental variables for each air bar

h (mm) P, (Pa)
4.57 1320
Air bar type 1 6.35 1300
8.89 1270
4.06 725
Air bar type 2 5.84 697
8.38 649
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Fig. 6 (a) Cross section view of an air bar, (b) A model
for a numerical analysis
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Fig. 7 Mesh model for CFD analysis
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Fig. 8 Boundary conditions for CFD mode}
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Fig. 9 Variables of air bar for parametric study

Table 3 Variables of air bar for parametric study

Variables Value Fixed Variables
9
8 P,=925,h=6,
w (mm) 108 b=33 s=33
127 3,5=3.
1.650
P,=925,h=6,
b (mm) 2.475 — 33 we 127
3.300 STSW
3
) §3 P, =925, h=6,
mm .
s w=127,b=323
43
4.5
h ) 6.0 P,=925,b=33,
mm .
( $=3.3, w=127
7.5
725
h=6,w=127,
P, (Pa) 825 b=33 13
=3.3,s=3.
925
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Fig. 10 Results for effect of flotation height on pressure
distribution for air bar type 1(x-direction)
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Fig. 11 Results for effect of flotation height on pressure
distribution for air bar type 2(x-direction)



March 2010 / 100

ey w 4 5T 01 (W > 2,173, Po w 1320 P
I e B 625 wmats (0 = 3.25), Pl = 1300 P
== 5« 839 mm (b = $.39), Po - 1270 Pe

Presuse Fay
3

]

2 S H
9 gz 0.04 846 .08 0.t .52 014 0.16 pA
Distanes from center, 2 (m}

Fig. 13 Results for effect of flotation height on pressure
distribution for air bar type 1 (z-direction)
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Fig, 14 Results for effect of flotation height on pressure
distribution for air bar type 2 (z-direction)
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Table 4 Comparison of experiments and numerical
analysis for air bar type 1

Experiment ~ Numerical
(Pa) (Pa)
h=4.57 mm, P,= 1320 Pa 631.5 681.8
h=6.35 mm, P,= 1300 Pa 465.9 634.5
h = 8.89 mm, P,=1270 Pa 320.6 494.5

Table 5 Comparison of experiments and numerical
analysis for air bar type 2

Experiment  Numerical
(Pa) (Pa)
h=4.57 mm, P,= 725 Pa 448.6 449.8
h=6.35 mm, P,= 697 Pa 356.5 406.8
h =8.89 mm, P,= 649 Pa 268.3 345.1
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Fig. 15 Pressure distribution on the web for pressure-pad
air bar type 2 (h = 8.38 mm, Po = 649 Pa)
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