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Analysis of Film Flow Around Rotating Roller Partially Immersed in Ink
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Abstract

This study is intended to analyze the effect of thin ink-film thickness around rotating printing roll on the
printing quality in the gravure printing process which is used for making electronics circuit like a RFID tag
with a conductive ink. The present work numerically estimates the film thickness around rotating roller
partially immersed in ink, for which the volume of fluid (VOF) method was adopted to figure out the film
formation process around rotating roller. Parameter studies were performed to compare the effect of ink
properties (viscosity, surface tension), operating condition (roller rotating speed, initial immersed angle) on
the film thickness. The result indicates that the film thickness has a strong dependency on the rotating speed,
while the surface tension has negligible effect.
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Fig. 1 Schematic diagram of gravure printing
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Table 1 Properties of each phases 3
Double Layer
Phase | p (kg/m®) #(N/m’s) o (N/m) & Region
Air 1.225 1.789 x 10°° - s
(]
Ink 876.4 0.136 0.035 2 2
(3
g
Table 2 Comparison of the film thickness at 8 = 30" with =
results in Tharmalingam and Wilkonson @ é 1l Single Layer Region
Ca h (cm, @) h (cm, this study) | error (%) 8
3 0.2274 0.2339 2.89
4 0.2625 0.2759 5.09 o ym % 120 160
5 0.2935 0.3005 2.39 Angular position (degree)
Fig. 3 Profile of film thickness with angular position
ro
F__=\pg—1»¥ qe [T
(u ; ) 16 B ——
Enertia = (p (ra))z)hz (17) — ‘\ .......................................................
v
Fsurface tension = O'h (18) \é/ 1.2 -
Fppy = ~(pgcosO) (19) g T
°
2.4 FX[oiA U E 08
£ A7dA AT S AR FEFE oz | — OboewTm
E7] 98] PISO(Pressure implicit with splitting of T lzgo’ ::g‘:j:g zz
operator) ¥LB|FE, AF, TTH YA T 0.4} ——— 150", 1=0.3015 cm
o dEAME 1 FFEE Eol7] Hstd 2 A A& : - : .
= . . o 0.0 0.2 0.4 0.6 0.8 1.0
=4 (2-order upwind difference scheme)-2, A7+ Hh

e 1 A GAA WH(first-order implicit me
thod), &% X ZH(pressure interpolation)> YW= 2}
o]7t & #AS] VOF AxA A&d A 7t5 =
2] (body force-weighted scheme)S A &3t} A7t 7h
AL 10* & 7|Eo2 3, uw Az kFwig

WS A A FS W5EY £Y ARE 349
% et 10° st 4 W HY Ao W

3. Zx 3 nE

i

VOF W& o3l 9 ¥RHow 7
Se7t A4 A4 22 AAS G W JAY o
wo] YR A7 g2 o) A% FAE o
Natgeh Ag) Fgee P4E, B, 39,
ERFRY YR 2718 Hwsa, ol v

Fig. 4 Film velocity as a function of non-dimensional
film position

[

=

o

(i

gog de Fro JgE F= AAES B
ACEA, FEgE)e AJQAHEHY A
27 Z7 hHE Adgstn o)yd AAE
7} duk FAo mRE dIdHS EAEUT

FAE4 eB1FAAS AZI] e 71E 4
d =79 A7 vuwstgith. ] o Tharmalin
gam and Wilkinson ®¢] 93 2 B =F9 &
98 Hg3te] ALE P3N eH, 9 = 30" ¢
o A FAE Hlusty HIFTE FAHUL,
Table 2 A & 5 3AXo] A 5 % 23HE 4
glle Aoz FAEAD o B =89 FX
nde] A= £ H9 A FF MM Z
q4E & s BAErh

3.1 fixlol| wE Mot F=H HA

299 YA we A9 FHE AHHEY, Fig
3 oA 0° ~ 39" FAA = At 5Fo] E

£

4

]

(B
o



e yRHoE H7 HA
1.6
b Viscous Force
i -~~~ Inertial Force
tzp Surface tension
K -== Gravity
o~ \
€ o8l
[ \
8 \\
O v
= "
0.4 '
0.0——— B
0 40 80 120 160
Angular position (degree)
Fig. 5 Profile of relative forces with angular position
o Ayt o g Ao HojAye fE5E
g0l BAN EAFE THoT HYE 9

(double layer region)]aL, I o]F F7+e Ea 9
AN 4 K5 EA45E 9dS: 99
(single layer region)°|t}. B335 JHd e 289
Aol o3 HAHHH BHH o duto] FAY
*1 o T8¢ AV|% #Zo] F7tsiA drk
P& &5 S8 278 1S
&S W2l B, 5 g 3
Pl A 58 3] w3k Pﬂ}i =
(reverse flow)o] A7} =} @,%%
A7 Vg F 6 =0 AN 7PF
o %-?34 A7) 7} Zolx ™ A Odul-sk
o, 9 =39 o]FdEr HAYo] ;qu}]xq
ato] AW fFo] TASA e

g 9y

o 1

(developing region)

O‘%—{ﬂoﬁ
)
TN o rfr o ok

At A9 Wk Fig 4 o TAHSH, oF g
= 120" o] FRIAE B9 HASENY o

o &%yl g welxls AL Hold 3 gt 9
A7} FNE5E &% Tl ol HA o}z

3 g, gut fFo ¢d WLHITI & 4

o
gom, 1 A A %mu EE R P

Ehba gtk A FAL ASPANE w5
FAR A FHAAY, T WS Fe AP

s

1021

(a)t=0.2s (byt=04s (c)t=0;6s

©t=04s

(dt=02s
Fig. 6 Contour of phases and velocity vector with time

(t)t—06s

r

41 & Jo
S, o oft
N g
n}ﬁ—v—‘f
B

oot

rlr b mlo

HS.
=2,

N
—1> 41 (o o P O ol 18 ox x

fn
o ™

ox N of 2 4 o
2 ¥ fo 4o W
R )
R ]

— W 12 of

Ao
o "X+ Oﬂako] ﬂl:]—J_
& oF 9=100" o|Fo= ¥EIL 2
frEol A ebd dgsigy] Wi
o et Tl W} wulsiti AL u)si
o] AxtzRE 2d¢ A &£x, 27 AP HE
el Wk 4290 AT Wi} A
o w

oxfr 2 Z .2
ofy

P 07
i
o3

CEEREREEE

*1{01 S7Hgtol] me}
JHol A FA
Aol X 2] %} b aA vebdel
AA F7VeA] Ze v, S
ol Z7ksly] wEold. o]F oA
il AlZre] Xdel mhet Fo}
oJEu) 271 025 ¥ d,
=& A vehdan, giiRe] Quk

FEoim, 289 A% FTHA EH

o ¥ (meniscus region)®] YERAT}

=] -
L



ol
L

1022

Viscosity
0.034 kg/ms

w
T

---- 0.136 kg/ms
0.238 kg/ms

Film thickness (cm)
N

-

120 160
Angular position (degree)

. 7 The effect of viscosity on the film thickness
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Fig. 8 The effect of surface tension on the film
thickness
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Fig. 10 The effect of initial immersion angle on the film
thickness
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