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*Ryosuke Takahashi' (1. Fuji Xerox Co,. Ltd.)
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To obtain high-quality image with an inkjet printing process, it is important to control wetting and coalescing
behaviors of minute droplets. Therefore, development of a simulation technology to predict these behaviors
has been demanded. In this study, we focused on MPS simulation method that has the advantage in free
surface analysis, and implemented a newly developed potential model for surface tension and an algorism for
ink surface determination. By this MPS simulation, wetting and coalescing behavior from hydrophilicity to
water repellency has been quantitatively reproduced, and the prediction of the image defects such as cyclic
wavy line became possible.
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Analysis of Wetting and Coalescing Behaviors of Minute Ink Droplets by MPS Simulation and
Application for Prediction of Image Defects

Ryosuke Takahashi”
*Key Technology Laboratory, Fuji Xerox Co., Ltd.

To obtain high-quality image with an inkjet printing process, it is important to control wetting and

coalescing behaviors of minute droplets.
these behaviors has been demanded.

Therefore, establishment of a simulation technology to predict
In this study, we focused on MPS simulation method, and
developed potential model of surface tension and algorithm to identify surface particles.

By this method,

quantitative calculation of the wetting and coalescing behavior of minute ink droplets has been
accomplished, and the prediction of the image defects such as cyclic wavy line became possible
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Fig.1 Balanced states of solid-liquid-gas interface.
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Fig.2 Schematic view of determination algorism of
particles on ink surface.
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Table 1 Validation conditions of droplet’'s shape

Factor Parameter
Diameter of droplet (pum) 25.0

Jetting velocity (m/s) 5.1

Viscosity (Pa-s) 10.1x1073

Surface tension (mN/mm) 344

Contact angle (degree) From 7.0 to 120.0
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Fig.3 Validation result of wetting behaviors.
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Fig.4 Calculation results of shape of wetted droplet.
WIZA 7 Y=y b~y Kot &, RS
PR B2 L 7R OIRAIEDS 0 IR DR 221k
Z FEIRE R & bele U7z, sfibf o0 SEE Xl BE 0
AZIZE Y B Lol 2 B4 5 2 & TR
2. MiAESe % Table 2 12, BEfilifg 25.0 FER K10 76.5
FEWZ R B Bl A 22 b o el B % Fig.5 12T,

Table 2 Validation conditions of wetting behavior

Factor Parameter
Diameter of droplet (um) 25.0
Jetting velocity (m/s) 5.1
Viscosity (Pa+s) 10.1x103
Surface tension (mN/mm) | 34.4
Contact angle (degree)) (2)25.0  (b)76.5
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Fig.5 Validation results of wetting behavior.
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Table 3 Calculation condition of line image
formation

Parameter Parameter

Diameter of droplets (um) | 25.0
Number of droplets 5
10.1x107
Surface tension (mN/mm) | 34.4

Viscosity (Pa*s)

Contact angle (degree) 25.0
Jet pitch (um) (a) 30.0 (b) 20.0 (c) 50.0
Jet frequency (kHz) 10.0

Experiment

(1) rers o sl

Simulation

- T~
—_—

G
line width

|
(©
Jo0um

Process direction

Fig.6 Verification results of line image formation.
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1) S.Koshizuka: Ryushi-Hou, (Maruzen, 2005) [in Japanese]

2) M.Kondo, S.Koshizuka, and M.Takimoto: Surface Tension
Model Using Inter-Particle Potential Force in Moving
Particle Semi-Implicit Method, Transactions of JSCES,
Paper No.20070021 (2007)[in Japanese]

3) R.Takahashi and T.Ito: Development of MPS Simulation
of Wetting Behavior in Hydrophilic Condition, Imaging
Conference JAPAN 2016, pp 121-124 (2016)[in Japanese]
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Novel Microjet Generator for Supersonic and Highly Viscous
Liquids
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*Yoshiyuki Tagawa' (1. Tokyo University of Agriculture and Technology)
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This presentation introduces a novel supersonic liquid ejection method under development in this
laboratory. By using an impulsive force as a driving force, it has become possible to discharge ultra high
speed microjets and high viscosity liquids which were difficult to discharge by the conventional ink jet
system. We are studying the application of this method to a needle-free systems injecting liquid medicine at
high speed into the skin with less pain or contamination. In addition, we look at the future observation and
evaluation method mainly for high-speed image measurement as a novel analytical method in the inkjet field.
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Novel microjet generator for supersonic and highly viscous liquids

Yoshiyuki Tagawa "

"Department of Mechanical Systems Engineering, Tokyo University of Agriculture and Technology

This presentation introduces a novel method for generating supersonic microjets and highly viscous
microjets under development in this laboratory. By using an impulsive force as a driving force, it has
become possible to discharge ultra high speed microjets and highly viscous liquids which were difficult
for the conventional ink jet system. We are studying the application of this method to a needle-free
systems injecting liquid medicine at high speed into the skin with less pain or contamination. In addition,
we look at the future observation and evaluation method mainly for high-speed image measurement as a

novel analytical method in the inkjet field.
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the soft material measured using a high-speed
camera?. The sequential images show the jet
injection process at the designated times (The laser
is shot at 0 ms). The microtube diameter is 500 pm.

'?L;éé” 56 pis
air ’ |, 4 5 "
f
skin
€~ microjet *
gelatin Ve
skin | 3 : 2

gelatin

Fig.1 lllustration for the microjet generation process
and the injection experimentz). (a) A focused laser
pulse is illuminated into a capillary tube filled with a
water-based liquid. (b) A shock wave propagates
towards the air-liquid interface. (c) Kinematic flow
focusing occurs due to the concave shape of the
air-liquid interface, which causes a focused
high-speed microjet. (d) In injection experiments,
the microjet impacts the soft material, comprising of
pure gelatin 5 wt% or skin layer on top of the gelatin.

Laser
pulse

Fig. 3 Temporal evolution of the jet penetration with
160 m/s of impacting jet velocity into an artificial
human skin placed on top of the soft material®”. As
the skin curls up on the sides of the cuvette, the
dark region of the skin in the images is thicker than
the actual thickness of the skin.
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Fig. 4 Schematic of a highly viscous microjet
generator”. The liquid level inside the thin tube is
kept deeper than that outside the tube by
decompressing the air outside the tube. The viscous
microjet is generated inside the thin tube.
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4. 1 Background Oriented Schlieren %k
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Z TFk # 1% Background Oriented Schlieren 7% (BOS %)
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5. SITAKHH W 2 m#EE N AT (Kirana,
Specialized Imaging Co., UK, fR5Zi#E: 500 77 L —
LERY) THOE LR 2 "3, EREEBRE 2 KF
ZEiE (K9 1,500 m/s) TIEREL TV ARRFZ# 2 5
ZEITEBI LT

t=12us t=1.8us

Fig. 5 The spatiotemporal evolution of the
laser-induced shock wave after the laser pulse
beam being fired”. The laser pulse beam is
illuminated from the top of these images.
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4. 2 BEERFEBOSEEBEGREA
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-~ ] i T o
v e !i';g_- " D
p, T R & & =
Fig. 6 Droplet impacting on a solid surface.

Impacting velocity is 7.7 m/s, Do = 71 ym, and the
time lag between the frames is 8 us'".
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(i) Needle

L 1528ms

'
(ii) Microjet w % i

040ms |y 176ms & 848ms

Fig. 7 Sequence images of stress fields induced by

(i) needle penetration and (i) microjet injection'?.
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