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Numerical Study of the Spreading Behavior of Piezoelectric Inkjet Droplets
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ABSTRACT: The work aims to investigate the effect of typical fluid related dimensionless parameters on the
spreading behavior of ink droplets on a smooth substrate surface, and determine the effect law of each dimensionless
parameter on the spreading diameter, spreading factor, and stable spreading time. Ansys software was used to establish a
numerical calculation model for ink droplet impacting a smooth wall. The VOF model was used to track the droplet shape,
and the PISO algorithm was used to calculate the pressure velocity coupling. Weber number, Reynolds number and
Ohnesorge number were introduced to analyze the spreading behavior of ink droplets impacting the smooth substrate
surface. The maximum spreading diameter, final equilibrium spreading diameter, maximum spreading factor and final
spreading time of ink droplets under different Weber numbers, Reynolds number points and Ohnesorge numbers were
calculated. Weber number and Reynolds number have a greater impact on the maximum spreading diameter of ink
droplets, and have a smaller impact on the final equilibrium diameter. The smaller the Weber number or Reynolds number
is, the shorter the retraction stage is, and the faster the equilibrium reaches. Weber number and Reynolds number are
positively correlated with the maximum spreading factor. Ohnesorge number has little effect on the maximum spreading
diameter and final equilibrium diameter of ink droplets. The smaller the Ohnesorge number is, the shorter the retraction

stage is, and the faster the equilibrium reaches. There is a slight positive correlation between the Ohnesorge number and
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the maximum droplet spreading factor.

KEY WORDS: inkjet printing; droplet spreading; spreading factor; droplet impact
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Fig.1 Schematic diagram of piezoelectric inkjet
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Fig.6 Droplet spreading diameter and spreading factor versus Weber number



- 190 - f1 %% T 72

2024 42 A

M 6a AXERZ L, M F5 0553 5 28.8.51.2,
80.0 I, i e ¢ 35 B PR 28 1)l Ji LA 40 ) R
0.114 5. 0.118 7. 0.120 9 mm, ZEHE4HA W ; WK
T RH R B R4 54 0.151 8, 0.171 7. 0.189 8 mm,
FAE B 20, he el 0L, XFF EA N 0.04 mm Y58
W, T BT B B A R B PR R, X
A R AR R IR 2 o

3.2 FisHxtiRiEH#HRRMm

FIEGORE RS R P EE S SRR X R,
HARNIEE T BRI R R shistE, 2kt (5),

Re=pDyV, /1 )

Kb w WWIARRIE . IR TRE . PR K
AR, ARSI 4. 6. 8 mPass,
R 9k 80, 53, 40, Sommerfeld 4L K 735
22.1, 20.8. 19.8 W}, ki o ' iy BE T A SR A T
T TV R B s () Ak ) e R AN BT 7 B

WE 7 s, S AE e 9K g T i o i BE
I, TEF—IF 2], WO R H AR E i R
T 484 K o YRR T i i LA B R o AR B fb i 2 %] 8a

Re=40 .
=0 ps =10 ps =50 us
Re=53 @
=0 ps =10 ps =50 ps
Re=80
=0 ps =10 ps =50 ps
& 7

BT 7R o YT R R B TR i AR AR A i R n & 8b
Fn o MR ZenT A, BEE ISR, &K
B g, WA RN R, e R R Y
B, WA R B R T v B R R K, FE ]
i R B BV ELAR AN Is /), O HLBE % TR v R0
B, TR 190 4 R A R TR ARG 3R B S IR S Y
P[]

Y Re=40 B, M KA E HAE R 0.143 6 mm,
KA 3.590, IR S B Al AR R R] R
30 ps, FaEHHEAEE A 400 ps. 24 Re=53.3 i}, W
T KA ER N 0.159 4 mm, i KREIREET R
3.985, IR B e R B AR IR 30 ps, FRAE
R B I TE] SN 460 ps. 24 Re=80 I, R Y F KA e
HAAHR 0.185 7 mm, I KEIEHET N 4.643, WA
B e O R B AR R] N 40 ps, e s R 1 B 1) Sy
550 pso (EfHERAE, HEHIGEECH 80 B, ff KA
HORE I I A R R N, SEE R AR
VA EL 3 KM RAEEA N BB 2 57 B2
BRI AR RS B AR, RO RE A TR A
K, Tl R ARG K

Y

=200 ps =500 ps =800 pus t=1200 ps
S —— | — Y | —
=200 ps =500 ps =800 pus =1200 ps
A~ . - > . -
=200 ps =500 ps =800 pus =1200 ps

AT RO SRR IR BT 7] 38 T 7
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Fig.9 Evolution of ink droplets shapes over time under different Ohnesorge numbers
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