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Abstract

Array droplets evaporation has important applications in the fields of protein and nucleic acid
bioprinting and colloidal droplet evaporation self-assembly. In this paper, the lattice Boltzmann
method is used to simulate the evaporation process of paired droplets on a sessile substrate, and
the influence of substrate wettability and droplet spacing on the paired droplets evaporation
process was studied. The simulation results are in good agreement with the experimental results
in the literatures. The research results show that the phenomenon of spreading and merging of
paired droplets when they evaporate on the heated substrate is determined by the wettability of
the substrate and the initial spacing between the droplets. When the merging phenomenon occurs,
these droplets are merged to evaporate in the form of a single droplet, and the evaporation life of
the droplet is much longer than that when the merging phenomenon does not occur. When there is
no merging phenomenon, restrained by the limited space between the droplets, the evaporation
rate of the droplet facing the large space is greater than that of the adjacent side of the droplet; in
order to maintain the spherical shape of the droplet, there is an internal transfer to the faster
evaporation rate. The micro-flow of the transport fluid causes the contact lines on the left and
right sides of the droplet to contract asymmetrically, resulting in the phenomenon of the center of
the droplet moving out. Compared with the single droplet evaporation state, the evaporation life
of the paired droplets is longer than that of the single droplet evaporation, but is shorter than the
evaporation life after merging. Through a large number of simulations, the paper obtained the
criterion for judging whether the droplet evaporation process is merged by the wettability of the
substrate and the droplet spacing.
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Figure 1. The geometric model
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Figure 2. Simulation verification. (a) Drop volume change with dimensionless time; (b) Comparison of contact radius
changes on both sides of the droplet
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Figure 3. Diagram of evaporation process evolution with different initial intervals (interval 2, 4, 6)
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Figure 4. Diagram of evaporation process evolution with different initial intervals (interval 8, 10, 12)
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Figure 5. Residual mass variation trend of pair droplets evaporation process with different initial intervals
5. FREIVIREIREZ G THRABELIENRRRELTLEEE

4.2. BAGHREMNRBRZ SRR

AT T AN [R) BRI R 1 25 A T RS R il e 8 R I R . A AR AR S A 60°. 80°. 100°
120 DY FHIE L. R HILEIRIFETE E N 6 Mg, HARSHE FWME.

& 6 DU FEAR IR 2 F TV 2 R AL . BT, MBI AG AT EEE 2 A 6 M T,
AN AIERE R e K A U (B f o 60° A 80°), WAL SIS WM& TG Al E 2 e
T, FRRFFEHAT, WHEMAEATREA, BEAEARIEDN. HIFERHENZARYI, bR
KM IINVER, ORBER Bl n N T ES A, A RIHT R L, HEAT. 4
IAGERR IR N B K S (e AR 100°F0 1200)0), Wik 28 AR i a RAEG ISR, WM GEREEA
B AT AN BRI 28R R o Y R o ZE R, YR R B 2 R RS AT AN W AN, 1207 Bk A
i [0 /1 8% B 9 BRI

DOI: 10.12677/mos.2021.103071

712 e RSE TR

[


https://doi.org/10.12677/mos.2021.103071

A e
St ~F
50 50 50 50
40 40 40 40
30 30 30 30
20 20 20 20
10 10 10 10
60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160
50 50 50 50
40 40 40 40
30 30 30 30
20 20 20 20
N " " u ° M
60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160
50 50 50 50
40 40 40 40
30 30 30 30
20 20 20 20
10 10 10 10
60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160
(a) 60 (b) 80 (c) 100 (d) 120

Figure 6. Diagram of evaporation process evolution with different wettability
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Figure 7. Residual mass variation trend of pair droplets evaporation process with different wettability
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Figure 9. Droplet internal flow diagram during pair droplets evaporation
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