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Abstract

In this paper, the lattice Boltzmann method was used to study the effects of humidity, substrate
width and liquid bridge height on the evaporation kinetics of liquid bridges. The simulation results
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show that increasing the relative humidity can reduce the evaporation velocity of the liquid bridge
and prolong the breaking time of the liquid bridge. Increasing the height of the liquid bridge can
increase the evaporation rate of the liquid bridge and reduce the breaking time of the liquid bridge.
The width of the substrate has a negligible effect on the evaporation rate of the liquid bridge, so the
time of fracture of the liquid bridge remains unchanged. In the initial stage of evaporation, the neck
of the liquid bridge is pinned to the edge of the substrate and the waist of the liquid bridge is con-
tracted, so that the contact angle between the liquid bridge and the substrate is reduced, and the
liquid bridge evaporates in the mode of fixed contact line. When the contact angle of the liquid
bridge is reduced to a small enough level, the contact line of the liquid bridge detaches from the
edge of the substrate, and the liquid bridge evaporates in a fixed contact angle mode. The higher the
ambient humidity, the longer it takes for the contact line of the liquid bridge to detach. The higher
the height of the bridge, the shorter the time required for the contact line of the bridge to detach.
However, the influence of the width of the substrate on the time required for the detachment of the
contact line of the liquid bridge is negligible.
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Figure 1. Schematic diagram of natural evaporation of a liquid bridge
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Figure 2. (a) is the evaporation process diagram of the liquid bridge from =0 to #=480000 under the conditions of
RH =95%,D =100,L =50, and (b) is the trend of the contact angle 6 with time ¢
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Figure 3. (a) The variation of d, withtime ¢ during the evaporation process of the liquid bridge under different humidity

RH , (b) is the enlarged image in the red box area in (a), and (c) the trend of the contact angle & of the liquid bridge with

time ¢ under different humidity RH
E 3. (NELRE RH TRIFEKRIIET d, BERE) r 9, (0)A(FPLERERBHEAE, (o) NEIRE RH T
TRAT IR A O RERTIE) ¢ BT LREEE

ANFREE RH N MBS 58 B2 d, BEIN (] ¢ A4S a1 3(a) Bl 3(0)FR, HAE 3(b) A Kl 3@
LIAEX IR . B 3(a)al LUK B, VRS RH EROK, AL [R] YRR 2030 5 B o, AR b s, B

DOI: 10.12677/m0s.2025.142178 586 e RSE TR


https://doi.org/10.12677/mos.2025.142178

Bt
£
£
&

IR PERN o KRR ONMEEE R 8 15 S B USRI KIS Z BRI 1K1 IR R AR
FEEHMIE 3(b) AT LU BL, ASFREEE RH R 30858 L ) IT 40/ (Rl I 2 2, AN [

t.(RH =95%) = 60000 > ¢, (RH =90%) =14000 > ¢, (RH =85%) =8000 . %] 3(c) A NFIRS% RH FH:fufh 0
BEIS A ¢ AR A . NIRRT AR 2, BEEI I ¢ 3K, AR RH N 8l ff O B 1A ¢ 1922 10
BN QBEE ¢ el TR ELE 607 ML . FLIRE RH BUR, WM Ml 2 £E S AR G A AT P 75 1 1)
B

CRH=85% N Ry=o5% St
220000 © 000 LU IITI I 1E200000 Ll

(c) B RH=85% D=100 L=50 (d) W RH=85% D=100 L=50
1001 @ RH=90% D=100 L=50 5000 [ ® RH=90% D=100 L=50
A RH=95% D=100 L=50 A RH=95% D=100 L=50
801 4000 |
601 3000 F
5 S
40} 2000 F
s ®
20k t,=470000 1000 |- °
m ©
°
0},=80000—m oF e 4
0 100000 200000 300000 400000 500000 0 100000 200000 300000 400000 500000
t t

Figure 4. (a) is the evaporation velocity field of the liquid bridge when ¢ =20000,RH =85%,D =100,L =50, (b) is the evap-
oration velocity field of the liquid bridge when ¢=20000,RH =95%,D =100,L =50, (c) is the variation trend of the waist
width d, of the liquid bridge with time ¢ under different humidity RH , and (d) is the trend of the total mass m of the
liquid bridge with time ¢ under different humidity RH
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Figure 5. (a) is the variation of d, withtime ¢ during the evaporation process of the liquid bridge of different D, (b) is
the enlarged view of the red box area in (a), and (c) is the variation trend of the contact angle 6 with time ¢
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Figure 6. (a) is the evaporation velocity field of the liquid bridge with different substrate widths D at ¢#=10000 and
t=50000, (b) the variation of the waist width d, of the liquid bridge with different substrate widths D with time ¢, and

(c) the variation trend of the liquid bridge mass m with with time ¢ at different substrate widths D
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Figure 7. (a) is the change of &, with time ¢ during the evaporation process of liquid bridges with different heights L,

(b) is a magnified view of the red box area in (), and (c) is the change of the contact angle @ of liquid bridges with time ¢

at different heights L
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Figure 8. (a) is the evaporation velocity field of the liquid bridge with different heights L at ¢=150000, (b) the variation of
the waist width d, of the liquid bridge with time ¢ at different heights L, and (c) the trend of the mass m of the liquid

bridge with time ¢ at different heights L
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