1.Building 2D Models
The calculation area is set to be 6 mmx6 mm, where the solid area is 1 mmx6 mm and

the watershed is 5 mmx6 mm. Set the width of the notch to be a, the depth of the
square column to be h, and the width of the square column to be b.
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Figure S1 Schematic of the 2D model
Set a to25 um, h to20 pm, b to 10, 25. 50. 75 pm.
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Figure S2 (a)The 2D model when b is 10 um; (b)The 2D model when b is 25 um;
(c)The 2D model when b is 75 um; (d)The 2D model when b is 50 um

2.Meshing
The element size of the mesh is set to 0.1 mm and the CFD method is selected for

meshing, the solver preference is selected as Fluent and the element order is selected

as Linear.
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Figure S3 Parameter Settings for Meshing
3.Models and parameterize
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Figure S4 Gravity settings
The VOF model is selected for the simulation. Implicit body force is used in the



simulation.
“ o

Nodels

Nodel
Off
Homogeneous Models
@ Volume of Fluid
Mixture

Wet Steam
Inhomogeneous Models
Eulerian

Coupled Level Set + VOF
Level Set

¥olume Fraction Parameters
Formulation

® Explicit
Implicit

Volume Fraction Cutoff
le-06

Courant Number

0.25

Default I

Body Force Formulation

| Implicit Body Force

Phases

Number of Eulerian Phases
2

VOF Sub-Nodels
Open Channel Flow
Open Channel Wave BC
Options

Interface Nodeling
Type

@ Sharp
Sharp/Dispersed
Dispersed

Interfacial Anti-Diffusion

Expert Options... ‘

Close | Help ’

Figure S5 Model Settings

Set phase 1 to be air and phase 2 to be water.
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Figure S6 Phase settings
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Set the density of air to 1.225 kg/m?, the viscosity of air to 1.789x10-5 kg/(m-s) and
the density of water to 998 kg/m?, the viscosity of water to 0.001 kg/(m:s).
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Figure S7 The parameter settings of the air
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Figure S8 The parameter settings of the water
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The surface tension coefficient between water and air is 0.073 N/m. Considering the
effect of surface tension, surface tension force modelling is chosen and the model is
selected as Continuum Surface Force and the Adhesion Options is selected as Wall
Adhesion.
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Figure S9 The settings of the phase interaction

Set the viscous model to Laminar.
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Figure S10 The settings of the viscous model

Population Balance Model

Discretization

v 0.073

The solid material was selected as PTFE and its density was set to be 2450 kg/m?.
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Figure S11 The parameter settings of the solid material
Set the solid material surface as a stationary No Slip Wall.
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Figure S12 The settings of the solid material surface
The upper, left and right boundaries of the fluid are set as pressure outlet boundary.
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Figure S13 The settings of the pressure outlet boundary
Draw a unit register in the fluid, initialized as a water droplet, which has a diameter of
2 mm and is initially located at a tangent to the top of the square column.
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Figure S14 The settings of the droplet
The scheme is set as PISO algorithm. The gradient is Least Squares Cell Based, the
pressure is Body Force Weighted, the volume fraction is Geo-Reconstruct, and the

momentum is Second Order Upwind.
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Figure S15 The settings of the solution methods
During initialization, the velocity of the droplet in both the x and y directions is set to
0, and the gauge pressure and the volume fraction are also set to 0.
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Figure S16 The settings of the solution initialization



The calculation values were set up to simulate the gradual stabilization of a water
droplet on a surface over 10 ms by setting the time step size to 5e-6s, the number of
time steps to 1700 and the max iteration/time step to 20.
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Figure S17 The settings of the calculation

Simulation Result

The steady state of the water droplets on each rough structure was obtained at the simulation's
end and is shown in Fig 518.

Figure S18. (a) Water droplet steady state at T value of 5:2; (b) Water droplet steady state at T value of
1:1; (c) Water droplet steady state at T value of 1:2; (d) Water droplet steady state at T value of 1:3



After obtaining the corresponding results, they were imported into Photoshop for graphic
processing to enhance the droplet contours and facilitate identification by the Engauge
Digitizer,as shown in Fig S19.
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Figure S19. (a) Profile at T value of 5:2; (b) Profile at T value of 1:1; (c) Profile at T value of 1:2; (d)
Profile at T Valuel:3

The processed image is then imported into the Engauge Digitizer, where the aspect ratio

determines the coordinate values of the three reference points, from which the values of the
other coordinates on the contour line are calculated,as shown in Figure S20.
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Figure S20. (a) Fitting points at T value of 5:2; (b) Fitting points at T value of 1:1; (c) Fitting points at
T value of 1:2; (d) Fitting points at T value of 1:3

The coordinate values obtained from the fitting process were imported into MATLAB for
curve-appropriate purposes. Each curve’s equation was derived, and its corresponding value



was obtained. The contour curve fits exhibited a high level of accuracy, with a fitting accuracy
of 99 percent, indicating a robust, appropriate effect. The equations of the fitted curves is
shown in Figure S21.
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Figure S21. (a) curve of the fitted function at T value of 5:2; (b) curve of the fitted function at T value
of 1:1; (¢) curve of the fitted function at T value of 1:2; (d) curve of the fitted function at T value of 1:3

T =5:2:
F(x)=-1.189x107"x* +8.176x10™" x” —2.323x107° x° +3.52x107°x’ 1)
—3.07x107x* +1.556x10™*x* —4.509x107 x* +8.06x +34.04
T=1:1
f(x)=-1.237x10x" +6.171x107"" x" =1.223x107° x° +1.302x107*x° 2
—9.852x107 x* +7.381x107 x* —5.712x107° x* +3.557x +17.8
T=1:12
F(x)=1.538x10""x" =1.092x107"*x°* +3.062x10™"' x* - 4.363x10" x* 53)
+3.397x107x* —1.54x107 x* +4.973x +43.75
T=1:3
£ (x)=-1375x107"x" +8.756x10™"" x" —=2.294x10™" x" +3.199x10™""x° s

—2.587x107x* +1.259x107* x* —3.859x107%x* +8.279x+9.257

The contact angles for each microstructure surface were determined as follows: 165.9°, 160.4°,
146.4°, and 146° based on the derived results.



The dimensions of these four structures are then utilized in the following equation for
calculation. The calculated results are subsequently compared with the simulation results to
validate the accuracy of the simulation.

fi=— (S5)
f+f, =1 (s6)

b*cos@. —a’ —2ab
(a+b)

cos@ =
(S7)
The simulation results and calculations corresponding to each value are shown in the table

below.

Table S1. Simulation results and calculation results corresponding to each T value

T 1:3 1:2 1:1 5:2
Simulation
146° 146.4° 160.4° 165.9°
Results
Calculation
132° 137.4° 148.4° 162.1°
Results
Error Value 9.6% 6.1% 7.5% 2.3%
fs 0.75 0.67 0.5 0.29

The discrepancies between the simulation and calculated results are all below 10 percent, as
presented in the table above. Therefore, we can conclude that the simulation results are
basically consistent with the calculated results

As the ratio of the width of the groove to the width of the square column increases, several
effects are observed:

1. The contact area of the water droplets on the solid-liquid contact surface, relative to the
projected area of the solid-liquid contact surface, decreases.

2. The contact angle of the water droplets on the solid surface increases.

3. The hydrophobicity of the solid surface is significantly enhanced.



