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S1. VALIDATION

   In order to validate the numerical model adopted in this work, as explained in Sec. 4, we have obtained results (shown Fig. s1) similar with those present in the literature for flow in a channel with superhydrophobic surface only, i.e., without deformable wall (Fig. s1(a) and for the flow in a compliant microchannel channel with the top wall deformable (Fig. s1(b)).
 [image: ]
Fig. s1. Validation: (a) VOF model- Velocity profiles along the vertical central line (shown in inset) running over the cavity centre up to the top wall, and (b) two-way FSI model- pressure drop across the channel at different flow rates.
The use of unsteady VOF model for the two-phase interface tracking is very common for modelling hydrophobic and superhydrophobic surfaces with ridge-cavity modules on the wall surface. The same can be found in many earlier studies(Santos and Kawaji 2010; Gaddam et al. 2015; Dey et al. 2019, 2020; Wang et al. 2021). A validation work for VOF model has been performed with the numerical model of Gaddam et al.(Gaddam et al. 2015) for transverse cavity-ridge arrangement at Re = 1 and the same has been compared with the present simulation with our adopted numerical methodology. Gaddam et al.(Gaddam et al. 2015) have validated their model with the experimental model of Ou et al.(Ou et al. 2004). This justifies the use of their model being used as a benchmark in this study. 
The velocity profile along the vertical central line (shown in inset of Fig. 2) of the present simulation shows a good agreement with the work of Gaddam et al.(Gaddam et al. 2015), as shown in Fig. s2 (a). Here, the x-axis corresponds to the horizontal velocity which has been non-dimensionalized with the maximum centreline velocity () prescribed at the inlet, while the y-axis represents the vertical height from the water-air interface, and it is non-dimensionalized with half of the undeformed channel height . Fig. s2 (b) shows the validation of the two-way coupling model used in the study. The present results are within 10% of maximum deviation in pressure drop observed in the experimental data of Raj et al.(Raj and Sen 2016)  A further validation of the adopted methodology, wherein we have compared the Poiseuille number  of the flow with respect to analytical result of smooth channel, is presented in Sec. 5.1.

S2. MESH INDEPENDENCE STUDY 

   The results obtained in this study are independent of the grid size. A mesh independent result for the problem model, presented in Sec. 1 and shown in Fig. 1(b), has been presented here based on the percentage reduction in p (pressure drop across the channel) with respect to smooth channel and the top wall deformation in the model. The dimensions of the computational domain taken is explained in Sec. 5.1.
	TABLE sI. Effect of mesh on the pressure drop across the channel and the deformation of the top wall.

	Number of elements
	p (Pa)
	Top wall Deformation (µm)
	% deviation in 
	% deviation in deformation

	2303
	44.09
	6.7645
	1.453
	0.653

	5046
	44.49
	6.7521
	0.559
	0.469

	25704
	44.74
	6.7206
	-
	-



The grid independence test done for the case with top wall of 40 m thickness and the material of 0.5  Young’s modulus at  of 40 is presented in this section. Each simulation has run for a sufficient number of time steps such that the water-air interface has a fixed shape and the pressure drop and the deformation have attained immutable values. The top wall's undeformed position (not the origin of the domain) serves as a baseline for measuring the deformation. The grid independence test done for the case with top wall of 40  thickness and the material of 0.5  Young’s modulus at Re of 40 is presented in this section. Each simulation has run for a sufficient number of time steps such that the water-air interface has a fixed shape and the pressure drop and the deformation have attained immutable values. Uniform mesh sizing of 2   2  in each domain with five layers of inflation (with default growth rate of 1.2) near the fluid-solid interface and on the side walls of the solid domain is used. Further refinement on the side walls was necessary to take care of the element distortion issue near the clamped regions. 
The mesh sensitivity test result obtained is presented in Table 3 in main manuscript. The pressure drop in the channel and the top wall deformation are compared with those obtained with the finest mesh. The results with total number of elements of 5046 have shown only 0.559% shift in p and 0.469% shift in the top wall deformation with respect to the finest mesh (with no. of elements 25704) which legitimise the use of 5046 elements for all the simulations performed. 
[image: ]
Fig. s2. The variation of x-velocity along the horizontal central line at different grid sizes.
[image: ]   [image: ]
Fig. s3. Mesh images for the solid domain and the fluid domain. 
S3. VALUE OF  FOR SMOOTH CHANNEL AT DIFFERENT REYNOLDS NUMBER
 
	TABLE sII. Comparison of the analytical value of Poiseuille number for a smooth channel with the present smooth (S) model. 
	Re
	Value of 
	Deviation (%) of numerical results with respect to analytical results

	
	Analytical
	Numerical
	

	5
	96
	94.645
	1.411

	10
	96
	94.702
	1.351

	20
	96
	94.674
	1.381

	40
	96
	94.674
	1.381

	60
	96
	94.664
	1.391





S4. PRESSURE AND VELOCITY CONTOURS FOR DIFFERENT VALUES OF COMPLIANCE PARAMETER ()
A. Pressure and velocity contours for different , corresponding to changes in 
 The pressure distribution in the four channels is shown in Fig. s4. The pressure is comparatively less at the entrance point of cavity than  in its vicinity and the maximum pressure is observed at the exit end of the cavity due to sudden restriction experienced by the flow at the water-air interface. This high-pressure spot increases with increase in  due to increase in pressure drop,  in the main channel. As the flow moves past the left side of the ridge, it experiences less resistance and so it gets accelerated near the water-air interface, as evident in Fig. s5. The fluid velocity gradually decreases due to the resistance offered by the ridge.
[image: ]
Fig. s4. Pressure contours of SSBDT at  = 40 having  = ,  and varying stiffness leading to varying fp (see Eq. 3): (a) fpx105 = 8.35 Pa-1, (b) fpx105 = 3.57 Pa-1, (c) fpx105 = 1.39 Pa-1 and (d) fpx105 = 0.835 Pa-1.
[image: ]
Fig. s5. Velocity contours of SSBDT at  = 40 having  = ,  and varying stiffness leading to varying fp (see Eq. 3): (a) fp x105 = 8.35 Pa-1, (b) fp x105 = 3.57 Pa-1, (c) fp x105 = 1.39 Pa-1 and (d) fp x105 = 0.835 Pa-1.


TABLE sIII. Values of  corresponding to different stiffness values.
	
	 (Pa-1)

	0.5
	8.35

	1.17
	3.57

	2.5
	1.67

	3
	1.39

	4
	1.04

	5
	0.835



B. Pressure and velocity contours for different , corresponding to changes in 

[image: ]
Fig. s6. Pressure contours of SSBDT at  = 40 with having  = 0.5 , c = 0.5 and varying thickness leading to varying fp (see Eq. 3): (a) fpx105 = 27.83 Pa-1, (b) fpx105 = 20.88 Pa-1, (c) fpx105 = 13.92 Pa-1, (d) fpx105 = 10.44 Pa-1 and (e) fpx105 = 8.35 Pa-1.
[image: ]
Fig. s7. Velocity contours of SSBDT at  = 40 with having  = 0.5 , c = 0.5 and varying thickness leading to varying fp (see Eq. 3):  (a) fpx105 = 27.83 Pa-1, (b) fpx105 = 20.88 Pa-1, (c) fpx105 = 13.92 Pa-1, (d) fpx105 = 10.44 Pa-1 and (e) fpx105 = 8.35 Pa-1.

TABLE sIV. Value of  corresponding to top wall thickness.
	
	 (Pa-1)

	100
	8.35

	80
	10.4375

	60
	13.91667

	40
	20.875

	30
	27.83333



S5. VELOCITY PROFILES ALONG VERTICAL CENTRAL LINE 
A. Velocity profiles for different , corresponding to changes in 

[image: E:\IIT P\Deformable and superhydrophobic\PICTURES Plots\Plots\Parametric Study\Young's Modulus\in terms of fp\fp x-vel profile Y.tif]
Fig. s8. Velocity profiles along vertical central line in SSBDT at , and at different , corresponding to varying stiffness and fixed top wall thickness,  with gas fraction, . 


B. Velocity profiles for different , corresponding to changes in 

[image: E:\IIT P\Deformable and superhydrophobic\PICTURES Plots\Plots\Parametric Study\thickness, t\in terms of fp\x velocity fp t.tif]
Fig. s9. Velocity profiles along vertical central line in SSBDT at , and at different , corresponding to varying thickness and fixed stiffness of the top wall,  with gas fraction, .
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