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Study of Contact Angle on a Stainless Steel Plate with Micro Cavities
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Abstract

This study investigates hydrophobic phenomena on a micro-structured stainless steel plate. Circular dimples are
manufactured on the plate by machining center. Contact angle on the processed surface is measured and compared with that of
a plane surface. The result shows hydrophobicity on the structured plate. The visualization result shows curved surface of a
water droplet along micro-structure. This result explains that pinning effect dominates characteristics of a droplet on a structured
surface as well as hydrophobicity. Experimental result of contact angle is compared with that of well-known correlations
presented in former study. The result of this study does not agree with that of the correlations. The visualization result explains
that pinning effect should be considered for modeling of hydrophobicity on a micro-structured surface. A new correlation to
predict contact angle on a structured surface is developed by classifying for three cases of a droplet on the surface. The
correlation agrees well with experimental result.
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(a) Square arrangement. (b) Staggered arrangement. (©) Cross section of a cavity.

Fig.1 Schematic image of cavity.

Table 1 Dimensions of cavity.

Test piece 1 2 3 4 5 6 7 8
P@xpy) Plain surface | 334,334 | 370,370 | 400,400 | 430,430 | 460,460 | 334,289 | 400,347
Unit: pm

(a) Square arrangement. (b) Staggered arrangement.

Fig.2 Microscopic picture of machined surface.
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Table 2 Experimental results of contact angle.

Pitchp (px, py) [um] |Plain surface| 334,334 | 370,370 | 400,400 | 430,430 | 460,460 | 334,289 | 400,347

31

Measured contact angle

W] 73.6£2.1 | 93.9+1.1 | 90.841.3 | 90.2+1.1 | 91.3+1.8 | 92.4+1.3 | 90.6+1.8 | 86.4+1.2

Table 3 Picture of water droplet on test surface.

Pitch Plain surface 400,400 400,347
PPy py) pm
C"“‘;“f angle 73.612.1 90.241.1 86.441.2

Water droplet

edge of the droplet

(a) Square arrangement. (b) Staggered arrangement.

Fig.3 Microscopic picture of interface between water droplet and atmosphere.
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Fig.4 Schematic image of contact angle.

YLv

(a) Droplet without pinning effect. (b) Droplet with pinning effect. (c) Observed droplet.
Fig.5 Classification of pinning effect.
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Fig.6 Comparison and prediction of contact angle.
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