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Drag reduction effect by penguin-feather-mimetic riblet on a 3D body model
O% 7apk &', 1E P A
Ryosuke SAITO" and Hiroto TANAKA™
TR TR Tokyo Institute of Technology

Abstract

Penguins have adapted to underwater swimming in the course of evolution. Previous study showed that the riblets
mimicking the body feathers of the penguins reduced drag on a flat plate by up to 2.0%. In this study, we measured drag
reduction rate of the penguin-mimetic riblets on a 3D body model. Based on a sideview image of a swimming penguin, a
3D spindle model of which cross section was a regular 24-gon shape was created. Riblets were fabricated on flexible
polyimide films by laser scanning ablation so that the riblet films were attached to the curved surfaces. Two different
cross sections of the riblets were compared: one was the penguin-mimetic trapezoidal cross section (medium-ridge riblet),
and the other was a near-rectangular cross section (wide-ridge riblet). Drag of the 3D bodies covered with films with or
without riblets was measured in a water channel. As a result, the maximum drag reduction rate of the medium-ridge riblet
for the 3D body was 3.5% when s* was 7.29, which was higher than the drag reduction rate for the flat plate with similar
s*(0.58% with s* of 7.23) or the maximum value (0.60% with s* of 10.4). Moreover, the medium-ridge riblet showed
higher drag reduction ratio than the wide-ridge riblet for full range of flow speed in this study. The results suggest that

the penguin-feather-mimetic riblet reduces not only frictional drag but also pressure drag for the 3D body.
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Figure 1 Design methods for 3D body model. (A) The penguin body was divided into 30 segments, the dorsal and ventral
middle points were aligned with the center line, and the contour points were fitted with circles. (B) The fitting circle was rotated

around the center line. The cross-sectional shape was made into a regular 24-square shape in order to attach the riblet film.
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Figure 2 Cross-sectional designs and measured profiles of the riblets. (A) Medium-ridge riblets. (B) Wide-ridge riblets. The

surface shape was measured with a laser confocal microscope (SFT-4500, Shimadzu Corp.).
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Figure 3 The drag measurement experiment setup in a water tunnel. (A) The 3D body model was fixed to a force gauge by the
support rod covered by the fairing. (B) Details of the 3D body model. The riblet film and tripping wire were attached to 3D body

model.
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Figure 4 (A) Drag coefficient of 3D body model and flat plate attached smooth film. (B) Measured drag change ratio varying
with the s*. The orange line is medium-ridge riblet. The blue line is wide-ridge riblet. The solid and dashed lines represent 3D
body model and flat plate™, respectively. The error bars represent the uncertainty Ukss (95% coverage) . The numbers next to

each plot are the corresponding flow speeds based on the Re and & mean
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