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Numerical Investigation of Flow and Heat Transfer Characteristics Inside
a Tube with Bio-Inspired Shark Skin Denticles
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(1. Guangdong Key Laboratory of Thermal Energy Storage Technology for Buildings, Foshan 528311, China; 2. GD
Midea Heating & Ventilating Equipment Co. , Ltd. , Foshan 528311, China)

Abstract Inspired by the drag-reducing effect of natural riblet-like structures on shark skin, this study proposes a biomimetic shark
skin denticle structure and evaluates its heat transfer enhancement and drag reduction performance in the single-phase flow regime. The
bio-inspired denticles consist of longitudinally protruding riblets and streamlined auxiliary riblets arranged in an interlocking, staggered
pattern along the inner tube surface. This configuration forms well-organized flow channels that effectively confine near-wall vortices
within the grooves, preventing the transverse migration of wall-flow vortices and reducing the momentum exchange caused by vortex cross-
flow, thereby achieving drag reduction. Furthermore, denticles generate flow disturbances that enhance the convective heat transfer,
leading to improved heat transfer coefficients. The primary factors affecting drag reduction and thermal performance were the denticle
height and arrangement density. As the denticle height increased and the arrangement became more compact, the flow disturbance
intensified, resulting in a greater heat transfer enhancement. However, the drag reduction effect was initially improved and then
deteriorated, indicating the existence of an optimum denticle height and arrangement density. For the studied tube with a 7 mm outer
diameter at Reynolds numbers ranging from 4 500 to 9 500, the optimum denticle height was determined to be 0. 07 mm, with optimal
riblet spacings D, and P of 2.3 mm and 0. 6 mm, respectively. Compared to a smooth tube, the sharkskin denticle tube achieved an
approximately 3. 0% reduction in flow resistance and an 8. 0% improvement in heat transfer capacity.

Keywords bio-inspired shark skin denticles; turbulent flow in tubes; convective heat transfer; drag reduction and heat transfer

enhancement
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Tab.3 Structural parameters of shark skin-inspired

denticle riblets

N, S HS s/ s, Pl D/ D)/ X EEE/
mm mm mm mm mm mm M;Hfl mm
1 007 006 3 2 08 36 29 FE 024
2 0.07 006 3 2 08 36 29 A 024028
3 003 002 3 2 08 36 29 A 024
4 005 004 3 2 08 36 29 A 024028
5 0.09 008 3 2 08 36 29 A 024028
6 0.11 0.10 2 08 36 29 A 024028
7 007 006 3 15 08 36 29 i 024
8 007 006 5 2 08 56 29 A 024
9 007 006 7 2 08 76 29 A 024028
10 007 006 3 2 08 25 29 J 024028
11 007 006 3 2 08 30 29 J 024
12007 006 3 2 08 42 29 A 024
13007 006 3 2 08 36 23 A 024028
14 007 006 3 2 06 36 23 A 024028
15 007 006 3 2 06 36 18 A 024028
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Fig.10 Local mesh and validation of grid independence
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