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ABSTRACT 
In recent years, advancements in the field of tribology have 

been crucial for ensuring the sustainability and optimal 

performance of mechanically moving systems [1]. The study of 

principles governing relative motion between two or more 

independent systems in contact has been a long-standing focus, 

with the overarching goal of minimizing energy loss while 

maximizing efficiency. Within this framework, bio-inspiration 

emerges as a promising avenue, offering innovative solutions in 

the design of tribological features. 

This paper delves into the design of bio-inspired grooves 

and pillars micro-structures, focusing on evaluating their 

impact on reducing drag torque in the thin film flow between 

rotating disks through computational methods [2]. The study 

involves an extensive examination and analysis of patterns 

observed in the animal, aiming to integrate these influences into 

tribological systems. The focus is directed toward 

comprehending how these natural grooves and pillars micro-

structures influence hydrodynamic lubrication and contribute to 

drag torque reduction, showcasing practical applications in the 

design of tribological features. The findings underscore the 

pivotal role of micro-geometry in enhancing tribological 

performance, presenting novel perspectives for the integration 

of biomimetic design.  

The computational evaluation is conducted by developing a 

3D periodic CFD model using the commercial code ANSYS 

Fluent. The model comprises two discs separated by a fluid 

film with a thickness of 150 μm. One disc remains stationary, 

while the other rotates at speeds ranging from 100 rpm to 1500 

rpm. Additionally, a constant inflow rate of 300 ml/min to the 

gap is considered. A comparative assessment was conducted 

across all parametrizations for the examined patterns. The aim 

was to identify the structurally most efficient configuration, 

emphasizing the reduction of losses. Figure 1 displays the drag 

torque results per contact surface using a box plot for seven 

analyzed patterns: shark skin (SS), dung beetle (DB), geckos’ 

leg (GK), lotus leaf (LL), pitcher plant (PP), desert scorpion 

(DS), and dragonfly (PD). The patterns yielding the smallest 

ratio values are indicative of superior performance in 

minimizing drag torque. Additionally, shorter error bar lengths 

correspond to a more pronounced influence of the pattern shape 

on the results. 

 
Fig.1 Results on the ratio of drag torque per contact surface for 

the examined patterns in the form of a box plot. 

In summary, the results of this work emphasize the importance 

of micro-scale texturing for improved tribological performance 

through drag torque reduction in thin films applications, 

showcasing the transformative potential of biomimetic design 

in enhancing the efficiency of tribological structures. 
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