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Abstract 

Biomimicry is the practice of drawing inspiration from natural forms to solve engineering problems, 

which has become progressively popular for refining design efficiency and performance. This work 

discovers how biomimicry can be applied to airfoil design, precisely through the unique structure of 

Eucalyptus leaves, a concept rarely explored in airfoil profiling. The work presented here, focuses on 

enhancing airfoil designs by incorporating the intricate features of these leaves. The airfoil in question 

has a thickness of 54.3mm, a chord length of 142.5mm, and operates at a Reynolds number ranging 

from 3E5 to 7E5, with wind speeds between 4 and 7 meters per second. The web digitizer software uses 

Eucalyptus Leaf design to provide leaf structural coordinates, and then the parameters are translated 

into a computational model using Catia, enabling the generation of a prototype airfoil structure. In due 

course, the newly developed airfoil undergoes experimental testing within a wind tunnel environment 

to assess its aerodynamic characteristics. Factors such as lift, drag, and stall characteristics are 

inspected to determine how efficient the biomimetic approach is, and comparing the result to traditional 

airfoil designs has shown some results that need optimization of design for applications in the real 

world. This comprehensive approach highlights the collaboration between biological inspiration, 

computational models, and experimental validation in advancing aerodynamic design specimens. This 

study looks at how the natural design of eucalyptus leaves can inspire better air foil designs. It focuses 

on using advanced polymers and composite materials that replicate the leaf's strong, yet lightweight 

structure, while also maintaining the right balance of weight and flexibility for optimal performance. 
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INTRODUCTION 

The shape of the blade, known as the airfoil, greatly affects how effectively it catches the wind. it 

works by producing suction on the upper surface of the blade to create lift and rotate the blade, numerous 

organizations including NACA, NREL, and other institutes, research airfoils. Recently several 

airfoil[1,3] studies based on natural morphology, particularly airfoil morphology from animal 

movements have been produced. For instance, 

scientists have explored airfoil designs influenced 

by the swimming patterns of dolphins and the 

physical characteristics of sturgeon fish. Moreover, 

extensive research[4,6] has delved into the wing 

formations of avian species and dragonflies, such as 

the distinctive shapes seen in owls, the mechanics 

of bird wing flapping, and the unique wing structure 

of the dragonfly species Aeshna Cyanea and 

additionally, engineers have drawn inspiration from 

the streamlined shape and efficient propulsion of 

whale fins to develop wind turbine blades with 

biomimetic characteristics. Mimicking the 
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morphology of whale fins, such as their smooth surfaces and curved edges, these blades aim to enhance 

aerodynamic performance and energy capture efficiency. Incorporating features that reduce drag and 

turbulence, these blades operate more effectively in varying wind conditions, demonstrating a biometric 

approach that optimizes wind energy conversion technology. This can be further efficiently done by 

using different materials like polymers and composite materials. 

 

Recent research has significantly advanced the understanding and development of bio-inspired airfoil 

and composite materials. Rosa et al. [1] discussed sustainable approaches in environmental engineering, 
setting the context for innovative airfoil research. Prof. Sahana D. S. and Prof. Srinath R. [2] designed 

a bio-inspired airfoil for basic aircraft, emphasizing structural adaptation from nature. Herrera et al. [3] 
developed and manufactured small-scale wind turbine blades using bio-inspired design principles. 

Huang et al. [4] proposed a dolphin-head-shaped bionic airfoil with enhanced aerodynamic 
performance, while Yan et al. [5] explored a novel bionic airfoil’s hydrodynamic behaviour. Srividhya 

et al. [6] evaluated the mechanical and durability aspects of fiber-reinforced concrete using SBR latex. 
Tian et al. [7] analyzed the aerodynamic benefits of swallow-wing-inspired airfoils, and Hao et al. [8] 

conducted simulations on bionic airfoil performance. Sanket Thorwat [9] investigated lift and drag in 
NACA 1412 airfoils and compared wing shape influences. Achour et al.[10] developed a conditional 

generative adversarial network (cGAN) for optimizing airfoil shapes, while Barrett et al. [11] applied 
multi-fidelity analysis for efficient airfoil design. Drela [12] introduced XFOIL, a pivotal tool for 

analyzing low Reynolds number airfoils, and Jameson [13] demonstrated CFD-based optimization 
techniques in aerodynamic design. Zhao et al. [14] optimized supercritical wings through airfoil 

transformation methods, and Zhang et al. [15] contributed to the development of natural laminar flow 
airfoils for regional aircraft. Santulli et al. [16] explored the properties and applications of pineapple 

fiber composites. Palanisamy et al. [17] tailored epoxy composites using Acacia caesia bark fibers, 
examining the impact of fiber content and size. Karthik et al. [18] reviewed surface modification 

strategies to enhance plant fiber-based bio-composites. Palaniappan et al. [19] synthesized 

microcrystalline cellulose from citrus peel waste for polymer applications, and Palanisamy et al. [20] 
characterized Acacia caesia bark fibers for use in natural fiber composites. Collectively, these studies 

contribute to a broader understanding of aerodynamic performance enhancement and sustainable 
material integration through bio-inspiration and advanced optimization techniques. 

 
GEOMETRIC MODELING AND NUMERICAL METHOD 

Biomimetic Design Approach 

This work embarks on a journey inspired by the complex structure of Eucalyptus leaves, exploring 

the realm of biomimicry principles to reconsider airfoil optimization and fabrication. Drawing the 
design from eucalyptus leaves, the airfoil profile is precisely crafted to mirror the efficiency and 

performance-enhancing characteristics found in this natural design. The fundamental aspect of the 
methodology involves a deep understanding of the natural morphology particularly found in Eucalyptus 

leaves, through Careful observation and computational modeling, the eucalyptus leaf design is 
replicated with unparalleled precision. 

 
Computational Modeling with CATIA 

Utilizing the web digitizer software, the structural coordinates extracted from Eucalyptus leaves are 

harnessed to construct a comprehensive computational model Figure 1(a) within CATIA software. This 
advanced process facilitates the translation of biomimetic design principles into a prototype airfoil 

structure. Leveraging the capabilities of CATIA ensures precision and accuracy in every aspect of the 
model, maintaining consistency in the intricate details of natural morphology Figure 1(b). The essence 

of biomimicry is carefully captured, making the way for transformative advancements in airfoil design. 
 

Experimental Validation in Wind Tunnel 

The 3D printed airfoil which was a design inspired by the Eucalyptus leaves underwent rigorous 

experimental testing which was carried out carefully in a regulated wind tunnel environment. Here, the 
newly developed biomimetic airfoil undergoes comprehensive evaluation, with the main focus on 
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aerodynamic characteristics which include lift, drag, and stall behavior. This testing enabled vital 

insights into the effectiveness of the biomimetic airfoil in its performance comparison to traditional 
airfoil design. Figure 2 shows the Testing Of 3D Printed Airfoil In Wind Tunnel 

 

 

 
Figure 1. a) Imported coordinates of eucalyptus leaves in catia b) profile of eucalyptus leaves. 

 

 
Figure 2. Testing of 3D printed airfoil in wind tunnel. 

 

 
Figure 3. Flow simulation of airfoil in solid works. 

(a) 

(b) 
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Flow Simulation Analysis with SolidWorks 

In tandem with physical testing, our study also includes cutting-edge flow simulation analysis 

utilizing SolidWorks software. Figure 3 shows the advanced computational fluid dynamics (CFD) 

simulation which provides a detailed understanding of the complex airflow dynamics encircling our 

biomimetic airfoil design. By carefully analyzing factors such as velocity distribution, pressure 

gradients, and turbulence patterns, a comprehensive understanding of the aerodynamic performance of 

our biomimetic airfoil have been obtained. 

 

TEST RESULTS AND DISCUSSION 

Extensive aerodynamic tests are conducted on the newly designed biomimetic airfoil, which is 

inspired by the intricate structure of eucalyptus leaves. these tests were carefully carried out under 

controlled atmospheric conditions in a simulation, across a range of angles of attack from -30 degrees 

to +16 degrees, and at varying Reynolds numbers from 3E5 to 7E5, Throughout the experiments 

revealed a consistent trend in the lift coefficient values across the tested range of angles. Notably the 

optimal aerodynamic performance was achieved at a Reynolds number of 3E5, where the maximum lift 

at an angles of attack 14 degree is 0.21. The airfoil functions optimally in these particular operational 

circumstances. For the wind tunnel tests, the maximum available wind speed of 35 m/s is utilized. The 

angle of attack that were chosen for a thorough analysis were the most efficient, at +16 degrees, which 

showed the greatest lift, and -30 degrees for a comparative analysis, representing a significantly low 

angle. The purpose of these selections was to assess the airfoil's performance spectrum in both ideal 

and difficult circumstances. It is clear from a close inspection of the data that the performance measures 

at certain angles +6, +9, +12, and +14 degrees—are especially promising. These findings highlight the 

possibility of significantly improving aerodynamic efficiency by refining the airfoil design in these 

settings. 

 

 
Figure 4. Lift coefficient with different angle of attack for re number 3E5. 

 

 
Figure 5. Drag coefficient with different angle of attack for re number 3E5. 
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The given graphs in Figure 4 and Figure 5 illustrate the variations in lift and drag coefficients for 

different angles of attack at a Reynolds number of 3E5. At an angle of attack of +6 degrees, the lift 

coefficient was measured at 0.09, with a corresponding drag coefficient of 0.16. Increasing the angle to 

+9 degrees, the lift coefficient increases to 0.14, while the drag coefficient remains steady at 0.16. 

Further elevation to +12 degrees resulted in a lift coefficient of 0.19 and a drag coefficient of 0.19.  

Notably, at +14 degrees, the lift coefficient reached its peak at 0.21, with the drag coefficient also at 

0.19. 

 

The graphs given in Figure 6 and Figure 7 illustrate the variations in lift and drag coefficients for 

different angle of attack at a Reynolds number of 4E5. At an angle of attack of +6 degrees, the lift 

coefficient was measured at 0.16, with a corresponding drag coefficient of 0.07. Increasing the angle to 

+9 degrees, the lift coefficient increases to 0.16 while the drag coefficient remained steady at 0.1. 

Further elevation to +12 degrees resulted in a lift coefficient of 0.18 and a drag coefficient of 0.12. 

Notably, at +14 degrees, the lift coefficient reached its peak at 0.19, with the drag coefficient also at 

0.15. 

 

The given graphs in Figure 8 and Figure 9 illustrate the variations in lift and drag coefficients for 

different angle of attack at a Reynolds number of 5E5. At an angle of attack of +6 degrees, the lift 

coefficient was measured at 0.05 with a corresponding drag coefficient of 0.16. Increasing the angle to 

+9 degrees, the lift coefficient increases to 0.07 while the drag coefficient remained steady at 0.15 

Further elevation to +12 degrees resulted in a lift coefficient of 0.1 and a drag coefficient of 0.17. 

Notably, at +14 degrees, the lift coefficient reached its peak at 0.12 with the drag coefficient also at 

0.17. 

 

 
Figure 6. Lift coefficient with different angle of attack for re number 4E5. 

 

 
Figure 7. Drag coefficient with different angle of attack for re number 4E5. 
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Figure 8. Lift coefficient with different angle of attack for Re number. 

 

 
Figure 9. Drag coefficient with different angle of attack for Re number 5E5. 

 

 
Figure 10. Lift coefficient with different angle of attack for Re number 6E5. 

 

 
Figure 11. Drag coefficient with different angle of attack for Re number 6E5. 

 

The given graphs in Figure 10 and Figure 1 illustrate the variations in lift and drag coefficients for 

different angle of attack at a Reynolds number of 6E5. At an angle of attack of +6 degrees, the lift 

coefficient was measured at 0.03 with a corresponding drag coefficient of 0.15. Increasing the angle to 
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+9 degrees, the lift coefficient increases to 0.05 while the drag coefficient remained steady at 0.13. 

Further elevation to +12 degrees resulted in a lift coefficient of 0.08 and a drag coefficient of 0.16 

Notably, at +14 degrees, the lift coefficient reached its peak at 0.09 with the drag coefficient also at 

0.16. 

 

The given graphs in Figure 12 and Figure 13 illustrate the variations in lift and drag coefficients for 

different angles of attack at a Reynolds number of 6E5. At an angle of attack of +6 degrees, the lift 

coefficient was measured at 0.02 with a corresponding drag coefficient of 0.14. Increasing the angle to 

+9 degrees, the lift coefficient increased to 0.04 while the drag coefficient remained steady at 0.12 

Further elevation to +12 degrees resulted in a lift coefficient of 0.07 and a drag coefficient of 0.14 

Notably, at +14 degrees, the lift coefficient reached its peak at 0.08 with the drag coefficient also at 

0.15. 

 

PRESURE AND VELOCITY 

Figure 14-23 depict the airflow at various Reynolds numbers. In general, the airflow velocity around 

the surface of the airfoil is 0 m/s. The separation, however, decreases as the Reynolds number increases. 

The airflow velocity varies on the top and bottom surfaces of the airfoil, with the top surface having a 

higher velocity than the bottom surface. High airflow velocity, according to Bernoulli's principle, leads 

to reduced surface pressure. As a result, the upper surface pressure of the airfoil with Reynolds numbers 

3E5 to 7E5 is lower than the lower surface pressure, allowing the airfoil to generate lift more effectively. 

 

 
Figure 12. Lift coefficient with different angle of attack for Re number 7E5. 

 

 
Figure 13. Drag coefficient with different angle of attack for Re number 7. 

 

Table 1. Experiment Results. 

Angle of attack Lift coefficient (CI) Drag coefficient (Cd) Pitching moment 

coefficient (Cm) 

CI/Cd 

ratio 

-35 0.23 0.54 0.09 0.42 

-24 0.04 0.42 0.13 0.09 

-18 -0.02 0.34 0.18 -0.05 

0 -0.34 0.22 0.14 -1.54 

9 -0.05 0.27 0.10 -0.18 
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Figure 14. Comparison of pressure contours of airfoil at different angle of attack and reynolds number 

3E5. 

 

 
Figure 15. Comparison of velocity contours of airfoil at different angle of attack and Reynolds number 

3E5. 

 

 
Figure 16. Comparison of pressure contours of airfoil at different angle of attack and Reynolds number 

4E5. 
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Figure 17. Comparison of velocity contours of airfoil at different angle of attack and reynolds number 

4E5 

 

 
Figure 18. Comparison of pressure contours of airfoil at different angle of attack and Reynolds number 

5E5 

 

 
Figure 19. Comparison of velocity contours of airfoil at different angle of attack and Reynolds number 

5E5. 
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Figure 20. Comparison of pressure contours of airfoil at different angle of attack and Reynolds number 

6E5. 

 

 
Figure 21. Comparison of velocity contours of airfoil at different angle of attack and Reynolds number 

6E5. 

 

 
Figure 22. Comparison of pressure contours of airfoil at different angle of attack and Reynolds number 

7E5 
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Figure 23. Comparison of velocity contours of airfoil at different angle of attack and Reynolds number 

7E5. 

 
COMPARISON OF EUCALYPTUS LEAF DESIGN AIRFOIL WITH NACA 6409 

The NACA 6409 is an airfoil with a set of specific characteristics optimized for aerodynamic 
performance. At 29.3% chord, its maximum thickness is 9%, while at 39.6% chord, its maximum 
camber is 6%, This design is part of the NACA (National Advisory Committee for Aeronautics) airfoil 
series, which are shapes for aircraft wings developed to increase lift and reduce drag. The NACA 6409 
airfoil is particularly noted for its use in free-flight model planes rather than radio-controlled (RC) 
soaring. In terms of aerodynamic performance, the thickness and camber of the airfoil significantly 
i fl      o  i s   havior, a d  h r ’s a s ro   d p  d     o   h  R   olds      r  For   a pl , a 
Reynolds number of 50,000 and a critical pressure coefficient (NCRIT) of 9, the maximum lift- to-drag 
ratio  Cl Cd  is      a  a  a  l  of a  a    α  of      °   Th s   hara   ris i s  a    h  N C       
suitable for specific aerodynamic applications where such performance metrics are critical. Lift and 
Drag coefficients of NACA 6409 are obtained by conducting flow simulation in SolidWorks. The data 
of NACA 6409 is compared with Biomimicry design airfoil (EU14). The Comparison of The Lift 
Coefficient Of The Biomimicry Design Airfoil with NACA 6409 At A Velocity Of 126km/H. is shown 
in Figure 24.  
 

 
Figure 24. Comparison of the lift coefficient of the biomimicry design airfoil with NACA 6409 At A 

Velocity Of 126km/H. 
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The Comparison of The Lift Coefficient Of The Biomimicry Design Airfoil with NACA 6409 At A 

Velocity Of 860km /H. is shown in Figure 25.  

 

Comparison Of The Drag Coefficient Of Biomimicry Design Airfoil With NACA 6409 At A Velocity 

Of 126km/H is shown in Figure 26. 

 

Comparison Of the Drag Coefficient of Biomimicry Design Airfoil With NACA 6409 At A Velocity 

Of 860Km/H is shown in Figure 27. 

 

Comparison Of the Cl/Cd Ratio of Biomimicry Design Airfoil with NACA 6409 At A Velocity Of 

860Km/H is shown in Figure 28. 

 

 
Figure 25. Comparison of the lift coefficient of biomimicry design airfoil with NACA 6409 At A 

Velocity Of 860km/H. 

 

 
Figure 26. Comparison of the drag coefficient of biomimicry design airfoil with NACA 6409 At A 

Velocity Of 126km/H. 
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Figure 27. Comparison of the drag coefficient of biomimicry design airfoil with NACA 6409 At A 

Velocity Of 860km/H. 

 

 
Figure 28. Comparison of the Cl/Cd Ratio of Biomimicry Design Airfoil with NACA 6409 At A 

Velocity Of 126km/H. 

 

 
Figure 29. Comparison Of the Cl/Cd Ratio of Biomimicry Design Airfoil With NACA 6409 At A 

Velocity Of 860km/H. 

  lo i   vs dra   o ffi i   

Cd             

Cd            

 
ra
 
  
o
 
ff
i 
i 
 
 

  lo i      h

                

 

   

   

   

   

 

  lo i   vs C  Cd ra io

C  C         

C  Co     

  lo i      h

                

 

 

 

 

 

C
  
C
d
 r
a 
io

  lo i      h

C
  
C
d
 r
a 
io

C  Cd            

C  Cd      

  lo i   vs C  Cd ra io

                
 

 

 

 



 

 

Biomimicry of eucalyptus leaf design for optimization                                                                   Mukherjee et al. 

 

 

© STM Journals 2025. All Rights Reserved S372  
 

Comparison Of The Cl/Cd Ratio of Biomimicry Design Airfoil with NACA 6409 At A Velocity Of 

860Km/H is shown in Figure 29.  

 

CONCLUSION 

Based on the findings and analysis this study has promising potentials of biomimicry in advance 

airfoil design for wind energy application. Biomimetic airfoil is created by emulating the complicated 

structure of Eucalyptus leaves, which has improved aerodynamic performance. The combination of 

computational modeling, experimental validation, and CFD simulations has provided valuable insights 

into the behavior of the biomimetic airfoil, highlighting its competitive advantage over standard design.  

 

Moving forward, additional optimization and refinement hold the key of unlocking the full potential 

of biomimetic airfoil. By taking cues from the l af’s aerodynamic shape, efficient structure, and ability 

to adapt, airfoils made from advanced polymers and composites can perform better, offering reduced 

drag, increased lift, and overall greater efficiency. The combination of lightweight, strong materials 

with the potential for dynamic adaptability could significantly enhance airfoil performance in a wide 

range of conditions. As this bio-inspired approach continues to evolve, it has the potential to provide 

more sustainable, effective solutions for both aerospace and renewable energy fields, advancing the 

possibilities of material science and aerodynamic design. 
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