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Abstract

Inspired by dragonfly features, this study examines the 
aerodynamic performance of a 1 m diameter small-scale 
Horizontal Axis Wind Turbine with a unique bio-inspired 
tandem-blades configuration. Through experimental wind 
tunnel tests and computational fluid dynamics simulations, 
turbine performance is analyzed at various Tip Speed Ratios 
(TSRs). The bio-inspired turbine achieves a peak power 
coefficient of approximately 0.35 at a TSR of 3. Detailed 
analyses of pressure contours, relative velocity distributions, 
and individual blade contributions reveal the superior 
performance of the fore blade in energy extraction. The study 
highlights the impact of blade interactions, significantly 
enhancing the fore blade's efficiency, contributing to the 
understanding of dragonfly-inspired wind turbine 
aerodynamics.

Introduction

•Wind power is a promising renewable energy source,
particularly for distributed energy systems using small wind
turbines.
•Designing efficient wind turbine blades is complex and time-
consuming.
•Bionic design principles, inspired by flying insects like
dragonflies, can offer efficient aerodynamic solutions.
•Dragonfly exhibits superior gliding behavior, with the fore
wing and hind wing interaction enhancing lift and reducing
drag.

•This study investigates a novel dragonfly-inspired HAWT
using experimental measurements and CFD simulations.
•The aim is to assess turbine performance, analyze blade
contributions, and understand flow dynamics to inform future
design enhancements.

Experimental Setup

•Design goal: Fore blade initiates torque at low wind speeds, 
while the larger Hind blade gives the maximum power 
coefficient at the design point, also getting the benefits of the 
tandem configuration.
•Design process: JavaFoil and Matlab blade element 
momentum method were used for the two airfoils positioning 
and turbine optimization.
•Manufacturing: FDM 3D printing with PLA material and a 
smooth surface finish was used.
•Wind Tunnel: "R. Balli" at Perugia University with a 2.2x2.2 
meters test section and turbulence intensity below 1%.

•Blockage Correction: Applied to ensure data reliability, 
validated by previous studies for the specific wind tunnel.
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Numerical settings

•CFD Solver: Ansys Fluent was used for steady incompressible 
RANS simulations using MRF method, employing SST k-ω 
turbulence model.
•Computational Domain: Reduced to half of the rotor based 
on the MRF approach. A large domain (15D diameter, 15D 
upstream, 20D downstream) was used to minimize blockage 
effects.

•Mesh Generation: High-fidelity polyhedral mesh created 
using Ansys Fluent Meshing tool, ensuring 𝑌+=1 and mesh 
matching on periodic sides.
•Mesh Quality: Polyhedral mesh enhances quality, particularly 
for complex geometries like the current bio-inspired rotor.

•Mesh Sensitivity Analysis: Different mesh resolutions (M0, 
M1, M2) were tested. Even M1 can be an independent mesh, 
M2 is chosen for better flow visualization.

Results

Experimentally measured performance:
• Achieved peak power 𝑪𝑷𝒎𝒂𝒙

≈ 𝟎. 𝟑𝟓 at TSR 3, with gradual 

performance declining away from the design TSR.
•Relatively low thrust coefficient remained below 0.7.

CFD Validation:
•CFD results for power coefficient align well with experimental 
data across the TSR range.
•CFD underestimated thrust due to omission of turbine hub 
and tower in simulations.

•Blades Performance Analysis:
•Fore blade showed significantly higher torque and thrust 
performance compared to the hind blade.
•Hind blade generated negative torque at higher TSRs (3.5 and 
4).
•Performance differences highlighted the dominance of the 
fore blade in overall energy extraction.

Flow Visualization

•Static Pressure Contours:
•Lower pressure observed on the suction side of the fore 
blade compared to the hind blade.
•Pressure disparity increased with higher TSRs, indicating 
stronger suction near the tip and potential stall onset at 
higher TSRs.

Relative Velocity Contours:
•At TSR 1, significant separation on the fore blade's suction 
side; attached flow on the hind blade.
•At higher TSRs, fore blade showed higher relative velocities 
on the suction side, indicating more efficient energy 
extraction

Conclusion

•Achieved relatively high maximum power as a small WT, 
𝑪𝑷𝒎𝒂𝒙

≈ 𝟎. 𝟑𝟓 at TSR 3.

•Fore blade exhibited better performance than initially 
expected.
•Pressure contours and velocity distributions revealed 
complex aerodynamic interactions.
•Fore blade suction side had lower pressure contours and 
higher relative velocities, leading to better torque generation.
•Hind blade enhanced the fore blade's performance by 
aiding flow attachment.
•Future work will compare the bio-inspired turbine's 
performance with conventional turbines.
•Study the effects of varying chord ratios, angle of attack 
ratios, and gap spacing between blades.
•Optimize turbine geometry based on experimental 
measurements of tandem airfoil performance.
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