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This research conducts detailed numerical simulations of unsteady flow at
a Reynolds number of 33000 to quantitatively and thoroughly investigate
the impact of geometric and arrangement parameters on the performance
of oscillating NACA 0012 airfoils, their derivatives, and a bio-inspired
dragonfly airfoil. The obtained results demonstrate that in a tandem
arrangement, an optimal configuration with an axial spacing of two and a
half chord lengths (X/c=2. 5) and a 90-degree phase difference significantly
increases the mean lift coefficient (C;) of the leading airfoil by 15% while
simultaneously maintaining the system's propulsive efficiency at 85% of
that of the isolated airfoil. Analysis of geometric effects revealed that 15%
thickness improves C; by 10% compared to 25% thickness and reduces
flow separation; while camber, despite a 20% increase in C; (from 8. 5 to
10. 2), leads to a 12% decrease in C; (from 0. 5 to 0. 44) and an 8%
decrease in q (from 0. 6 to 0. 552). Furthermore, a 10-degree installation
angle for the leading airfoil in the tandem arrangement reduces the trailing
airfoil's drag coefficient (Ca) by 25% (from 0. 4 to 0. 3) and generates an
equivalent thrust force of 0. 02 (15% of the isolated airfoil's C4). The bio-
inspired dragonfly airfoil, with its corrugated structure, exhibits a
significant advantage in delaying stall up to a 20-degree angle of attack and
increasing C; by 18% (from 0. 908 to 1. 0718). In a general comparison, the
isolated NACA 0012 airfoil produces higher average C; (0.5 vs. 0. 41, 18%
more), C; (8. 5 vs. 7. 58, 12% more), and C,, (0. 6 vs. 0. 51, 15% more)
compared to the average performance of the tested tandem configurations.
Collectively, these precise quantitative data provide a robust framework for
the rational design and targeted optimization of oscillating propulsion
systems focusing on high efficiency and effective lift generation, making a
significant contribution to advancing the knowledge of unsteady fluid
dynamics in this field.
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