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An aerodynamic design problem of a flapping airfoil/wing in low Reynolds number (Re=10%) is explored with the
multi-objective design exploration framework coupled with a Navier-Stokes solver. It is found that a tradeoff
relationship among lift maximization, thrust maximization, and required power minimization for forward flight
condition. Qualitative comparison with three-dimensional and two-dimensional flapping wing is conducted to
understand the effect of dimensionality of the flow field and wing motion. It can be seen that formation and
development of leading-edge vortex (LEV) is the different between three-dimennsional wing and two-dimensional
wing as well as the LEV on three-dimensional wing generates more lift than that on two-dimensional wing. On the

other hand, wing tip vortex largely decrease the lift.
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Fig.1 Examples of proposed Mars explorer
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Fig.2 Schematic of flapping motion
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Tablel Wing kinematics for lift maximization of a flapping wing

K[ | oo[deg] | ca[deg] | ¢ldeg] | h[]
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Fig. 7  Snapshots of pressure distribution around a 2D flapping airfoil
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Fig.8 Snapshots of vortical structures and pressure distribution of a 3D flapping wing (phasel)

160% span l 80% span ! |

Fig.9 Snapshots of vortical structures and pressure distribution of a 3D flapping wing (phase2)

=055

=0.80

Fig. 10 Snapshots of vortical structures and pressure distribution of a 3D flapping wing (phase3)
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Fig. 13 Comparison of two and three dimensional wing: pressure
coefficient(left); pressure contours(right). Black arrow indicates
direction of wing motion. (90% span)
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Fig. 14 Comparison of two and three dimensional wing: pressure
coefficient(left); pressure contours(right). Black arrow
indicates direction of wing motion. (80% span)
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Fig. 15 Comparison of two and three dimensional wing: pressure
coefficient(left); pressure contours(right). Black arrow indicates
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Fig. 16 Comparison of two and three dimensional wing: pressure

coefficient(left); pressure contours(right). Black arrow indicates
direction of wing motion. (60% span)
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