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Large eddy simulation of NACA 0012 flapping wing
using a nanosecond pulsed-DBD plasma actuator

You-Chen Wang (2 i+ &), Department of Vehicle Engineering, National Taipei University of Technology, Taiwan
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This study investigated the control of dynamic stall on a three-dimensional NACA0012 flapping wing at Reynolds number of 1.35 X 10° using linear alternating current (AC) and nanosecond (NS)
dielectric barrier discharge (DBD) plasma actuators. We used the Large Eddy Simulation (LES) Smagorinsky turbulence model to simulate three cases: NACA 0012 flapping wing without a plasma actuator,
with a linear AC-DBD plasma actuator, and with a NS-DBD plasma actuator. Compare the effects of the three cases on the flow field.

Motivation

Abstract

Problem descriptions

The flapping wing was designed and developed by | A. The computational domain

simulating the wing shape and flight characteristics of birds
and insects, exhibiting dynamic stall under periodic changes
In the angle of attack. There are many ways to control
dynamic stall, and in recent years, dielectric barrier

discharge (DBD) plasma actuators have been recognized as a Y:ﬁ?y Infet
very promising flow control device. Among them, NS-DBD with 10°

plasma actuators generate high-speed pulsed discharges that P

can produce greater energy in a short time, allowing for

better control of dynamic stall. 0375% “
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B. Flapping wing motion
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AC-DBD (left)

https://www.inceptivemind.com/epfl-flapping-wing-robot-land-
autonomously-like-bird/28841/
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C. Plasma induced force and energy contours

NS-DBD (right)

Comparison of different plasma actuation

U-velocity contour, pressure contour, and Q-criterion of each case at 1.41s (24" of 5th cycle)

A. No plasma actuator
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Governing equations and plasma sources

Continuity equation in LES
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Energy equations
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LES filter
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Smagorinsky model
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Plasma induced forces
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Nanosecond-pulsed energy
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Aerodynamic characteristics
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B. AC-DBD plasma actuator
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1.The airflow over the wing is attracted by the plasma actuation. 4 T e oD e T T aT - NeDBD (ownetroke)
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3.The NS-DBD plasma actuator has a better lift-to-drag ratio. %50 oA (agreey 2 © o 2 él3 2 25
4.The vortex induced by the NS-DBD plasma actuator can move rapidly from the upper surface of the wing. J AOA (degree)
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