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Experimental and Numerical Investigations of Oscillation Parameters Effects on
Stability Derivatives of a NACA0012 Airfoil

M.H. Shojaeefard, A. Khorampanahi, and M. Kheirkhah Vatan
School of Mechanical Engineering
Iran University of Science and Technology
(Received: 25/January/2017; Accepted: 4/July/2017)

ABSTRACT

In this article, a comprehensive procedure is proposed to calculate the stability derivatives of a NACAO0012 airfoil by
means of wind tunnel test and computational fluid dynamics (CFD). To accomplish maneuverability study and dynamic
analysis of the flight vehicle, these derivatives were obtained finding the body aerodynamic responses to some specified
time variant motions. Here, on the basis of linearized equations of motion, in which the aerodynamic coefficients appear
explicitly, two distinct oscillating maneuvers were considered: plunging and fish-like oscillating motion. To obtain the
aerodynamic responses of the moving airfoil, a CFD method based on Reynolds Averaged Navier—Stokes (RANS)
equations was used with dynamic mesh technique to simulate the specified maneuvers. The computational results were
then validated comparing the wind tunnel tests data of the plunging maneuver. Afterwards, the aerodynamic coefficients
were calculated using the resulting loads. Finally, the effects of oscillating motion parameters variations on these
coefficients are investigated, which shows that dimensionless coefficients are dependent on the oscillations amplitude
and frequency. However, they are independent of the Strouhal number in the studied range.

Keywords: Stability Coefficients, Plunging Motion, Pure-Pitch Motion, Unsteady Oscillating Flow, Strouhal Number
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4- Aerodynamic Response
5- Analytical Methods

6- Semi-Empirical Methods
7- Experimental Methods
8- Computational Fluid Dynamics (CFD)
9- Flight Tests

10- Wind Tunnel Tests

11- Scale Effects

12- Struts

13- Rotary-Balance Test
14- Forced-Oscillation Test
15- Conceptual Design
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1- Stability Coefficients
2- Aerodynamic Loads
3- Taylor Series Expansion
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9- Strouhal Number

10- Pitch
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12- Steady Motion Velocities
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1- Inviscid

2- Incompressible

3- Stall

4- Boundary Layer

5- Pitching Oscillating Motion
6- Turbulent Flow

7- Lift

8- Plunging
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3- Second Order Upwind

4- Pressure-Velocity Coupling
5- SIMPLE Algorithm

6- Time-Step
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1- User-Defined Function (UDF)
2- FLUENT
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