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Aerodynamic investigation and optimization of airfoil geometry and
oscillation parameters in the plunging motion using RSM
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this research, the plunging motion of an airfoil is simulated by a numerical method based on
Received 07 April 2014 finite volume method and various Reynolds numbers; however, the effect of thickness, amplitude

Accepted 26 April 2014

Available Online 01 November 2014 and reduced frequency of the airfoil are investigated on the aerodynamic coefficients. In this

process, SIMPLEC algorithm based on implicit solver, high order scheme and dynamic mesh

technique are applied for unsteady simulation which the flow is supposed to viscous,

Keywords:

p|mﬁng incompressible and laminar one. The simulations are done in three Reynolds number, 1000,
Dynamic Mesh 11000 and 50000 in accordance with the flight of the insects, small birds and pigeons. Moreover,
Airfoil Thickness the study is carried out in two different amplitudes and three reduced frequencies. Consequently,

Amplitude, Frequency the present results are compared with the published data to confirm the validity of research.

Furthermore, the pressure distribution and vortex shedding around the airfoil depict that the
thickness variation of the airfoil delays vortex shedding and the time-averaged thrust coefficient
is slightly changed. The results of this study also demonstrate that the reduced frequency and
amplitude of oscillation play an important role; but the reduced frequency is much more effective.
The response surface methodology (RSM) is subsequently used to optimize the plunging airfoil.
The optimization results illustrate that an airfoil with 0.29% thickness in the plunging motion by
3.08 reduced frequency and dimensionless amplitude 0.5 reaches a maximum trust coefficient.
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6- Response Surface Method (RSM)
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1- Plunging

2- Pitching

3- Flapping

4- Strouhal number
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1- Linear or quadratic polynomial

2- Neural Network

3- Adaptive Neuro-Fuzzy Interface System

4- Fuzzy

5- active-set

6- Karush-Kuhn-Tucker(KKT)

7- Quasi-Newton

8- Broyden—Fletcher—Goldfarb—Shanno algorithm(BFGS)
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