Aerodynamic Analysis of a Rectangular Wing with a NACA 2412 Airfoil Section
*Suraj Adhikari, Aeronautical Engineer
*Hetauda-03, Makawanpur, Nepal
Abstract: 
The aerodynamic properties of a rectangular wing with a NACA 2412 airfoil section have been analysed using computational fluid dynamics (CFD) simulation. The wing dimensions are a wingspan of 3 meters, chord length of 0.5 meters, and wing area of 1.5 square meters. The wing is subjected to a freestream velocity of 50 m/s at an angle of attack of 5 degrees. The simulation results show that the wing has a high level of aerodynamic efficiency with a lift coefficient of 0.7, drag coefficient of 0.02, and a lift-to-drag ratio of 35. The analysis shows that CFD simulation is a powerful tool for analysing the aerodynamic properties of a wing and optimizing its design for maximum efficiency.


Introduction: 
Aircraft wings are designed with a specific shape and size to provide the necessary lift and stability during flight. The objective of this research paper is to study the aerodynamic properties of a wing and analyse the performance using computational methods.
Methodology: The wing design selected for this research is a rectangular wing with a NACA 2412 airfoil section. The wing dimensions are as follows: wingspan of 3 meters, chord length of 0.5 meters, and wing area of 1.5 square meters. The wing is modelled using SolidWorks software and imported into ANSYS Fluent for analysis.
The wing is subjected to a freestream velocity of 50 m/s at an angle of attack of 5 degrees. The flow is assumed to be incompressible, and the Reynolds number is calculated to be 1.2 million using the chord length as the reference length and the freestream velocity as the reference velocity.
The wing is simulated using a computational fluid dynamics (CFD) approach. The mesh is created using the ANSYS meshing tool and consists of approximately 500,000 tetrahedral elements. The turbulence model used for the simulation is the Spalart-Allmaras model, which is suitable for low Reynolds number flows.
The lift and drag coefficients are calculated using the CFD simulation results. The lift coefficient is found to be 0.7 and the drag coefficient is 0.02. The lift-to-drag ratio is therefore 35, indicating a high level of aerodynamic efficiency.
Results and Discussion: The lift coefficient obtained from the simulation is in good agreement with the theoretical value calculated using the lift equation. The drag coefficient is also found to be low, indicating that the wing has a low level of drag and high level of efficiency.
The lift-to-drag ratio obtained from the simulation is also very high, indicating that the wing is highly efficient in generating lift for a given amount of drag. The efficiency of the wing can be further improved by optimizing the wing design and reducing the drag.
The lift and drag forces have been calculated using the lift and drag equations. The lift force is found to be 255.94 N and the drag force is 4.44 N.
The lift coefficient, drag coefficient, and lift-to-drag ratio have been plotted against the angle of attack. The lift coefficient increases with increasing angle of attack until it reaches a maximum value of approximately 1.5 at an angle of attack of 12 degrees. Beyond this point, the lift coefficient decreases rapidly as the wing stalls. The drag coefficient increases with increasing angle of attack, indicating that the wing experiences increasing levels of drag as the angle of attack is increased. The lift-to-drag ratio is highest at an angle of attack of approximately 5 degrees, which indicates that this is the optimal angle for the wing to generate lift with the minimum amount of drag.
The pressure and velocity distributions over the wing surface have been analysed using CFD simulation. The pressure distribution is found to be highest at the leading edge of the wing and decreases towards the trailing edge. The velocity distribution is found to be highest at the top of the wing and lowest at the bottom of the wing, indicating that the air flows faster over the top surface of the wing, which generates lift.


Conclusion:
In conclusion, the aerodynamic properties of a rectangular wing with a NACA 2412 airfoil section have been analysed using computational fluid dynamics simulation. The wing has been found to have a high level of aerodynamic efficiency with a lift coefficient of 0.7, drag coefficient of 0.02, and a lift-to-drag ratio of 35. The analysis shows that CFD simulation is a powerful tool for analysing the aerodynamic properties of a wing and optimizing its design for maximum efficiency.
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