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Abstract 
  The one of the major problem in the aircraft while accelerating in transonic regime the 
aircraft’s wing gets shock waves due to change in velocity from sonic to supersonic regime. The 
critical Mach number is that free-stream Mach number at which sonic flow is first achieved on the 
aerofoil surface. In order to fly the aircraft in transonic regime or above transonic speed we will 
analyze the critical mach number. The analysis of buffeting effect on the particular type of wing of the 
aircraft, while predesigning is required to avoid any unpleasant conditions. In this project work 
numerical method will be used to analyze buffeting effect on wing of the aircraft. Using CFD 
technique numerical model of aerofoil will be generated and iterations will be carried numerical 
equations by applying appropriate Boundary conditions. Thus, validating the project work. 
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1. Introduction 
 
  The Buffeting is high-frequency instability, caused by airflow separation or shock wave 
oscillations from one object striking another. It is caused by a sudden impulse of load increasing. It is 
a random forced vibration. Generally, it affects the aircraft structure due to air flow downstream of the 
wing. 
 

2. Objectives 
 
The following objectives of the project are as 

a. To predict the best method for turbulene modelling 
b. To reduce the number of iterations 
c. To minimize the residual error for numerical solution 
d. To study behavior of aerofoil undergoing buffeting effect. 

 

3. Literature Review 
 
Azizul Hasan [2016] [3], have introduced, numerical study of some iterative methods for solving 
non-linear equations. Many iterative methods for solving algebraic and transcendental equations is 
presented by the different formulae. Using bisection method, second method is the Newton’s iterative 
method and their results are compared. Newton’s method always uses two iterations whereas the 
others take only one. They have concluded that the secant method is formally the most effective from 
the Newton method, as iterating only a single function evaluation per iteration. Analysis of efficiency 
from the numerical computation shows that bisection method converges too slow but it will converge. 

 
Damien Szubert, et al. [2016] [4], have presented an analysis on the turbulent flow around a 
supercritical aerofoil at high Reynolds number and in the transonic regime, involving shock-
wave/boundary layer interaction and buffet, by means of numerical simulation and turbulence 
modelling. They carried URANS simulation and OES approach. The URANS simulations based on 
the k−epsilon SST model have indicated a high turbulence diffusion level and a decrease in the 
appearance of instabilities pas the trailing edge, as well as a short shock amplitude. The OES 
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approach provided an intermediate behaviour between the two mentioned with a reasonably extended 
shock amplitude and capturing of the von Karm´an and shear- layer vortices downstream and of the 
trailing edge 
 
Prof. Sigrid REITER, 2008 [14] presented Simulation results which shows that fluent is good tool 
for evaluating critical effects of wind around buildings from the view point of pedestrian’s comfort. A 
specific feature of the hybrid wind tunnel is existence of the feedback signal to compensate the error 
in the pressure on the side wall of the cylinder and the feed forward signal to adjust the upstream 
velocity boundary condition. 
 

   
4. Problem Definition 

 
After carrying out several search we found the following major problem in aircraft while accelerating 
in transonic regime is that aircraft wing gets shock waves due to change in velocity from sonic to 
supersonic regime 
The problem associated with existing wind tunnel testing method is as follows 

a. The method can only be perform after post designing as far as time and cost is concerned 
b. Wind tunnel testing machine requires large space and expensive equipment , which is why it is only 

conducted by several large international firms and universities 
c. This Model consumes high power to test even small sized aerodynamic model.  
d. High skilled and scientist are required to conduct the experiments 
e. Physical model of test specimen is required hence re-alteration is not possible.  
f. Since the results are in photograph and video recording format hence not easy to analyse 

 Therefore, we are proposing another method called numerical simulation method which can be done 
while pre-designing. So, we can reduce the cost & the time required. 
  

5. Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.flowchart 

5.1.  Selection of aerofoil           
 For our experimentation we selected selig1223 and naca0013 for the following results.     
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5.2.  Selection of Numerical Method 

FVM involves the division of the computational domain into volumes and the imposition of 
conservation laws on these volumes. Then the Gauss Divergence theorem is applied to convert 
volume integrals to boundary integrals. And finally, the fluxes are evaluated at boundaries. Fluid 
dynamics involves conservation laws such as conservation of mass, energy and momentum and hence, 
FVM was deemed useful to run CFD simulations Mathematically, it is a very intense method and 
engineers need to dig in deeper into the field of functional analysis to gain a deeper insight to build a 
physical, accurate and stable CFD model. 

 
5.3. Selection of model 

Turbulence modelling is the construction and use of a model to predict the effects of turbulence. 
A turbulent fluid flow has features on many different length scales, which all interact with each other. 
A common approach is to average the governing equations of the flow, in order to focus on large-
scale and non-fluctuating features of the flow. However, the effects of the small scales and fluctuating 
parts must be modelled. 

 
      5.4 CFD Analysis in Fluent 

    We used ansys fluent to do CFD simulation of airfoil because of ANSYS Fluent software is the 
most-powerful computational fluid dynamics (CFD) tool available. . Fluent includes well-validated 
physical modeling capabilities to deliver fast, accurate results across the widest range of CFD and 
multiphysics applications. 

 5.5 Analyzing Post- CFD Results 
 We have analyzed the following in five different methods. We used following methods. 
 1. Allmars spalart  
 2. k – ω Method 
 3. K-ε Method  
 4. .SST (Shear Stress Transport) Method  
 5. RANS (Reynolds-averaged Navier–Stokes) Method 
  

6. Results and Discussion 
 

The following result were obtained in ANSYS by using Spalart Allamaras method for are 
SELIG1223 aerofoil. 
 

6.1.  Pressure vs Coeffecient graph 
 

  
   

 
Figure 2.  pressure vs position graph  

In below graph of pressure coefficient vs position we can say position varies with position . 
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6.2. Residue graph 
 
     In below graph it is found that the solution is converged in 22 iteration and the range of residue is 
10-4 to 10-8. 
 
  

   
 

Figure 3. Residue graph 
 

6.3. Coeffecient of Drag vs Iteration graph 
 

 We get constant value of coefficient of drag as the solution takes to converge and the net drag 
coefficient is 15086.868 

 

 
 

Figure 4. Coefficient of drag vs Iteration graph 
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    6.4 Coeffecient of Lift vs Iteration graph 
 

We get constant value of coefficient of lift as the solution takes to converge and the net lift 
coefficient is 19269.933. 
 
   

 
 

Figure 5. Coefficient of Lift vs Iteration graph 
 
 6.5 Velocity diagram 
  
This is a velocity profile diagram. In this diagram we conclude that shockwave generates before 

maximum camber position. 
  

   
 

Figure 6. Velocity digram  
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7. Conclusion 
 

  The following conclusion would be derived from the above results after analyzing the 
several for various method  

1. The Spalart - Allmaras  method is most feasible method that generates the various graph for analyzing 
buffeting effect in minimum no of iterations. 

2. The shock waves formed in various graph is best shown in Spalart - Allmaras method 
3. The residue generated is very less in the Spalart - Allmaras method as it uses one equation model. 
4. The coefficient of drag is approximately correct, because the solution gets converged easily as it takes 

minimum iteration . 
5. The coefficient of lift is approximately correct ,because the solution gets converged easily as it takes 

minimum iteration . 
6. The velocity profile diagram shows flows  shock waves on the graph.  
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