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Abstract— This paper aims to investigate the tubercle 

amplitude effect on wing aerodynamic performance in 

transonic flow by using the CFD simulation. The NACA0012 

airfoil is selected for 3D wing modeling. Two models are 

generated, one is baseline and other is tubercle with 

amplitude of 5% of mean chord and wavelength 11% of 

means chord are observed. The comparison of baseline or 

smooth leading edge model with tubercle model is performed 

in the form of L/D ratio. The TLE(Tubercle leading-edge) 

model has good performance up to some extent but when it is 

compared to SLE (Smooth leading-edge) model its 

aerodynamic performance is less at an angle of attack 3°. The 

best performance of baseline model compared to tubercle 

model is contribution of this research. 
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I. INTRODUCTION 

Airline manufacturers are highly focused to increase the 

flight capacity while maintaining highest aerodynamic 

efficiencies, therefore they are looking for safe and 

sustainable aircraft. A subsonic aircraft has positive impact 

on environment and costs by improving weight and fuel 

consumption. Currently, 33% of the world's fuel energy 

consumption is covered by vehicles used in the transportation 

sector (aviation, water, roads). Air transport requires their 

greatest effort to move objects / people. Air traffic is 

increasing rapidly every year. Abrasive vehicles (airplanes, 

planes, etc.) are used in a variety of ways, including public 

transport, security guards, and space missions. In any case, 

the majority of aircraft-mounted vehicles use rigorous non 

renewable energy sources that are causing unnatural weather 

changes, kindergarten impacts, and the cost of supported 

petroleum products. Improving the performance of an aircraft 

can reduce fuel consumption and increase the drag of the 

aircraft. Wing design modification of the airplane with 

tubercle are found to be promising adjustment which helps to 

manage the flow characteristics and decrease the shock wave 

generated by the fluid pressure. Basically tubercles are 

inspired from the humpback whale flippers which could 

decrease the drag and increase the lift force [1]. In fact, 

humpback whales can turn very sharply with flippers at high 

swimming speeds (4 knots [2 m / s] and above) and this leads 

to traveling speed up to Reynolds number 106. A shock wave 

is generated over the airfoil that causes the reduction in lift 

and increase the drag, this wave also known as wave drag [2]. 

In transonic regime as this wave produce unsafe separation 

over the wing. Various techniques were used to decrease the 

availability of this wave like sweep, supercritical airfoil and 

porosity [3]. The tubercles on leading-edge wing became a 

fast growing research and many applications have been 

researched and they can change the flow pattern. Tubercles 

are rounded shape and can change the flow domain [4]. Many 

experimental and simulation researches were made on these 

tubercles by applying different techniques. Tubercle changes 

flow behavior over wing surface and flow changes from 

chord wise to span wise [5]. A simulation work was made on 

tubercle by changing the waviness of tubercle has increased 

the L/D ratio in post stall regime [6]. Use of tubercles on wing 

surface can change flow pattern, this study aims to know 

about the effect of tubercle amplitude on wing aerodynamic 

performance at Mach number 0.8 and Reynolds number 3 

million.  

II. METHODOLOGY 

This research work defines the effect of size of tubercle 

amplitude for that 3D model of wings of both baseline and 

tubercle are generated by using SOLIDWORKS. For 

generating 3D model, first coordinates of 2D airfoil were 

obtained of NACA0012 and then 3D infinite wings are 

generated with 140mm chord and 137mm span size. 

 
Fig. 1: Baseline Model 

 

Wireframe view of meshed wing 
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Fig. 2: Tubercle Model (A05L11) 

 In Fig.2 a tubercle model is shown in which model 

name is used A05L11, in this after A number shows the 

percentage of amplitude size with respect to chord and L 

shows the wavelength and number after that shows the 

percentage of wavelength with respect to chord. 

 Now for the analysis of wing for CFD simulation a 

domain is created around the wing in ANSYS design 

modeler. For decreasing the obstruction domain size is 

selected as 20c in horizontal and 10c in vertical position, as c 

shows the chord length. 

 
Fig. 3: fluid domain around the wing 

 A mesh is generated around the fluid domain by 

using tetrahedral mesh element with 5mm of size. A non-

uniform mesh was generated as shown in fig.4 

 

 
Fig. 4: Mesh around the wing and fluid domain 

 

 
Fig. 5: Wire frame view of wing 

III. FLOW GOVERNING EQUATION 

As working fluid is air and the flow is compressible, viscous 

so the governing continuity and RANS equations are given 

below: 
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 A term in Eq.1.2 and Eq. 1.3 showing the Reynolds 

stress given as   −𝜌𝑢𝑖
′′𝑢𝑗

′′̅̅ ̅̅ ̅̅ ̅̅ ̅) that causes the availability of 

turbulence in the flow and over bars shows the mean flow. To 

overcome on these stresses of turbulence a model is selected 

in this study known as k-𝜔 SST. This model gives the best 

result near the wall and shear flows with high quality it also 

combines the k-𝜔 and k-𝜀 models [7]. It result best for the 

steady RANS [8] and unsteady RANS [9]. In this regard a 

study had made on transonic speeds in which this model is 

used to know about the weakness of shock wave by adding a 

bump on vane [10]. This is best model for the solution of 

RANS  [11, 12]. 

Equations for the K-𝜔 model are given below: 
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 These equations were solved by ANSYS Fluent by 

using the finite element method Table.1 show the models and 

their solvers. 

Criterion Problem solver 

Pressure 2nd order 

k 2nd order 

𝝎 2nd order 

Turbulence k-𝝎 SST 

Table 1: models and their solver 

IV. RESULTS AND DISCUSSIONS 

The flow behavior with increasing the tubercle size is main 

consideration of this research as in subsonic regions tubercles 
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are performing not better as compared to transonic region. As 

given results of both models are in the form of L/D at angle 

of attack 3 degree. Form Fig.6 it can be notice that with 

increasing the amplitude size of tubercle model performs not 

better than baseline, as baseline performs best in pre-stall and 

tubercle perform better in post-stall regimes. The model with 

5% amplitude of tubercle with 11% wavelength has results 

close to baseline but not completely.  

 
Fig. 6: Comparison of L/D of Baseline and Tubercle model. 

 These arrangements of tubercles in models alter the 

flow characteristics each combination of amplitude with fixed 

wavelength has the different flow topology, for better 

understanding of the flow and pressure distribution over the 

wing models, Fig.7 and 8 describes it in better way. 

 
Fig. 7: pressure distribution over baseline model 

 
Fig. 8: Pressure distribution over A05L11 model 

 A pressure distribution over surface of wing define 

that in baseline model the distribution of pressure remains 

same all over the wing surface and the flow is only in chord 

wise direction but in tubercle model flow changes its pattern 

from chord wise to span wise. This means that tubercle 

provide alteration of flow but decrease in result of tubercle 

model is due to the recirculation of the flow at the end of the 

tubercle model, it is clear to see that at the end the flow start 

back in model A05L11.  

 The pressure distribution over the wing always 

changing due to tubercle but from Fig.9 it is observed that 

peak facing high pressure and at valley it goes down much 

more, this leads tubercles in more effective way as compared 

to baseline model. 

 
Fig. 9: Pressure distribution over peak and valley 

V. CONCLUSION 

The Baseline and Tubercle model were developed and it was 

concluded that the baseline model performs best as compared 

to tubercle model with 5% amplitude size. Also this research 

concluded that with increasing the amplitude size there will 

be no favorable impact on wing aerodynamic performance at 
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angle of attack 3°. Also tubercle model performs good in post 

stall regimes. 
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