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Abstract 

This research will discuss the advantages of a NACA 0015 airfoil with a split configuration under varying 

Reynolds numbers. Computational Fluid Dynamics (CFD) simulations with a K-epsilon turbulence model were 

conducted on a two-dimensional split airfoil to achieve this goal. Initially, simulations were carried out for the 

unsplit airfoil geometry at different Reynolds numbers within an angle of attack (AoA) range of 00 to 250. 

Subsequently, simulations were performed for the split airfoil geometry at various Reynolds numbers within the 

same AoA range. The unsplit airfoil experiences stall at AoA greater thCan 110 degrees, while the split airfoil 

experiences stall at AoA greater than 130 degrees. Additionally, using a split airfoil enhances Cl, with an average 

increase of approximately 7-8% across different Reynolds numbers. In addition to the Cl improvement, the split 

airfoil exhibits lower Cd values than the unsplit airfoil, with an average reduction of about 26-28% across all 

Reynolds number variations. Overall, using separate airfoils improves the aerodynamic performance of the 

airfoil, with an average increase in Cl/Cd of approximately 33-37% across all Reynolds number variations. In 

conclusion, the split airfoil performs better than the unsplit airfoil. 
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1. INTRODUCTION 

An airfoil is a shape or geometry 

utilized in the cross-section of wings or wind 

turbine blades. The use of airfoils as wing 

components initially drew inspiration from 

the shape of bird wings and was adopted in 

aviation. Yan elucidates the relationship 

between lift force and the airflow around an 

aircraft wing, forming the theoretical 

foundation for wing design development 

[1]. As research progresses and aviation 

scenarios become more complex, The 

current demands exceed the dynamic 

capabilities of conventional wings. Aviation 

agencies worldwide have released multiple 

datasets related to airfoils, one of which is 

the set of airfoil profile data created by the 

National Advisory Committee for 

Aeronautics (NACA). This type of airfoil is 

currently the most commonly used. Airfoil 

innovation has expanded into various 

domains within fluid flow engineering in 

general. The characteristics of airfoil 

profiles are a crucial factor in wing design, 

as wing efficiency significantly relies on the 

shape of the airfoil profile employed. 

Therefore, several studies, such as airfoil 

shape optimization, have been conducted to 

explore airfoil profiles both through 

numerical and experimental approaches in 

the existing literature [2] 

In conducting numerical simulations 

and experimental observations on the 

NACA 0015 airfoil profile, the numerical 

computations in this investigation indicate 

that stall phenomena manifest at an angle of 

attack of 160 degrees and a Reynolds 

number of 6.849 x 105. This leads to a 

reduction in the lift coefficient and an 

elevation in the drag coefficient [3]. They 

examined the NACA 4412 airfoil profile at 

a Reynolds number of 3×106. This study 

scrutinized the transition from laminar to 

turbulent flow utilizing two distinct 

numerical models: the k-epsilon model and 

the Spalart-Allmaras model. Subsequently, 

the numerical findings with experimental 

data revealed that the two numerical models 

yielded congruous outcomes when applied 

under high Reynolds number conditions [4]. 
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By introducing an additional Gurney flap to 

the NACA 0015 airfoil profile, they 

conducted a numerical evaluation of the 

performance of this modified configuration. 

Their findings show that the drag coefficient 

has not changed but there has been an 

increase in the force coefficient, so the 

design used is very profitable [5] . This 

study Shows that the double-split model is 

superior to the single-split model at AOA 

between 170 and 220, but in the range 

00<AOA<170 the double-split model 

experiences a decline in performance 

compared to the single-split model. This 

decrease is due to two separation areas in the 

split channel of the double-split model, one 

near the inlet and the other at the sharp edge 

of the splitter [6]. 

Several studies have been conducted 

on the modification of the NACA 0015 

airfoil, such as the addition of a Gurney flap, 

increasing the lift coefficient of the NACA 

0015 airfoil. This indicates that the NACA 

0015 profile still has some shortcomings, 

such as limited potential to generate 

maximum lift, early stall, suboptimal 

aerodynamic performance at low angles of 

attack, and significant drag. Split airfoil can 

be designed to reduce aerodynamic drag 

while simultaneously increasing lift. This 

study aims to optimize the design for the 

best combination of increased lift and 

reduced drag. Therefore, this research 

significantly enhances the aerodynamic 

performance of the NACA 0015 airfoil. The 

main objective of this research is to examine 

the influence of a split airfoil on the 

aerodynamic characteristics of the NACA 

0015 wing profile at various Reynolds 

numbers of 1.6 x 106, 2 x 106, and 2.5 x 106 

using Computational Fluid Dynamics 

(CFD) tools. Thus, the effects of the airfoil 

split can impact changes in the lift 

coefficient (Cl) and drag coefficient (Cd) and 

reveal the fluid flow characteristics around 

the airfoil.  

2. METHOD 

Geometry of the models 

The geometry of the NACA 0015 

airfoil profile was chosen, having no 

maximum camber, a camber position at 0%, 

and a thickness of 15%, with a chord length 

measuring 1000 mm. The split version was 

selected based on the best aerodynamic 

performance observed in the 2-D results 

from the previous study. [7]. The pressure 

surface near the stagnation point is chosen as 

the split point, which is at 90% of the chord 

length from the trailing edge. For 

comparison, on the suction surface a split 

exit point is selected at 40% of the trailing 

edge. The width of the split cut measures 1 

cm. The 2-D split profile demonstration has 

a chord length (C) of 1 meter. The two-

dimensional representation of both the 

NACA 0015 airfoil profile and the NACA 

0015 split airfoil is depicted in Figure 1. [6] 

 

(a) NACA 0015 with split 

 

(b) Baseline NACA 0015 

Figure 1. Geometry split airfoil and no split airfoil 

Domain and boundary condition 

This research, generated two distinct 

geometries, specifically, the fundamental 

NACA 0015 profile and the divided NACA 

0015 profile. The airfoil possesses a chord 

length (c) of 1 meter. The study incorporates 

two distinct zones within the domain. The 

first section acts as the inlet for fluid 

velocity, while the second is the outlet for 

fluid pressure. An anti-slip boundary is 

established over the entire surface of the 

main airfoil profile. In contrast, for the 

airfoil experiencing flow separation, the 
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boundary condition applied to the divided 

region is characterized as a velocity inlet. 

The domain dimensions and boundary 

conditions are visualized in Figure 2. 

 

Figure 2. Fluid domain 

Meshing 

following the configuration of all geometry 

and subsequent computational steps. 

Meshing is defined as a computational step 

where the geometry of a domain is divided 

into smaller slices for computational 

purposes. Each segment in the net is called a 

net element. One category of mesh elements 

is rectangular elements, which are very 

suitable for structured meshes because their 

per-iteration cost is lower than other mesh 

elements. Another category is triangular 

meshing, which is highly adaptable, even to 

complex geometries, making it a common 

choice for unstructured meshing. This 

research proposes mesh variations of 25 x 

103, 50 x 103, and 105. Mesh independence 

tests are carried out to evaluate these 

variations and identify the most efficient. 

Meshing options, which are then used for 

further computational procedures. The 

meshing approach used in this research is 

structured meshing. Next, each mesh 

element is placed near the airfoil surface so 

that the flow near the airfoil is captured.[8]. 

Additional information will be provided as 

depicted in Figure 3. 

 

 
a. domain fine (100000 elements) 

 
b.  domain medium (50000 elements) 

 
c.  domain coarse (25000 elements) 

 
d. baseline NACA 0015 

 
e. Naca 0015 split 

Figure 3. Mesh 
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Governing equations 

The primary equation introduced in 

this document is the Reynolds-Averaged 

Navier-Stokes equation (RANS). 

Mathematically, the RANS equation is 

detailed in equations 1 and 2 [9]The k-ε 

model is commonly employed in turbulence 

modeling methodology, being a widely used 

turbulence model in computational 

simulation. Equations 3 and 4 represent the 

mathematical expressions for the k-ε 

turbulence model. [10]. The selection of the 

k-ε equation in this study is based on its cost-

effectiveness per iteration compared to the 

other two-equation turbulence models. 
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Aerodynamic of airfoil 

Evaluating a split airfoil flow as a 

passive flow control primarily hinges on the 

airfoil's aerodynamics. Two commonly 

deliberated aerodynamic forces encompass 

the drag force and the lift force [11]. Drag 

force can also be called aerodynamic force 

which is oriented in the direction of fluid 

flow [12]. Meanwhile, Lift force can be 

called an aerodynamic force whose vector is 

perpendicular to the direction of fluid flow. 

for drag and lift forces with dimensionless 

values usually referred to as drag and lift 

coefficients. These values are sequentially 

mentioned in equations 5 and 6 [13] 

 

𝐶𝑑 =
𝑑

1

2
𝜌𝑈2𝑐

  (5) 

𝐶𝑙 =
𝑙

1

2
𝜌𝑈2𝑐

  (6) 

3. RESULT AND DISCUSSIONS 

In this research, it is imperative to analyze 

of mesh variations to ensure that all meshes 

fall within the specified convergence range. 

Furthermore, it is essential to calculate the 

error values for each mesh. There is a 

singular approach, known as the mesh 

independence test, which can concurrently 

achieve both of these objectives [14]. This 

method is known as Richardson 

Extrapolation, a concept expanded upon by 

Roache. Each phase of the mesh 

independence assessment is conducted 

following a methodology similar to that 

utilized in Julian's prior study [15]. The 

investigation mesh independence test 

included the measurement of velocity at 

coordinates x=0.5 and y=0.15 surrounding 

the airfoil. with a mesh refinement ratio of 

2. In the mesh independence test, an order of 

accuracy of 1.8 was achieved. The 

calculated convergence index percentages 

for the refined and less refined meshes were 

1.100% and 2.4948%, respectively. A safety 

factor of 1.25 was applied in the mesh 

independence test, resulting in a relative 

error of 0.0024. Ultimately, the outcome of 

the mesh independence test converged to a 

value of 1, indicating that mesh variations 

contributed to the convergence index. The 

parameter value obtained was 25.86624. In 

summary, this information is presented in 

Figure 4, and it is evident that the finer mesh 

provided the parameter value that closely 

matched the desired criteria, leading to its 

selection for subsequent calculations. 
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Figure 4. Mesh independence test 

 
Figure 5. Validation Cl 

 

Figure 6. Validation Cd 

 

Figure 7. Koefisien lift 

 
Figure 8. Koefisien drag 

 
Figure 9. Comparasion Cl and Cd 
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 The selected Reynolds number in this 

study is 1,6×105, calculated based on the 

airfoil's chord length. The aerodynamic data 

in this research, namely Cl and Cd, were 

analyzed in a two-dimensional form. The 

experimental data consists of Cl and Cd 

aerodynamic data from the original NACA 

0015 profile, and research obtained from 

Kekina[16], which will be presented in 

Figure 5 and Figure 6. The Cl and Cd curves 

of Kekina Exp and Fari CFD exhibit similar 

trends. Both Kekina Exp and Fari CFD 

experience the same increase in Cl up to 

AoA 100. Furthermore, Kekina Exp and Fari 

CFD both show an increase in Cd as AoA 

increases. When AoA is less than 60, Kekina 

Exp has a higher Cd than Fari CFD, but after 

reaching AoA 60, Fari CFD's Cd becomes 

higher than Kekina Exp's until AoA 140. 

Then, Kekina Exp's Cd becomes higher than 

Fari CFD's again. 

The data in this study were obtained 

from Computational Fluid Dynamics 

simulations on both the non-split airfoil and 

the split airfoil. Figure 7 illustrates that the 

curves for the non-split airfoil and the split 

airfoil exhibit the same trend. Both the non-

split and split airfoils experience an increase 

in Cl with an increase in angle of attack up 

to a certain angle of attack. Beyond that 

AoA, the airfoil experiences a decrease in 

Cl, indicating a stall condition. Stall 

conditions for the non-split airfoil occur at 

AoA 120, while for the split airfoil, it occurs 

at AoA 140. This demonstrates that 

modifying the airfoil using a split can indeed 

delay stall. This phenomenon holds for all 

Reynolds number variations. Furthermore, 

the split in the airfoil also influences the 

increase in coefficient lift. This is evidenced 

by an average coefficient lift increase of 7% 

at various Reynolds numbers of 1,6 x 106 

and 2 x 106 and 8% at various Reynolds 

numbers of 2,5 x 106. Therefore, it can be 

concluded that the use of a split in the airfoil 

can be advantageous from a Cl perspective. 

However, the magnitude of the Cl increase 

generated is not always the same across all 

Reynolds numbers. 

In addition to increasing Cl, a split 

airfoil can also improve airfoil performance 

by reducing Cd. Figure 8 shows that the 

curves for the non-split airfoil and the split 

airfoil exhibit the same trend. Both the non-

split and split airfoils experience an increase 

in Cd with an increase in AoA, but the value 

for the split airfoil is lower than that of the 

non-split airfoil. This is evidenced by an 

average Cd reduction of 26% at various 

Reynolds numbers of 1,6 x 106, 27% at 

various Reynolds numbers of 2 x 106, and 

28% at various Reynolds numbers of 2,5 x 

106. Following the stall, the escalation of Cd 

becomes more pronounced owing to the 

adverse separation of fluid flow transpiring 

on the upper surface of the airfoil, 

potentially resulting in elevated Cd values.. 

Fluid separation can increase Cd values 

because of the extreme pressure difference 

between the fluid flow before interacting 

with the airfoil and the separated flow. This 

extreme pressure difference causes the 

airfoil to experience rearward thrust. In the 

AoA range of 0° to 25°, the split airfoil can 

generate lower Cd values compared to the 

non-split airfoil. Further details on this will 

be discussed in the velocity and pressure 

contour analysis. 

This figure 9 illustrates that both the non-

split and split airfoils follow a similar trend 

in their curves. The highest point on the 

curve corresponds to the maximum angle of 

attack. For the non-split airfoil, the optimum 

angle of attack is attained at AoA = 60. 

Conversely, for the split airfoil, the optimal 

angle of attack is at AoA = 70, and the peak 

point on the curve for the split airfoil 

surpasses that of the non-split airfoil. This 

holds for all Reynolds number variations. 

This is due to the significantly greater Cl 

generated compared to Cd. Therefore, it can 

be deduced that the utilization of a split 

airfoil holds the potential to enhance the 

airfoil's overall aerodynamic efficiency. 

This is supported by an average increase in 

Cl/Cd of 33% at various Reynolds numbers 

of 1,6 x 106, 34% at various Reynolds 

numbesr of 2 x 106, and 37% at various 

Reynolds numbers of 2,5 x 106. 
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(a) No split AoA 110 Re 1,6 x 106 (b) Split AoA 110 Re 1,6 x 106 

  
(c) No split AoA 130 Re 1,6 x 106 (d) Split AoA 130 Re 1,6 x 106 

  
(e) No split AoA 110 Re 2 x 106 (f) Split AoA 110 Re 2 x 106 

  
(g) No split AoA 130 Re 2 x 106 (h) Split AoA 130 Re 2 x 106 

  
(i) No split AoA 110 Re 2,5 x 106 (j) Split AoA 110 Re 2,5 x 106 

  
(k) No split AoA 130 Re 2,5 x 106 (l) Split AoA 130 Re 2,5 x 106 

Figure 10. Velocity contour 
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The next visualization concerns the 

distribution of pressure on the airfoil. Fluid 

speed in the upper chamber can be  

increased, this is a characteristic of airfoils. 

An increase in fluid velocity causes a 

decrease in pressure, this is based on the 

Bernoulli principle. In other words, there 

exists an inverse relationship between fluid 

velocity and pressure. However, a velocity 

increase also manifests in the lower 

chamber. As a result, when AOA is 00 , the 

ability to produce lift is reduced. Figure 11 

illustrates the pressure contours surrounding 

the airfoil at (AoA) of 110 and 130 degrees. 

The fluid pressure differential between the 

upper and lower chambers, as depicted in 

Figure 11, results in lift generation at these 

angles of attack (AoA). Separation of flow 

reduces pressure in the upper chamber, 

leading to alterations in pressure distribution 

in the lower chamber. Contrary to the upper 

chamber, changes in the lower chamber are 

such that increased fluid injection results in 

elevated pressure. Therefore, greater fluid 

flow injection correlates with higher lift 

coefficients (Cl) generated by the airfoil due 

to the greater pressure at the bottom of the 

airfoil which causes the airfoil to lift higher. 

 

4. CONCLUSION 

The Cl for the split airfoil and the non-

split airfoil exhibit similar trends. Both 

experience an increase in Cl with increasing 

AoA until reaching a certain point. 

Afterward, there is a decrease in Cl, 

indicating that the airfoil is in a stall 

condition. The split airfoil shows a 

significant delay in stall compared to the 

non-split airfoil. In addition to improving Cl, 

the use of a split airfoil can also reduce Cd 

because the stall point in the split airfoil can 

be delayed until a certain AoA. The split 

airfoil has a lower Cd than the non-split 

airfoil at various Reynolds numbers. This 

study also determines the optimum AoA of 

the airfoil. The findings demonstrate that the 

split airfoil exhibits a superior optimal angle 

of attack (AoA) when compared to the non-

split airfoil, and this trend persists across all 

variations of Reynolds numbers. This is due 

to the significant increase in Cl in the split 

airfoil. When looking at velocity 

visualization, it becomes evident that the 

split airfoil can control fluid flow in the 

upper chamber and reduce separation, which 

can help prevent stall. Pressure visualization 

around the airfoil also demonstrates that the 

 

  

(a) No split AoA 110 Re 2,5 x 106 (b) Split AoA 110 Re 2,5 x 106 

 
 

(c) No split AoA 130 Re 2,5 x 106 (d) Split AoA 130 Re 2,5 x 106 

Figure 11. Pressure contour 
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split airfoil can generate favorable pressure 

distributions, enabling lift generation at 

higher AoA. Thus, this research indicates 

that the use of a split airfoil can significantly 

enhance aerodynamic performance with 

increased Cl, reduced Cd, and an improved 

optimum AoA, which can have positive 

implications for various aerodynamic 

applications. 
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