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Abstrak  

Airfoil telah mengalami banyak perkembangan dan optimalisasi melalui berbagai cara. Terdapat berbagai teknik 

yang dapat digunakan untuk memodifikasi bentuk arifoil standar yang ada saat ini. Metode PARSEC merupakan 

salah satu teknik parameterisasi yang paling banyak digunakan untuk memodifikasi bentuk airfoil. Paper ini 

menyediakan penjelasan yang komprehensif.mengenai implementasi metode PARSEC pada bahasa pemrograman 

python. Studi ini menggunakan Airfoil standar jenis NACA0012 sebagai referensi untuk mengevaluasi metode 

PARSEC. Airfoil NACA0012 yang dihasilkan dari metode PARSEC kemudian di komparasikan dengan airfoil asli 

dari NACA0012. Diperoleh bahwa metode PARSEC dapat menghasilkan bentuk arifoil NACA0012 sangat identik 

dengan airofil NACA0012 yang asli. Pada rentang sudut  serang tertentu, nilai CL dan CD dari airfoil yang dihasilkan 

dari metode PARSEC memiliki nilai CL dan CD yang hampir sama dengan nilai CL dan CD dari airfoil NACA0012 

yang asli. Kedua airfoil, NACA0012 yang asli atapun yang dihasilkan dari metode PARSEC memiliki sudut serang 

optimum yang sama, yaitu 8°. Nilai CL/CD maksimum dari NACA0012 yang asli dengan NACA0012 yang 

dihasilkan dari metode PARSEC secara berturut-turut adalah 84.92 dan 84.28. Diharapkan bahwa studi ini dapat 

menjadi petunjuk praktis bagi peneliti dan praktisi dalam menggunakan metode PARSEC untuk berbagai kebutuhan. 

  

Kata kunci: Airfoil; NACA; PARSEC; Python 

 

Abstract  

Airfoil has been developed and optimized in various ways. Various technique had been used to modify the existing 

standard airfoil shape. PARSEC method becomes one of the most common parameterization techniques that used to 

modify the airfoil shape. This paper provides comprehensive explanation of the implementation of PARSEC method 

in the python programming language.This study uses the standard NACA0012 airofil as a reference to evaluate the 

PARSEC method. The resulting NACA0012 airfoil from PARSEC method is then compared with the original 

NACA012 airfoil. It is obtained that the PARSEC method can produce almost identical airfoil geometry to the 

original NACA0012. Under a certain range of angle of attack variation, both CL and CD value of the PARSEC 

airfoil have a similar trend to the CL and CD value of the original NACA0012. Both PARSEC airfoil and original 

NACA0012 have the same optimum α angle of 8°. The maximum CL/CD value of the PARSEC airfoil is 84.92, while 

the maximum CL/CD value of the original NACA0012 is 84.28. It is expected that this study can be a practical 

guideline for researchers and engineers for applying the PARSEC method for various purposes. 
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1. Introduction 

Airfoil design has been developed and has undergone many changes. The form of the airfoil has been developed for 

various shapes and has different characteristics. Researchers had started to optimize the airfoil shape through various 

trial and error experiments in wind tunnel [1]. However, the trial-and-error experiment is costly and ineffective. With 

the advance development of a computational fluid dynamic simulation (CFD) recently, most of an airfoil optimization 

study is now conducted numerically and integrated with CFD simulation [1]. In addition, several optimization study are 

also conducted by using the combined Optimization Algorithm and Machine Learning[2], [3]. Generally, airfoil is 

optimized to maximize the resulting lift force and minimize the resulting drag force. Hence, the objective function of 
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an airfoil shape optimization is finding the maximum ratio of lift coefficient (Cl) and  drag coefficient (Cd) [1]. The 

optimization study of an airfoil shape is also conducted in various applications, including as aircraft[4], gas turbine[5], 

wind turbine[2], [6], [7] , tidal turbine[3], and ships[8]. Moreover, the recent optimization study is also conducted with 

multiple objective function, including weight[2] and safety[4]. Therefore, the optimization of the airfoil shape is very 

essentials in many engineering problems. 

Airfoil geometry with a various shapes are provided in literature. To optimize the existing airfoil geometry, it is 

required a technique to modify the airfoil shape [9] through airfoil parameterization method. The parameterization 

intends to modify the existing form of an airfoil.  This parameterization method is indispensable for optimizing the 

shape of an airfoil. Currently, there are numerous  methods of airfoil parameterization method[9], including B-Splines 

[9], discrete method[10], Hicks-Hennes functions [11], CST methods [12], [13], and PARSEC method[14]. Among 

existing airfoil parameterization methods, PARSEC method becomes the most common parameterization methods used 

in many study [15]. 

The PARSEC method have been introduced and explained clearly in [14]. The PARSEC method also has been used 

for airfoil optimization in several studies. The PARSEC method have been used in optimization study of the 

NACA0012 airfoil[1]. The optimization is conducted using two different optimization algorithms combined with XFoil 

simulation[17] to evaluate the airfoil performance[1]. The PARSEC method has also been used in optimization study 

of NACA0012 airfoil by using Taguchi method for the optimization process[15]. Moreover, the PARSEC method has 

been utilized in multi-Objective optimization study in[16]. Furthermore, several studies have also compare the 

PARSEC method with the other airfoil parameterization methods [9], [18]–[21]. Nevertheless, there is no study or 

literature that explain in comprehensive way how the PARSEC method can be implemented in a programming 

language. An open-acces source code of the PARSEC method implemented in Python programming langugae is 

provided in [22]. Unfortunately, it only provided the source code without any brief explanation of how the PARSEC 

method theory is implemented into the python programming language. Hence, the objective of this study is provided 

the brief explanation of the implementation of PARSEC method in a programming language. This study will explain 

the step-by-step of the implementaion of the PARSEC method into the procedural proramming using pytohn 

programming language. The resulting code then will be tested by comparing the existing NACA0012 airfoil coordinate 

with the NACA0012 depicted by the PARSEC method.  

   

2. Material and Method 

2.1. PARSEC Method 

The PARSEC method defines an airfoil shape with 11 parameters as shown in Figure 1. The definition of each 

parameter in more detail are provided in Table 1. The airfoil shape can be approximated by a curve of upper part and 

lower part of the airfoil. Each of the airfoil part is defined  by a sixth-order polynomial as shown in Equation (1) and 

Equation (2).  

         ∑             
   

 (1) 

         ∑              
   

 (2) 
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Figure 1. The eleven PARSEC parameters define an airfoil geometry [15] 

Table 1. List of the eleven PARSEC parameters and their definition 

Parameter Index Symbol Definitions 

           Leading Edge Radius 

       (m) Upper Crest Abscissa 

       (m) Upper Crest Ordinated 

         (m) Upper Crest Curvature 

       (m) Lower Crest Abscissa 

       (m) Lower Crest Ordinate 

         (m) Lower Crest Curvature 

       (m) Trailing Edge Ordinate 

        (m) Trailing Edge Thickness 

        (Radiant) Trailing Edge Direction 

        (Radiant) Trailing Edge Wedge Angle 

  

The        is the equation for the upper airfoil curve and the        is the lower airfoil curve. The     and 

     are the constant PARSEC matrix for the upper and lower curves successively. So, the Equation (1) and Equation 

(2) can be re-written in a matrix form as shown in Equation (3). 

       (3) 

 

Where the matrix  , matrix  , and matrix   can be defined as follows: 
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The index m refers to the number of the discrete point along the X line across from the leading edge  to the trailing 

edge. The value of all variables inside the matrix A of both     and      can be obtained by using the eleven 

PARSEC parameters by Equation (4) and (5). 

 

https://www.google.com/url?sa=i&url=https://www.researchgate.net/figure/llustration-of-airfoil-parameters-used-in-PARSEC-Method_fig2_326590210&psig=AOvVaw0yge6h1EwcvNSCnmXRJ0ol&ust=1588724957780000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCODbwYO8m-kCFQAAAAAdAAAAABAD
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            (4) 

            (5) 

 

Where the matrix     ,     ,      and      are defined as follows: 
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Where the index of the eleven PARSEC parameters from    to     may refer to the Table 1. The result of the PARSEC 

method is a set of points that creates a coordinate of an airfoil. 

 

2.2. PARSEC Method Procedure 

The PARSEC methods can be used to build a particular shape of airfoil geometry by several steps. This section will 

explain the step-by-step how to use the PARSEC method appropriately. The procedure of using the PARSEC method 

is depicted in Figure 2. 
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Figure 2. Procedure of the PARSEC method 

The PARSEC method begins by determining the eleven PARSEC parameters value and the number of x discrete 

points. Then, the X matrix of Equation (3) can be created. Afterward, the matrix of    ,     ,    , and      can be 

created. Then, the value of     and      can be obtained by solving the matrix equations of Equation (4) and Equation 

(5). Later, the     and      can be obtained through Equation (1) and Equation (2). Therefore, the coordinates of the 

upper part (     ) and the lower part          of the airfoil can be plotted to form the airfoil shape. To give a more 

comprehensive illustrations the NACA0012 will be approximated by using PARSEC method implemented in the 

python programming language. 

 

2.3. PARSEC Method Implementation in Python 

The PARSEC method can be implemented in the Python programming language. This section provides the ways 

how to implement the PARSEC method in python. In addition, it will be used to approximates the NACA0012 airfoil. 

The eleven PARAMETERS of the NACA0012 airfoil is provided in Table 2. 

Table 2. The PARSEC parameters value of  NACA0012 airfoil 

PARSEC Parameter Value 

        0.0155 

    (m) 0.29663 

    (m) 0.06002 

      (m) -0.4515 

    (m) 0.29663 

    (m) -0.06002 

      (m) 0.4515 

    (m) 0 

     (m) 0.0025 

    (Radiant) 0 

    (Radiant) 0.225 

 



M. Hilman Gumelar dkk /Jurnal Rekayasa Mesin 

p-ISSN: 1411-6863, e-ISSN: 2540-7678 

Vol.17|No.3|485-494|Desember|2022 
 

490 
 

The python code for the PARSEC method is initialized by calling the NumPy library. This library is capable to 

define a matrix as an array and perform various matrix operations. Then, each of  the eleven PARSEC parameters of 

the NACA0012 airfoil is defined as well as provided in Table 2. Note that the chord length of the NACA0012 is 

considered as one meter. Then, the number of x discrete point of the airfoil can be built as an array using NumPy 

linspace functions. The python code describing this step can be written as shown in Figure 3. The eleven PARSEC 

parameters can be defined in a single array variable as can be seen in Figure 4.  

 

 

Figure 3. Define the PARSEC parameters and create an array containing the x discrete points 

 

 

Figure 4. Create an array containing all PARSEC parameters 

 

Afterward, the X matrix of Equation (3) can be generated using the for-loop iteration statement. The matrix    ,     , 

   , and      can also be generated using the for-loop iteration statement as shown in Figure 5 and Figure 6. 

 

Figure 5. Create the CUP and CLow Matrix 
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Figure 6. Create the bUP and bLow matrix and solving the algebraic equations  to obtain the aUP and aLow 

 

After the matrix    ,     ,    , and      have been generated, the matrix    and      can be obtained by solving 

Equation (4) and Equation (5). The Equation (4) and Equation (5) can be solved using the linear algebra solve function 

provided in the Numpy library as shown in Figure 6. Afterward,     and      can be obtained by solving Equation (1) 

and Equation (2). The matrix multiplication operation in Equation (1) dan Equation (2) can be performed by using dot 

functions provided in the NumPy Library as shown in Figure 7. Finally, the coordinate of both upper (     ) and 

lower           part of the airfoil can be plotted to form the airfoil geometry. Note that the dimensions of the array 

    ,    , and   should be identical. Therefore, the reshape function can be used to ensure that the array     ,    , and 

  have the same dimensions as shown in Figure 7. Later, the aerodynamics of the original NACA0012 and the 

approximated NACA0012 using PARSEC method will be evaluated using XFoil. 

 

 

Figure 7. Calculate ZUP and ZLow 

 

3. Results and Discussion 

The NACA0012 is approximated by using PARSEC method through python programming language. The 

comparison between the original NACA0012 provided in the literature and the NACA0012 approximated using 

PARSEC method is shown in Figure 8. It shows that the resulting approximation of the NACA0012 geometry using 

PARSEC method is identical to the original NACA0012.   
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Figure 8. Airfoil coordinate plotting graph 

 

To validate the resulting airfoil geometry PARSEC method in this study, aerodynamics performance of both 

original and PARSEC NACA0012 airfoil will be evaluated. The aerodynamics performance is simulated by using X-

Foil open-source software [17].  

 

 

(a)      (b) 

 

(c) 

Figure 9. Simulation results of (a) lift coefficient, (b) drag coefficient, and (c) ratio of CL/CD  of original and 

PARSEC NACA0021 airofil in particular range of angle of attack (alpha) 
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The aerodynamics performance is represented by the lift coefficient (CL), drag coefficient (CD), and the ratio of 

the CL and CD (CL/CD). The value of  CL, CD, and CL/CD in a certain range of angle of attack     of both original 

and PARSEC NACA0012 are shown in Figure 4 (a), (b), and (c) respectively. Figure 9(a) and Figure 9(b) shows that 

both original and PARSEC NACA0012 have almost identical CL and CD at low  . When the   exceeds    , there is a 

slight difference of CL and CD between the original and the PARSEC airfoil. The different CL and CD of both airfoils 

at large   is probably caused by some error value from the XFoil simulation result. Despite, the resulting value of CL 

and CD of both airfoils have a similar trend.  

The most important parameter for evaluating the aerodynamics performance of an airfoil is its CL/CD ratio. Figure 

9 (c) shows that both airfoils have a similar trend. Also, both airfoils have the same optimum   angle, that is    of   

angle.  The maximum CL/CD value of the PARSEC NACA0012 airfoil is slightly higher than the original airfoil. The 

maximum CL/CD value of the PARSEC airfoil and the original airfoil are 84.92 and 84.28 respectively. Therefore, it 

implies that the PARSEC method in this study is capable to represent the original NACA0012.  

 

4. Conclusion 

This study provides brief explanation of the implementation of PARSEC method in the python programming 

language. The NACA0012 airfoil is estimated by using PARSEC method. The resulting airfoil from PARSEC method 

is then compared with the original NACA012 airfoil. It is obtained that the PARSEC method can produce almost 

identical airfoil geometry to the original NACA0012. Under a certain range of α angle variation, both CL and CD value 

of the PARSEC airfoil have a similar trend to the CL and CD value of the original NACA0012. Both PARSEC airfoil 

and original NACA0012 have the same optimum α angle of 8°. The maximum CL/CD value of the PARSEC airfoil is 

84.92, while the maximum CL/CD value of the original NACA0012 is 84.28. It implies that the PARSEC method in 

this study is sufficiently capable to represent the original NACA0012. It is expected that this study can be a practical 

guideline for researchers and engineers for applying the PARSEC method for various purposes. 
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