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Abstract: Analysis of the aerodynamic performance of an airfoil cross-section is very necessary to determine the maximum lift 

force that occurs and the forces acting on the airfoil cross-section such as Drag Force and Lift Force. In this study, a series airfoil 

cross-section design, a symmetrical airfoil, was tested using Fe software with input of fluid velocity, viscosity and density so that 

the distribution of velocity and pressure distribution along the airfoil can be known. To obtain maximum performance from this 

airfoil, different angles of attack are given so that later the maximum angle of attack is obtained to produce maximum lift as well. 

From the velocity contour and pressure contour read in Fe software along the upper and lower surfaces of the airfoil, the average 

price is taken and then plotted in a graph to show the magnitude of the lift force and drag force that occurs and from the velocity 

distribution and temperature distribution, the drag coefficient and lift coefficient prices are obtained. This research is expected to be 

useful in the world of aerodynamics, especially those related to aircraft wingsso that this modeling can maximize the flight 

performance of an aircraft and enable the development of aircraft wing designs that are in accordance with the selection of total 

design with NACA standards. 
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I. INTRODUCTION 

In the aviation world, aerodynamic efficiency is a crucial 

factor that affects aircraft performance, stability, and fuel 

consumption. One of the important elements in aerodynamic 

design is the wing profile or airfoil, which determines airflow 

characteristics around the wing and generates lift and drag 

forces. Therefore, the selection and evaluation of the airfoil is an 

essential stage in aircraft design development. 

With the advancement of Computational Fluid Dynamics 

(CFD) technology, aerodynamic analysis can now be performed 

numerically using software such as Fe software. This method 

offers high efficiency in evaluating fluid flow characteristics and 

pressure distribution around the airfoil, enabling data that closely 

resembles real conditions without needing physical wind tunnel 

testing. Through CFD simulation, important parameters such as 

lift coefficient, drag coefficient, and pressure distribution can be 

analyzed in detail under various angles of attack. 

1.1 Background 

An aircraft is a combination of various components that 

work together in an integrated manner to function properly. 

Many aspects must be considered by engineers when designing 

aircraft components, including functionality, safety, cost-

effectiveness, and optimal dimensions. Aircraft components are 

critical parts that require high durability to ensure aircraft safety. 

One of the aircraft components analyzed in this study is the 

wing. 

Wings, commonly known as airplane wings, are the main 

components responsible for generating lift to make the aircraft 

fly. The airplane wing is a vital component that plays a key role 

in lifting the aircraft body and flying it toward its destination. 

The fundamental function of an airplane wing is to produce lift 

through its aerodynamic shape. 

Airplane wings have a structure and design that includes an 

airfoil. An airfoil is the cross-sectional shape of a wing or other 

surface designed to generate lift when moving through the air. 

The airfoil shape is very important in determining the 

aerodynamic performance of the wing or other surfaces. 

1.2 Research Objective 

The topic studied in this research is crossflow. The choice 

of design has been standardized in many ways, one of which is 

mailto:ojokurdi@ft.undip.ac.id


 

Current Journal of Engineering and Science Research 

Volume 2, Issue 5, pp 13-18, May 2025 

ISSN (online): 3049-1738 

DOI: https://doi.org/10.47001/CJESR/2025.205003         

Available Online at https://www.cjesr.com 

 

Copyright © 2025 CJESR All Rights Reserved 
 

14 

the airfoil series. Specifically the  airfoil, which is used on the 

aircraft wing, was selected. The objective of this study is to 

determine the effect of changes in the angle of attack (α) of the 

airfoil on velocity distribution and pressure distribution, as well 

as its impact on the lift coefficient (CL) and drag coefficient 

(CD). The variations of angle of attack used are 0°, 3°, 6°, 9°, 

12°, and 15°, with the maximum lift occurring at a specific angle 

of attack. 

II. RESEARCH METHOD 

Research on airfoil development as a key element in 

aerodynamics has been conducted extensively in recent years. 

Various airfoil configurations have been designed based on 

experimental results to meet specific application needs. Each 

airfoil has unique characteristics influenced by many factors, 

making their use specific to certain cases. However, this aspect is 

often overlooked in model aircraft design due to limited 

technical knowledge. Therefore, this study focuses on analyzing 

the aerodynamic characteristics of the  airfoil using CFD-based 

software to understand its performance in an aircraft wing 

configuration. 

 

Figure 1: Diagram Alir 

2.1 Data Analysis 

The airfoil profile has a chord length of 180 mm. This 

airfoil has a maximum thickness of 18% and a maximum camber 

located at 15% of the chord. 

 

Figure 2: Airfoil 

2.2 3D Modeling 

The 3D model was created using CAD software based on 

geometry obtained from the manual book and direct 

measurements during the internship. 

 

Figure 3: 3D Model in CAD 

 

2.3 FE Software Workbench Airfoil  

The research method involves performing simulations 

using Fe software on the airfoil. The steps in this method 

include: 

a) Importing the airfoil design and generating the 3D model 

precisely at the origin. 

 

Figure 4: Model 3D Airfoil inFE Software 
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b) Creating a rectangular enclosure to serve as the airfoil wall. 

 

Figure 5: Enclosure for Airfoil 

c) Creating a rectangular enclosure at the rear of the airfoil to 

observe the downstream flow in the tail area. 

 

Figure 6: Enclosure Downstream Region 

2.4 Meshing the Airfoil for FE Software 

Meshing is performed to divide the flow domain into small 

elements used in the numerical computation process. 

 

Figure 7: Meshing Downstream Region and Wall 

 

Figure 8: Sizing Mesh Airfoil 

2.5 Airfoil Setup in FE Software 

After the meshing process, the simulation continues by 

setting up the airfoil in Fe software. 

 

Figure 9: Setup in Fe software Workbench 

 

Figure 10: Results 

Simulations were carried out for several variations of angle 

of attack, namely 0°, 4°, 8°, 12°, and 16°. 
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III. ANALYSIS AND DISCUSSION 

The results of the simulation conducted in this study yielded various visual and numerical data, including pressure contour 

distributions around the airfoil surface—both on the upper and lower sides. In addition, velocity contour distributions of the fluid flow 

around the airfoil were also generated, illustrating how the velocity distribution changes due to the geometry of the airfoil and the 

variation in angles of attack applied. These two types of contours are crucial for understanding fluid flow characteristics, the 

formation of lift and drag forces acting on the airfoil, and overall aerodynamic behavior. 

Table 1: Average Speed and Pressure Values 

Angle of 

Attack 

Average Speed Average Pressure 

Up 

(m/s) 

Down 

(m/s) 

Up 

(Pa) 

Down 

(Pa) 

0 10.474 13.966 101325.7 101325.7 

3 11.863 13.125 101337.6 101403 

6 12.867 10.075 101262.4 101409 

9 12.572 12.412 101242 101380.4 

12 12.110 12..075 101254 101395 

15 11.466 12.383 101233.7 101386.7 

 

 

 

Figure 11: Speed against Angle of Attack 
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Figure 12: Average Pressure against Angle of Attack 

Fe software, Cl (lift coefficient) and Cd (drag coefficient) values are two main parameters generated to assess airfoil 

performance. These values depend on the angle of attack, the geometry of the airfoil, and the flow conditions. 

Table 2: CL and CD Values 

Angle of Attack CL CD 

0 0,097 0.014 

3 0,258 0,017 

6 0,407 0,028 

9 0,465 0,08 

12 0,514 0,071 

15 0,478 0,059 

 

 

Figure 13: Coefficient Lift dan Drag 
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IV. CONCLUSION 

Based on the simulation results of the  airfoil with varying 

angles of attack (0°, 3°, 6°, 9°, 12°, and 15°), it can be concluded 

that the fluid pressure on the upper surface of the airfoil tends to 

be lower than on the lower surface, especially from an angle of 

3° to 15°. This indicates the formation of a pressure difference 

that generates lift, while at an angle of 0°, the pressure 

distribution on both sides is relatively balanced. 

Additionally, the fluid flow velocity on the upper surface of 

the airfoil is higher than on the lower surface at angles of 6°, 9°, 

and 12°, which reinforces the pressure difference effect. 

However, at angles of 0°, 3°, and 15°, the velocity differences 

are inconsistent and show varying patterns. 

The generated lift increases with the rise in the angle of 

attack, reaching a maximum value at 12°, which is 33.553 N. 

Beyond this angle, the lift begins to decrease due to the stall 

phenomenon. Furthermore, the lift coefficient (Cl) at each angle 

of attack is always higher than the drag coefficient (Cd), 

indicating that the aerodynamic performance of the airfoil 

remains fairly efficient up to the critical angle of attack. 
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