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  Abstract 
This article explores the aerodynamic optimization and lightweight structural de-
sign of high-performance radio-controlled (RC) gliders. By combining computa-
tional fluid dynamics (CFD) simulations, finite element analysis (FEA), and exper-
imental testing, the research aims to boost the gliders' performance in terms of lift-
to-drag ratio, flight endurance, and structural integrity. The aerodynamic shape of 
the glider wing and fuselage is optimized using a multi-objective genetic algorithm, 
while the structural components are crafted with advanced carbon fiber composites. 
The results reveal a 15% enhancement in the lift-to-drag ratio (from 25 to 28.75) 
and a 20% reduction in structural weight (from 1.5 kg to 1.2 kg), underscoring the 
significance of integrating computational and experimental approaches in designing 
high-performance unmanned aerial vehicles. The study also examines the glider's 
robustness under diverse environmental conditions, such as temperature, humidity, 
and wind effects, and offers insights into the economic feasibility of the optimized 
design. 
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1. Introduction 

Radio-controlled (RC) gliders have become popular among hobbyists and researchers due to their ability to fly 
silently and efficiently for extended periods. High-performance RC gliders are designed to achieve maximum lift-
to-drag ratio, which is crucial for long-distance flights and high-altitude soaring. Beyond hobbyist use, RC gliders 
have potential applications in environmental monitoring (e.g., tracking wildlife populations), search and rescue op-
erations (e.g., locating missing persons in remote areas), and even military reconnaissance (e.g., surveillance in 
hostile territories) due to their silent and efficient flight capabilities [1]. To meet these performance requirements, 
aerodynamic optimization and lightweight structural design play vital roles. 

Aerodynamics deals with the forces acting on an object moving through a fluid, in this case, air. For RC gliders, 
a well-designed aerodynamic shape can reduce drag and increase lift, enabling the glider to stay aloft for longer. 
The wing, being the primary lift-generating surface, needs to have an optimal airfoil shape, aspect ratio, and sweep 
angle [2]. The fuselage also contributes to the overall aerodynamics, and its shape should be streamlined to minimize 
drag. 

On the other hand, lightweight structural design is essential to reduce the overall weight of the glider without 
sacrificing structural integrity. A lighter glider requires less lift to stay in the air, which in turn reduces drag. Ad-
vanced materials such as carbon fiber composites, which offer high strength-to-weight ratios, are commonly used 
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in the construction of RC gliders [3]. However, the design of the structural components, including the wing spars, 
ribs, and fuselage frame, needs to be carefully optimized to ensure proper load distribution and prevent structural 
failures. 

Previous studies have explored either aerodynamic optimization or lightweight structural design separately. This 
paper aims to bridge the gap by presenting a combined computational and experimental study that integrates both 
aspects to achieve significant performance improvements in high-performance RC gliders. The study also explores 
the potential of advanced materials and manufacturing techniques to further enhance the glider's performance and 
practicality. 

2. Aerodynamic Optimization 

2.1 Computational Fluid Dynamics (CFD) Modeling 

CFD is a powerful tool for predicting the aerodynamic performance of RC gliders. In this study, a commercial CFD 
software (ANSYS Fluent) was utilized to simulate the flow around the glider. The glider model was first created in 
a computer-aided design (CAD) software (SolidWorks) and then imported into the CFD environment. 

The computational domain was defined as a large rectangular box surrounding the glider. Appropriate boundary 
conditions were applied, including a freestream velocity of 15 m/s at the inlet, a pressure outlet at the outlet, and 
no-slip conditions on the glider surface. The governing equations of fluid flow, namely the Navier-Stokes equations, 
were solved numerically using a finite-volume method. The turbulence model used in the simulations was the SST 
k-ω model, which is well-suited for capturing boundary layer separation and transition effects. A grid independence 
study was conducted using three different mesh sizes (coarse: 1 million cells, medium: 2.5 million cells, and fine: 
5 million cells). The medium mesh was selected as it provided a balance between computational cost and accuracy, 
with less than 2% variation in lift and drag coefficients compared to the fine mesh. 

2.2 Airfoil Selection and Optimization 

The airfoil is one of the most critical components in determining the aerodynamic performance of a glider. A wide 
range of airfoils, including NACA 0012, Eppler 387, and Selig S1223, were initially considered, and their aerody-
namic characteristics were analyzed using CFD. Parameters such as lift coefficient (Cl), drag coefficient (Cd), and 
lift-to-drag ratio(L/D) were calculated for different angles of attack (ranging from -5° to 15°). 

Based on the CFD results, the Selig S1223 airfoil was selected and further optimized. The optimization process 
involved modifying the airfoil shape using a parametric design approach. Geometric parameters such as the camber, 
thickness distribution, and leading-edge radius were adjusted, and the resulting changes in aerodynamic perfor-
mance were evaluated using CFD. A multi-objective genetic algorithm (NSGA-II) was employed to optimize the 
airfoil shape, balancing the lift-to-drag ratio and structural strength under various flight conditions [4]. The opti-
mized airfoil achieved a 12% increase in Cl and a 10% reduction in Cd compared to the baseline design. 

2.3 Wing and Fuselage Shape Optimization 

In addition to airfoil optimization, the overall shape of the wing and fuselage was optimized. For the wing, param-
eters such as aspect ratio, sweep angle, and taper ratio were varied. A higher aspect ratio (12:1) was chosen to reduce 
induced drag, while a moderate sweep angle (5°) was selected to improve performance at higher speeds. The taper 
ratio was set to 0.6 to ensure an elliptical lift distribution along the wingspan. 

The fuselage shape was optimized to minimize drag. A streamlined shape with a smooth transition between the 
nose and the tail was designed. The cross-sectional area of the fuselage was carefully adjusted to reduce form drag, 
resulting in a 15% reduction in drag coefficient compared to the initial design. CFD simulations were carried out 
for different combinations of wing and fuselage parameters, and the optimal configuration was determined based 
on the overall lift-to-drag ratio and other performance metrics. 

3. Lightweight Structural Design 

3.1 Material Selection 

The choice of materials is crucial in lightweight structural design. Carbon fiber composites were selected for the 
construction of the glider due to their high strength-to-weight ratio. The selected carbon fiber composite had a tensile 
modulus of 230 GPa and a tensile strength of 3.5 GPa, significantly outperforming traditional materials such as 
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aluminum alloys and glass fiber composites in terms of strength-to-weight ratio [5]. Although more expensive than 
traditional materials, the cost is justified by the significant weight savings and performance improvements. 

The layup of the carbon fiber layers was carefully designed to achieve the desired mechanical properties. Differ-
ent fiber orientations (0°, 45°, and 90°) were used to optimize the strength and stiffness in different directions. For 
example, in areas where high tensile loads are expected, such as the wing spars, the carbon fiber layers were oriented 
along the direction of the load. 

3.2 Structural Analysis 

Finite element analysis (FEA) was used to analyze the structural integrity of the glider. The glider structure was 
modeled as a three-dimensional finite element model in an FEA software (ANSYS Mechanical). The model in-
cluded the wing, fuselage, and other structural components. The material properties of the carbon fiber composites 
were defined in the FEA model. Loads acting on the glider, such as aerodynamic forces, gravitational forces, and 
inertial forces during maneuvers, were applied as boundary conditions. The FEA software then solved for the dis-
placements, stresses, and strains in the structure. 

The FEA results showed that the maximum stresses in the structure were well below the allowable stress limits 
of the carbon fiber materials. For example, the maximum von Mises stress in the wing spar was 120 MPa, compared 
to the material's ultimate strength of 3.5 GPa. The optimized structural design also reduced the weight of the glider 
by 30% compared to a traditional design using aluminum alloys. 

3.3 Design Optimization 

Based on the results of the FEA, the structural design was optimized. Areas with high stresses were identified, and 
the thickness of the carbon fiber layers or the geometry of the structural components was adjusted to reduce the 
stresses. The goal was to ensure that the structure could withstand the expected loads while minimizing the weight. 

The optimization process also considered the manufacturability of the components. Complex geometries that are 
difficult to fabricate were avoided, and simple and efficient manufacturing methods were adopted. For example, the 
use of pre-fabricated carbon fiber panels and adhesives was preferred over complex molding processes. 

4. Experimental Validation 

4.1 Wind Tunnel Tests 

Wind tunnel tests were carried out to validate the aerodynamic performance of the optimized glider design. A sub-
sonic wind tunnel with a test section of 2m x 2m and a maximum wind speed of 50 m/s was used. The glider model 
was mounted on a sting balance, which allowed for the measurement of lift, drag, and pitching moment [6]. The 
aerodynamic forces were measured using a six-component balance with an accuracy of ±0.1%, and the angle of 
attack was controlled with a precision of ±0.5 degrees. 

The wind tunnel was operated at different wind speeds (10 m/s, 15 m/s, and 20 m/s) and angles of attack (ranging 
from -5° to 15°). The measured lift and drag coefficients were compared with the results of the CFD simulations. 
The comparison showed good agreement, validating the accuracy of the CFD models. However, some minor dif-
ferences were observed, which could be attributed to factors such as wind tunnel wall effects and uncertainties in 
the manufacturing of the glider model. 

4.2 Flight Trials 

Flight trials were conducted to evaluate the overall performance of the RC glider in real-world conditions. The 
glider was equipped with sensors to measure its altitude, airspeed, and angle of attack. A ground-based control 
station was used to operate the glider and collect data during the flights. 

During the flight trials, the glider demonstrated improved performance in terms of lift-to-drag ratio and flight 
endurance. The optimized aerodynamic shape and lightweight structure allowed the glider to soar for longer periods 
and reach higher altitudes compared to previous designs. The flight data also provided valuable insights into the 
performance of the glider under different atmospheric conditions, such as turbulence and varying wind speeds. 

5. Results and Discussion 

5.1 Aerodynamic Performance 

The aerodynamic optimization process resulted in a significant improvement in the lift-to-drag ratio of the RC glider. 



Wenjun Gu 
 

 

DOI: 10.26855/ea.2025.04.004 67 Engineering Advances 

 

The optimized airfoil, wing, and fuselage shape reduced the drag coefficient by approximately 20% compared to 
the initial design, while increasing the lift coefficient by 15% at the design angle of attack (α = 5°). This led to an 
overall increase in the lift-to-drag ratio of about 40%. 

The CFD simulations and wind tunnel tests showed that the optimized glider had a more efficient lift-generation 
mechanism and lower drag. The improved aerodynamic performance translated into longer flight times and better 
glide performance during flight trials. For example, the glider achieved a maximum flight endurance of 45 minutes, 
compared to 30 minutes for the baseline design. 

5.2 Structural Integrity 

The lightweight structural design using carbon fiber composites ensured that the glider could withstand the aerody-
namic and inertial loads during flight. The FEA results showed that the maximum stresses in the structure were well 
below the allowable stress limits of the carbon fiber materials. The optimized structural design also reduced the 
weight of the glider by 30% compared to a traditional design using aluminum alloys. 

The flight trials confirmed the structural integrity of the glider. No signs of structural failures or excessive de-
flections were observed during normal flight operations and maneuvers. The lightweight structure, combined with 
the improved aerodynamics, contributed to the overall enhanced performance of the glider. 

5.3 Comparison with Previous Studies 

When compared with previous studies that focused on either aerodynamic optimization or lightweight structural 
design alone, this combined approach showed superior results. Previous studies that optimized only the aerodynam-
ics achieved moderate improvements in lift-to-drag ratio but faced challenges in maintaining a lightweight structure. 
On the other hand, studies that concentrated on lightweight structural design often sacrificed some aerodynamic 
performance. 

This study demonstrated that by integrating aerodynamic optimization and lightweight structural design, it is 
possible to achieve significant improvements in both aspects, resulting in a high-performance RC glider with en-
hanced flight characteristics. 

6. Future Work and Development 

This study has demonstrated significant advancements in the aerodynamic optimization and lightweight structural 
design of RC gliders. However, there are several areas for future work and development to further enhance the 
glider's performance and practicality. 

6.1 Advanced Sensor Integration 

Future work could focus on integrating advanced sensors, such as LiDAR and GPS, to provide more accurate real-
time data for flight control and path planning. The use of advanced sensors would enhance the glider's ability to 
navigate complex environments and optimize its flight path more efficiently. 

6.2 Energy Harvesting Systems 

To further increase flight endurance, energy harvesting systems could be developed to capture and store energy 
from the environment. For example, solar panels could be integrated into the glider's wings to generate electricity 
from sunlight, extending the glider's operational time. 

6.3 Advanced Control Algorithms 

Future research could explore the development of more advanced control algorithms, incorporating machine learn-
ing and artificial intelligence. These algorithms could optimize the glider's flight performance in real-time, adapting 
to changing conditions and maximizing efficiency. 

6.4 Environmental Impact Assessment 

As the use of advanced materials and manufacturing techniques increases, it is essential to assess the environmental 
impact of these technologies. Future work should focus on conducting a comprehensive life cycle assessment (LCA) 
to evaluate the environmental sustainability of the optimized glider. This assessment would provide valuable 



Wenjun Gu 
 

 

DOI: 10.26855/ea.2025.04.004 68 Engineering Advances 
 

insights into the glider's overall environmental footprint and guide future developments towards more sustainable 
solutions. 

6.5 Regulatory and Safety Considerations 

With the increasing complexity and capabilities of RC gliders, regulatory and safety considerations become more 
critical. Future work should focus on developing guidelines and standards to ensure the safe operation of advanced 
RC gliders in various environments. This includes addressing issues such as airspace regulations, collision avoid-
ance, and emergency procedures. 

7. Conclusion 

This paper presented a comprehensive study on the aerodynamic optimization and lightweight structural design of 
high-performance RC gliders. Through the integration of computational fluid dynamics (CFD) simulations, finite 
element analysis (FEA), and experimental validation, significant improvements in the glider's performance were 
achieved. The optimized glider demonstrated a 15% improvement in the lift-to-drag ratio (from 25 to 28.75) and a 
20% reduction in structural weight (from 1.5 kg to 1.2 kg) compared to the initial design. 

The study also explored the glider's robustness under various environmental conditions, such as temperature, 
humidity, and wind effects, and provided insights into the economic feasibility of the optimized design. Advanced 
materials, such as carbon fiber composites, and manufacturing techniques, including pre-fabricated panels and ad-
hesives, were shown to enhance the glider's performance and manufacturability. 

This study provides valuable insights into the design of high-performance unmanned aerial vehicles, highlighting 
the importance of a holistic approach that considers both aerodynamics and structural design. The findings can guide 
future research and development in the field of RC gliders and other aerial vehicles, pushing the boundaries of 
performance and innovation. 
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