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ABSTRACT: Bird strikes remain a critical concern in aviation, posing serious risks to aircraft safety, structural
integrity, and operational efficiency. This study presents the design and analysis of an adaptive radome surface
integrated with a bird deflection system to mitigate the impact of bird collisions. The proposed system combines
aerodynamic design, smart materials, and numerical simulation techniques to reduce impact stresses while maintaining
radar transparency. Computational methods such as Finite Element Analysis (FEA) and Computational Fluid Dynamics
(CFD) are employed to evaluate structural performance and airflow characteristics. The results indicate significant
improvements in impact resistance, airflow efficiency, and overall aircraft safety compared to conventional radome
designs.
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I. INTRODUCTION

Bird strikes are a major hazard in aviation, particularly during takeoff and landing phases, where aircraft operate at
lower altitudes. Studies indicate that a significant percentage of bird strikes occur below 2500 feet, making critical
aircraft components such as engines, windshields, and radomes highly vulnerable. These incidents can lead to structural
damage, engine failure, and even catastrophic accidents.

The increasing frequency of bird strikes is attributed to rising air traffic, improved reporting systems, and
environmental factors such as migration patterns and habitat changes. Modern aircraft, especially those equipped with
quieter turbofan engines, are more susceptible because birds are less likely to detect them in time. Therefore, there is a
growing need for innovative solutions that enhance aircraft resilience against bird impacts.

This research focuses on developing an adaptive radome surface capable of minimizing damage caused by bird strikes
while ensuring aerodynamic efficiency and electromagnetic transparency.

II. LITERATURE REVIEW

Early research on bird strike phenomena established that birds behave like fluid bodies upon high-speed impact,
generating stresses far exceeding material yield limits . Various numerical modeling approaches, including Lagrangian,
Eulerian, and Smoothed Particle Hydrodynamics (SPH), have been developed to simulate bird impact scenarios.

The Lagrangian method tracks material deformation but suffers from mesh distortion, while the Eulerian approach
handles fluid behavior effectively but lacks precise boundary definition. Hybrid methods such as coupled Eulerian-
Lagrangian (CEL) models provide improved accuracy in simulating fluid-structure interactions.
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Researchers have also explored structural design strategies to enhance impact resistance, including energy absorption,
energy dissipation, and multi-layer protection systems. Materials such as composites, honeycomb structures, and
advanced alloys have been widely used to improve crashworthiness and durability.
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Despite these advancements, conventional radomes remain largely passive, highlighting the need for adaptive and
intelligent systems capable of responding dynamically to bird strike threats.

III. OBJECTIVES AND METHODOLOGY

The primary objective of this study is to design an adaptive radome system that minimizes bird impact damage while
maintaining optimal aerodynamic and electromagnetic performance. Additional goals include analyzing bird strike
incidents, evaluating existing mitigation techniques, and developing a protective mechanism to prevent foreign object
damage (FOD).

The methodology involves a combination of theoretical analysis, numerical modeling, and simulation. Bird strike
behavior is modeled using advanced computational techniques, and the radome structure is designed using aerodynamic
principles. CFD simulations are performed to analyze airflow characteristics, while FEA is used to assess stress
distribution and structural response under impact conditions.

IV. NUMERICAL MODELING AND ANALYSIS
Bird strike simulations are conducted using multiple modeling techniques to capture the complex interaction between
the bird and aircraft structure. The Lagrangian model is used to analyze structural deformation, while the Eulerian

model represents the fluid-like behavior of the bird. Hybrid approaches improve accuracy by combining the advantages
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of both methods. Simulations are performed on turbofan blades under different conditions, including static and rotating
configurations. Results show that impact forces vary significantly depending on velocity, mass, and impact angle. The
use of artificial bird models ensures consistency and reproducibility in simulations. The analysis demonstrates that
adaptive designs can significantly reduce peak stresses and improve energy absorption, thereby enhancing structural
resilience.
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V. BIRD DEFLECTION SYSTEM DESIGN

The proposed bird deflection system incorporates both active and passive mechanisms. Active systems include radar-
based detection, laser deterrence, acoustic devices, and drone-based monitoring, which help identify and divert birds in
real time. Passive systems, such as inlet screens, reinforced radomes, and bird-resistant materials, provide structural
protection.

A key innovation in this study is the integration of a porous inlet screen designed to prevent bird ingestion while
maintaining smooth airflow. The screen is engineered to balance acrodynamic efficiency with protective capability,
ensuring minimal pressure loss and optimal engine performance.

VI. ADAPTIVE RADOME CONCEPT

The adaptive radome surface represents the core contribution of this research. It utilizes smart materials such as shape
memory alloys and piezoelectric actuators to dynamically alter surface geometry in response to bird detection. This
adaptive behavior allows the radome to deflect incoming birds, reducing direct impact forces.

Sensors, including cameras and acoustic devices, detect approaching birds and trigger the actuation mechanism. The
system modifies local curvature to create a glancing impact angle, thereby dissipating energy and minimizing structural
damage. This approach not only enhances impact resistance but also reduces the likelihood of secondary debris,
improving overall aircraft safety.

VII. COMPUTATIONAL FLUID DYNAMICS ANALYSIS
CFD analysis is conducted to evaluate the aerodynamic performance of the proposed system. Simulations compare
airflow distribution, temperature variation, and pressure characteristics before and after the implementation of the inlet
screen and adaptive radome.
Results indicate improved airflow stability and reduced turbulence with the protective system in place. The inlet screen
effectively filters foreign objects without causing significant pressure drop, ensuring efficient engine operation.
Temperature distribution within the combustion chamber remains stable, indicating no adverse thermal effects.

Overall, the CFD analysis confirms that the proposed design maintains aerodynamic efficiency while enhancing safety.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 2979



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

;\-}" |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
N

iﬁ'{ | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/IJEETR.2026.0802294

2) b)

VIII. RESULTS AND DISCUSSION

The simulation results demonstrate several key improvements:

o Significant reduction in peak impact stress due to adaptive surface deflection

e Enhanced energy absorption and dissipation capabilities

e Improved airflow efficiency and reduced turbulence

e Prevention of foreign object ingestion, ensuring consistent engine performance
e Reduced maintenance requirements and operational costs

The adaptive radome system outperforms conventional rigid designs by providing both structural resilience and
intelligent response capabilities. The integration of active and passive systems creates a comprehensive solution for
bird strike mitigation.

IX. CONCLUSION

This study presents a novel approach to mitigating bird strike damage through the design and analysis of an adaptive
radome surface combined with a bird deflection system. By integrating advanced materials, sensor technologies, and
computational modeling, the proposed system offers significant improvements in impact resistance, aerodynamic
performance, and operational safety.

The results highlight the potential of adaptive structures in next-generation aircraft design, providing a scalable and
efficient solution to one of aviation’s persistent challenges. Future research may focus on real-time implementation,
advanced Al-based detection systems, and experimental validation to further enhance the effectiveness of the proposed
system.
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