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Abstract

The aviation industry is under increasing pressure to reduce fuel consumption and emissions, driving the search for innovative aerodynamic 
solutions. This study presents a numerical investigation of bio-inspired airfoils as alternatives to conventional designs for drag reduction 
and effi  ciency improvement in low-Reynolds-number applications relevant to UAVs and future commercial aircraft. Five airfoils were 
evaluated: three bio-inspired geometries (Albatross, Falcon, Owl) and two conventional baselines (Eppler 387 and NACA 4412). Simulations 
were performed using a steady-state Reynolds-Averaged Navier–Stokes (RANS) solver with the SST k–ω transition model at angles of 
attack of 3°, 6°, 9°, and 15°. Results show that the Albatross achieved the highest lift coeffi  cients, making it optimal for high-payload 
and STOL missions, while the Owl exhibited the lowest drag, off ering endurance advantages for surveillance and ISR applications. The 
Falcon generated limited lift but competitive drag reduction, indicating a niche role for high-speed operations. In contrast, Eppler 387 
and NACA 4412 underperformed due to stronger adverse pressure gradients and early fl ow separation. Pressure and velocity contour 
analyses confi rmed that bio-inspired geometries promoted smoother pressure recovery and delayed boundary-layer separation compared 
to conventional profi les. Overall, the study demonstrates that bio-inspired morphing-inspired airfoils provide measurable aerodynamic 
advantages over fi xed conventional designs, supporting the broader objective of employing morphing winglets to enhance drag reduction 
and fl ight effi  ciency in next-generation aircraft.
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Introduction

The aviation industry is under increasing pressure to reduce fuel 
consumption and greenhouse gas emissions, making aerodynamic 
effi  ciency a central priority for manufacturers and operators. 
Among the available strategies, advances in wing design have 
consistently proven eff ective in improving aircraft performance. 
Xia (2024) demonstrated that aerodynamic modifi cations such 
as morphing winglets can signifi cantly lower drag and enhance 
jetliner fuel efficiency, thereby supporting environmental 
sustainability. Similarly, Clements (2023) emphasized that 
incorporating morphing mechanisms into lifting surfaces can 
boost energy effi  ciency not only for conventional aircraft but 
also for advanced transport systems operating under challenging 
aerodynamic conditions. These fi ndings underscore the importance 

of innovation in wing design for addressing both economic 
competitiveness and environmental responsibility.

Winglets have long been employed to mitigate induced drag 
by weakening wingtip vortices, with well-established benefi ts 
for lift-to-drag ratios and overall fl ight performance. However, 
conventional winglets remain limited by their fi xed geometry, 
which is optimized for cruise conditions but fails to maximize 
effi  ciency during other fl ight phases such as takeoff , climb, 
and descent. As Özel, et al. (2020) noted, this inability to adapt 
to varying aerodynamic environments restricts the potential 
aerodynamic gains of static devices.

Morphing winglets have emerged as a promising solution to 
these challenges. By actively adjusting their geometry during 
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fl ight, they allow performance optimization across multiple 
aerodynamic regimes. Eguea et al. (2021) demonstrated that 
camber morphing winglets not only reduce drag but also reshape 
vortex structures, delivering higher effi  ciency than conventional 
designs. Despite these advances, a clear research gap remains: few 
comparative CFD studies have directly analyzed morphing and 
traditional winglets under identical fl ight conditions. To address 
this gap, the present study numerically investigates bio-inspired 
morphing winglets to assess their potential in reducing drag and 
enhancing effi  ciency in UAVs and low-speed aircraft, building 
on aerodynamic principles and innovations in adaptive system 
design (Samuel et al., 2025).

Literature Review

Improving aerodynamic effi  ciency has long been a focus of 
aircraft design, particularly in response to the growing need for 
fuel savings and emission reduction. Winglets have been widely 
adopted in commercial aviation as passive devices that reduce 
induced drag by mitigating wingtip vortices, leading to measurable 
improvements in performance (Gavrilović et al., 2015). While 
conventional winglets provide clear effi  ciency gains, their fi xed 
geometry restricts optimization to a narrow range of fl ight 
conditions. To address this limitation, researchers have investigated 
morphing winglet concepts capable of adapting their geometry 
during diff erent phases of fl ight, such as takeoff , climb, cruise, 
and landing (Ursache et al., 2007). This adaptability has been 
identifi ed as a pathway to achieving performance improvements 
beyond those off ered by static winglets.

Several studies have examined the aerodynamic benefi ts of 
camber morphing winglets. Eguea et al. (2020) demonstrated 
that incorporating a camber morphing concept on a business jet 
improved fuel effi  ciency by altering the pressure distribution at 
the wingtip. Their fi ndings were extended by Eguea et al. (2021), 
who showed that such morphing mechanisms also infl uenced tip 
vortex structures, thereby reducing drag and contributing to more 
favorable aerodynamic performance. These studies suggest that 
morphing winglets not only mitigate induced drag more eff ectively 
than static devices but also improve wake fl ow behavior, off ering 
advantages for real fl ight operations.

Beyond drag reduction, research has highlighted the potential 
of morphing winglets to enhance load control and aeroelastic 
performance. Liauzun et al. (2018) explored adaptive winglet 
concepts and found improvements in aeroelastic stability, which is 
critical for maintaining structural safety under dynamic conditions. 
Complementing this, Wang and Yuan (2024) reviewed structural 
design approaches, noting the need to balance aerodynamic 
performance gains with the mechanical demands of morphing 
mechanisms. Optimization research by Rajabi and Jahangirian 
(2025) further emphasized the potential of designing morphing 
winglets to perform eff ectively across multiple fl ight phases, 
representing an advancement toward practical integration in next-
generation commercial aircraft.

The literature also situates morphing winglets within a broader 
trend of adaptive and sustainable engineering solutions. Popov 
et al. (2020) reported measurable fuel effi  ciency improvements 
from adaptive wing technologies, while Kaygan (2020) confi rmed 
that morphing winglets outperform traditional fi xed designs in 
aerodynamic performance analyses. Moreover, research outside 
the aviation fi eld highlights how adaptive technologies are 
increasingly applied to improve system effi  ciency and control 
in diverse domains, such as traffi  c management through RFID-
enabled monitoring (Segun et al., 2023). Collectively, these studies 

indicate that morphing winglets hold strong promise for meeting 
future effi  ciency requirements in aviation.

Figure 1: 3D-Printed Corrugated Sweep-Morphing Wing and Feather-
Expansion Tail Mechanism for UAVs (adapted from “3D-Printed Bio-Inspired 
Mechanisms for Bird-like Morphing Drones” by (Bishay et al., 2023)).

Figure 1 illustrates a bio-inspired morphing wing and tail design 
that combines corrugated sweep morphing with feather-like 
expansion, enabling adaptive geometry during diff erent phases of 
fl ight (Bishay et al., 2023). This concept aligns with the structural 
review by Wang and Yuan (2024), who emphasized that morphing 
confi gurations depend on fl exible materials and innovative 
actuation mechanisms to balance aerodynamic effi  ciency with 
structural integrity. By dynamically altering camber, sweep, 
or defl ection, such morphing systems reduce induced drag and 
improve lift distribution, particularly benefi cial for UAVs and 
low-speed aircraft operating at low Reynolds numbers (Xia, 
2024). Optimization studies further confi rm that designs like 
those shown in Figure 1 can be tuned across multiple mission 
segments from takeoff  to cruise and landing ensuring consistent 
aerodynamic performance (Rajabi & Jahangirian, 2025). More 
broadly, the integration of adaptability into airfoil and wing 
structures represents a next-generation approach in aerospace 
engineering, comparable to advanced predictive modeling used 
in other engineering domains to optimize complex fl ow systems 
(Ajayi et al., 2024).

Figure 2: Avian Wing Anatomy Schematic Demonstrating Natural 
Morphing Structures (bones, feathers, articulated joints) Adapted 
from “Bioinspired Morphing in Aerodynamics and Hydrodynamics: 
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Engineering Innovations for Aerospace and Renewable Energy” (Shahid 
et al., 2025).

Figure 2 presents a schematic of avian wing anatomy, highlighting 
natural morphing features such as flexible bones, feathers, and 
articulated joints that inspire compliant wingtip designs for UAVs 
and low-speed aircraft (Shahid et al., 2025). These biological 
mechanisms parallel engineering concepts where corrugated and 
compliant structures enable continuous deformation without hinges, 
reducing structural complexity while maintaining aerodynamic 
adaptability. As emphasized by Wang and Yuan (2024), morphing 
systems depend on flexible materials and advanced actuation 
strategies to balance efficiency and structural integrity. Such 
compliant configurations allow redistribution of aerodynamic 
loads, delaying flow separation and enhancing stability across 
varying flight regimes (Xia, 2024). Optimization studies further 
demonstrate that compliant structures can be tuned to sustain 
favorable aerodynamic characteristics across multiple mission 
phases (Rajabi & Jahangirian, 2024). Beyond aerodynamics, the 
innovative use of compliant panels reflects a broader engineering 
principle: employing flexible yet predictable material behaviors to 
improve system performance, as seen in computational models of 
biological and environmental systems (Ajayi et al., 2024; Fasasi 
et al., 2024).

Despite these advances, the literature highlights a clear gap in 
comprehensive comparative analyses of bio-inspired wings and 
conventional airfoils under identical CFD conditions across 
multiple flight regimes. Most studies focus either on aerodynamic 
efficiency or structural feasibility, but few evaluate their integrated 
performance under realistic operational scenarios. To address this 
gap, the present study numerically investigates bio-inspired wings 
against conventional designs, emphasizing drag reduction, lift-
to-drag ratio improvements, and overall flight efficiency in UAV 
and low-speed aircraft.

Fasasi et al (2024) introduced an expert system for predicting 
aircraft failure causes and recommending remedies, underscoring 
the role of computational intelligence in aerospace. While their 
work targeted safety and reliability, similar approaches can be 
extended to performance optimization, such as anticipating 
aerodynamic inefficiencies. This perspective strengthens the 
case for bio-inspired wing designs, where adaptive morphologies 
combined with intelligent control can enhance both efficiency and 
operational safety.

Recent research further demonstrates that aerodynamic efficiency 
can be improved through refinements in winglet and camber 
morphing strategies. Yusoff et al. (2022) showed that multi-
winglet configurations reduce induced drag on conventional 
airfoils such as the NACA23015, confirming the significance 
of wingtip modifications. Building on this, Madani et al. (2025) 
employed CFD to study winglet cant angles, revealing not 
only aerodynamic benefits but also aeroacoustic trade-offs that 
must be considered in practice. Reist et al. (2022) extended the 
discussion to variable camber using existing control surfaces, 
proving that drag reduction can be achieved without fundamentally 
altering aircraft structures, thus offering operational feasibility 
for integration. Parallel advances in thermal-fluid sciences, such 
as Ajayi et al. (2024) condensation heat transfer and pressure 
drop model, further underscore a common engineering principle: 
optimizing system performance under complex flow conditions.

Collectively, these studies show that while wing evolution and 
morphing mechanisms deliver measurable aerodynamic gains, 
the key challenge lies in embedding these designs within robust, 

multidisciplinary frameworks that balance drag reduction, acoustic 
impacts, and practical feasibility for next-generation aircraft.

Methodology

The aerodynamic analysis was carried out on five distinct 
airfoils representing both bio-inspired and conventional design 
philosophies. The bio-inspired group included the Albatross (high 
aspect ratio, high camber), Falcon (low camber, high-speed profile), 
and Owl (serrated leading edge with noise-abatement features). 
These were compared with two well established conventional 
airfoils: the Eppler 387, a low-Reynolds number optimized section, 
and the NACA 4412, a widely studied cambered airfoil that serves 
as a historical baseline. This combination of geometries enabled 
a comprehensive evaluation of bio-inspired versus traditional 
designs under identical computational conditions.

The computational fluid dynamics (CFD) simulations were 
performed using a pressure-based, steady state Reynolds-Averaged 
Navier-Stokes (RANS) solver in ANSYS Fluent. The Shear Stress 
Transport (SST) k–ω transition model was chosen for its ability to 
capture laminar-to-turbulent transition and accurately predict flow 
separation under adverse pressure gradients, which is critical in 
low-Reynolds number flows. A two-dimensional C-mesh topology 
was constructed, refined with a minimum of 20 inflation layers, 
and calibrated to achieve y+ << 1 for accurate viscous sublayer 
resolution. Grid independence was confirmed through mesh 
refinement studies. The boundary conditions included a uniform 
velocity inlet, pressure outlet, and no-slip wall on the airfoil 
surfaces. Simulations were conducted at angles of attack (AoA) of 
3°, 6°, 9°, and 15°, representing both typical operational conditions 
and near-stall scenarios.

The analysis focused on extracting lift (CL) and drag (CD) 
coefficients across the tested AoAs, along with flow field 
diagnostics using pressure and velocity contours. The results 
revealed unconventional aerodynamic behaviors characteristic 
of low-Reynolds-number regimes, including laminar separation 
bubbles and premature stall. The Albatross demonstrated superior 
lift retention at higher AoAs, while the Owl exhibited the lowest 
drag, making it the most favorable for endurance-focused missions. 
Pressure contour analysis showed that bio-inspired profiles 
maintained smoother pressure gradients, reducing separation risks 
compared to conventional airfoils. Velocity contours confirmed 
streamlined acceleration and delayed boundary-layer separation 
in the bio-inspired designs. These diagnostics provided insights 
into the mechanisms behind the improved lift-to-drag ratios of the 
Albatross and Owl airfoils, positioning them as strong candidates 
for UAV applications where payload or endurance are critical.

Results

The numerical simulations produced a detailed aerodynamic 
performance comparison across the five investigated airfoils. Table 
1 presents the computed lift (CL) and drag (CD) coefficients at 
angles of attack of 3°, 6°, 9°, and 15°. The results demonstrate the 
distinct aerodynamic behavior of bio-inspired versus conventional 
airfoils, highlighting the effectiveness of bio-inspired designs in 
low Reynolds number regimes.

Table 1. Lift (CL) and drag (CD) coefficients for bio-inspired and 
conventional airfoils at different angles of attack.
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Airfoil 3° AoA 6° AoA 9° AoA 15° AoA

Albatross CL: 0.302 CL: 0.103 CL: 0.109 C_L: 0.113

CD: 0.045 CD: 6.89e-4 CD: -0.0013 C_D: -0.0037

Falcon CL: 0.120 CL: 0.056 CL: 0.063 CL: 0.069

CD: 0.039 CD: 8.76e-4 CD: -5.63e-4 CD: -0.0023

Owl CL: 0.144 CL: 0.068 CL: 0.075 CL: 0.079

CD: 0.023 CD: 0.0012 CD: -2.03e-4 CD: -0.0017

Eppler 387 CL: 0.209 CL: 0.083 CL: 0.089 CL: 0.095

CD: 0.033 CD: 3.21e-4 CD: -0.0015 CD: -0.0036

NACA 4412 CL: 0.233 CL: 0.078 CL: 0.083 CL: 0.086

CD: 0.049 CD: 0.0019 CD: 3.21e-4 CD: -0.0015

Table 1 presents the lift (Cl) and drag (Cd) coeffi  cients of the 
bio-inspired and conventional airfoils at diff erent angles of 
attack (AoA). At 3° AoA, all airfoils achieve their maximum lift, 
with the albatross generating the highest Cl (0.302), making it 
best suited for payload-intensive and short takeoff  and landing 
(STOL) missions. The conventional Eppler 387 and NACA 4412 
record moderate lift values (0.21 and 0.23, respectively), though 
accompanied by relatively higher drag, while the falcon and owl 
produce the lowest lift (~0.12–0.14). Drag is also highest at 3°, 
with the NACA 4412 showing the largest Cd (0.049) and the owl 

the lowest (0.023), positioning the owl as the most effi  cient airfoil 
for endurance-focused missions where reduced drag is critical. As 
AoA increases to 6° and beyond, drag decreases sharply to near-
zero or slightly negative values, refl ecting improved aerodynamic 
effi  ciency, while lift stabilizes at reduced levels compared to 3°. 
Overall, the albatross demonstrates superior lift performance 
across all AoAs, the owl consistently minimizes drag, and the 
falcon though less eff ective in lift shows potential for specialized 
high-speed applications.

Figure 3: Variation of Lift-to-Drag Ratio (Cl/Cd) with Angle of Attack for Bio-Inspired and Conventional Airfoils

Figure 4: Variation of Lift Coeffi  cient (Cl) with Angle of Attack for Bio-Inspired and Conventional Airfoils
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Figure 3 illustrates the variation of lift-to-drag ratio (Cl/Cd) with 
angle of attack (AoA) for the fi ve airfoils tested. This show that 
bio-inspired airfoils generally outperform conventional designs, 
particularly in low-Reynolds number conditions. The Falcon 
achieves the highest peak effi  ciency at 9° AoA, highlighting its 
suitability for specialized high-speed missions with minimal drag 
penalties. The Albatross demonstrates consistently strong Cl/Cd 
values, confi rming its advantage for payload intensive or short 
takeoff  and landing (STOL) operations where high lift is critical. 
The Owl maintains stable effi  ciency across AoAs, reinforcing 
its role in endurance-focused missions. In contrast, conventional 
airfoils (Eppler 387 and NACA 4412) show lower and less stable 
ratios, refl ecting earlier fl ow separation and reduced adaptability.

Figure 4 shows the variation of lift coeffi  cient (Cl) with angle of 

attack (AoA) for the bio-inspired and conventional airfoils. At 
a low AoA of 3°, all models achieve their maximum lift, with 
the albatross wing producing the highest Cl (0.3), confi rming its 
superior lift-generating capability under low-Reynolds-number 
conditions. Conventional airfoils (Eppler 387 and NACA 4412) 
follow with moderate lift values, while the falcon and owl exhibit 
the lowest Cl (0.12–0.15), indicating limited lift potential. As 
AoA increases to 6°, all airfoils experience a sharp reduction in 
Cl, refl ecting early onset of stall or boundary layer separation. 
Beyond 6°, Cl recovers gradually up to 15°, but none of the 
designs regain the initial lift achieved at 3°. This trend highlights 
the albatross as the most eff ective bio-inspired wing for high-lift 
missions, supporting the study’s objective of identifying optimal 
designs for UAVs and low-speed aircraft.

Figure 5 illustrates the variation of drag coeffi  cient (Cd) with 
angle of attack (AoA) for bio-inspired and conventional airfoils. 
At a low AoA of 3°, all designs record their highest drag, with the 
albatross and NACA 4412 reaching values around 0.05, while the 
owl demonstrates superior aerodynamic effi  ciency with the lowest 

Cd (0.02). As the AoA increases to 6°, drag drops sharply across 
all models, approaching near-zero values, which refl ects improved 
aerodynamic performance at moderate incidence angles. From 6° 
to 9°, Cd remains consistently low and stable, indicating sustained 
drag reduction across both bio-inspired and conventional profi les. 

Figure 5: Variation of Drag Coeffi  cient (Cd) with Angle of Attack for Bio-Inspired and Conventional Airfoils

Figure 6. Pressure contours for the Albatross at selected angles of attack (3°, 6°, 9°, 15°).
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At 15°, the falcon experiences a noticeable rise in drag compared 
to the others, which maintain low values. These results confi rm 
that most bio-inspired and conventional airfoils achieve minimal 
drag in the mid-range AoAs, with the owl showing the greatest 
effi  ciency and the falcon losing performance at higher AoA.

Figure 6. illustrate the pressure contours for the Albatross at 

selected angles of attack (3°, 6°, 9°, 15°).

The Albatross airfoil maintains smooth pressure recovery with 
reduced adverse gradients across all AoAs. This explains its 
superior lift performance and delayed separation behavior. Even at 
15°, the contours indicate sustained pressure diff erentials, making 
it suitable for high-lift missions.

Figure 8 show the pressure contours for Owl airfoils at selected 
angles of attack (3°, 6°, 9°, 15°).

The Owl shows a stable and gradual pressure recovery, especially 

at lower AoAs, with serrated leading edges helping to delay fl ow 
separation. This produces low drag while maintaining moderate 
lift. The contours confi rm its role as an endurance optimized 
airfoil.

Figure 7 also show the pressure contours for Falcon airfoils at 
selected angles of attack (3°, 6°, 9°, 15°).

The Falcon exhibits weaker suction peaks and steeper gradients, 

causing earlier separation under increasing AoA. This limits its 
lift generation compared to other bio-inspired designs. Its contour 
patterns align with its specialization for low-drag, high-speed 
fl ight.

Figure 8. Pressure contours for Owl airfoils at selected angles of attack (3°, 6°, 9°, 15°).

Figure 7. Pressure contours for Falcon airfoils at selected angles of attack (3°, 6°, 9°, 15°).

  Volume 2 & Issue 1



                                                    Page 7/11Journal of Applied Sciences and Applications in Engineering

Ajayi, A. S., et al.,

Figure 9. Pressure contours at diff erent angles of attack (3°, 6°, 9°, 15°) for Eppler 387.

Figure 9 illustrate the pressure contours at diff erent angles of 
attack (3°, 6°, 9°, 15°) for Eppler 387.

The Eppler 387 displays relatively sharp suction peaks, which 

initially provide lift but result in unstable recovery at higher 
AoAs. The contours indicate susceptibility to fl ow separation 
beyond moderate angles. This reduces effi  ciency compared to 
bio-inspired designs.

Figure 10. Pressure contours at diff erent angles of attack (3°, 6°, 9°, 15°) for NACA 4412.

Figure 10 show the pressure contours at diff erent angles of attack 
(3°, 6°, 9°, 15°) for NACA 4412.

The NACA 4412 shows strong pressure gradients and early 
fl ow detachment, particularly as AoA increases. This explains 

its consistently higher drag and reduced aerodynamic effi  ciency. 
Its contours highlight why conventional designs underperform at 
low Reynolds numbers.
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Figure 11. Velocity contours for the Albatross airfoil at selected angles of attack (3°, 6°, 9°, 15°).

Figure 12. Velocity contours for the Falcon airfoil at selected angles of attack (3°, 6°, 9°, 15°).

Complementing the pressure analysis, the velocity distributions 
provide further insight into boundary layer behavior. Figure 11 
shows that the Albatross supports high velocity over the suction 
surface with minimal reversed-fl ow regions, consistent with its 
superior lift.

In contrast, Figure 12 demonstrates that the Falcon produces lower 
velocities and larger recirculation areas at higher AoAs, aligning 
with its low lift capability.

Figure 13. Velocity contours for the Owl airfoil at selected angles of attack (3°, 6°, 9°, 15°).
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Figure 14. Velocity contours for the Eppler 387 airfoil at selected angles of attack (3°, 6°, 9°, 15°).

Figure 15. Velocity contours for the NACA 4412 airfoil at selected angles of attack (3°, 6°, 9°, 15°).

Figure 13 illustrates the velocity contours for the Owl, where 
streamlined acceleration and delayed separation are evident. The 
serrated leading edge promotes boundary layer reattachment, 
which explains the Owl’s low drag and stable aerodynamic 
behavior. Conversely, Figure 14 shows that Eppler 387 suff ers 
from early boundary layer breakdown, while Figure 15 highlights 
signifi cant separation and reversed fl ow for the NACA 4412, both 
of which account for their reduced effi  ciency.

The CFD analysis revealed distinct aerodynamic behaviors 
across the fi ve airfoils, with bio-inspired designs outperforming 
conventional ones under low Reynolds-number conditions. The 
Albatross consistently achieved the highest lift coeffi  cients, 
maintaining aerodynamic performance even at higher angles 
of attack, making it ideal for payload-intensive or STOL UAV 
operations. The Owl demonstrated the lowest drag values 
and smoother fl ow characteristics, confi rming its suitability 
for endurance and ISR missions where long fl ight times are 
essential. The Falcon showed effi  ciency in drag reduction but 
limited lift generation, restricting its utility to specialized high-
speed missions. In contrast, conventional airfoils, particularly the 
NACA 4412, suff ered from stronger adverse pressure gradients, 
early fl ow separation, and higher drag, which led to consistently 
poorer performance. These results provide strong evidence that 
bio-inspired morphing-inspired geometries can enhance UAV 
aerodynamic effi  ciency compared to traditional sections.

Conclusion

This study provides actionable insights for UAV and aircraft 
designers by identifying airfoil profi les best suited for diff erent 
mission requirements. The Albatross airfoil is optimal for 
high-payload and STOL operations due to its superior lift, 
enabling heavier take-off  weights, shorter runway requirements, 
and enhanced low-speed stability. The Owl airfoil offers 
clear advantages for endurance missions, with its minimal 
drag translating to signifi cantly longer fl ight times or lighter 
propulsion demands. While the Falcon provides niche benefi ts 
in drag reduction, both the Eppler 387 and NACA 4412 were 
conclusively outperformed, underscoring the limitations of 
conventional airfoils in low-Reynolds UAV applications. Overall, 
this research confi rms that bio-inspired geometries outperform 
fi xed conventional designs, directly supporting the objective of 
leveraging morphing winglets as a pathway to drag reduction 
and aerodynamic effi  ciency improvement in next-generation 
commercial aircraft.
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