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Abstract:

The shape of an aircraft wing is perhaps the single most important consideration in the field of
aerospace design, as it controls the lift, drag and aerodynamic efficiency of an aircraft during
different phases of flight. This paper compares six main types of wing planforms: straight,
swept, delta, forward-swept, variable geometry, and blended wing body. The research paper
further discusses how the shape of the wing influences the lift, drag, and lift-to-drag ratio of an
aircraft when traveling at subsonic speed, transonic speed, and supersonic speed. The study
makes use of well-established theories, published research studies, and original simulation data
generated with XFLR5 v6.62, using the Vortex Lattice Method (VLM2), to examine lift, drag, and
lift-to-drag ratio of the three principal planform configurations by changing their angles of attack.
Results confirm the swept wing achieved a peak CL/CD of 121.9 compared to 99.6 for the
straight wing and 67.8 for the delta wing. The paper ultimately shows that no single shape will
be the best choice in all aspects; rather, the different planform shapes are compromises
between the performance, speed regime, structural suitability, and the mission requirements
which each design was made for. In future, it is expected that morphing wing systems,
biomimetic design strategies, and Al-driven geometries will become viable ways to develop
planform geometries that can operate beyond the conventional limitations without sacrificing
aerodynamic efficiency, which will open up a whole new era in wing design.

Key Words: wing planform geometry; aerodynamic performance; XFLR5 simulation; vortex
lattice method; comparative wing analysis; future wing designs

1. Introduction:
The wing is the most aerodynamically critical component of any fixed-wing aircraft, yet no two
aircraft in service today share the same wing shape. From the straight wings of early
propeller-driven fighters to the delta configurations of supersonic jets and the sweeping blended
forms of modern stealth aircraft, wing planform geometry has evolved in direct response to the
demands of speed, efficiency, and mission requirements — fundamentally shaping how an
aircraft generates lift, manages drag, and maintains stability across vastly different flight
conditions. A straight wing that excels at low-speed flying becomes a liability at transonic
speeds; a delta wing built for supersonic cruise struggles during low-speed landing approach.
These are not minor trade-offs — they are basic design limitations that aerospace engineers
navigate for every airplane ever produced. Yet despite decades of research, no single planform
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has emerged as universally optimal, and the question of how wing geometry drives aerodynamic
performance remains as relevant as ever.

2. Fundamentals of Aerodynamics
2.1 The Four Fundamental Forces of Flight:
Every aircraft in steady flight is governed by the interaction of four forces: Lift, Drag, Thrust,
and Weight. These forces do not act independently — they are deeply interconnected, and the
balance between them determines whether an aircraft climbs, descends, accelerates, or
maintains level flight.

Lift is the upward aerodynamic force generated primarily by the wings as they move through air.
It is not produced by the aircraft as a whole, but is the direct result of pressure difference —
lower pressure above the wing surface and higher pressure below — caused by the wing's
shape and orientation. In the context of this study, the planform geometry of the wing is a
primary factor in determining how effectively lift is generated across different speed regimes.

Drag is the aerodynamic resistance that opposes the forward motion of an aircraft through the
air. Unlike lift, drag is always present and always works against the aircraft's motion. It arises
from the physical interaction between the aircraft's surface and the surrounding fluid medium —
meaning that in the absence of a fluid, drag cannot exist. Wing planform shape has a direct and
significant influence on the type and magnitude of drag experienced, which is explored further in
Section 2.4.

Thrust is the forward force produced by the aircraft's propulsion system — whether a jet engine,
propeller, or rocket — to overcome drag and sustain motion. Like drag, thrust requires physical
contact with a working fluid to be generated. In level, unaccelerated flight, thrust and drag are
equal and opposite.

Weight is the downward force of gravity acting on the total mass of the aircraft toward the
Earth's centre. It acts in direct opposition to lift. In steady level flight, lift and weight are equal —
any imbalance between them results in a climb or descent.

The relationship between these four forces is what makes wing design so critical: a more
aerodynamically efficient planform generates greater lift for a given amount of drag, directly
reducing the thrust — and therefore fuel — required to sustain flight. [1]
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2.2 Key parameters: Lift coefficient (CL), Drag coefficient (CD), L/D ratio:

2.2.1 Lift coefficient(CL): The lift coefficient is a number that aerodynamicists use to model all
of the complex dependencies of shape, inclination, and some flow conditions on lift. This
equation is simply a rearrangement of the lift equation, where we solve for the lift coefficient in
terms of the other variables. The lift coefficient Cl is equal to the lift L divided by the quantity:
density rho (p) times half the velocity V squared times the wing area A.

[3]

L —pv's

2.2.2 Drag coefficient: The drag coefficient is a number that engineers use to model all of the
complex dependencies of shape, inclination, and flow conditions on aircraft and rocket drag.
This equation is simply a rearrangement of the drag equation, where we solve for the drag
coefficient in terms of the other variables. The drag coefficient Cd is equal to the drag D divided
by the quantity: density p times half the velocity V squared times the reference area A. [4]

D
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2.2.3 L/D ratio: The lift-to-drag ratio (L/D)is a measure of an aircraft’'s aerodynamic efficiency. A
high L/D ratio means the aircraft produces a large amount of lift while generating relatively little
drag. Aircraft with high L/D ratios require less thrust and therefore consume less fuel, improving
endurance and flight range. This allows aircraft to carry heavier payloads over longer distances
more efficiently. In gliders, a high L/Dratio reduces the glide descent angle, allowing longer
unpowered flight. [1][2]

2.3 Induced drag vs parasitic drag:

2.3.1 Induced Drag (The Penalty of Creating Lift):

Induced drag is a direct byproduct of lift. High-pressure air beneath the wing rolls over the
wingtips into the low-pressure zone on top, creating swirling wingtip vortices that deflect air
downward (downwash) and tilt the lift vector backward.

2.3.2 Parasitic Drag (The Penalty of Moving Through Fluid):

Parasitic drag is standard fluid resistance caused by the aircraft's physical structure, consisting
of skin friction, form (shape) drag, and interference drag. It increases with the square of the
airspeed.
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2.3.3 Aircraft designers use planform shapes to compromise between these two
competing types of drag:

Planform Shape Aspect Primary Drag Best Flight Regime
Ratio Targeted
Long & Straight (Gliders, High Minimizes Low speed, high altitude,
U-2) Induced Drag long endurance
Swept / Delta Low Minimizes High speed, high Mach
(Commercial Jets, Parasitic Drag numbers, supersonic
Fighters)

2.4 Angle of Attack and its significance:

2.4.1 Angle of Attack (AOA) is the acute angle between the chord line of an aircraft's wing and
the direction of the relative wind. It is a critical aerodynamic measurement that dictates exactly
how much lift and drag a wing produces at any given moment.

2.4.2 The Aerodynamic Significance:

1. The Lift Modifier

As a pilot increases the AOA by pulling back on the flight controls, the wing deflects more
oncoming air downward. According to Newton's third law and Bernoulli's principle, this increases
the pressure differential across the wing, generating more lift. This allows an aircraft to fly safely
at slower speeds, such as during takeoff and landing.

2. The Drag Penalty

Increasing AOA exposes more of the wing's lower surface area to the oncoming airflow. This
drastically increases induced drag. Flight at a high AOA requires significantly more engine thrust
to overcome this rapid buildup of rearward aerodynamic resistance.

3. The Critical AOA and Stalls

Every wing has a specific, fixed Critical Angle of Attack (typically between 15° and 20°).

e The Boundary: Up to this limit, increasing AOA increases lift.
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e The Stall: If the pilot exceeds the critical AOA, the smooth airflow over the top of the wing
completely detaches and becomes highly turbulent.

e The Result: Lift instantly drops, drag skyrockets, and the wing stalls. A wing can stall at
any airspeed or altitude if it exceeds its critical AOA.[5]

3. Wing Planform Types — Characteristics & Aerodynamics

3.1 Straight Wing:

A straight wing design extends perpendicular to the aircraft’s fuselage. It is structurally
efficient and provides excellent lift at low speeds, making it ideal for trainers, gliders, and small
propeller planes. However, these wings create significant drag at high speeds close to at
transonic speeds . Straight wings generate strong lift efficiently, ensuring stable takeoffs and
landings. Used in light aircraft, early fighters. Examples are cessna 172 Skyhawk, and Piper J-3
Cub and older plans like Grumman F4F Wildcat and Boeing B-17 Flying Fortress.

3.2 Swept Wing (Conventional):

A conventional swept wing is an aircraft wing angled backward (or occasionally forward)
from the root rather than extending straight out at a 90-degree angle. This design splits
airflow over the wing, significantly delaying the onset of wave drag and shockwaves as the
aircraft approaches the speed of sound resulting in an increased critical mach number.
Examples are Boeing 747, and Boeing B-52 Stratofortress.

3.3 Delta Wing:

A delta wing is an aircraft wing shaped like a triangle, named after the Greek letter Delta
(A). This design incorporates a highly swept leading edge and a straight trailing edge, running
almost the entire length of the aircraft fuselage. It is the definitive choice for supersonic flight,
allowing aircraft to withstand intense aerodynamic stress when breaking the sound barrier.
Example are Convair F-102 Delta Dagger, and Eurofighter Typhoon. [6] [7]

3.4 Forward Swept Wing:

A forward-swept wing is angled forward from the fuselage toward the nose of the
aircraft, reversing the traditional backward sweep. This configuration causes airflow to travel
inward toward the wing root rather than outward toward the wingtips, providing exceptional
maneuverability at transonic speeds. Example are Grumman X-29, and Sukhoi Su-47 Berkut.[8]
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3.5 Variable Geometry Wing:

A variable-geometry wing—commonly known as a "swing wing"—is an aircraft design that
allows the wings to dynamically pivot backward and forward during flight. This mechanical
adaptability combines the benefits of a straight wing and a swept wing into a single airframe.
The pilot sweeps the wings forward for maximum lift during slow takeoffs and sweeps them back
into a narrow wedge to reduce drag for high-speed supersonic dashes. Examples are F-14
Tomcat, and Rockwell B-1 Lancer.

3.6 Blended Wing Body:

A blended wing body (BWB) is an advanced aircraft design that integrates the fuselage
and the wings into a single, smooth, and continuous shape. Unlike a conventional airplane
with a tube-shaped cabin and distinct wings, the entire body of a BWB aircraft generates lift.
This fluid aerodynamic shape drastically reduces drag, making it one of the most promising
configurations for sustainable aviation. Examples are Boeing X-48, and JetZero Jet1 / Z5. [9]

Figure 1: The Boeing X-48B Blended Wing Body demonstrator aircraft (Source: NASA Public Domain)
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4.1 Table:
Wing Type Best Speed L/D Ratio Drag Primary Use | Key Trade-off
Regime Profile Case

Straight Subsonic 9:1-12:1 High Light aircraft, | Unsuitable at
induced trainers transonic+
drag at
speed

Swept Transonic 16:1 — 20:1 Delayed Commercial | Reduced low-
wave drag | jets, fighters | Speed lift

Delta Supersonic 4:1 - 8:1 Low wave | Supersonic Poor low-
drag, high | jets Speed lift
induced

Forward Swept Subsonic / ~12:1 -16:1 Complex Experimental | Structural

Transonic spanwise , divergence

flow agile fighters

Variable All Regime 4:1-18:1 Adaptive Multi-role Mechanical

Geometry military complexity

BWB Subsonic 20:1 - 25:1 Extremely | Future Unconventiona
low commercial ||

control
[0l

4.2 Performance Across Speed Regimes

Subsonic Flight (Below Mach 0.8):

At subsonic speeds, the straight wing is the clear aerodynamic winner. Its geometry maximises
span efficiency, generating high lift across the full wing surface at relatively low airspeeds. The
blended wing body configuration is a strong runner-up, producing exceptionally low drag at
cruise conditions. The delta wing on the other hand has low aspect ratio and highly swept
leading edge require a significantly higher angle of attack to generate equivalent lift, increasing
induced drag and reducing efficiency in conditions it was never designed for, hence performs

most poorly at subsonic speeds.
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Transonic Flight (Mach 0.8 — Mach 1.2):

Here swept wing is the winner because by angling the wing backward, the effective chord length
experienced by the oncoming airflow is increased, delaying the formation of shockwaves and
pushing the critical Mach number higher. The variable geometry wing is the most versatile
competitor here, sweeping its wings back as speed increases, it can match the swept wing's
transonic performance while retaining low-speed capability. The straight wing is the most
severely penalised in this regime, with wave drag rising sharply as airspeed approaches Mach
1. [8]

Supersonic (Mach 1.2 above):

The delta wing dominates the transonic regime, Its highly swept leading edge and low aspect
ratio are specifically optimised to operate within the Mach cone, and the conical shockwave
envelope that forms around supersonic aircraft. The thin, triangular geometry also provides the
structural rigidity needed to withstand intense aerodynamic loads at supersonic speeds without
the weight penalty that a thicker wing would impose. The forward-swept wing performs most
poorly in this regime. The geometry, which provides exceptional manoeuvrability at transonic
speeds, generates unfavourable spanwise flow patterns. and structural divergence tendencies
at supersonic velocities, making it imperfect for sustained supersonic flight. [6] [7]

5. Simulation:

5.1 Simulation Methodology:

Aerodynamic simulations were conducted using XFLRS v6.62. The Vortex Lattice Method
(VLM2) was selected for all wing analyses, as it provides reliable aerodynamic predictions for
subsonic flow over finite wings. A freestream velocity of 30 m/s was applied at standard sea
level conditions (p = 1.225 kg/m?3, v = 1.5x10° m?%/s). The NACA 2412 airfoil was used across all
three planform configurations to isolate the effect of planform geometry on aerodynamic
performance, eliminating airfoil shape as a variable. Each wing was simulated across an angle
of attack range of -5° to 15° in increments of 1°. The three configurations analysed were: a
straight wing (0° sweep), a swept wing (35° sweep), and a delta wing (~60° sweep). [10] [11]

5.2 Straight Wing Results:

The straight wing configuration demonstrated aerodynamic characteristics consistent with
theoretical predictions for an unswept, high aspect ratio planform operating in the subsonic
regime. The results are presented across three performance metrics: lift coefficient (CL),
induced drag coefficient (CDi), and lift-to-drag ratio (CL/CD).
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The CL-a relationship exhibited a highly linear trend across the full analysis range, with CL
increasing steadily from -0.256 at a = -5° to 1.277 at a = 15°. Notably, the wing generated
positive lift at zero angle of attack (CL = 0.137), a direct result of the positive camber of the
NACA 2412 profile. This linear behaviour is consistent with finite wing theory, which predicts a
near-constant lift curve slope for straight, unswept wings at subcritical angles of attack.

CL vs Angle of Attack — Straight Wing (NACA 2412)
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Figure 2: CL vs Angle of Attack — Straight Wing (NACA 2412, 0° sweep) Simulated using XFLR5 v6.62, VLM2 Inviscid, V= = 30
m/s

Induced drag remained near-zero at low angles of attack, recording a minimum CDi of 0.000021
at a =-2°. Beyond a = 5°, drag rose sharply and consistently, reaching 0.0745 at a = 15°. This
progressive increase reflects the growing strength of the wingtip vortex system as lift — and
consequently the spanwise pressure differential — intensified with increasing angle of attack.
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CD vs Angle of Attack — Straight Wing (NACA 2412)
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Figure 3: CD vs Angle of Attack — Straight Wing (NACA 2412, 0° sweep)

Peak aerodynamic efficiency was recorded at a = 1°, with a CL/CD ratio of approximately 99.6.
This high efficiency at low angles of attack is characteristic of high aspect ratio straight wings
and directly explains their dominance in gliders, training aircraft, and other low-speed
applications where maximising lift relative to drag is the primary design objective.

- CL/CD vs Angle of Attack — Straight Wing (NACA 2412)
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Figure 4: CL/CD vs Angle of Attack — Straight Wing (NACA 2412, 0° sweep)

5.3 Swept Wing Results:

The swept wing (35° leading edge sweep, tapered from 1.5m root chord to 1.0m tip chord)
demonstrated aerodynamic behaviour consistent with theoretical expectations for a
transonic-optimised planform. Compared to the straight wing, the swept configuration produced
a measurably different performance profile across all three metrics.

The CL-a curve remained linear but with a reduced slope compared to the straight wing,
producing a maximum CL of 1.208 at a = 15° against the straight wing's 1.277. This reduction is
a direct consequence of sweep geometry — the component of freestream velocity acting
perpendicular to the leading edge is reduced by the cosine of the sweep angle, lowering the
effective dynamic pressure experienced by the wing surface and consequently reducing lift
generation per unit angle of attack.

CL vs Angle of Attack — Swept Wing (NACA 2412, 35° Sweep)
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Figure 5: CL vs Angle of Attack — Swept Wing
The swept wing's most significant advantage emerged in its drag characteristics. At a = 10°, the
swept wing recorded CDi = 0.029 compared to 0.038 for the straight wing — a reduction of
approximately 23%. This lower induced drag at moderate to high angles of attack is attributable
to the spanwise redistribution of lift loading that sweep introduces, reducing the intensity of
wingtip vortices and their associated drag penalty.

11
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6CD vs Angle of Attack — Swept Wing (NACA 2412, 35° Sweep)
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Figure 6: CD vs Angle of Attack — Swept Wing

Peak aerodynamic efficiency was recorded at a = 1°, yielding a CL/CD ratio of 121.9 —
marginally exceeding the straight wing's peak of 99.6. This result, while counterintuitive given
the straight wing's higher absolute lift, reflects the swept wing's superior drag management at
cruise angles: it generates slightly less lift but proportionally far less drag, resulting in a higher
efficiency ratio. This finding directly supports the near-universal adoption of swept planforms in
commercial aviation, where cruise efficiency governs fuel consumption and operating
economics.

12
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15COL,;’CD vs Angle of Attack — Swept Wing (NACA 2412, 35° Sweep)
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Figure 7: CL/CD vs Angle of Attack — Swept Wing

5.4 Delta Wing Results:

The delta wing configuration (~60° leading edge sweep, root chord 4.0m, tip chord 0.5m, span
4.0m) produced aerodynamic characteristics distinctly different from both the straight and swept
wing configurations, reflecting the fundamental geometric trade-offs inherent in low aspect ratio,
highly swept planforms.

The delta wing generated the lowest lift coefficients of the three configurations across all angles
of attack, with CL reaching 0.990 at a = 15° — 22% lower than the straight wing under identical
conditions. This reduced lift generation is a direct consequence of the delta's low aspect ratio,
which limits the spanwise extent of the lift-generating pressure distribution. The CL-a curve
remained linear throughout the analysis range, suggesting that leading edge vortex lift — a
phenomenon observed at higher angles of attack in real delta wing flight — was not captured in
this inviscid VLM2 simulation, which represents a known limitation of the linear potential flow
method at high incidence angles.

13
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CL vs Angle of Attack — Delta Wing (NACA 2412, ~60° Sweep)
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Figure 8: CL vs Angle of Attack — Delta Wing

Induced drag behaviour followed a pattern broadly similar to the other configurations at low
angles of attack, with CDi near-zero below a = 0°. However, drag rose more steeply beyond a =
5°, reaching 0.082 at a = 15° — higher than the swept wing (0.057) but slightly above the
straight wing (0.074) at the same angle. This elevated drag at higher incidence reflects the
strong induced drag penalty associated with low aspect ratio wings generating lift at high angles
of attack.

14
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CD vs Angle of Attack — Delta Wing (NACA 2412, ~60° Sweep)
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Figure 9: CD vs Angle of Attack — Delta Wing

The delta wing recorded the lowest peak CL/CD ratio of 67.8 at a = 1° — significantly below the
swept wing (121.9) and straight wing (99.6). This quantitatively confirms the delta wing's
well-documented subsonic aerodynamic inefficiency. It is important to note, however, that this
simulation was conducted at subsonic speeds (30 m/s) and does not capture the delta wing's
primary performance domain. At supersonic speeds, the delta's highly swept leading edge
operates within the Mach cone, dramatically reducing wave drag in a regime where both straight
and swept wings suffer severe aerodynamic penalties — a performance characteristic that falls
outside the scope of the current simulation methodology.

15
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1%(])4’CD vs Angle of Attack — Delta Wing (NACA 2412, ~60° Sweep)
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Figure 10: CL/CD vs Angle of Attack — Delta Wing

5.5 Comparative Discussion:

Wing Type | Max CL Peak CL/CD | CD ata=10° | Best regime

Straight 1.277 99.6 0.038 Low speed

Swept 1.208 121.9 0.029 Tra.nsonic
cruise

Delta 0.990 67.8 0.042 Supersonic*

*The delta wing's supersonic performance advantage is established in published literature but falls
outside the subsonic simulation scope of this study (V= = 30 m/s). Refer to Section 3.3 for theoretical
discussion of delta wing supersonic characteristics.
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Wing Planform Comparison — Straight vs Swept vs Delta | XFLR5 VLM2 Simulation
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Figure 11: Three-Way Planform Comparison — CL, CDi, and CL/CD vs a Straight Wing (0°), Swept Wing (35°), Delta Wing
(~60°)

6. Future of Wing Design:
Wing planform research has come a long way — but it is far from over. If anything, the pressure
on modern aircraft is growing: wider speed ranges, tighter emissions targets, and mission
profiles that would have seemed unrealistic just a decade ago. What is becoming increasingly
clear is that the future of wing design is not about picking the best configuration from the ones
we have today. It is about moving beyond the idea of a fixed wing altogether.

6.1 Adaptive and Morphing Wings:

Every conventional wing is a compromise. It is designed to perform reasonably well across
different flight conditions, but it is never truly optimal for any single one of them. Morphing wings
challenge that reality. By using flexible structures and embedded actuators, they can physically
reshape themselves mid-flight — tweaking sweep, camber, and span in real time as speed and
altitude change. NASA's Adaptive Compliant Trailing Edge (ACTE) project has already shown
that this kind of in-flight adaptation can meaningfully cut fuel consumption. It is still early days,
but the implication is significant — the rigid, fixed wing that has defined aviation for over a
century may not be the final answer. [12] [13]

6.2 Biomimicry and Bird-Inspired Designs:
Birds figured out efficient flight long before humans did — and they did it without wind tunnels or
CFD software. What makes them remarkable is not just that they fly, but that they constantly

17
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adjust their wing shape depending on what they are doing: taking off, cruising, gliding, landing.
No current aircraft comes close to that level of adaptability. Aerospace researchers are paying
close attention to species like the swift and the albatross. The albatross is a particularly
interesting case — its exceptionally high aspect ratio wing, built for dynamic soaring over open
ocean, has already informed the design of long-endurance UAVs and high-altitude research
platforms. Nature, it turns out, is still ahead of us.[15]

Figure 13: Biomimicry in aerospace design (source:weburbanist.com)

6.3 Al-Optimised Wing Geometries:

Traditional wing design is a slow process. Engineers iterate, test in wind tunnels, run CFD
simulations, refine, and repeat — guided largely by accumulated intuition and experience. It
works, but it is inherently limited by what the human mind can imagine and what physical testing
can afford to explore. Machine learning is beginning to change that. Algorithms trained on large
aerodynamic datasets can now generate wing geometries that no designer would have thought
to try — shapes that look unconventional on paper but outperform established configurations in
simulation. Airbus and other manufacturers are already using generative design tools to
optimise structural components, and applying the same approach to full wing planform design is
one of the most active frontiers in aerospace research today.

6.4 Sustainable Aviation and Future Planforms:

Fuel efficiency has always mattered in aviation — but it has never mattered quite as urgently as
it does now. With the sector facing serious scrutiny over its carbon footprint, designers can no
longer treat aerodynamic efficiency as one consideration among many. It has become the

18
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primary objective. Blended wing body configurations are one of the most promising responses to
this pressure. By generating lift across the entire aircraft surface rather than just the wings, BWB
designs achieve substantially lower drag and better fuel economy than conventional
tube-and-wing aircraft. NASA and Boeing's research into the X-48 demonstrator points to
potential fuel savings of 20-30% on long-haul routes — a number that the industry cannot
ignore. Alongside BWB development, laminar flow control technology is also gaining traction,
aiming to keep airflow smooth across the wing surface for longer and reduce the drag penalty
that comes with turbulent transition. [14]

7. Conclusion:
The study of wing planform geometry reveals a fundamental truth about aerospace engineering:
there is no perfect wing. The straight wing remains unmatched for low-speed applications, the
swept wing has proven itself the workhorse of transonic commercial aviation, the delta wing
sacrifices low-speed performance for supersonic capability, the forward-swept wing offers
compelling aerodynamic advantages in terms of manoeuvrability and spanwise flow control, but
its structural challenges have prevented mainstream adoption, the variable geometry wing
comes closest to a universal solution (both transonic and supersonic), but the mechanical
complexity and weight penalty it introduces are significant enough that most modern multi-role
aircraft have found swept wing compromises more practical, and finally the blended wing body,
extraordinary lift-to-drag ratio and low drag profile make it the most aerodynamically compelling
configuration for the fuel efficiency demands of the future.

What this comparative study ultimately demonstrates is that wing planform selection is never a
purely aerodynamic decision. It is always a negotiation between performance, speed regime,
structural feasibility, manufacturing complexity, and mission requirements. Looking ahead, the
most promising developments in wing design are those that seek to dissolve most the trade-offs
rather than simply navigate them. Morphing wings, biomimetic structures, and Al-optimised
geometries all point toward a future where a single wing can adapt to multiple regimes —
combining the low-speed efficiency of a straight wing with the transonic performance of a swept
configuration and the supersonic capability of a delta, all within a single flight. That future is not
yet here, but the research foundations being laid today suggest it is closer than it has ever been.
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