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Abstract 
Supersonic flight entails travelling faster than the local speed of sound (Mach 1). At these speeds, multiple changes in the 
nature of airflow and aerodynamic effects occur due to the introduction of compressible flow. To address and adapt for 
these conditions, aerodynamic planforms have been extensively developed to combat - and sometimes even take 
advantage of - supersonic flow. However, each planform poses advantages, disadvantages and differences in effectiveness. 
Analysing and contrasting these is crucial to understanding the suitability and feasibility of integrating a particular 
planform into a vehicle to accomplish a particular objective. This paper aims to provide a comprehensive analytical 
comparison between the straight/low sweep wing, the swept wing, the variable sweep wing, the delta wing and the oblique 
wing. 
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I. Introduction 
“The desire to reach for the sky runs deep in our human psyche.” This quote, by Cesar Pelli aptly describes humanity’s 
fascination with flying farther, higher and faster since the inception of flight. This quest has been a major driver for 
cutting-edge innovation in aerospace over the past century, and one that, in the early twentieth century, was curtailed by a 
seemingly unbreakable barrier known as the sound barrier. This was due to the immense wave drag experienced at 
transonic (Mach 0.8-1.2), making it impossible for early aircraft to achieve speeds past this regime (Boom Supersonic, 
“Boom - FlyBy - How Exactly Do You ‘Break’ the Sound Barrier?”). However, on October 14th, 1947, Chuck Yeager 
broke this barrier, making aviation history in the experimental Bell X-1 rocket-powered supersonic aircraft, reaching a 
speed of Mach 1.06 (6% faster than the speed of sound), heralding a new era in aviation. 
 
Since then, supersonic aircraft have revolutionised military and civilian aviation. Less than a decade later, the first fighter 
jet to achieve supersonic speeds in level flight, the United States’ F-100 Super Sabre, entered service (Roblin). This 
heralded the flurry of development during the Cold War, with both the United States and Soviet Union competing to 
achieve air superiority, leading to the development of iconic high-performance aircraft such as the F-15, SR-71 and Su-27.  
 
However, this arms race primarily provided supersonic benefits to military forces, and so, aircraft manufacturers from 
Britain and France jointly set out to develop the first passenger-carrying supersonic transport (SST). Their efforts 
culminated in the development of the famous Concorde, which entered service in 1976, and could fly at over 2 times the 
speed of sound (Encyclopedia Britannica). The Concorde was used to demonstrate some of the most remarkable benefits 
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of supersonic flight. For example, on June 30, 1973, scientists aboard a Concorde experienced the longest airborne total 
eclipse observation ever recorded, which enabled the onboard infrared and optical sensors to capture details of the corona 
with little atmospheric interference (Pappalardo). Concorde also proved that supersonic air travel posed countless benefits 
for regular consumers, the main attraction being reduced flight times - it could fly from London to New York in only three 
and a half hours. Additionally, it has the potential to revolutionise the transport and tourism industries, fostering economic 
growth (IIMTU Desk). In general, supersonic flight has the potential to bring the world closer together, and is anticipated 
to be the next chapter in commercial aerospace. 
 
However, despite its successes, Concorde’s retirement revealed several limitations in supersonic travel. It consumed 6,771 
gallons of fuel on a regular flight, whose cost exceeded the profit made and rendered Concorde unprofitable for airlines. 
Additionally, the loud noise produced due to the sonic boom meant it was not permitted to fly supersonic above land 
(Terefe et al.). As many stakeholders and participants in the aviation industry seek to develop the next generation of 
commercially viable, efficient and sustainable supersonic transports (SSTs), it is crucial to understand the benefits and 
limitations of different aerodynamic planforms to optimise modern designs. 
 
This paper aims to present a comparative analysis of different aerodynamic planforms (straight/low sweep wings, swept 
wings, variable sweep wings, delta wings and oblique wings), to compare and contrast their characteristics in the context 
of supersonic travel. By considering historical and existing research and precedents, this study aims to evaluate which 
configuration might potentially offer the optimal balance for various applications of supersonic travel.    
 
II. Literature Review 
While the benefits are countless, supersonic flight poses multiple challenges technologically, commercially and 
environmentally. This is demonstrated in the demise of Concorde, which was retired in 2003 due to high operating costs, 
noise and emissions (Choosak Ngaongam and Rapee Ujjin).  Primarily, the drag force at supersonic speeds is greater than 
those at subsonic speeds. This is due to the fact that at or beyond Mach 1, the compressibility of air results in shockwave 
formation, which are sudden changes in boundary conditions of the flow (pressure, temperature and density) that occur in 
the flow passing over the aircraft. This results in wave drag, which is the dominant source of drag on supersonic aircraft 
(“Aerodynamics Challenges of Supersonic Flight”). Wave drag has several undesirable consequences on supersonic 
aircraft. Due to wave drag, there is a reduction of the aircraft’s lift/drag ratio, and when other factors such as the fuel on 
board and engine performance are kept constant, an aircraft’s L/D is proportional to its range. Generally, L/D reduces with 
increase in Mach number. For example, the Boeing 787 has an L/D of around 20 at cruise conditions (“Boeing 787 
Dreamliner : Analysis”), while the Concorde had one of only 7.1 - 7.3 at Mach 2 (Cook). As a result, supersonic aircraft 
usually have reduced fuel efficiency than their subsonic counterparts, and cannot go as far on the same tank of fuel.  
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Representation of maximum L/D as a function of Mach number (Küchemann 2012) 

 
Secondly, when air is compressed to form shockwaves, there is a significant increase in pressure and temperature 
​​(National Academy Press). Additionally, the increased friction experienced due to the viscosity of air at supersonic speeds 
means the aircraft’s skin experiences temperatures  around 260 degrees Fahrenheit for a Mach 2 design and over 570 
degrees Fahrenheit for a Mach 3 design, (Fehrm, “Bjorn’s Corner: Supersonic Transport Revival, Part 6 - Leeham News 
and Analysis”) necessitating additional cooling features or advanced materials.  
Additionally, as Mach number increases, a jet engine’s propulsive efficiency (total work that comes from the engines 
divided by total energy in its fuel) decreases (Lee). Generally, efforts to optimise engine efficiency come in the form of 
high-bypass turbofan engines, but such engines are not viable due to the drag caused by the larger engine diameter and the 
need to decrease inlet velocity (Cleary). Therefore, designing an effective and efficient supersonic propulsion system can 
be challenging and complex, requiring smooth operation across a number of Mach regimes from takeoff to cruise, and 
thus needing modifications like variable inlets and nozzles. However, it is still unlikely that such an engine achieves 
similar efficiency to a subsonic turbofan, resulting in increased noise, emissions and fuel required to travel a certain 
distance (Memon).  
 
Last of the technical hurdles is the noise issue. Most pertinent when discussing sound is the infamous “sonic boom”. As a 
supersonic aircraft travels through the air, a region of high pressure, compressed air forms in front of it, propagating a 
shockwave which is responsible for the loud sonic boom (Air Force). The regions within the “boom corridor”, which 
could be 60-100 kilometres wide (U.S. Air Force Fact Sheet: "Sonic Boom"), could experience disruption to communities, 
concentration and sleep cycles, as well as damage to property and environment (U.S. Air Force Fact Sheet: "Sonic 
Boom"). 
 
A supersonic aircraft engine is usually noisier than a subsonic engine. This is because supersonic aircraft are optimised for 
supersonic flow and experience greater low-speed drag, requiring greater thrust for takeoff (E. Penner et al.). The low 
bypass ratio propulsion optimised for supersonic flight often correlates to higher jet exhaust velocity, the dominant noise 
source on takeoff (Fehrm, “Bjorn’s Corner: Supersonic Transport Revival, Part 11 - Leeham News and Analysis”).  
However, with the use of modern technology and innovations not present during the time of the Concorde, these issues 
can be somewhat mitigated to re-open commercial supersonic flight to the public. 
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Supersonic flight differs extremely from subsonic flight, the regime in which most airliners operate today. Before 
commencing with a discussion of potential modern solutions to these problems as well as a description of aerodynamic 
planforms most utilised for supersonic vehicle design, it is important to briefly discuss the fundamental physics in play 
during supersonic flight. 
 
Table 1. FUNDAMENTAL PRINCIPLES 

Principle Discussion 

Mach Number The Mach number of an aircraft is the ratio of the speed of the aircraft to the speed of 
sound in the gas it is travelling in. This number is particularly important because it 
determines the magnitude of many fluid compressibility effects (discussed below). In 
general the speed of sound in air is directly proportional to the temperature of the air, 
or inversely proportional to the altitude (since air temperature decreases with increase 
in altitude). Therefore, the Mach number of an aircraft travelling at a constant speed 
increases with an increase in altitude (NASA, “Mach Number”). 

Compressible Flow At transonic and supersonic speeds (especially at transonic), the compressibility and 
viscosity effects of air become relevant to the general flow of the aircraft (the density 
of air can change due to the immense energy of the aircraft flying at such speeds), and 
are responsible for many phenomena associated with these speeds, including wave 
drag and heating (Aeronautics Guide, “High Speed Flight - Aerodynamics of Flight | 
Aircraft Systems”).  

Shock Wave Formation As an aircraft moves through the air, it generates pressure waves which move 
outwards at the speed of sound. At subsonic flight, the waves have time to move out of 
the aircraft’s path since its velocity is slower than that of the waves. However, at 
supersonic flight, the pressure waves do not have sufficient time to escape and are 
compressed together, significantly increasing pressure, density and temperature at this 
region, leading to the formation of a shock wave. Shock waves are responsible for 
many of the challenges faced by supersonic aircraft, including heating, wave drag and 
sonic boom effects (Aeronautics Guide, “High-Speed Aerodynamics - Aircraft Theory 
of Flight (Part 4) | Aircraft Systems”). 
Some fundamental types of shock waves are: 

-​ Normal shock waves, which form perpendicular to the wing, and are observed 
primarily in the transonic regime. They result in the most substantial increase 
in pressure and temperature, and airflow is decelerated to subsonic beyond 
them (Kundu et al.).  

-​ Oblique shock waves, which form at an angle due to airflow deflected at an 
angle relative to the surface. These are found at the leading and trailing edges 
of supersonic airfoils during supersonic flight. They are also less disruptive in 
terms of airflow deceleration (airflow can still be supersonic)  and pressure 
gradients (NASA, “Oblique Shock Waves”).  

-​ Expansion waves, which occur when air is allowed to expand, usually due to a 
change in trajectory of the airflow. This results in a decreased temperature and 
pressure and an increase in speed of the flow. These are crucial to managing 
the effects of drag caused by shockwaves (Bahr). 

Wave Drag  Wave drag is a type of drag experienced at transonic and supersonic speeds due to the 
formation of shockwaves (Skybrary). These shockwaves oppose the forward motion of 
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the aircraft due to their aerodynamic resistance because of the high pressure. 
Additionally, they slow down airflow and dissipate much of its energy, leading to early 
flow separation of the boundary layer (Emanuel). Wave drag is one of the most 
significant sources of drag at supersonic flight. 

Sonic Boom Sonic booms are loud, sharp sounds heard due to the propagation of the “cone” of 
compressed air molecules formed due to a shockwave outwards and rearwards in all 
directions. (Vyas) 

Aerodynamic Heating Supersonic aircraft face significant thermal challenges because the immense friction 
experienced and the formation of shock waves, where the temperature increases 
significantly, causes substantial heating of the surface (Aeroplane Tech, 
“Understanding Aerodynamic Heating in Aviation: Key Insights”). 

Control and Stability The aerodynamic forces acting on a vehicle at supersonic speeds are vastly different 
from those encountered in subsonic flight. Some of these include: 

-​ Shock wave induced buffeting, which is characterised by vibrations due to the 
formation of shock waves over an aircraft’s surfaces and affect stability, 
especially in terms of pitch control. Additionally, traditional control surfaces 
such as elevators and rudders become less effective due to the altered nature of 
the airflow (Learn to Fly Blog). 

-​ Directional stability issues. At supersonic speeds, shock waves are generated 
on stabiliser surfaces, leading to compression effects that can disrupt the 
airflow (Nicolosi et al.). Research has indicated that these shock waves can 
also create adverse pitch moments (Nicolosi, Vecchia, et al.). 

-​ Mach tuck. A supersonic airfoil’s aerodynamic center of pressure approaches 
the mid-chord location (Eaglepubs), compared to the position 1/4th of the 
chord seen on most low-speed airfoils (Glenn Research Center) . This effect 
can produce a sizable nose-down pitching moment about the airplane’s center 
of gravity.  

 
While the challenges posed are formidable, modern technology and recent breakthroughs pose promising solutions to 
many problems faced by SSTs. Sonic boom is mainly characterised by the N-wave acoustic signature created when air 
pressure rises sharply, followed by a gradual decrease in pressure below the ambient level and then another rapid increase 
back to this level (Sohn et al.). 

 
N-wave profiles for sonic booms (“NPC Library: Chapter 4 of Report on Effects of Aircraft Overflights on the National 

Park System”) 
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Many approaches, including the introduction of passageways through the aircraft and the use of active or passive 
components to modify, deflect or cancel shocks, focus on the amplitude of the N-wave and the change in pressure 
(Giordana Bonavolontà et al.). The goal is to shape the sonic boom in such a way that the pressure differential and the rate 
of change are reduced, forming a “sine-like boom” (Giordana Bonavolontà et al.). The shaping of the boom involves 
constructing the frame of the aircraft to create shock and expansion zones in such a way that they partly cancel each other 
(Giordana Bonavolontà et al.). CFD (computational fluid dynamics), a relatively recent advancement, is playing an 
important role in this pursuit, providing more advanced analysis than that available during the development of previous 
SSTs such as the Concorde and Tu-144. For example, NASA has worked closely with Lockheed Martin to create a large 
database of CFD simulations to verify the supersonic performance of the NASA X-59 QueSST, a supersonic demonstrator 
focused on reducing the noise of the sonic boom (NASA, “Using NAS-Developed Tools to Quiet the Boom of Supersonic 
Flight”). Additionally, recent breakthroughs in “boomless cruise” technology, demonstrated by Boom’s XB-1, prove that 
supersonic flight is possible without the sonic boom being audible on the ground (Boom Supersonic, “Boom - Boomless 
Cruise”). Boomless cruise leverages well-known Mach cutoff physics as well as advanced software to ensure the sonic 
boom refracts away from the ground due to temperature and wind gradients at the correct altitude and atmospheric 
conditions (Boom Supersonic, “Boom - Boomless Cruise”).  
 

 
Diagram depicting the Mach Cutoff phenomenon (Sparrow). 

 
It is envisioned that the issue of propulsive efficiency could be solved by VCEs (variable cycle engines, which can change 
the bypass ratio from higher levels during takeoff and subsonic cruise to the lower levels best suited for supersonic cruise 
conditions (Ehrich and Baxter). Additionally, reducing drag could be accomplished by reducing the weight of the aircraft, 
with the use of new lightweight materials a potential step in this direction (Aeroplane Tech, “Innovative Materials for 
High-Speed Flight in Aviation”).  
 
Wave drag and kinetic heating reduction methods can be classified into two types, active and passive. Passive methods 
require no external energy and control input, while active methods require external energy sources. (Rashid et al.). In 
terms of passive methods, advances in computational fluid dynamics (CFD) are helping engineers to design and optimize 
planform, airfoil and fuselage shape to control shock formation, as well as implement techniques such as aero spikes or 
aerodisks (Rashid et al.). On the other hand, innovative active solutions are helping to tackle this pertinent issue. For 
example, counter-flow jets counter leading edge shockwaves by emanating a jet from an orifice on the leading edge 
(Rashid et al.). 
 
The following is a brief introduction to the concept and functioning of the major aerodynamic planforms which are 
considered in the context of supersonic air travel. 
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Table 2. AERODYNAMIC PLANFORMS 

Type Discussion 

Straight/Low Swept 
Wing 

Straight and low-sweep wings are commonly used on gliders and propeller aircraft due 
to their ability to produce relatively high amounts of lift at relatively low speeds. This 
high lift advantage at low speeds is crucial for aircraft that need slow, stable flight, 
such as gliders, which benefit from the enhanced lift-to-drag ratio at subsonic speeds. 
The straight-wing design produces less drag at low speeds, which improves fuel 
efficiency and flight stability for slow-moving aircraft. These straight and low-sweep 
wings, however, are less ideal for high-speed flight because they experience relatively 
high amounts of drag at high speeds (Julian Ooi). 

Swept Wing Swept-back wings are commonly used on high-speed aircraft, such as commercial jets 
and military planes, due to their relatively low drag at higher speeds. This relatively 
low drag at high speeds is particularly important at transonic and supersonic speeds, 
where the airflow around the aircraft approaches or exceeds the speed of sound (Julian 
Ooi). Swept wings address this problem by effectively increasing the speed at which 
airflow reaches Mach 1 over the wing (critical Mach number). Swept wings are 
designed to allow a portion of the airflow to travel in a spanwise direction, delaying 
the onset of shock waves (Vos and Farokhi). However, swept-back wings generally 
produce less lift at lower speeds, which is why they are not typically found on slower 
aircraft like gliders or propeller planes (Julian Ooi).  

Variable Sweep -​ A variable sweep wing can change its level of sweep in flight, depending on 
which configuration is best for that particular phase of flight. This allows an 
aircraft to leverage the benefits of straight wings at low speeds, and swept 
wings at transonic and supersonic speeds. Such designs were of great interest 
to militaries, given their adaptability and suitability for various missions. 
While variable sweep wings can provide better low-speed lift, high speed 
efficiency and fuel efficiency, the complex mechanisms introduce additional 
failure points, maintenance costs and weight (Pilot Institute). 

Delta Wing  The delta wing, named for its triangular shape representing the Greek letter delta, is 
characterised by a wide, swept-back design that tapers to a point. This design is highly 
efficient for high flight speeds, where other types might struggle with shockwaves and 
drag. While they do provide high speed stability and lower drag, they present specific 
challenges such as poor performance at low speeds, and potential aerodynamic 
challenges (orbitshub). 

Oblique Wing Oblique wing design involves a wing that pivots diagonally across an aircraft’s 
fuselage to optimise aerodynamics at different speeds. Like a swing wing, an oblique 
wing aircraft exhibits multi-task capabilities and wide speed ranges (Sun et al.). 
However, oblique wings reduce wave drag more efficiently in transonic and low 
supersonic regimes by distributing lift over a longer span, and also eliminates the 
unstable center of lift experienced by swing wing aircraft by maintaining a more 
consistent aerodynamic center (Preliminary Design Department, Boeing Commercial 
Airplane Company). Additionally, oblique wings pivot as a single unit, avoiding the 
complex hinges and mechanisms which are a major downside of swing wing designs 
(Prisco). 
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III. Methods 
This comparative analysis focuses on combining peer-reviewed academic literature, aerospace reports, and textbooks to 
provide a comprehensive comparison of supersonic wing planforms. For critical figures and key statements, 
peer-reviewed journals and documents were referenced, typically obtained from established databases such as Google 
Scholar through search terms pertaining to the specific information desired or evidence needed for the claim (e.g. terms 
such as “control instability due to wave drag at supersonic speed” and “mitigation strategies for wave drag at supersonic 
speed”. Search terms were also structured around two components when pertaining to a comparison: the planform (e.g., 
'delta wing', 'swept wing') combined with the performance dimension under evaluation (e.g., 'wave drag', 'lift-to-drag ratio 
at supersonic speed', 'subsonic handling')." Periodically, large language models were used in finding sources to take 
advantage of natural language processing, though the sources were independently verified. Sources published within the 
past 20 years were prioritised unless the claim being made was universal or the source came from a highly established 
institution (e.g. NASA). More generic content was included for general conceptual understanding along with the author’s 
interpretation. These claims still made use of references to academic materials wherever possible, but allowed for the 
usage of web sources, though unreliable/unknown authors (for example, general science/news sites unless the piece was 
done by an expert) or subjective sources such as exchange forums or social media were still excluded. The comparison 
was conducted between the following planforms: swept, variable sweep, delta and oblique wing designs, as well as the 
straight wing; compared across aerodynamic performance, operational envelope, technological and mechanical feasibility, 
and cost at their typical operation envelopes. More details regarding the criterion utilised can be found above the 
corresponding comparison section. The following information was then compiled into a comprehensive table from which 
conclusions and interpretations were drawn.                                                                                                                                            
 
IV. Comparative analysis 
The lift-to-drag ratio is the ratio of the lift force to that of the drag force. This indicates aerodynamic efficiency, as less 
drag force per unit lift results in lower fuel consumption and longer range. 
The drag coefficient expresses drag per unit area. Similar to the lift to drag ratio, lower drag per unit area increases fuel 
efficiency and reduces heat loads. Two types of drag will be discussed, induced drag (related to the generation of lift) and 
wave drag (due to the formation of shockwaves) 
Shock formation and wave drag discusses the shockwaves that form due to supersonic flow and how they differ across 
various planforms. Shockwaves are generally undesirable as aforementioned in this paper as they increase drag and 
heating. 
Sonic boom formation discusses the nature and intensity of the sonic boom produced by various planforms. 
Thermal performance indicates the nature of the heating caused on various planforms due to air friction at high speeds. 
 
*The aerodynamic comparison assumes flight at speeds of low-medium supersonic (Mach 1.2-2.0+), high altitude 
cruising conditions (around 40,000+ ft), thin airfoils with low thickness-to-chord ratios (as necessitated by supersonic 
flight), and an area-ruled fuselage. The mission profile caters to supersonic SSTs or long-range interceptor aircraft, where 
endurance, speed, efficiency and durability are prioritised.  
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 Lift-to-Drag 
Ratio 

Drag Coefficient Shock Formation 
and Wave Drag 

Sonic Boom 
Formation 

Thermal 
Performance 

Straight/Low 
Swept Wing 

These wings 
offer good L/D 
ratios at low 
subsonic speeds. 
However, at 
transonic and 
supersonic 
speeds, their 
aerodynamic 
efficiency 
decreases due to 
a substantial 
increase in wave 
drag, and a 
relatively low 
drag divergence 
Mach number. 

Straight wings 
exhibit minimal 
induced drag due 
to their 
inherently high 
aspect ratio, 
contributing to 
their low drag 
coefficient in the 
subsonic regime, 
However, due to 
the early onset of 
high wave drag 
as the Mach 
number 
approaches their 
Critical Mach 
number, there is 
a sharp and rapid 
increase in the 
total drag 
coefficient. 

Due to 
characteristically 
low critical 
Mach numbers, 
straight/low 
sweep wings 
experience 
strong and 
abundant normal 
shocks, leading 
to strong wave 
drag. 

Due to the 
strong, pervasive 
normal shock 
waves formed at 
supersonic 
speeds across the 
entire span of a 
straight/low 
sweep wing 
flying 
supersonically, 
and the 
significant and 
abrupt pressure 
rises at the front 
and rear of the 
pressure 
signature, the 
sonic boom 
formed is 
intense. 

If forced to 
operate at high 
sustained 
supersonic 
speeds, these 
wings would 
experience high 
aerodynamic 
heating, leading 
to material 
degradation, 
structural 
weakening and 
potential failure.  

Swept Wing Swept wings 
show a 
comparatively 
lower L/D than 
straight wings at 
subsonic speeds, 
but are able to 
achieve higher 
lift/drag ratios 
across the 
high-subsonic 
and transonic 
ranges, as they 
experience the 
onset of drag 
divergence at 
much higher 
speeds. 

Swept wings 
incur higher 
induced drag due 
to their lower 
aspect ratio, but 
show a delayed 
and reduced 
increase in wave 
drag as Mach 
number 
progresses into 
the transonic and 
then supersonic 
regimes. This is 
due to the 
reduction in the 
component of 
airflow 
perpendicular to 
the leading edge 
given the sweep 
angle. 

Sweep ensures 
the component 
of airflow 
perpendicular to 
the wing’s 
leading edge is 
effectively 
reduced, leading 
to slower local 
airflow over the 
wing and 
delaying shock 
formation. 
Additionally, the 
shocks that form 
tend to be 
oblique shocks, 
which are 
weaker and 
produce less 
drag.  

Due to the 
generation of 
weaker 
shockwaves, a 
swept wing 
design helps 
distribute the 
pressure 
differences more 
gradually, 
resulting in 
lower peak 
overpressures, 
and less abrupt 
pressure rises at 
the front and 
rear, contributing 
to a more 
N-wave like 
signature which 
is less sharp and 
has a lower 
intensity 
compared to that 

At supersonic 
speeds, these 
wings 
experience 
significant but 
manageable 
heating, but still 
require a shift to 
heat-resistant 
materials, as 
well as 
expansion-centri
c design.  
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produced by 
straight wings. 

Variable Sweep 
Wing 

Variable sweep 
designs optimize 
L/D across a 
wide envelope 
by adjusting the 
sweep angle. In 
their minimum 
sweep 
configuration, 
they achieve L/D 
ratios 
comparable to 
straight wings, 
and can increase 
sweep mid-flight 
to mitigate the 
sharp reduction 
experienced at 
transonic and 
supersonic 
speeds, 
sometimes even 
more than swept 
wings as they 
might possess 
the ability to 
sweep more. 

 Variable sweep 
designs 
dynamically 
optimise the 
sweep angle for 
various regimes, 
allowing them to 
achieve low 
induced drag at 
low-speed 
conditions and 
minimise wave 
drag at transonic 
and supersonic 
conditions. 

At a swept 
configuration, 
these wings 
develop similar 
shocks to swept 
wings, 
sometimes more 
favourable due 
to their ability to 
sweep more. 

When fully 
swept, as they 
would be in 
supersonic flight, 
their sonic boom 
characteristics 
are analogous to 
those of swept 
wing aircraft. 
However, this 
mechanism 
provides an 
opportunity to 
tailor the 
acoustic 
signature and the 
N-wave shape, 
reducing 
overpressures 
and inducing a 
less extreme rise. 

While the wing 
panels 
experience 
heating 
compared to 
fixed swept 
wings, the most 
significant 
thermal 
challenge occurs 
at the pivot 
mechanism. This 
section contains 
complex 
mechanical 
components and 
requires 
specialised 
high-temperature 
alloys and 
advanced, heat 
resistant 
components to 
maintain 
integrity and 
function at high 
speeds. 

Delta Wing Due to being 
optimised for 
supersonic 
performance, 
delta wings have 
inferior subsonic 
L/D 
performance, but 
demonstrate 
sustained 
favourable L/D 
ratios beyond 
Mach 1. 

Due to their very 
low aspect ratio, 
delta wings 
experience high 
induced drag. 
However, they 
are  effective at 
minimising wave 
drag at 
supersonic 
speeds, this 
advantage being 
so much that 
they produce the 
shallowest 
increase in the 
drag coefficient 
overall when 
transitioning 
from transonic to 

The higher 
sweep of delta 
wings mean that 
the leading edges 
can be 
positioned 
within the Mach 
cone, resulting in 
the airflow 
approaching the 
leading edge 
effectively 
subsonic, 
preventing 
normal shocks 
and encouraging 
the weaker 
oblique shocks, 
allowing the 
wing to achieve 

Due to 
conforming well 
to the supersonic 
area rule, as well 
as minimising 
shock generation 
given their high 
sweep, resulting 
in lower peak 
overpressures 
and a more 
controlled 
N-wave, 
minimising 
volume and 
abruptness. 

Due to the large 
wetted area, 
delta wings 
experience 
severe heating, 
which is more 
than variable 
sweep or swept 
wings but still 
considerably less 
than straight 
wings.  
Therefore, there 
is a necessity for 
the use of 
advanced 
materials, and 
often, thermal 
protection 
systems. 
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Operational Envelope 
 
Subsonic performance indicates how well the planform performs in low-speed and altitude conditions, crucial for takeoff 
and landing, as well as sustained subsonic flight if necessary. 
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 Optimal Altitude Range Optimal Speed Regime Subsonic Performance 

Straight/Low Swept Wing Due to the disproportionate 
amount of wave drag caused 
by the low sweep/straight 
design, this wing is 
inherently not efficient for 
supersonic flight at any 
altitude.  

The performance of this 
wing at supersonic speeds is 
poor at any speed due to the 
low lift-to-drag ratio and 
high wave drag. 

The straight/low swept 
wing’s high aspect ratio is 
optimal for efficient 
subsonic flight, reducing 
induced drag, a major drag 
component at lower speeds 
caused by lift generation. 
They are predictable and 
possess good handling 
characteristics. 

Swept Wing Swept wings operate most 
efficiently at medium to 
high altitudes 
(30,000-50,000 ft), as the 
sweep delays shockwaves 
enough for them to maintain 
reasonable lift in the less 
dense air. 

Swept wings are optimised 
for low to moderate 
supersonic speeds of around 
Mach 1.2 to 2. Within this 
range, the sweep is able to 
delay the onset of 
shockwaves. However, as 
speeds progress past Mach 
2, the management of 
stronger shockwaves and 
other forms of drag renders 
itself difficult. 

The sweep effectively 
reduces the aspect ratio, 
increasing induced drag, 
particularly at lower speeds. 
This requires higher angles 
of attack to generate 
sufficient lift, as well as 
complex high-lift devices 
such as flaps.  

Variable Sweep Wing The ability to highly sweep 
the wing allows an aircraft 
to achieve high speeds, 
allowing the wing to operate 
efficiently in high altitudes 
(50,000-65,000 ft) as the 
increase in velocity 
increases lift by a nonlinear 
amount. 

The high sweep angle is 
more effective at minimising 
wave drag at higher speeds 
than a traditional swept 
wing, allowing efficient 
operation within high 
supersonic ranges up to 
Mach 2.5 and potentially 
above. 

In its unswept configuration, 
this wing can act as a high 
aspect ratio unswept wing, 
delivering similar subsonic 
performance. Additionally, 
they can also adapt as 
required to maintain 
efficiency within the 
transonic regime. 
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Delta Wing The large area combined 
with high-speed capability 
and vortex lift generation 
allows delta wings to cruise 
effectively at high to very 
high altitudes 
(50,000-75,000 ft). 

As mentioned before, this 
planform is optimised for 
high-speed supersonic flight, 
allowing efficient transit at 
very high supersonic speeds 
up to Mach 3 and potentially 
above due to effective 
management of shockwaves 
where other planforms 
might struggle. 

The delta wing’s very low 
aspect ratio results in high 
induced drag at low speeds, 
requiring high angles of 
attack or high takeoff 
speeds. While subsonic 
performance at low speeds 
is poor, their ability to 
manage turbulent flow could 
lead to better high subsonic 
performance. 

Oblique Wing Oblique wings best balance 
low wave drag and sufficient 
lift generation at medium to 
high altitudes (40,000 to 
60,000 ft). 

Oblique wings operate most 
efficiently in the transonic to 
moderate supersonic range 
from Mach 0.9 to Mach 2. 
Beyond this regime, the 
aerodynamic asymmetry 
leads to highly coupled and 
nonlinear aerodynamic 
characteristics, inducing 
control and stability 
challenges. 

While the wing can be 
unswept to a zero degree 
angle for exceptional 
low-speed performance, 
even minimal sweep while 
within this regime can 
present asymmetrical 
complexities and 
unpredictable control 
characteristics. 
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Technological Maturity and Mechanical Complexity 
 
This assesses how well-developed and practical a planform is from an engineering standpoint. Mechanical complexity 
assesses the various mechanisms and technologies required to make a planform function. More complexity means more 
maintenance, cost and failure risk. Reliability refers to how consistently a planform can perform under sustained stress, 
varying conditions and multiple usage cycles. This is key for safety, cost and long-term use. Integration versatility refers 
to how well the planform can be integrated with different aircraft designs. 
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 Mechanical Complexity Reliability Integration Versatility 

Straight/Low Swept Wing These wings are 
mechanically 
straightforward. The main 
structure is fixed, and only 
conventional control 
surfaces operate as the 
primary moving parts. 
Additionally, these systems 
are well understood, robust 
and heavily optimised over 
decades. However, this 
simplicity and maturity 
cannot outweigh the 
consequences of wave drag 
at supersonic speeds. 

Straight and low sweep 
wings are extremely reliable 
due to their mechanical 
simplicity, which leads to 
lower points of failure, and 
technological maturity. They 
have been used for decades 
on  a multitude of aircraft. 
However, this is only for the 
subsonic regime and 
pushing such a planform to 
transonic or supersonic 
could lead to structural 
failures and reduced 
lifespans. 

Straight and low swept wings 
prove easy to integrate as 
they provide flexibility in 
terms of the rest of the 
aircraft design. There is 
relative freedom in terms of 
position of installation, and 
unconstrained internal 
volume as well as 
straightforward design makes 
it easy to integrate engines, 
fuel tanks, landing gear and 
payload in a variety of 
locations depending on 
mission requirements. 
However, in a supersonic 
context, the limitations 
caused by extensive wave 
drag render straight wings 
unusable despite their 
simplicity and freedom. 

Swept Wing While the main geometry is 
fundamentally fixed, the 
requirement for augmented 
low-speed performance 
necessitates the need for 
more sophisticated high-lift 
devices such as leading edge 
slats and multi-segment 
trailing edge flaps, which 
add complexity with their 
own tracks, actuators and 
fairings.  

Swept wings are also very 
reliable as they have a fixed 
primary structure. While 
they incorporate additional 
lift devices, these systems 
are very mature and robust, 
allowing the wing to 
provide consistent and 
reliable performance even in 
the supersonic regime. 

Similar to straight wings, 
swept wings offer good 
integration versatility and 
can be incorporated into a 
variety of designs. Although 
they slightly reduce internal 
volume due to the sweep, 
there is still considerable 
freedom for engine, fuel and 
payload integration. 

Variable Sweep Wing The variable sweep 
mechanism renders this the 
most mechanically complex 
planform. This is primarily 
due to the large, heavy and 

Due to the significant 
mechanical complexity, the 
reliability of variable sweep 
wings is inherently lower 
than that of straight and 

The complex mechanics of 
the swept wing adversely 
affect integration. The large 
pivot mechanisms constrain 
internal volume, and the 
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extremely strong pivot 
mechanisms required and 
powerful hydraulic or 
electric actuators. 
Furthermore, multiple 
additional systems are 
required to complement this 
mechanism, such as rotating 
pylons and wiring, adding 
weight and complexity. 

swept wings. Complex 
systems and moving parts 
incorporate multiple failure 
and stress points, requiring 
frequent maintenance and 
lower operational reliability. 

nature of the design dictates 
the position of several other 
components. For example, 
landing gear integration near 
or on the wing can be 
constrained by the large 
intrusion of the sweep 
mechanism. 

Delta Wing Delta wings are often 
mechanically simple. Their 
inherent stability and control 
characteristics allow for 
simpler control surface 
setups. For example, their 
reliance on vortex lift at low 
speeds removes the need for 
complex lift devices. 

Delta wings have high 
reliability owing to the fixed 
geometry and reduced 
control surfaces. However, 
kinetic heating due to the 
large wetted area poses 
potential problems in terms 
of material and component 
stresses. 

Delta wings offer excellent 
internal volume and 
flexibility in terms of 
component placement. Their 
large and thick root chord 
provides substantial internal 
volume, allowing for the 
storage of fuel, installation of 
payload bays or landing gear 
equipment. While the large 
root intrudes on fuselage 
space and hinders traditional 
passenger layouts, historical 
delta wing aircraft like 
Concorde proved it possible 
to work around this issue. 

Oblique Wing While oblique wings are 
also extremely complex due 
to their pivot mechanism, 
they are mechanically 
simpler than variable sweep 
wings due to a number of 
reasons. Primarily, this 
planform relies on a single 
pivot mechanism and avoids 
the complexity of 
synchronising and 
maintaining dual pivots. 
Additionally, the nature of 
an oblique wing allows it to 
avoid other mechanisms 
such as those used to seal 
gaps made by swinging 
wings. However complex 
control systems are required 
to balance and manage 
asymmetrical aerodynamic 
forces. 

Theoretically, oblique wings 
should be more reliable than 
swing wings due to lower 
mechanical complexity. 
However, the single pivot 
acts as a single point of 
failure and must bear the 
entire asymmetric load of 
the wing. Additionally, 
engineering and maintaining 
complex control surfaces to 
manage aerodynamic forces 
also reduces the practice 
reliability of oblique wings. 

The substantial pivot 
mechanism occupies a large 
part of the central fuselage 
area, severely limiting space 
for internal fuel tanks, 
landing gear mechanisms and 
payload storage. 
Additionally, the nature of 
the rotating wing limits 
engine installation to the 
fuselage as well as any other 
external stores. 
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Cost 
 
This assesses how cost-efficient and budget-friendly various planforms are to develop, manufacture and maintain. 
Development and production costs refer to the investment required to research, design and produce a particular planform. 
A lower cost would encourage more manufacturers to consider it economically viable for projects, especially commercial 
ones. Maintenance costs refer to the investment required to maintain and ensure a particular planform is operating 
optimally. A low maintenance cost helps a planform be more economically viable in the long-term to both owners and 
customers. 
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 Development and Production Costs Maintenance Costs 

Straight/Low Swept Wing Development costs are extremely low 
given the technology is mature, well 
understood and optimised, meaning 
minimal expenditure in terms of 
research and development, 
Additionally, design processes are 
standardised and use widely available 
tools and processes, leading to low 
manufacturing costs. However, they 
are simply not suitable for supersonic 
flight. 

The simple, straightforward structure 
of straight and low sweep wings as 
well as the minimal wear and tear due 
to less moving parts makes 
maintenance simple and cost effective. 
Additionally, these services are widely 
available due to the commonality of 
these wings in modern aviation. 
However, they are fundamentally not 
suitable for supersonic travel. 

Swept Wing While swept wings require more 
aerodynamic testing and optimisation 
in terms of development costs, the 
fundamental concept is mature, and 
research focuses on optimisation rather 
than breakthroughs. Production costs, 
while greater than straight wings due 
to advanced materials and high-lift 
devices, benefit from standardisation 
of processes given that swept wings 
are dominant in aviation today. 

The addition of high lift devices 
involves systems consisting of more 
actuators, tracks and seals. 
Consequently, these require more 
frequent inspection and maintenance. 
However, this is manageable since 
these designs are mature and 
maintenance is predictable, available 
and well-documented. While requiring 
more involvement, maintenance still 
incurs a moderate cost. 

Variable Sweep Wing The variable sweep wing is victim to 
immensely high development and 
production costs. It requires 
investment to design, test and validate 
the complex mechanisms and their 
aerodynamic behaviour at different 
angles and speeds. In terms of 
manufacturing, processes are not 
standardised and the assemblies of 
extremely strong and highly complex 
mechanisms demand specialised 
tooling, rigorous quality control and an 
overall substantial cost. 

Variable sweep wings are the most 
expensive to upkeep of the planforms 
which have been practically used in 
aviation history. The crucial pivot 
mechanisms are subject to immense 
operational loads and consequently, 
high wear. Their crucial nature to the 
safety and stability of the aircraft and 
its payloads require regular 
maintenance and inspection, which is 
not readily available or standardised. 
Additionally, the complex hydraulic 
systems, moving seals and other 
complex components add on to the 
cost. 
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V. Discussion 
The analysis above makes it evident that there is no “perfect” aerodynamic planform. Rather, each is relatively optimal for 
a certain flight envelope, and has disadvantages in other areas. Determining the right planform, even specifically for 
supersonic travel, requires careful analysis of all factors, including supply and production chains, mission objectives and 
structural integration. 
 
Solely in terms of aerodynamic performance, the planforms discussed above can be organised in terms of the speed 
regime they operate most effectively within. Outside this specific regime, performance is suboptimal. This necessitates a 
selection keeping in mind that performance outside the desired regime is secondary in priority, either due to the aircraft’s 
requirements or the time it spends at those speeds. For example, at the bottom of the spectrum lie low sweep or straight 
wings. Due to the high lift-to-drag ratio and low induced drag at low-subsonic speeds, these are a popular choice for many 
general aviation aircraft. However, they pose severe consequences at transonic and supersonic speeds due to the increased 
amount of wave drag and aerodynamic stress, substantially negating any low-speed advantage they might have. On the 
other hand, delta wings advantageously manage shocks at supersonic to high supersonic speeds, but their low aspect ratio 
leads to high induced drag, compromising low speed performance. Between the discussed planforms, swept wings provide 
a balance between subsonic and supersonic performance, explaining their abundant presence in the military segment on 
aircraft such as the Dassault Mirage series, since low-speed manoeuvrability is often as important as high-speed 
capability. Theoretically, variable geometry wings provide exceptional performance at both subsonic and supersonic 
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Delta Wing Delta wings have a moderate 
development cost due to the 
requirement of a moderate level of 
research and development to optimise 
high-speed performance, stability, 
shockwave control and heat 
management. While manufacturing the 
advanced materials required to handle 
high-speed stresses can induce higher 
costs, the simplicity of the geometry 
overall keeps manufacturing costs 
balanced. 

While  the mechanical simplicity of 
delta wings brings costs down, 
reliance on flight control and stability 
systems requires a focus on sensor and 
software upkeep. However, the overall 
cost is still moderate. 

Oblique Wing The development costs of an oblique 
wing design would hypothetically be 
extremely high. This would require 
pioneering work in asymmetric 
aerodynamics, the design and testing 
of the pivot mechanisms and extensive 
development of a capable flight 
control and management system. 
Additionally, production would require 
the introduction of new techniques, 
processes and materials while also 
requiring a high level of specialisation, 
spiking costs. This would be the most 
expensive planform to develop and 
manufacture. 

Theoretically, oblique wings would 
have the greatest maintenance cost of 
all aerodynamic planforms. The 
central pivot is a critical, highly 
stressed component, requiring 
extremely frequent and extensive 
inspection and maintenance. 
Additionally, the complex control 
surfaces for asymmetric management 
would require extensive work as well. 
Given its experimental nature, lack of 
infrastructure tailoring to its 
maintenance and specialisation 
required, maintaining an oblique wing 
aircraft would incur exorbitant costs. 
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regimes due to their ability to adjust the sweep angle, but necessitate significant compromises in terms of aircraft design. 
It is important to note the magnitude of the compromise differs between planforms, marking another important 
consideration. For example, selecting a straight or low sweep planform leads to such tremendous disadvantages in 
transonic and supersonic regimes that it is nearly impossible for them to operate, whereas delta wings, while optimised for 
supersonic speeds, provide acceptable performance when subsonic. Likewise, swept wings can be optimised for 
supersonic flight without compromising significantly on subsonic flight.  
 
The BAC Concorde is a pertinent example demonstrating how the above factors are taken into account. It employs the 
ogive wing, a subset of delta wings with improved low speed performance. This is because it mainly focused on sustained 
cruise at Mach 2, but required sufficient take off and landing performance to achieve shorter and less noisy takeoff at 
commercial airports. However, the Concorde still required full afterburner for take off, leading to a high level of noise due 
to the rapid exhaust velocity, and for an aircraft focusing on more efficient airport and low altitude operations, a swept 
wing might be a better choice.  
 
Variable geometry wings have always been a compelling selection due to its adaptability. However, they are expensive to 
develop, produce and maintain due to the mechanical and integration complexity. Additionally, they introduce payload 
restrictions due to the bulky mechanisms. Modern technology such as CFD (computational fluid dynamics) is aiding 
designers to achieve their desired performance without having to resort to the complex swing wing by allowing for 
stringent testing, data analysis and rapid iteration.  
 
It is also crucial to recognise that supersonic aircraft design is typically more complex than subsonic design, and requires 
consideration of the integration limitations posed by planforms and their interaction with other components. For example, 
wing shape and structure might be influenced by engine placement, plumbing, wiring, expected stresses, and heating. An 
oblique wing might not be practical for a commercial aircraft due to the intrusive mechanism which would disrupt 
fuselage volume, taking up space otherwise needed for galleys, restrooms and walkways. Another example of this idea is 
how thin, swept wings might not be ideal for a military aircraft relying on wing pylon space to carry ordnance. 
Additionally, the design and plumbing considerations might differ significantly for an aircraft with fuselage mounted 
engines versus one with wing mounted engines, or depending on how much fuel needs to be stored in the wings to meet 
range and performance targets. The high aerodynamic and thermal stresses of supersonic flight compound these 
considerations, with robust materials and systems needed, often necessitating added complexity and, in some cases,  
resulting in less flexibility. For example, delta wings might not be optimal for very high supersonic and hypersonic flight 
unless specialised materials are used due to the large wetted area leading to a high degree of kinetic heating. 
 
On the concept of kinetic heating, the same plays an important role in defining planform suitability. Heating at high speeds 
can have several effects on mechanical and material elements, meaning when choosing a planform, designers must ensure 
that all the impacted structures can withstand the heating caused, and in some cases, adjust designs to accommodate. For 
example, the SR-71 blackbird, capable of flying at speeds higher than Mach 3, had loosely fit fuel tanks and would 
therefore leak fuel on the ground and at slow speeds. This was done to accommodate for the expansion brought about by 
heating at high speeds, preventing damage. 
 
Another important factor to consider is the supply chain availability and pricing. Complex, specialised systems will 
usually be more expensive and difficult to source than commonly produced ones. Additionally, the infrastructure to meet a 
high level specific demand might not exist in the first place, requiring additional investment and development. 
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IV. Conclusion 
Aerodynamic planforms must be selected after carefully considering a multitude of aspects and determining which one 
possesses the maximum benefits for the requirements at hand. These include aerodynamic performance, their versatility in 
different regimes, integration within different airframes, complexity and cost to design, manufacture and maintain, as well 
as kinetic heating and sonic boom concerns. The paper has demonstrated that each planform poses considerably different 
characteristics, and that it is impossible to precisely determine the “best” one. The most optimal one depends on the 
circumstances, opportunities, requirements of the case in which it is to be employed. This paper has also provided a 
comprehensive analysis of the most common planforms and their characteristics, discussing how the decision process is a 
nuanced and interrelated one. One edge case, in the context of supersonic flight, is the straight/low sweep wing, as 
discussed above. 
 
However, if considering some standard missions, the most capable planform can theoretically be determined. For 
example, for an objective of speed and fuel efficiency, delta wings arguably provide the most suitable characteristics, the 
most important being effective shock management and high supersonic capability. In terms of versatility from regime to 
regime, oblique and variable sweep wings provide a clear advantage, as they can be modified dynamically in flight. In 
terms of integration capability and mechanical simplicity, swept wings are proven and relatively easy to design and 
integrate. In terms of low-speed performance, oblique wings stand out since they are able to transition to a completely 
straight wing. 
 
Further research and the advent of new technologies like CAD and CFD are enabling designers to combine the positive 
aspects of several planforms while avoiding, to an extent, the negative impacts. With future developments, the field is 
likely to see a multitude of innovations that make supersonic travel more viable, popular and successful. 
 
In conclusion, while aerodynamic planforms can be decisively compared across specific criteria, the most optimised can 
differ significantly based on the needs of the user. 
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