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Abstract: It is common to see clouds in the form of the sky, known as 

contrails, which are behind the engines of a reaction plan. What is not always 

visible is a wind whirl that comes out of the top of each wing - like two small 

horizontal tornadoes - leaving behind a turbulent awakening behind the 

vehicle. Awakening is a destabilizing flight hazard, especially for smaller 

aircraft that have the same flight path. Recent research at the University of 

Illinois has shown that although most of the wings used today create these 

turbulent vortices, wing geometry can be designed to reduce or eliminate 

almost the entire comma. In the study, the characteristics of vortex and 

awakening were calculated for three classical wings: wings and elliptical 

wings developed in the classical R.T. Jones and Ludwig Prandt. "The 

configuration of the elliptical wings has been used as the gold standard of 

aerodynamic efficiency for the best part of a century. We teach our students 

that they have optimal load characteristics and that they are often used when 

looking at wings efficiency, for example by minimizing traction, said Phillip 

Ansell, assistant professor at the Department of Aerospace Engineering at U 

of I. In a previous experimental study on optimizing wing configurations, 

Ansell has learned that you can achieve the efficiency of the wing system 

with a non-elliptical wing profile. Previous academic studies have shown 

that, in theory, there are other models that actually offer less resistance to a 

flat wing for a fixed amount of elevator generation. But what is missing is a 

real apple experiment - something else to prove it. In this new research, 

Ansell and his graduate student, Prateek Ranjan, used the real data from the 

previous study to analyze the configurations of the three wings. "We 

followed this because we saw a certain curiosity in our measurements in the 

previous experiment." In this new study, we simulated the flow of these three 

wings and we saw significant differences in how the vortexing and 

awakening of three Wings Wings Jones and Prandtl did not have peaks like 

elliptical wings, they had a more gradual deformation of the entire ditch than 

the immediate consistency of change. Now we know we can delay the 

formation of structures, the vortex awakens and increases our wishes for 

distance to pass 12 times, making it weaker and less dangerous for the plane 

to pass through it. “We look at how wing wings and information can be used 

to understand how the wind swirl process takes place. This study allows us to 

be aware of how the wings configuration affects wind formation and wakes 

up studying the extremes of the wind immediate and delayed, Ansell said. 

Interestingly, I found that one of the worst offenders creating vortexes is 

really the distribution.” 

 

Keywords: Wings Shapes, Elliptical Wings, Reduced Vortex, Reduced 
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Introduction 

It is common to see clouds in the form of the sky, 
known as contrails, which are behind the engines of a 
reaction plan (Fig. 1). What is not always visible is a 
wind whirl that comes out of the top of each wing - like 
two small horizontal tornadoes - leaving behind a 
turbulent awakening behind the vehicle. Awakening is a 
destabilizing flight hazard, especially for smaller aircraft 
that have the same flight path. 
Recent research at the University of Illinois has shown 

that although most of the wings used today create these 
turbulent vortices, wing geometry can be designed to reduce 
or eliminate almost the entire comma. In the study, the 
characteristics of vortex and awakening were calculated for 
three classical wings: wings and elliptical wings developed 
in the classical R.T. Jones and Ludwig Prandt. 
"The configuration of the elliptical wings has been 

used as the gold standard of aerodynamic efficiency for 

the best part of a century.  
We teach our students that they have optimal load 

characteristics and that they are often used when looking 
at wings efficiency, for example by minimizing traction, 
said Phillip Ansell, assistant professor at the Department 
of Aerospace Engineering at U of I. 
In a previous experimental study on optimizing wing 

configurations, Ansell has learned that you can achieve 
the efficiency of the wing system with a non-elliptical 
wing profile.  
Previous academic studies have shown that, in 

theory, there are other models that actually offer less 
resistance to a flat wing for a fixed amount of elevator 
generation. But what is missing is a real apple 
experiment - something else to prove it. 

In this new research, Ansell and his graduate student, 

Prateek Ranjan, used the real data from the previous 

study to analyze the configurations of the three wings. 

"We followed this because we saw a certain curiosity 

in our measurements in the previous experiment."  

“In this new study, we simulated the flow of these 

three wings and we saw significant differences in how 

the vortexing and awakening of three Wings Wings 

Jones and Prandtl did not have peaks like elliptical 

wings, they had a more gradual deformation of the entire 

ditch than the immediate consistency of change.”  
Now we know we can delay the formation of 

structures, the vortex awakens and increases our wishes 
for distance to pass 12 times, making it weaker and less 
dangerous for the plane to pass through it. " 

Ansell said that this information could be used to 

regulate flight mode between aircraft or to develop a new 

ideal configuration for loading the take-off and landing 

lift and to further reduce the distance between the aircraft 

in the same way as the bodies. 
"The tip of the wing tends to escape when it forms in 

the atmosphere. So the time needed to dissipate the 
vortex must be removed, the next air that goes in the 
same direction it can create for the aircraft behind them, 
because it can be unpredictable to cause wings to Jones 
or Prandtl, would lead to much less turbulent air behind 
a plane, Ansell said. 

You'd think Ansell's conclusion is to use only the 

Jones or Prandtl wings, but it's not. 

"One of the things that first attracted me to 

aerodynamics is that the correct answer always depends 

on your constraints.  

 

 
  

Fig. 1: This is a photo showing wake turbulence 
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If you are building a tiny unmanned vehicle that will 

fly at a low speed, you will get a different solution for 

design needs than if you build an aircraft that will drive 

people at high altitudes and high speeds So from a 

technical point of view, you could claim that the three 

types of wings are the best solution. The question is: 

what are your driving constraints such as wings and 

weight, behind the choice of a? 

Ansell added that this is a basic study and does not 

intend to advise a particular airplane designer or company. 

“We look at how wing wings and information can be 

used to understand how the wind swirl process takes 

place. This study allows us to be aware of how the wings 

configuration affects wind formation and wakes up 

studying the extremes of the wind immediate and 

delayed,” Ansell said. 

“Interestingly, I found that one of the worst offenders 

creating vortexes is really the distribution” (Ranjan and 

Ansell, 2018). 

Methods and Materials 

With 22 successful flight tests over six months, a new 

type of wing, called the Adaptive Compliant Trailing 

Edge (ACTE), could equip the next generation of 

passenger airplanes, delivering silent and significant fuel 

savings (Fig. 2). 

Created by NASA, the new wing model replaces rigid 

flaps with a mobile alternative made of composite material. 

Lighter than conventional flight surfaces, the new wings 

reduce the perceived noise during the flight and promise 

millions of dollars worth of fuel savings annually. 

Depending on load, altitude and maneuver, the shape 

of the wings can be dynamically adjusted to achieve a 

curvature of between -2° and 30°, generating the 

optimum load with minimal turbulence and drag. 

"The completion of this flight test campaign is a big 

step forward for the Environmentally Responsible 

Aviation (ERA) project." According to Fay Collier, the 

ERA project manager, this was the first of eight large-

scale demonstrations of targeted technologies to reduce 

the impact of aviation on the environment. The results 

obtained with the ACTE prototype are to be integrated 

with other future design studies conducted by NASA 

through the Langley Research Center (Harrington and 

Williams, 2015). 

Some  advanced concepts will be presented in 

Figs. 3-12. 

An aviation renaissance, one focused on energy 

efficiency and economic impact, is on the horizon and it’s 

changing how engineers look at aircraft power and design.  

Although the aircraft industry continues to adopt 

innovative technologies, which are making current aircraft 

more energy efficient, there’s new interest in exploring 

alternative propulsion systems and energy sources.  

This new interest presents an opportunity to develop 

cutting-edge technologies that will dramatically reduce fuel 

usage while opening up potential new markets and business 

opportunities for American companies and carriers.  

“I feel we are at a tipping point in commercial 

aviation,” says Jim Heidmann, manager of NASA’s 

Advanced Air Transport Technology Project (AATT). 

“We are exploring and developing game-changing 

technologies and concepts for aircraft and propulsion 

systems that can dramatically improve efficiency and 

reduce environmental impact and accelerate the 

introduction of new aircraft.”  

To provide better efficiency with less noise and fewer 

emissions, NASA is working with the aviation industry 

and academia to develop unique vehicle concepts that will 

use different fuselage shapes; longer, skinnier and more 

blended wings; innovative materials and components; and 

highly-integrated propulsion (engine) systems. 

NASA aims to accelerate the final testing and 

validation of these advanced concepts and technologies 

through its New Aviation Horizons initiative.  
This initiative outlines the development of a series of 

experimental planes (X-planes), which will achieve the 
agency’s aircraft-level metrics for fuel consumption, 
emissions and noise. 
The work has already begun under New Aviation 

Horizons as NASA is preparing to build and fly the first 

such X-plane – a low-boom supersonic flight 

demonstrator.  
A turboelectric aircraft configuration is among 

several candidates for future subsonic transport X-planes 
that will prove the benefits of these advanced 
technologies in piloted flight within the next decade 
(Fig. 3-5). 
Aeronautical innovations are part of a government-

industry partnership to collect data that could make the 
supersonic flight over land possible, dramatically 
reducing travel time in the United States or anywhere 
in the world. 
NASA's Low-boom Flight Demonstration mission 

has two goals: (1) design and build a piloted, large-scale 
supersonic X-plane with technology that reduces the 
loudness of a sonic boom to that of a gentle thump; and 
(2) fly the X-plane over select U.S. communities to gather 
data on human responses to the low-boom flights and 
deliver that dataset to U.S. and international regulators.  
Using these data, new sound-based rules regarding 

supersonic flight over land could be developed, which 
would open the doors to new commercial cargo and 
passenger markets to provide faster-than-sound air 
travel (Fig. 6). 
The subscale X-56A is scheduled for a series of 

research flights in November to prove enabling 
technology for designing aircraft with highly flexible, 
lightweight wings. The use of less structurally-rigid 
wings could be critical to future long-range, fuel-
efficient airliners.  
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Fig. 2: Developed by NASA engineers - a winged prototype plane that changes shape in flight 
 

 
  

Fig. 3: A NASA revolutionary turboelectric concept 
 

 
 

Fig. 4: A turbofan engine 
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Fig. 5: A turbofan engine 
  

 
 

Fig. 6: Low-boom flight demonstration 
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Fig. 7: Highly Flexible Wings Tested 
 

 
  

Fig. 8: Highly Flexible Wings Tested 
 

 
 
Fig. 9: The Adaptive Compliant Trailing Edge flight test project, or ACTE, is proving that a new flap design can reduce aircraft 

noise by as much as 30 percent on takeoff and landing 
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Fig. 10: Industry Provides NASA with Ideas for Next X-Plane 
  

 
 
Fig. 11: The X-48C Hybrid Wing Body research aircraft banks right over NASA's Dryden Flight Research Center at Edwards Air 

Force Base during one of the sub-scale aircraft's final test flights on Feb. 28, 2013 
 

 
  

Fig. 12: The Boeing Company’s blended wing body design concept 
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A risk reduction flight Aug. 31 from Armstrong 

demonstrated that past challenges experienced during 

takeoffs and landings are resolved, said Cheng Moua, X-

56A project manager.  

To mitigate the downsides of earlier flights, 

researchers redesigned the landing gear and braking 

system to improve performance, Moua explained.  

The flight controller was revised, extensive analysis 

completed and ground vibration data collected to update 

theoretical models to improve predictions on how the 

aircraft will fly. 

Long, lightweight flexible wings similar to the ones 

on the X-56 are crucial to the design of future long-range 

aircraft and are especially susceptible to a destructive 

vibration known as flutter at lower speeds. If those 

vibrations are not alleviated, they could cause 

controllability challenges or potentially compromise the 

aircraft’s structure. 

Flutter hasn’t been restrained before on an aircraft 

like the X-56, Moua said. Flutter suppression could lead 

to improved ride quality, efficiency, safety and the 

longevity of flexible aircraft structures, he added.  

 “We want to show that this kind of wing can be built 

and the control technology exists to suppress flutter on 

them,” Moua said. 
The flights will build up slowly as each step is 

meticulously executed. New techniques will be tested to 
collect data and make sense of it and a methodology will 
be developed to confirm flutter was suppressed, he said. 
Armstrong engineers developed a flight control system 
and advanced sensors to gather the information required 
to achieve the project’s goals. 
Lockheed Martin developed the small, remotely 

piloted aircraft for the U.S. Air Force Research Laboratory 

and transferred the aircraft to Armstrong for flight 

research. The program is funded through NASA’s 

Advanced Air Transport Technology project and NASA’s 

Flight Demonstration Capabilities project (Fig. 7-8). 

The Adaptive Compliant Trailing Edge flight test 

project, or ACTE, is proving that a new flap design 

can reduce aircraft noise by as much as 30% on 

takeoff and landing.  

The second phase of the project, ACTE II, which is 

expected to continue this fall and conclude at the end of 
the year, will build on the research and data collected on 
the flap locked in different positions in flight during the 
first phase. The second phase, taking place at Armstrong, 
also will validate the technology at higher speeds and 
research how the flaps impact aerodynamic forces that 

could improve fuel efficiency. 
The goal of the ACTE flight test project is to 

investigate the capabilities of shape-changing surfaces 

and determine if advanced flexible trailing-edge wing 

flaps can improve aircraft aerodynamic efficiency, 

enhance fuel economy and reduce airport noise 

generated during takeoffs and landings.  

“ACTE has tremendous potential to increase airframe 

efficiencies,” said Kevin Weinert, ACTE project manager. 

“We have tested the flap at six positions to show we can 

take advantage of lightweight, efficient structures.” 

In 2014, engineers replaced the traditional 19-foot 

aluminum flaps for the ACTE wings on NASA’s 

Gulfstream-III Subsonic Research Aircraft, or SCRAT. 

The Air Force Research Laboratory funded the flexible 

flaps that change shape, bend and are made of composite 

materials designed by FlexSys Inc.  

Traditional flaps, when lowered, create gaps between 

the forward edge, the sides of the flaps and the wing 

surface.  

A flexed wing configuration allows a level of control 

over how and where the wing responds to wind gusts. 

This design may significantly reduce a major source of 

airframe noise – making takeoff and landing quieter.  

The first flight series for the ACTE took place in 

2014 and 2015 at Armstrong, where relevant data were 

collected on the different flap settings and their ability to 

withstand the flight environment.  

These flaps have the potential to be retrofitted to 

existing airplane wings as well as incorporated into new 

airliners. The controls on the experimental surfaces were 

locked on a specific setting and were restricted to a speed 

of 0.75 Mach, which is approximately 570 miles per hour. 

Initially, flights with ACTE flaps were in a flexed 

configuration and limited to a maximum speed of 250 

knots and 20,000 feet. ACTE II showed the technology 

was safely demonstrated in flight at speeds similar to 

commercial airliners at Mach 0.85. 

NASA is currently conducting data analyses to gain a 

better understanding of how these new wing flaps may 

affect aircraft fuel efficiency. The ACTE II flights will 

also analyze fuel flow through the engine to achieve 

accurate drag estimates at varied speeds, altitudes and 

weights, according to Weinert.  

The ACTE project began under the former 

Environmentally Responsible Aviation project and then, 

due to promising benefits, was transitioned to the Flight 

Demonstrations and Capabilities project under the 

Integrated Systems Research Program in NASA’s 

Aeronautics Research Mission Directorate (Fig. 9; 

Beaty, 2017), (Webster et al., 2018; Aversa et al., 2017a; 

2017b; 2017c; 2017d; 2017e; 2017f; 2016a; 2016b; 

2016c; 2016d; 2016e; 2016f; 2016g; 2016h; 2016i; 2016j; 

2016k; 2016l; 2016m; 2016n; 2016o; Mirsayar et al., 

2017; Petrescu and Petrescu, 2016a; 2016b; 2016c; 2013a; 

2013b; 2013c; 2013d; 2012a; 2012b; 2012c; 2012d; 

2011a; 2011b; Petrescu, 2016; 2012a; 2012b; 2009; 

Petrescu and Calautit, 2016a; 2016b; Petrescu et al., 

2016a; 2016b; 2016c; Petrescu et al., 2017a; 2017b; 

2017c; 2017d; 2017e; 2017f; 2017g; 2017h; 2017i; 

2017j; 2017k; 2017l; 2018 a-n; Zubritsky, 2017). 
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 Results 

It will not take long before NASA's aeronautical 

innovations make a difficult decision. 

As they head to the plans to launch a new supersonic 

X aircraft, in the coming years, researchers in developing 

agencies are developing a plan to build another X plan 

with a completely different focus. 

For this X plan, attention is paid to technological 

demonstrations that will allow the industry to accelerate 

the development of quieter commercial aircraft, burn less 

fuel and emit fewer emissions than the most efficient 

planes flying today (Fig. 10-12). 

The big question is how will the subsonic plane X be 

shown? 

As a step in the decision-making process, NASA has 

recently called the aerospace industry for ideas. Four 

companies have received contracts to come up with five 

paper-based x-ray configurations that meet very specific 

operational criteria. 

"We were very pleased with the results." NASA has 

received much information to help us think about how to 

do it, "said Fay Collier, an associate officer of NASA's 

flight strategy. 

Six-month studies have been required to define "vision 

systems," the advanced and advanced concepts of aircraft fit 

for operation in the nation's air transport system. 

The concepts should include technologies that meet 

the 2035 targets such as reducing fuel consumption by 

60-80%, reducing emissions in all phases by over 80% 

and reducing perceived noise by more than 50% 

compared to quieter aircraft in 2005. 

Many of the concepts reflect a further maturation of 

the research that industry and NASA have collaborated 

over the last decade, notably through the project 

responsible for environmental protection. 

Six-month studies also covered Plan X; NASA's 

requirements were for a pilot vehicle that could safely fly 

in two or three hours at transonic speed and had a life of 

500-1000 hours in the sky. 

For planning purposes, each contractor would have 

assumed that the flight test program will be based on the 

California California Weapons Research Center, 

although other testing sites could be proposed and that 

the test program will be completed in 12 months in the 

first flight. 
Above all, ideas have to be realistic, so it is possible 

for a company to build a business case for investment in 
aircraft production based on technology and systems 
demonstrated by plan X. 
Moving forward, the industry should decide whether 

to invest or not. 
Aurora Flight Sciences with D8 Bubble Double.  

The D8 has two quarry sections that have been 

combined along the long road and a vertical stabilizer 

with a two-ribbed T-tail. Twin engines are mounted at 

the rear of the aircraft above the fuselage between the 

two vertical stabilizers.  

With the more conventional tube and wing 

configuration, as well as the sports bolts. 

Attractive attributes include the use of lightweight 

composite structures, advanced manufacturing methods, 

ease of operation and cost savings in operating the 

aircraft during its lifetime.  

And with the engines attached as they are, the air 

flowing through the top of the aircraft is moved by the 

engines to reduce the total decrease - a concept known as 

the edge layer intake (Fig. 10). 

Boeing with Mixed Body (BWB). Aspect, this idea 

resembles a larger version of the X-48 subscale that has 

already flown successfully.  

A BWB aircraft has a perfect combination of a wing 

in the main body, dual motors mounted on the top of the 

aircraft platform and the engines that surround the 

smaller wings of the vertical tail. 

Among other things, the idea here is to validate the 

aerodynamic performance and stability of a large-scale 

BWB through all phases of flight - take-off, cruise and 

landing - and the benefits of reducing the noise of having 

motors mounted on top of the lower fuselage 11). 

Boeing with a cross-legged (TTBW). More 

traditional in the appearance of the tube and its wing, the 

difference comes from the fact that the wing is much 

longer and narrower - a high aspect ratio compared to 

conventional air.  

The structure of the longer wing is supported by an 

armrest, practically similar to that seen in most single-

engine Cessna general aviation aircraft. 

The intention is to demonstrate the aerodynamic and 

structural advantages of the TTWW and to validate that 

while flying at cruising altitude, it can achieve its fuel 

reduction targets.  

Another objective is to demonstrate a methodology 

and requirements to certify a non-traditional aeronautical 

structure (Fig. 12). 

Lockheed Martin with a Hybrid Wing Body (HWB). 

As its names imply, Lockheed Martin’s concept 

combines features of blending the wing into the aircraft 

body, yet still retaining the suggestion of a T-tailed tube-

and-wing configuration.  

Another unique feature is that its twin engines are 

mounted on pylons attached to and trailing the wing, 

with the engine inlets rising above the top of the wing. 

As with the other X-plane proposals, Lockheed 

Martin would use this design to demonstrate its 

aerodynamic and propulsion efficiencies; reductions in 

fuel burn, emissions and noise; and its ability to quickly 

mature technology to take advantage of future 

opportunities (Fig. 13). 
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Fig. 13: Lockheed Martin’s hybrid wing body design concept 
 

Discussion 

It is common to see clouds in the form of the sky, 

known as contrails, which are behind the engines of a 

reaction plan (Fig. 1). What is not always visible is a 

wind whirl that comes out of the top of each wing - like 

two small horizontal tornadoes - leaving behind a 

turbulent awakening behind the vehicle. Awakening is a 

destabilizing flight hazard, especially for smaller aircraft 

that have the same flight path. 

Recent research at the University of Illinois has shown 

that although most of the wings used today create these 

turbulent vortices, wing geometry can be designed to reduce 

or eliminate almost the entire comma. In the study, the 

characteristics of vortex and awakening were calculated for 

three classical wings: wings and elliptical wings developed 

in the classical R.T. Jones and Ludwig Prandt. 

"The configuration of the elliptical wings has been 

used as the gold standard of aerodynamic efficiency for 

the best part of a century.  

We teach our students that they have optimal load 

characteristics and that they are often used when looking 

at wings efficiency, for example by minimizing traction, 

said Phillip Ansell, assistant professor at the Department 

of Aerospace Engineering at U of I. 

In a previous experimental study on optimizing wing 

configurations, Ansell has learned that you can achieve 

the efficiency of the wing system with a non-elliptical 

wing profile.  

Previous academic studies have shown that, in 

theory, there are other models that actually offer less 

resistance to a flat wing for a fixed amount of elevator 

generation. But what is missing is a real apple 

experiment - something else to prove it. 

In this new research, Ansell and his graduate student, 

Prateek Ranjan, used the real data from the previous 

study to analyze the configurations of the three wings. 

"We followed this because we saw a certain curiosity 

in our measurements in the previous experiment."  

“In this new study, we simulated the flow of these 

three wings and we saw significant differences in how 

the vortexing and awakening of three Wings Wings 

Jones and Prandtl did not have peaks like elliptical 

wings, they had a more gradual deformation of the entire 

ditch than the immediate consistency of change.”  

Now we know we can delay the formation of 

structures, the vortex awakens and increases our wishes 

for distance to pass 12 times, making it weaker and less 

dangerous for the plane to pass through it. " 

Ansell said that this information could be used to 

regulate flight mode between aircraft or to develop a new 

ideal configuration for loading the take-off and landing 

lift and to further reduce the distance between the aircraft 

in the same way as the bodies. 

"The tip of the wing tends to escape when it forms in 

the atmosphere. So the time needed to dissipate the 

vortex must be removed, the next air that goes in the 

same direction it can create for the aircraft behind them, 

because it can be unpredictable to cause wings to Jones 

or Prandtl, would lead to much less turbulent air behind 

a plane, Ansell said. 

You'd think Ansell's conclusion is to use only the 

Jones or Prandtl wings, but it's not. 
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"One of the things that first attracted me to 

aerodynamics is that the correct answer always depends 

on your constraints.  
If you are building a tiny unmanned vehicle that will 

fly at a low speed, you will get a different solution for 
design needs than if you build an aircraft that will drive 
people at high altitudes and high speeds So from a 
technical point of view, you could claim that the three 
types of wings are the best solution. The question is: 
what are your driving constraints such as wings and 
weight, behind the choice of a? 
Ansell added that this is a basic study and does not 

intend to advise a particular airplane designer or company. 
“We look at how wing wings and information can be 

used to understand how the wind swirl process takes 
place. This study allows us to be aware of how the wings 
configuration affects wind formation and wakes up 
studying the extremes of the wind immediate and 
delayed,” Ansell said. 
“Interestingly, I found that one of the worst offenders 

creating vortexes is really the distribution” (Ranjan and 
Ansell, 2018). 

Conclusion 

It is common to see clouds in the form of the sky, 
known as contrails, which are behind the engines of a 
reaction plan. What is not always visible is a wind whirl 
that comes out of the top of each wing - like two small 
horizontal tornadoes - leaving behind a turbulent 
awakening behind the vehicle. Awakening is a 
destabilizing flight hazard, especially for smaller aircraft 
that have the same flight path. 
Recent research at the University of Illinois has 

shown that although most of the wings used today create 
these turbulent vortices, wing geometry can be designed to 
reduce or eliminate almost the entire comma. In the study, 
the characteristics of vortex and awakening were calculated 
for three classical wings: wings and elliptical wings 
developed in the classical R.T. Jones and Ludwig Prandt. 
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