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Abstract- In general, there is wide gap between subsonic flight and supersonic flight, mainly due to aerodynamic 
limitations. This paper presents a method for development of next generation aircraft wings whose camber can be 
transformed in-flight for enabling it to fly efficiently in different regimes of Mach number; say, Subsonic to supersonic and 
vice-versa. To demonstrate the aerodynamic performance of the subsonic airfoil (C141A) and a supersonic airfoil (NACA 
65206), the flow is simulated by using the commercial program GAMBIT and FLUENT. An important aspect is the 
mechanical and hydraulic transformation mechanism working inside the wing which helps it to change the camber according 
to the requirement. For this mechanism, a Hydraulic expansion-contraction system is used which works on the principle of 
Master and Slave Piston-cylinder arrangement. This concept can be practically very important to increase aerodynamic 
efficiency of the aircraft in different regions of subsonic, transonic and supersonic flights. Moreover, this idea of real-time 
camber transformation can make an aircraft multipurpose in accordance to Mach regime of flight. 
 

 
I. INTRODUCTION 
 
Much research on the development of aircraft wings 
has been carried out for the improvement of 
aerodynamic efficiency, and also for the development 
of anaircraft which can fly efficiently at various flight 
conditionsfor various missions. Airflow 
characteristics over the wing is one of the most 
essential factors in aircraft design and it depends 
upon the type of the airfoil used. For flight in 
subsonic regime, thick airfoils are preferred while 
thin airfoils are preferred for supersonic regime [1], 
[2].   
 
Supersonic airfoils are formed by either angled planes 
or opposed arcs (called "double wedge airfoils" and 
"biconvex airfoils" respectively), with very sharp 
leading and trailing edges. Since supersonic airfoils 
are used specifically for supersonic regime, their 
main consideration is to reduce the wave drag, which 
occurs due to formation of the shock waves. While 
for subsonic airfoils, the leading edge is generally 
rounded like a blunt body to reduce the flow 
separation over a wide range of angle of attack [3]. 
Problem discussed in this paper is associated with 
using a subsonic airfoil in supersonic regime and vice 
versa for supersonic aircrafts (generally fighter jets) 
and the solution for it. A subsonic airfoil in 
supersonic flight would lead to formation of the bow 
shock [1], which greatly increases wave drag [1]. 
Similarly, a supersonic airfoil in subsonic flight 
makes an airfoil susceptible to early flow separation 
and more sensitive to changes in angle of attack. 
 
Lot of research has been done for this problem. For 
example, to increase lift at lower speeds, aircraft that 
employ supersonic airfoils also use high-lift 
devices such as leading edge and trailing edge flaps. 
In this paper, we propose a new approach to handle 
this problem. According to our idea, we can 

transform the camber of the subsonic airfoil to 
supersonic airfoil and vice versa in flight by variation 
of thickness to chord ratio of the airfoil.     
 
In this research, we propose a new concept based on 
the Hydraulic Expansion-Contraction(H.E.C.) system 
which works on the principle of Hydrostatic Law [4] 
by using Master and Slave Piston-Cylinder 
arrangement [4]. For this mechanism, the slave 
cylinders are placed in the wing and master cylinder 
is placed in the fuselage.  
 
II. BACKGROUND 
 
There has been a huge gap between subsonic flight 
and supersonic flight mainly due to 
aerodynamiclimitations. For example, the airfoil 
designed for subsonic flight has a characteristic shape 
with a rounded leading edge, followed by a sharp 
trailing edge, whereas a supersonic airfoil has 
relatively sharp leading edge with low camber to 
reduce drag divergence[5].Many issues surround 
supersonic flight and numerous solutions were put 
forth based on experimental results.  
 
In the 1960s, U.S. Navy strategists wanted an aircraft 
that could efficiently cruise at subsonic speed, 
maneuver well in high-subsonic dogfights, accelerate 
to above Mach 2 and yet remain stable during slow 
landings on an aircraft carrier. Considering these 
demands, the Grumman Aerospace Corporation gave 
them in 1972 the F-14 Tomcat, a fighter that could 
change the sweep of its wings depending on the 
widely varying speed regimes. A variable-sweep 
wing imitates nature. To glide or slow down, birds 
extend their wings; to speed up, they tuck them close. 
But designing these capabilities into a metal airframe, 
using nuts, bolts, and gears that would mimic a bird’s 
muscle and bone, took decades of work by aircrafts 
engineers.  The reason behind this idea was that a 
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swept wing is more suitable for high speeds, while an 
un-swept wing is suitable for lower speeds, allowing 
the aircraft to carry more fuel and payload as well as 
improving field performance. The first aircraft 
capable of varying the sweep of its wings in flight 
was the Bell X-5, an experimental aircraft used by 
NASA in the 1950s to test wing angles. It was the 
prototype of an operational aircraft, but a test-bed to 
explore the aerodynamic effects of the variable-sweep 
wings. Some of the design and even some parts were 
cannibalized from the Nazi-engineered Messerschmitt 
P1101, a variable-sweep aircraft. Researchers found 
that as the X-5’s wings swept from a 20- to a 60-
degree angle, the airplane’s center of pressure 
changed , requiring the entire wing assemble to move 
toward the nose in order to keep the airplane stable. 
However, one disadvantage was it took 20 seconds to 
complete the change-longer if the electronics 
malfunctioned and pilot was forced to  hand-crank the 
wings.  
 
Another concept put forth was at the program 
conducted between 1979 and 1982 at the NASA 
Dryden Flight Research Center, Edwards California. 
The unique oblique wing was demonstrated on a 
small, subsonic jet-powered research aircraft called 
the AD-1 (Ames Dryden-1). An oblique wing is a 
variable geometry wing concept. On an aircraft so 
equipped, the wing is designed to rotate on venter 
pivot, so that one tip is swept forward while the 

opposite tip is swept aft. By changing its sweep angle 
in this way, its drag can be reduced at high speed 
(with the wing swept) without sacrificing low speed 
performance (with the wing perpendicular). This is a 
variation on the classic swing-wing design, intended 
to simplify construction and retain the center of 
gravity as the sweep angle is changed. 
The work presented here builds on the efforts of the 
researchers around the world to unite high 
performance designs for each flight regime into 
single airframe. In this paper we are focusing on a 
lesser known problem, but still one to recognize, that 
is the shape of the airfoils. Here we would be 
presenting a concept of transforming a subsonic 
airfoil into a supersonic airfoil and vice versa using 
simple hydraulic mechanisms.  The main advantage 
of this concept is, instead of providing any sort of 
sweep, we would be transforming only the airfoil, 
thereby reducing complex mechanisms that might be 
involved to transform the entire wing. Another 
advantage would be from military point of view, that 
one airfoil having excellent performance in subsonic 
flights can be transformed into another airfoil having 
high performance characteristics in supersonic flight, 
thus combining advantageous features of two 
different airfoil for two different flight regimes into a 
single aircraft. This concept emphasizes to move 
away from air superiority goal and more towards 
flexibility to protect both the skies and eliminate 
targets on the ground. 

 
III. SELECTION OF AIRFOILS  

 

 
Fig. 1. Lockheed C141a Airfoil (max thickness of 13% at 40.2% chord and max camber of 1.1% at 64.5% chord) 

 

 
Fig. 2. NACA 65206 (max thickness of 6% at 40% chord and max camber of 1.1% at 50% chord) 

 
IV. CFD ANALYSIS 
 
The pressure coefficient distribution [1] and velocity 
profile around the subsonic airfoil was obtained by 
using FLUENT. It is to be noted that the flow 
analysis was carried out at zero angle of attack. The 
coefficient of pressure at a point on airfoil can be 
calculated by the following equation: 

C =
p− p∞

ρV∞
 

It can be seen from Fig. 3.(a) that the pressure 
decreases over the upper surface of the airfoil to 
certain point and tends to increase slightly, this is 
because formation of boundary layer along the flow. 
Thus from the Fig. 3(a) the point of maximum 
pressure coefficient C   and its corresponding value is 
determined on the lower and upper surface of the 
airfoil. 
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(풂)푪풑 Variation with chord                                                                             (b) Velocity Profile 

Fig. 3. Flow analysis on C141a airfoil at Mach number 0.88 
 

          
(퐚)퐂퐩 Variation with chord                                                                             (b) Velocity Profile 

Fig.4. Flow analysis on NACA 65206 airfoil at Mach number 1.5 

Fig. 4 (a) shows pressure coefficient distribution on 
supersonic airfoil and Fig.4 (b) shows the relevant 
velocity profile. From Fig. 4 (a) we can see that, 
pressure coefficient C  is positive on the upper 
surface which implies that the static pressure over the 
airfoil is greater than the free stream pressure, 
whereas for subsonic flow the static pressure over the 
upper surface is less than the free stream pressure. 
Moreover, formation of bow shock results in 
reduction of velocity over a small region of the upper 
surface, resulting into increase in static pressure. 
 
By analyzing both the airfoils at their respective flight 
regimes, we concluded that the transformation of 
camber can be performed only at high subsonic 
speed, belowcritical Mach numberM . 
 
Since the pressure distribution is known over the 
airfoils in both subsonic and supersonic regime, an 
H.E.C. system can be applied in the wing to change 
its camber in-flight and transform the subsonic airfoil 
to supersonic and vice versa. 

V. AIRFOIL TRANSFORMATION 
MECHANISM 

 

 
(a)  Difference in thickness between the two airfoils (in mm) 

 

 
(b) Difference in Thickness w.r.t. Chord on lower surface 
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(c) Difference in Thickness w.r.t. Chord on upper surface Fig. 

5. 
 

The selected airfoils were superimposed on each 
other in CATIA V5 (Computer Aided Three-
dimensional Interactive Application) (as shown in 
Fig. 5(a) and the difference in thickness with respect 
to chord was plotted for upper and lower surface of 
the airfoil respectively as shown in Fig. 5(b) &(c). 

With the help of this data, we can determine the 
piston deflection required at various points along the 
chord to transform the thick subsonic airfoil into thin 
supersonic airfoil. 
 
The amount of force to be exerted by the piston at a 
particular point is determined by the value of pressure 
coefficient 퐶  at that point, this is because the static 
pressure over the surface of airfoil shall oppose the 
motion of the piston. Moreover, the effect of static 
pressure will be drastic when the speed approaches 
sonic conditions.  
 
Another factor that would decide the initiation of 
transformation is 푀 [1]. This should be known for 
the subsonic airfoil so that we can decide at what 
Mach number value this transformation could be 
performed with minimum amount of force required. 

 
VI. PRACTICAL TRANSFORMATION  MECHANISM 
 

 
Fig.6. Implementation of transformation mechanism in the wing 

 

Fig.10. H.E.C. system using master and slave piston-cylinder arrangement  
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Airfoil data for thickness to chord ratio are already 
known Fig. 5(a) for both the subsonic and supersonic 
airfoil. The difference in the thickness to chord ratio 
at various points on both the airfoil allows the 
transformation by devising a mechanical procedure 
and implementing it inside the wing just like the 
actuator used in deploying the high lift devices such 
as Leading edge slats and trailing edge flaps. The 
only difference here would be that the transformation 
would give a complete wing with the corresponding 
airfoil characteristic of either the supersonic or 
subsonic regime. The leading edge nose of supersonic 
airfoil is already placed as a cutout attached to the 
subsonic airfoil. Rather this cutout is a part of the 
subsonic airfoil leading edge. The appropriate leading 
edge nose radius is maintained precisely so that the 
flow does not get disturbed much while 
transformation of complete wing shape. The overall 
transformation takes place by H.E.C. system placed 
inside the wing. H.E.C. system works on hydrostatic 
law [2] and a valve is implemented on the inlet 
pipeline of slave cylinders to stop the flow after 
certain displacement of piston which deflects the 
wing camber according to the requirement on 
different locations on the chord. Required hinge 
points and extra plates of same wing material is 
provided at various points inside the wing surfaces so 
that  any required compensation in the wing shape 
can be made by the actuators which deploy these 
extra materials, thus resulting in a precise camber 
transformation in the wings leaving behind no 
discontinuities on surface. 
 
CONCLUSION 
 
We proposed a new mechanism of wing shape 
transformation by variation of thickness with respect 
to chord between two types of wing airfoils, i.e. wing 
in subsonic and supersonic regime, for improving 
aerodynamic efficiency and making an aircraft 
multipurpose. On the basis of CFD analysis, we 
derived the Pressure Coefficient C  distribution on 
the surface of the wings and taking the maximum 
pressure into account H.E.C. system was designed to 

vary the camber of the airfoil while transition of wing 
from subsonic to supersonic regime and vice versa in 
cruise flight mode. The transition of the wing both 
way takes place in high subsonic regime at a point 
less than critical Mach number to delay the formation 
of shockwaves and decrease the wave drag. Thus, this 
maintains aerodynamic efficiency of the aircraft.  The 
H.E.C. system used inside the wing for this 
transformation makes it more efficient for managing 
the wing load and reduction of vibration in the wing 
while transformation. Aerodynamic characteristics 
were investigated by using the commercial software 
GAMBIT and FLUENT. The Wing shape 
transformation makes the aircraft highly agile for 
transport, combat and surveillance purpose. Next 
generation UAVs can adopt such mechanism for 
carrying out surveillance as well as combat 
operations as the situation demands. The shape 
transformation time and detail mechanical 
architecture of the H.E.C. system in the aircraft will 
be investigated in our future study. 
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