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Abstract: Flutter is one of the aerodynamic problems; it mainly occurs on the moving object, especially with wide wings,
blade or aerospace vehicles when they cruise at ultra-high speeds. Development and applications of flutter and its related issues
in usual speed such as structural design, material section and aerodynamic frame study by many authors like Baurmgart,
Jureczko, Guo, Baxevanou and Larsen (see ref. [1-5]). But at ultra-high speeds where the Galilean space and time invariant
change to the Lorentz spacetime invariant, the flutter phenomenon will be important to describe the stability of the moving
objects at ultra-high speeds. In this limit the torsional stiffness of the wings or the body of the object is very large, so the
self-variation causes the instability motion on aerospace-crafts. Therefore, the moving body displacement against the flow field
plays an important role in dynamic stability studies. It is the main source of instability in an ultrasonic airplane, which is
subjected to aerodynamic forces and velocity of a moving object. Instability and self-oscillation are one of the important reasons
of studying the characteristics of an airplane and velocity conditions at the ultra-high speeds, which we can see the relativistic
effect of motion, as predicated many years ago by Einstein's theory, i.e. the general theory of relativity. Nowadays, prediction of
flutter in the field of aerospace science plays a fundamental role because the aviation safety of ultra-high objects in military and
high technology equipment growth day by day. In this article in order to determine the aeroelasticity effects of ultrasonic
aerospace-crafts, the theoretical methods based upon physical characteristics of four dimensional spacetime at high velocity
(relativity theory) were selected.
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the ultra-high speed. At acute speeds that known as the flutter
speed; the supersonic structure sustains oscillations following
some initial disturbance. Below this flutter speed the
oscillations are damped [11-12], whereas above it any one of
the modes becomes negatively unstable oscillations.
Aecroelasticity can take various forms involving different pairs
of interacting modes and at the high velocity of moving
objects. Various approaches to this problem are to describe
and determine flutter velocity and moment that will be
occurred flutter. As we know in the moving object at
ultra-high speed flutter phenomena occurs at a critical speed
that is defined as the lowest air velocity at which a moving
supersonic object will oscillate with sustained simple
harmonic motion [12-14]. Supersonic flight at velocities
below and above the flutter speed represents conditions of
stable and unstable structural oscillation. It is found most
frequently in aerospace-crafts subjected to large wings, tail
units and control surfaces and also with ultra-high speed. In
engineering studies the forces can interact, causing divergent

1. Introduction

Aeroelasticity or flutter phenomenon in the supersonic
aerospace-crafts involved in the study on the interaction
between aerodynamic physics and relativity velocity at
ultra-high speed. The flexibility of the modern supersonic
aerospace-craft’s structures make aeroelastic study an
important aspect of modern re-entry equipment and
aerospace-craft design and stability verification procedures.
The flutter is the major aeroelastic phenomena considered in
supersonic moving objects and dynamic aeroelastic instability
characterized by sustained self-oscillation of moving object at
high speed that arise from interaction between inertial, elastic
and aerodynamic forces acting on the moving object with
ultra-high speed [6-9]. The values for predication of flutter are
taken by the theoretical and experimental results of
aerospace-craft, wing, and blade, etc. model. This appears
when the aerospace-crafts are subjected to aeroelastic forces at
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oscillations for given period differences. The flutter of a
supersonic moving object is important example instability that
we can study it based on relativistic characteristics of motion.
Supersonic-crafts compared to other airplanes have a very thin
and wide surface (Fig. 1).

b)

Fig. 1. Modern supersonic-crafts: a) The X-544 Low Boom Experimental
Vehicle (LBEV), b) HTV3 [13].

Therefore, supersonic crafts under the influence of
aerodynamic forces, especially at ultra-high velocities have
specific type of aerodynamic forces that can change its
properties and structure constants such as stiffness coefficient
and natural frequencies. As a result, the aerospace-craft is
faced with strong instabilities that cannot be prevented even
by increasing the reliability during the design. This
destruction has been created due to a fixed force at ultra-high
velocity, and this value of force is created because of a specific
relative velocity of flow that presented as flutter phenomenon
and the fluid speed destruction presented as flutter speed.
Predication the flutter velocity, we can change flight
characteristics in order to get the safety of supersonic moving
objects. In supersonic-crafts, flutter velocity is considered as
the limiting velocity. Limiting velocity is the velocity which
must not be reached by an aerospace-craft that depends on the
main aerospace-craft’s structure, surface, wings, blade and
speed. Therefore, based on physical invariant’s effect of the
moving supersonic objects at relativistic spacetime coordinate
system, preventing flutter close to fluid velocity can be
predicated, if suppose that supersonic-craft move with
ultra-high velocity, which is close to the speed of light. Flutter
instability is characterized by critical velocity and pulsation in
the moving object. To describe flutter we should introduce to
physical principles and dynamic model of motion at ultra-high
speeds. Mathematical and theoretical model describing
aeroelasticity phenomenon is obtained from the Lagrange
formalism which consists of the following equation:
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where T is the total kinetic energy, V is the potential energy,
q is speed, F; is a force, and q is coordinate parameters
expressed in terms of generalized coordinates of external
forces on the supersonic moving aerospace-crafts. Flutter
analysis of supersonic-crafts was often performed using a
simple model such as the one shown in Fig. 2. The points P, C,
0, and T, which refers to the reference point, the center of
mass, the aerodynamic center, and the three-quarter-of
supersonic-crafts. The dimensionless parameters and
determine the location of the point C and P, when these
parameters are zero, the point lies on the mid of craft length.

b,

Fig. 2. Fig. Aeroelastic modeling of supersonic-craft.

In the aerodynamic subjects, the total kinetic energy of the
supersonic-craft can be deduced based on the kinetic energy
and potential of the mass element, as a result of the flap-wise h
and torsional velocity and also the flap-wise and torsional
stiffness, o and ¢ respectively. Therefore, the total energy
for the supersonic- craft is determined as follows [16]:

m,. .
T—V=?(h+x9)—V=
;(m(flz + 2xh6 + x26%) — (oh? + 892)) )

Now, we present the uncoupled frequency and natural
frequencies at zero airspeed for detail see [16]:

o &
B \/%'Q T me?) 3)

u is the mass moment of inertia and p is the perpendicular
distance between an axis through the center of mass. Here, we
consider the dimensionless free stream speed (V) of the air
that is sometimes called the reduced velocity:

U=V 4)

Based on the Lagrange formalism we determine the system
of equations and determine the complex roots as functions of
V and find smallest value of v to determine flutter speed as
follows [16]:

Uflutter = wVflutter %)

2. Kinetic Energy at Supersonic Speed

In some part of theoretical physics subjects, we have an
object that moves with ultra-high speed close to the speed of
light, the physical parameters like energy, mass, time will be
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changed based on the relativistic effect of motion at the
ultra-high speed, which described by Einstein and relativistic
equations and called ultra-relativistic limit. Description of
aeroelasticity at the ultra-high sonic speed should be presented
by relativistic theory. In this case, we must present 4D
spacetime coordinate system. The theory of 4D spacetime is
quite different from the theory of space and time, and also the
Euclidean geometry of ordinary three dimensional spaces. The
theory of spacetime is relativity theory. It is seen to be a theory
of the geometry of the single entity, ‘spacetime’, rather than a
theory of space and time [17-21]. The main idea of spacetime
is the coordinates of an event have transformation properties
analogous to space and time for ordinary three coordinate
vectors that involve with a time coordinate. We will consider
each event E occurring in spacetime coordinates: (x,),z,¢) in
the frame of reference K and (x’y’zt') in the new other
inertial frame coordinate K' [15-20]. Relativity theory is the
major theory on which modern technology and modern
physics are based. This theory is general principles in moving
which all specialized theories are required to satisfy and apply
to all physical systems that move at ultra-high speeds. The role
of relativity appears to be that of specifying the properties of
spacetime that all physical processes take place. The
principles of relativity are: a) all the laws of physics are the
same in every inertial frame of reference. This postulate
implies that there is no experiment whether based on the laws
of mechanics or the laws of electromagnetism from which it is
possible to determine whether a frame of reference is in a state
of uniform motion, b) the speed of light is independent of the
motion of its source. On the mathematical meaning we can say
that the laws of physics are expressed in terms of equations,
and the form that these equations take in different reference
frames moving with constant velocity with respect to one
another can be calculated by using of transformation equations,
which require that the transformed equations have exactly the
same form in all frames of reference, in other words that the
physical laws are the same in all frames of reference. In order
to describe the moving object at ultra-high velocity,
determination the geometrical properties of spacetime four
coordinate, is probably useful. Therefore, we should make use
of the constancy of the speed of light and derive the general
form that the transformation law must take place. In
theoretical field of physics all objects that move with speed
near the speed of light have a specific’s motion equation and
their dynamical description of motion should be based on the
relativistic theory. Thus, hypersonic airplane include in this
category. To predicate the occurring moment of flutter in the
hypersonic objects we study relativistic combination of
spacetime at ultra-high speeds. In the theoretically method,
relativistic theory is employed to study the occurring moment
of the flutter phenomena. Now, we describe spacetime
coordinate relation in relativistic limit [30-31]. As we know,
Newtonian mechanics gives an excellent description of
motion, but when the object travels very fast, we should use
new motion equations, i.e., the Einstein theory that is called
special relativity [14, 15]. The effect appears when the speed
of moving body or object becomes comparable to the speed of

light in the vacuum. In the inertial frames K’ and K coordinate
systems that move with relative speed v to each other for
simplicity, the direction x is parallel to the direction of motion.
Both inertial frames come with Cartesian coordinates: (x’,t")
for K'and (x, t) for K, relation between space and time base on
Lorentz invariant:

Xv
, x—vt t— /Cz

X = > >
-V -V
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Kinetic energy of motion for the moving object with very
small speed compared with the speed of light is Kinetic energy

t' = (6)

s K = % 1.e. in the Newtonian frame work, but in the 4D

framework that involved with velocity value of the moving
objects it is completely different. Relativistic kinetic energy
equation shows that the energy of an object approaches
infinity as the velocity approaches the speed of light. Thus, it
is impossible to accelerate an object across this boundary.
Relativistic Kinetic energy can be expressed as:

Kg = _moc? (7)

2
1=/ 2

where m,, is rest mass, v is velocity, ¢ is speed of light. At
an ultra-high sonic speed for the supersonic-crafts, the
relativistic kinetic energy should be approximated by equation
(7). Thus, the total energy can be partitioned into the energy of
the rest mass (E =mgc?) plus the relativistic energy at
ultra-high speeds:

2 _ mocz

E =mc*c = —2
,’1_1] /2

blended with the relativistic

+ myc? (8)

This formula can be
momentum expression

=2 _ —my 9)
A 1_V2/c2

Thus, to give an alternative expression for energy, the
combination momentum and energy can be manipulated as
follows:

E = \/p%c? + mic* (10)

As we see total energy that presented in equation (8)
directly depends on the mass and length. Therefore, at the
relativistic limit energy, mass, length, time, etc., dependent on
the velocity value of the moving object. Thus, the main
formula of determination flutter and other aeroelasticity
characteristics in the supersonic-crafts involved with relativity
effects in spacetime coordinate system.

3. Spacetime Characteristics

In order to understand that how ultra-high velocity effects
on spacetime, we try shortly shortly describe relativistic limit
of motion and Einstein’s general theory in the four
dimensional (4D) spacetime system. The most important
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achievement of the Lorentz transformation (equation (6)) is
relation of time in two coordinate systems. Consider an object
placed at rest in a frame of reference K at some point x on the x
axis and suppose that this frame is moving with a velocity v
relative to some other frame of reference K'. The time interval
between two events at K’ and the exact event at K can be
determined. Thus, the time interval between events in K is
longer than in K. It means that in the frame of reference K the
time is running slow. It appears from K that time is passing
more slowly in K'. Hence, after a series of mathematical
transformations using relations in (4) we can find time
duration in moving spacetime coordinate [17-24]:

At

1—"2/cz

At' = (11)

or

At > At’ (12)

This is the phenomenon of time dilation that we will use to
describe how one can predicate events at ultra-high moving
spacetime. Now based on relativistic Lorentz invariant we
present the length contraction in supersonic moving object.
The first of the interesting consequences of the Lorentz
transformation is that length no longer has an absolute
meaning: the length of an object depends on its motion relative
to the frame of reference in which its length is being measured.
Let us consider an object moving with a velocity u relative to a
frame of reference K, and lying along the x axis. The object is
then stationary relative to a frame of reference K, which is also
moving with a velocity v relative to K'. We measure the x
coordinates of the two ends of the object at the same time ¢, as
measured by the clocks in K and K’ Turning now to the
Lorentz invariant transformation equations (5), we have

Al' = Al /1 —vY,

Al < Al

(13)

or
(14)

Thus, the length of the moving object as measured in the
frame of reference K' with respect to which the length of
moving object is shorter than the length as measured from a
frame of reference K relative to which the object is stationary.
A moving object will have the maximum length when it is
stationary in a frame of reference. The length so-measured, / is
known as proper length. This phenomenon is known as the
Lorentz contraction. It is not the consequence of some force
‘squeezing’ the object, but it is a really physical phenomenon
with observable physical effects. Note, however, that someone
who actually looks at this moving object as it passes by will
not see a shorter object. If the time that is required for the light
from each point on the moving object to reach the observer’s
eye is taken into account, the overall effect is that of making
the object appear as if it is rotated in spacetime. Now, we
suppose that an object has a velocity v relative to a frame K’
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and velocity of this object that measure in the frame of
reference relative to a frame K moving with a velocity u
relative to a frame K'. The moving object has coordinate x at
time ¢ in K" and it has coordinate x at time ¢ in K. On the other
words, if the observer in K measures an object moving along
the x axis at speed u, then the observer in the K’ coordinate
system that moving at speed v in the x direction with respect to
K, will measure the object moving with speed u' where from
the Lorentz transformations (5) [20-23]:

;. u—vAt
= (15)
and
_uw+tv
u= g (16)

In low speed both u and v are small with respect to the speed
of light and we will recover

uzu—v

(17)

the intuitive Galilean transformation of velocities. If objects
moving with ultrasonic speed Pc, we can determine delay time
as follows:

At = At'\[1 — g2 (18)

and one may predicate the exact delay time in spacetime
coordinate when the flutter will be happened in moving
spacetime coordinate.

4. Hypersonic Flutter

Dynamic effects in mechanism of the moving supersonic
objects due to aerodynamic characteristics during normal
moving or rotation are significant [25-30]. As we know the
velocity of moving supersonic-crafts and its stiffness of a
structure need to find the various periods at which it will
naturally resonate [16, 31]. The goal of relativistic analysis in
structural mechanics is to determine the time dilation of flutter
and natural mode shapes and frequencies of an object or
structure during free vibration in second spacetime where
supersonic-craft was observed. In order to do relativistic and
aeroelastic analysis and ensure the non-occurrence of flutter
phenomenon, time dilation in second spacetime coordinate are
studied. For hypersonic moving objects using equation (18),
we can determine delay time when flutter will be happened in
the K’ coordinate system. If objects moving with ultrasonic
speed Bc, so we can determine delay time.

5. Conclusion

In this study, the relativistic effects of aerodynamic loading
at ultra-high velocity were considered. Based on the Lorentz
invariant equations the time dilation for flutter was determined.
In theoretical method the flutter velocity and natural
frequency of the system was studied, and flutter speed related
to the coupling of bending, and torsion were defined. We
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exactly  determined  that  flutter  involves  with
aerodynamic-elastic and velocity at the ultra-high limit.
Equations were shown that some critical speed that known as
the flutter speed, could be predicated by an observer in the
initial frame reference. Therefore, the body displacement
against the flow field plays a fundamental role in dynamic
solidity analysis. In order to maintain the supersonic object
stability in ultrahigh speed, predication’s time in the occurring
flutter can be determined in the relativistic limit. The main
focus on this study is to merge relativistic equation of motion
in mechanical engineering science and determination of
predication flutter’s moment.
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