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ANALYSIS OF EFFICIENCY OF DECK
DIVERCE MASKING FROM DISTRIBUTION-

DIVERSION GLAIDERS BY A FORMABLE
EMBODY BUFFER ZONE

IIposedero ananiz 001020 3 mexHiuHUX piueHb 3ac00i8 e(hexmueH020 MACKYEanHsL IIMaxie maxmuunoi
naiy6noi asiayii xopabeavrozo basyeanns. Posznsanymo mexamnism 00Csznenns HesUOUMOCmi 1imaxa
WMyuHUM POPMYBAHHAM 6 PIOUHI 020P00NCYBATLHOT NOBEPXHI MiNCOOOLOUH020 NPOCMOPY Y BU2IA)
30HU KAyCMuKU, KOHMOKAILHOT 6HYMPIuHb0oi nosepxui 3068HiuNHb0i 06040HKU. CHOPMYILOBAIT YMOBU
eexmuenozo docsiznenns Heobxionozo Cmynens CKpUmHocmi 1imaxa na naiyoi asianocys.

Kmeuosi cnosa: kym abepauyii, y1ompassyrose SUNPOMIHIOBANHS, PE3OHANC X6ULL0OBO20 30izu, 30HU

Kaycmurxu, ozopoayfcyioua NOBEPXHAL.

1. Introduction

Flight tests of hypersonic weapons give grounds for
a real change in the appearance of modern warfare and will
make helpless air defense weapons. Once again, military
technology ahead of time and raise new questions about
the security of billions of people on Earth [1] (Fig. 1).

Fig. 1. Hypersonic aircraft on alert

The US and China are working on hypersonic glider
projects, which receive the initial acceleration due to the
rise to a greater height with the aid of a launch vehicle,
and then accelerated during controlled descent from high
altitudes. The advantages of such system are determined,
at first, long range, up to a global impact on any point
of the Earth’s surface, secondly, relatively simple glider
device (no propulsion engine), third, a large mass of the
military unit and, finally, high speed flight, more than
10 Mach.

Russia focused on the development of missiles with
hypersonic direct-flow air-jet engine, which can be launched
from the Earth, ships or combat aircraft. There is a Russian-
Indian project to develop similar weapons systems, so that
by 2023 India also be able to enter «Hypersonic Club».
The advantage of hypersonic missiles is a lower cost and
more possible applications, unlike gliders, launched with
the help of ICBMs [1].

Hypersonic aircraft enter the target by relatively shallow
trajectory, which are in the air for a short time and can
maneuver. In most scenarios, modern air defense systems
cannot in a short time to detect and strike a hypersonic
target.

Hence the main task is outlined — to complicate for
reconnaissance identification and delineation of the promi-
nence of the means of defense. This, in turn, will complicate
the use of firearms by the enemy. Using the well-known
assertion «To surprise is to win», a reliable foundation
of victory will be laid. Camouflage — this is the decisive
means to mislead the enemy and the main factor of the
victorious step.

Aircraft are located on the upper deck (schavot) of the
aircraft carrier. Accordingly, can be qualitatively, and in
a short time identified and classified by means of detection
gliders. Thus, the «snoring eye» of the enemy, barraging
in a given waiting area, has an excellent opportunity to
react instantly, already from the very beginning of the
flight means movement. Perform tasks to defeat tactical
deck and strategic bomber aviation without unnecessary
loss of precious time. The time factor in combat conditions
is decisive. Therefore, the analysis of the technological
situation in the air is relevant, as this helps to reduce
the level of technological risks in combat conditions.

2. The ohject of research
and its technological audit

The object of research is the process of elastic interac-
tion of an ultrasonic beam with the enclosing cylindrical
module in the form of two circular shells of the same
length coaxially joined by their ends, the hermetic gap
between them is filled with liquid.

Irradiation from the outside with an ultrasonic beam
affects the properties of the enclosing cylindrical module,
in particular, on the appearance of local features of the
outer shell, as well as on the change in the energy state
liquid in the gap between the shells.

Calculation model corresponds to the technical solution
in the form of a fencing cylindrical module.
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This phenomenon is the product of securing decked
aviation from aerial reconnaissance in the pre-launch po-
sition (vertical launch or runway) under operational con-
ditions.

One of the problematic areas of the study is that the
dislocation of deck aviation in the open waist plane enables
the means for detecting the suborbital and atmospheric
reconnaissance of the enemy to determine undefined not
only the initial coordinates but also its coordinate functions
for the entire period of subsequent trajectory travel. Finally,
the on-board glider equipment, taking this information
as the original one, makes it possible, with anticipation,
accurately, to fire at the theoretical trajectory of motion,
thereby increasing the probability of hitting the target.

Therefore, it is necessary to ensure 100 % masking of
deck aviation at open launch positions. This will signifi-
cantly reduce or completely eliminate and improve the
efficiency and life-span of the aircraft as a whole.

3. The aim and ohjectives of research

The aim of the research is an assessment of the effec-
tiveness of the technical solution in question to achieve
full (or partial) camouflage and the limited prominence
of deck aviation from aerial reconnaissance.

The objectives of the research are as follows:

1. Construction of a computational analytical model of
the chosen technical solution in the form of two coaxial
shells separated by a liquid and irradiated externally with
an ultrasonic beam.

2. Justification of the need to fulfill the conditions
for the large wave size of the outer shell surface.

3. Explanation of the conditions for the necessary aber-
ration degree of sound waves radiated into the liquid by
the circumferential wave of the outer shell and the for-
mation of the surface of the caustic.

4. Determination of the angle of incidence of the ultra-
sonic beam on the surface of the outer shell necessary for
the emergence of a resonant environment in a mechanical
system — wave coincidence (geometric resonance).

4. Research of existing solutions
of the prohlem

Time inevitably singled out decisive priorities in creating
ways to defend and mask flight manned and unmanned
products (flying robots). Masking (from the French mas-
quer) involves ensuring partial or complete invisibility
or secrecy of material and technical means of defense,
as well as military personnel. Masking provides surprise
operations of troops, shock and firepower of fire equip-
ment, prolongation of their combat readiness and increase
of survivability. In terms of the scale of application and
the nature of the tasks to be solved, masking is divided
into - strategic, operational and tactical. Depending on
what technical intelligence-diversionary means camouflage
measures are carried out, the optical disguise is distin-
guished (masking color) [2], thermal, radar [3], radio and
radio engineering, sound (acoustic — direct location and
echo-location), special hydroacoustics (sub-keel stations,
descending and towed containers with variable depth an-
tennas) and others [4].

The main methods of masking are hiding, imitation
and demonstrative actions.

Hiding is the elimination or weakening of unmasking
features. Hiding is ensured by the observance of camou-
flage discipline, using masking properties of the terrain,
natural conditions and using special engineering techniques
and means.

Simulation consists in creating false objects and false
environments by using mock-ups of equipment and other
means [3].

In 1932 in the Military Invention Administration (USSR)
I. I. Varshavskiy suggested making the aircraft invisible in
the air for a ground observer, i. e. create a mirror mask, and
also carry out work to protect metals from corrosion [5].

It is also proposed to conceal objects using smoke
masking (aerosol formations) — smoke curtains are used
to hide objects from visually-optical means of the enemy.
To eliminate the definition of the exact location of the
object, smoke curtains several times the size of the object.
But the effectiveness of smoke masking should pay attention
to the meteorological conditions (wind speed and direction,
precipitation), as well as the nature of the area (relief,
vegetation, rivers, lakes, settlements) [6].

The development of approaches to radar invisibility led
to the creation of invisible aircraft based on technology such
as «Stealth» [7]. However, this technology did not become
a solution to the problem, and more in-depth studies and
original approaches are needed to achieve the set goal —
the stealth of the combat vehicle. Masking an aircraft by
creating jammers and reflections is a rather auxiliary method,
since it cannot solve the problem of «disappearing» an
airplane from enemy radars. Russian researchers proposed
their own method for masking the aircraft — an active
method. If the American technology «Stealth» to reduce
radio visibility used special absorbent coatings, it uses
its own technology, which for the same purpose uses an
artificial plasma formation obtained by ejecting electron
beams into the atmosphere. Near the plane, plasma clouds
are created that actively absorb the electromagnetic wave,
so that the visibility of the aircraft on the radar screen
falls more than 100 times [8].

Thus, taking into account that the tactical deck avia-
tion aircraft are based on open starting positions, the
features and specificity of the means for camouflaging
aircraft from enemy air reconnaissance. Known ways of
solving the problems of camouflage and limited prominence
of flight products contours, based on passive methods,
which allows us to conclude that the most promising
are all the same means, based on resonant phenomena
of a different physical nature.

Recently, using computer modeling, the intensity is used
to predict the distribution of sound in confined spaces
to represent sound emitted from various sound sources.
This makes it possible to reduce the amount of calcu-
lated information and makes the modeling system simple
enough for presentation on a desktop computer. With the
advent of new computer technologies, it has now become
practical to simulate sound distribution using pressure,
including phase information, in empty confined spaces [9].
Modeling possibilities are also considered, using methods
of optics transformation for bending wave layers within
elongated rod designs [10]. The transmission of sound
through the double walls of a cylindrical shell with a lining
of a vapor-elastic material in the active zone is used,
which excites pressure oscillations due to the external
turbulent boundary layer [11]. It is proposed to use the
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acoustics of conformal transformation to create camouflage
devices with layered homogeneous structures that can
acoustically generate illusions of objects [12]. Based on the
optical transformation, it is proposed to use a camouflage
cover that can mask an arbitrary object, simulating the
electromagnetic scattering of an empty V-shaped cavity
beneath a metal surface. This camouflage device will be
misleading and confuse detectors and people, and therefore
any object hidden under this camouflage cover will not
be perceived [13]. As illusion of the radar network, the
method of the coherent phantom track is considered by
controlling several electronic combat vehicles [14]. The
effect of the dispersion of electromagnetic parameters and
thickness on the characteristics of the absorbing material
is analyzed in the work [15].

5. Methods of research

The basis of the test stand is a submerged block of
ultrasonic radiators of the brand UZ P-6-1 (Ukraine), which
forms an ultrasonic beam with a frequency of 42 kHz with
a flat front, 300 W power and intensity of ultrasonic os-
cillations 1.65 W /cm?®.

Inside the water-filled test-bench frame, there is a cylind-
rical module in the form of two circular shells, separated
by liquid.

The experimental setup consists of an ultrasonic ge-
nerator and an ultrasonic transducer (Fig. 2). The ultra-
sonic transducer is an immersion unit, which is installed
in a container with a working fluid.

|
" S ST 5

Fig. 2. Experimental device:
a — ultrasonic generator; b — ultrasonic transducer

Ultrasonic transducer is made of stainless steel and
consists of 6 ultrasonic radiators, which convert electri-
cal energy into ultrasonic vibrations. The immersion unit

is connected to an ultrasonic generator and installed in
a container, and completely covered with working fluid.

6. Research results

In the absence of irradiation with ultrasound beam
of the outer shell of the enclosing cylindrical module in
the form of two circular shells on the sensor screen of
the glider of the direction finder there are clear images
of the aircraft of tactical deck aviation (Fig. 3, a). To
obtain the desired masking effect under the protection of
the surface of the caustic zone, two conditions must be
fulfilled — significant wave size of the outer shell of the
enclosing cylindrical module in the form of two circular
shells and the choice of the coincidence angle of the ul-
trasonic generator beam [16, 17].

The first condition allows for a significant wave size,
those larger than several units, to consider an element of
the outer shell of the enclosing cylindrical module in the
form of two circular shells as a plate that radiates into
the inter-shell liquid a sound wave. The phenomenon of
aberration can be regulated by appropriate selection of the
material of the outer shell and liquid, In such a way that
the ratio of the sound propagation velocities in them makes
it possible to construct caustic zones in the form of a confo-
cal shell surface of the enclosing cylindrical module in the
form of two circular shells of a given radius. Obviously, for
an insignificant wave size, the mechanism for construct-
ing an insulating surface will not work. In Fig. 3, b, the
initial change in the prominence of contours of a tactical
deck aviation aircraft. These changes, as can be seen, are
not yet of a fundamental nature, but they also take place.

Selection of the angle of incidence of the ultrasonic
beam on the surface of the outer shell of the enclosing
cylindrical module in the form of two circular shells to the
values of the angle of coincidence, those before the onset
of geometric resonance in the form of wave coincidence
that allows further develop the distortion of the hull of
the tactical deck aviation aircraft on the screen finder of
the glider (Fig. 3, ¢). This is achieved due to the fact
that the turbulence and energy activity of the inter-shell
liquid under resonance conditions grows to such a level
where the visibility of the contours is practically disap-
pearing and a satisfactory camouflage of the tactical deck
aviation aircraft from the direction finding devices of the
glider. The mechanism of this phenomenon is caused by
a sharp increase in the power of the ultrasonic beam of
the sound waves transmitted inside and generated by it,
owing to the onset of the so-called acoustic transparency
of the outer shell of the enclosing cylindrical module in
the form of two circular shells [18-20].

At the time of the launch of tactical deck aircraft, the
fencing module is moved away making room for a vertical
launch of the aircraft. Upon the return of the aircraft to
the base and landing on the deck of the aircraft carrier,
the enclosing cylindrical module returns to its original
position, while completely closing the aircraft, and, while
doing so its main focus — airplane camouflage.

The original side of the obtained results of laboratory
studies is the confirmation of the theoretical prerequisites
for the technical realization of the artificial formation of
the enclosing surfaces in the form of caustic zones (Fig. 4)
for concealment and masking of an aircraft of tactical
deck aviation.
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Fig. 3. Image of a test aircraft:
a — initial position, irradiation with an ultrasonic beam of the enclosing
cylindrical module in the form of two circular shells is absent;

b — image of the aircraft with external artificial acoustic radiation of
the enclosing cylindrical module in the form of two circular shells (outside
the resonance zone); ¢ — image of an airplane on the screen of finding
devices of the glider when a resonant situation occurs in the space
between the shells — wave coincidence

Waist plane

Fig. 4. Artificial formation in the intershell space of a buffer
surface in the form of a caustic zone

For concreteness, let’s take:

— the wingspan of the aircraft is L=15 m;

— radius of the inner shell R{=7.5+0.05=7.55 m;

— radius of the outer shell R=R;+0.1=7.55+0.1=7.65 m.

The shells are assumed to be made of duralumin (V,,=
=6300-5230 m/s, V,,=3080 m/s), as fresh liquids we take
fresh water (¢p=331 m/s at =20 °C), consider the wave
size of the outer shell surface much exceeding one, i. e.:

kR >1,

where k=w/c, k —the wave number; ® — circular frequency
of ultrasonic radiation in kHz; ¢ — speed of sound in the air.

This assumption allows to consider the surface ele-
ment of the outer shell as flat, in which the circum-
ferential wave in the outer shell generates a flat sound
wave into the liquid. Since the speed of sound in the
shell and liquid is different, the aberration effect of radia-
ted sound waves from the circumferential wave to the
angle o, i e. sino=c¢;/V, =0.06 rad [17], will be ob-
served. Hence, o=3°41".

It follows from Fig. 3, the sound waves emitted by
the outer shell form a cylindrical surface of the caustic
zone of radius R=7.65coso=7.63 m.

This zone will be an energetically active liquid sub-
stance, in which, instead of the initial static state, there
is a powerful turbulence with cavitation manifestations.
The degree of turbulence will increase with the approach
of the direction of the wave vector & to the value of the
coincidence angle, when the trace of the incident ultra-
sonic wave and the circumferential wave in the envelope
coincide. In this case, the so-called phenomenon of the
acoustic proxy of the outer shell is observed and the
external ultrasonic beam passes inside the shell without
dissipation of energy. In the vicinity of the wave coinci-
dence zone, turbulence will occur, but much less intense.
Thus, an artificially formed caustic zone of radius » will
create a buffer surface for the passage of the beams of
the locating means. The zone of wave coincidence is ap-
proached, the contours of the image of the aircraft on
the screens of the location facilities will gradually blur.
As a result, they will turn into a blurred spot, like a
blob (Fig. 3, ¢).

7. SWOT analysis of research results

Strengths. Conducted semi-detailed tests on the layout
of the aircraft of the deck aviation allow:

— to assess the prospects of the proposed method of

camouflaging flight vehicles at open launch positions;

— to deeply analyze the technology of artificial for-

mation of the caustic zone under the assumption of

variable values of the speed of sound propagation in
the outer shell of the cylindrical module and in the
separating shell of the liquid.

The evaluation of the radius of the cylindrical caustic
zone in the function of the aberration radiated by the outer
shell into the liquid at frequencies below the boundary
sound waves confirms the theoretical premises for artificial
regulation of the radius of the caustic zone-closer to the
surface of the outer shell or further.

The caustic zone is a surface of increased energy acti-
vity of the inter-shell fluid — from low kinetic energy of
the liquid to high. It includes significant turbulence and

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(38), 2017

13—)



BHPOEHHYO-TEXHOMOIIYHI CHCTEMM:
MEXAHIKA

IS5N 2226-3780

cavitation bubbles, as well as the presence of a temperature
jump in the liquid. The influence of the wave coincidence
of the circumferential waves of the outer shell and the
incident sound wave of artificial ultrasonic irradiation is
analyzed. It is shown that when approaching the reso-
nance region, the local features of the liquid state rapidly
increase. With the onset of the equality of the trace of
the circumferential and falling ultrasonic waves, the physi-
cal state of the outer shell is formed as an acoustically
transparent surface, and the liquid from the initially static
state is transformed into a highly turbulent structure with
the presence of cavitation bubbles and a heat gradient.
The last thesis is most significant in the proposed scheme.
Here, the acoustically transparent outer shell does not
affect the image quality on the location screen. Further,
the highly turbulent liquid will reproduce on the screen
a vague cloudy blot, like a blob, which makes it impos-
sible even to outline the contours and, even more so, to
classify the object to be determined.

The carried out researches allow to recognize the of-
fered technical decision as an undoubted means of increase
of efficiency of use of tactical deck aviation and strategic
bomber aviation during military operations on the sea,
including, in the case of asymmetric military operations,
to protect the territorial boundaries of the state.

Weaknesses. Obviously, the need to ensure the functional
requirements of the proposed scheme associated with the
movement of the module along the wafer’s plane and its
further transportation to the below-deck room complicates
the work, increases the energy and material consumption
of the aircraft carrier mechanism as a whole. Especially in
the operating conditions of increased sea surface roughness,
as well as a hurricane wind that generates technological
risks, due to considerable sailing.

Opportunities. Increasing the level of camouflage of
deck aviation will increase the efficiency and rational use
of all types of military equipment, which, in general, will
increase the safety of aviation equipment on the one hand,
as well as combat support for the firepower of weapons.

Threats. Foreign specialists and ideologists of combat
and fire equipment, to one degree or another, also began
to use the phenomenon of wave coincidence and related
local manifestations of the state of systems at a reso-
nant level. For example, for land fire equipment - tanks,
armored personnel carriers, armored personnel carriers,
self-propelled guns, anti-aircraft and rocket-mortar systems.
This was used by the US military in Afghanistan with
the help of the shelter of combat vehicles by the «forest»
of nanotubes.

1. A computational model of the proposed technical
solution for masking deck aviation is developed, which
allows to deeply analyze the features of the studied pheno-
menon and ensure a 100 per cent distortion of the image
of the aircraft on the radar screens.

2. It is shown that providing a large wave size of the
outer shell surface serves as the basis for the transforma-
tion of the element of the inner surface of the shell into
a flat fragment radiating a sound wave into the fluid
of the inter-shell space. The selection of the shell and
liquid material can appropriately adjust the magnitude
and coaxial arrangement in the buffer zone module.

3. In case of exceeding the allowable value of the
wave size which is a consequence of the need to present
elements of the outer shell of the enclosing cylindrical
module in the form of a set of planar elements, which
is achieved either by increasing the radius of the outer
shell or by changing the corresponding sound velocities
in the shell and separating the liquid shells, either and
both factors simultaneously. In this case, the radiation
is now provided by the flat elements of the shell of the
enclosing cylindrical module inside the fluid and sound
waves with a defined degree of aberration.

Achieving a large wave size of the outer shell of the
enclosing cylindrical module which confirms eligibility by
granting an elementary segment of its surface in the form
of a plate, which allows to use the well-known relations
of the onset of the resonance environment for the interac-
tion of an acoustic wave and a plate in the form of wave
coincidence and the formation of the acoustic transpar-
ency condition of the obstacle, when the energy of the
ultrasonic beam will pass practically without loss (without
dissipation) into the inter-shell acoustic medium.

4. Tt is shown that the change in the composition
of the physical properties of the separating liquid and
the material of the outer shell of the enclosing cylindri-
cal module determine the angle of deflection of sound
waves emitted into the liquid in the form of a relation
sinoe=c/V [10].
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AHANK3 CTENEHH 3PPEKTHBHOCTH MACKMPOBKH TANYEHOH
ABHALMH OT PA3BEN-AMBEPCHOHHBIX TMAHAEPOB NMYTEM
MCKYCCTBEHHO ®OPMHPYEMOHK EYPEPHOH 30HBI

[TpoBezien aHaIN3 OTHOTO U3 TEXHUYECKUX PEIIeH CPeICTB ah-
(heKTHBHON MACKMPOBKHU CaMOJIETOB TAKTUYECKON TTasryOHOIT aBrannm
KopabebHOro GasupoBanusd. PaccMOTPEH MeXaHU3M JOCTH/KEHUS
HEBU/IMMOCTH caMoJieTa I/ICKyCCTBCHHbIM (])ODMI/I])OBB.HI/ICM B KU/
KOCTH OTPaKAAIOIIEeH MOBEPXHOCTH MEKOOOTOUETHOTO TIPOCTPAHCTBA
B BH/Ie 30HBI KayCTHKH, KOH(MOKAIBHOII BHYTPEHHEl TOBEPXHOCTH
BHeHeir 060m0ukn. Chopmyanposanbl yeaosus 3hHEKTUBHOTO
JOCTUZKEHUsT TPeOYEMOMN CTEeNeHr CKPBITHOCTH caMoJieTa Ha manybe
ABHAHOCTIA.

Kmiouesrte cnosa: yrosi abGeppariiu, yIbrpasByKoBOe U3JIyUeHNUE,
PE30HAHC BOJHOBOTO COBITJIEHMSI, 30HBI KAYCTUKU, OIPasKAAI0IIast
HOBEPXHOCTb.
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INVESTIGATION OF THE
INFLUENCE OF GRAVITATIONAL

FORCES ON THE PROCESS OF
DISPLACEMENT OF VISCOPLASTIC

FLUIDS

Jlocniocerno uucenvie modeniosanms npouecy 0806UMipHoi 0860xpasnoi pitvmpauii 6’a3Koniacmuunoi
Hagpmu ma 600U 3 YpaxysanHsIm epasimayitiHux cul, OeaKux 6Aacmusocmetl piout, a maxouc i0HOCHUX
pazosux npoHuKHOCMEN i KANLIAPHUX CUL HA OCHOBI PIZHOCMHO-IMePayitiinoz0 Memooy 6 PYXOMUxX
cimxax. /{ns 00Cniovcennss 6NAUBY UUX (aKmopie nHa npoyec Ginompauii po3pooieno 00uUCI0BAIbHUL
AN2OPUMM, U0 BOJIOOIE BAACTNUBICIIO A0ANMOBAHOCME 00 0COOIUBOCMEN 3a60aHb T GIOPISHAEMbCS GU-

COKO010 MOYUNICMIO.

Kmeouosi cnosa: zpasimayiini cuiu, Memoo 3MIHHUX HANPSIMKIG, JOKAILHO-00HOMIPHI cXemMu, adan-

MUBHA CimKa, 6 a3KoNIACMuUYHa Piouna.

1. Introduction

Mathematical modeling of oil production processes, as
a rule, reduces to solving boundary value problems for
systems of nonlinear partial differential equations. Their
research can be carried out by analytical or approximate
methods. Analytical solutions can be obtained by sub-
stantially simplifying the models of real processes, when
most of the main parameters are not taken into account,

for example, the inhomogeneity of the seams, the non-
stationarity of the operating modes, the compressibility of
phases, the complexity of the geometry of the filtration
region, etc. Such solutions are undoubtedly theoretical and
methodical, but their practical significance is significantly
limited. Accounting for factors that determine the specific
conditions of oil production, significantly complicates mathe-
matical modeling and generates the need for numerical
modeling. For numerical modeling of filtration processes
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