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GAS FLOW PECULIARITIES IN A SEMI-CLOSED VOLUME
DURING THE EXPLOSION OF AN ELONGATED CHARGE
OF A CONDENSED EXPLOSIVE SUBSTANCE

Purpose. Confirmation of effect refinement of cord charge detonation during the simultaneous combustion of
high-energy materials based on double-base propellants and artillery powders on the walls of a semi-closed volume.

Methodology. To verify the results of previous experimental studies on features of important element of cord deto-
nation engines, in particular the damper, the study used numerical flow simulation in a semi-closed volume according
to the Navier-Stokes equations by the finite volume method in the SolidWorks application software package. In the
initial area of the engine, the unsteady problem of extended charge detonation along a spiral was considered.

Findings. Based on the detonation feature analysis of energetic materials in a semi-closed volume, the design of a
detonation solid-fuel engine was refined and its application scope was set on depending on the starting mass. The
energy characteristics of a solid-fuel detonation engine were determined taking into account the gasification process
of pentaerythritol tetranitrate and double-base gun powder in different combustion modes. A significant impact of
detonation products on the engine body has been revealed, which requires the protective shell using in the design or
the removal of an extended charge to a certain distance

Originality. It consists in establishing a significant impact of detonation products on the engine body, which re-
quires modernization of the engine design.

Practical value. The assessment of flow nature of reaction products of high-energy materials allows predicting the
consequences of the process and preventing negative results during engine operation process. The determined char-
acteristics and the behavior features of double-base gunpowder combustion products must be taken into account

when working with rock, especially during blasting operations and crushing under significant pressure.
Keywords: cord detonation engine, double-base gun powder, damper, semi-closed volume, extended charge

Introduction. Explosive materials placed in cord
charges have been widely used for mining. Among the
explosive materials, the use of high-energy ones based
on double-base gun powder and artillery powders is
considered for such tasks [1]. This issue becomes even
more relevant for demining the territory of Ukraine,
which got involved into military operations. Therefore,
the disposing problem of high-energy materials, which
cannot be used in military operations for various rea-
sons, is an urgent problem. Cord charges are a semi-
closed volume filled with explosives. However, if the
explosives include high-energy materials based on dou-
ble-base gun powder rocket fuels and artillery powders,
this introduces certain features into the rock crushing
process, because they can burn at high pressure without
going into detonation. Therefore, it is important to de-
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velop an approach to assessing the nature of the reaction
product flow under such conditions.

Nowadays, it is necessary to use an explosive com-
position with high and stable explosive characteristics
for developing mineral deposits. Thermal decomposi-
tion and combustion catalysts are used to increase the
combustion efficiency of oxidizers and fuel systems.
The choice of catalysts is made according to the physi-
cal and chemical features of the processes. The coal
powder addition to explosive mixtures promotes the gas
release during thermal decomposition, which, in the
absence of air, leads to the formation of soot. This al-
lows you to create gas inclusions, which are necessary
for detonation, and soot to catalyze combustion and
explosion reactions. A distinctive feature of this com-
position is the ability to adjust the size of nano- and
microparticles, their surface and physical properties
due to a change in composition and pyrolysis condi-
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tions, which also contributes to lowering the synthesis
temperature. Also, a significant difference of the pro-
posed explosive composition including an oxidizer,
fuel, and sensitizers is that finely dispersed coal frac-
tions with a high content of volatile components, coal
powder, and soot are used to generate gases and in-
crease the explosion efficiency. As the author said (Za-
kusilo V. R., Zheltonozhko A. A., Boyko L. V., Uzzhi-
na L. N, 2003) polymer-salt compositions based on
water-soluble nonionic polymers in the polyvinylpyr-
rolidone — ammonium heptamolybdate system and
other systems are used as catalysts for combustion and
explosion processes.

Literature review. Detonation is a rapid process with
the thermal energy release on a length comparable to the
length of the free molecule path, which is accompanied
by a shock wave appearance [2]. From the thermody-
namic point of view, such process is close to the adia-
batic process that occurs without heat exchange with the
external environment at a constant volume. Many works
are devoted to the theoretical study of non-stationary
gas movement that occurs during explosive processes. In
particular, some of them are focused on evaluating such
flow parameters in jet engines [2, 3]. However, exact so-
lutions are obtained only for one-dimensional calcula-
tion schemes [4, 5].

Deflagration combustion occurs at subsonic
speeds, and the heat engine that uses it to create me-
chanical work is described by the Brayton cycle. Such
an engine operates at constant pressure (Fig. 1). Det-
onation combustion occurs at supersonic speeds, and
the engines that can use it operates according to the
Humphrey cycle at constant volume [6]. The line AB
(Fig. 1) reflects the compression of the fuel mixture to
the pressure value at which combustion occurs. The
combustion process itself is described by the segment
BC, at which the volume changes at constant pres-
sure. After this, expansion to ambient pressure occurs
along the line CD. The final process is the exhaust and
cooling to the initial temperature and volume (seg-
ment DA)

The Humphrey cycle begins in the same way as the
Brayton cycle — compression of the fuel mixture on the
segment AB. But this does not occur with the help of a
compressor as in a turbojet engine, but due to a shock
wave. The BCI line describes the stage of the chemical
reaction at a constant volume, since the heat gain occurs
directly behind the shock wave. This leads to a pressure
increase to point C1. After this, expansion occurs along
the C1DI1 curve. The final process is the exhaust and
cooling process on the segment D1A.

The T-S diagram (Fig. 2) illustrates the increase in
temperature during combustion in the Humphrey cycle
compared to the Brayton cycle, which reflects an increase
in thermodynamic efficiency and specific impulse.

The thermodynamic efficiency of the Brayton cycle
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In addition to the lower entropy, the detonation pro-
cess is characterized by a lower value of the molar mass
u. The kinetics of chemical reactions works according to
a different mechanism, since the process speed is much
higher than deflagration combustion one, only those re-
actions occur whose transit time is not greater than the
residence time of the mixture components in the deto-
nation wave. In the well-known formula for the gas out-
flow rate from a supersonic nozzle, the molar mass is in
the denominator, which proves another aspect of the
increase, accordingly.
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Fig. 1. Comparison of the Brayton and Humphrey cycles
on the P—V diagram
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Fig. 2. Comparison of Brayton and Humphrey cycles on
the T—S diagram
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The explosion product expansion in a limited space
is a complex non-stationary process that is difficult to
study theoretically. A complex picture of shock wave in-
teraction with each other and with the chamber walls is
realized here. Approximate individual pulse calculations
according to a one-dimensional calculation scheme
make it possible to estimate the maximum values of the
specific thrust impulse without ambient pressure [7].
According to these estimates, it is in the range of
5,000—9,000 m/s depending on the explosive used as
fuel. In real conditions, the specific thrust impulse is
lower.

There are many schemes of detonation engines:

The first one is the scheme of a pulsating detonation
engine. The V-1 aircraft projectile engine of the Second
World War can serve as its prototype [8]. However, in-
stead of combustion in the chamber, detonation is im-
plemented [6]. Probably, this was the very first scheme
of a detonation engine, since scientists conducted their
first experimental studies of detonation in gases on
models made in the form of a tube with one end closed.
There are many variants of this scheme, but the engine
always operates in a pulsed mode.

The second type is the fuel detonation in stationary
shock waves. Fuel is supplied in the supersonic flow of
oxidizer emerging from the supersonic nozzle, and a
detonation wave is initiated, which moves in the direc-
tion opposite to the flow. In experiments, such a detona-
tion process was obtained at parameters that were far
from optimal. For the first time these experiments were
conducted by J. Nichols with a group of scientists [9].
However, in flight conditions at hypersonic speed, the
temperature behind the shock wave is already above
1,000 K. If air with such a temperature level is used for
reaction with combustible gases, it will turn out that this
detonation engine scheme with a stationary wave is
workable and is almost the only one for use in aircraft
with a flight speed within 6 < M < 17, since organizing
combustion in a supersonic flow is a difficult task and
technical solutions are at the stage of experimental re-
search up to nowadays.

The third scheme is built according to the idea of
B. V. Voitsekhovsky. He conducted experiments on the
implementation of detonation in a continuous spin
wave, by analogy with the fuel combustion in a running
wave in a round pipe. The combustion chamber, in
which it was possible first to obtain such a combustion
mode of acetylene-oxygen mixtures, was a flat annular
channel. The mixture was supplied through an internal
narrow slit gap, and the reaction products were ejected
through a wide external gap. The transverse detonation
wave propagated inside the channel perpendicular to the
flowing mixture, and its speed approached the sound
speed in the reaction products. The study of the detona-
tion regime in flat channels was continued by
V.V. Mikhailov and M. E. Topchiyan [10]. Theoretically,
due to the high thermodynamic efficiency and structural
simplicity, detonation engines have an advantage over
traditional jet engines based on the Brayton cycle. In ad-

dition, during fuel detonation combustion the entropy
value of the chemical reaction products is lower than the
one for burning fuel in the deflagration mode. In air-jet
engines of traditional schemes operating according to
the Brayton cycle, the air pressure should be increased
to a certain value. And the higher this value, the higher
the specific thrust is. However, this process is provided
by a complex and, accordingly, expensive manufactured
compressor and turbine. With the use of the detonation
process, compression and combustion of the fuel mix-
ture is carried out in a detonation wave, so the tempera-
ture and pressure in the working process increase, and
the engine power is higher than that of gas turbine or
rocket engines. Although the amount of energy released
during deflagration and detonation combustion of fuel is
close, the energy rate released in the detonation mode is
several orders of magnitude higher. Therefore, theoreti-
cally, detonation engines should be smaller in mass and
overall dimensions, as well as faster than traditional en-
gine installations. The operating frequency of a pulsat-
ing detonation engine can vary from several tens to sev-
eral hundred Hz, and in an engine with rotary detona-
tion waves, it reaches tens of kHz.

According to numerous publications that have been
made by auto-frames of different countries, it is neces-
sary to notice that the technology of using detonation
combustion is still at the stage of experimental research.
That is, there are still many problems that need to be
solved on the way of creating a workable engine that can
be mass produced and used. Since military develop-
ments are closed in nature, there is no reason to claim
that such engines do not exist.

Research conducted in Ukraine is focused more on
the detonation use in applied tasks, for example, in min-
ing engineering and other industries. However, there are
almost no publications in the direction of creating air-
jet detonation engines. Certain results from research on
detonation and rotary detonation engines were obtained
at the Institute of Technical Mechanics of the NAS of
Ukraine and the SSA of Ukraine. They can be used in
Ukrainian developments of air-jet detonation engines.

In detonation rocket engine (DRE) with solid fuel
and continuous time-stretched detonation gasification
of fuel, fundamentally new, practically unstudied pro-
cesses occur. The expansion processes and detonation
product flow in the chamber with their interaction with
the damping charge elements and the chamber walls
can’t be mathematical described and strongly depend
on the design schemes of charge, combustion chamber
and engine nozzle.

In the development of DRE with solid fuel, three
types of chambers are distinguished: chambers with a
Laval nozzle, cylindrical chambers without a nozzle, cy-
lindrical chambers with a supersonic nozzle in the form
of a bell.

The processes in the first type chamber are described
by integral equations for the gas inlet into the chamber,
which is provided by the area of the detonating surface
(in this case, the cross-sectional area of the cord), the
detonation wave velocity and gas flow consumption
from the chamber, which is provided by the critical noz-
zle section. In this form, the chamber performs the
functions of a receiver that is filled and emptied with a
nozzle of subsonic and supersonic expansion. To achieve
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the above-mentioned advantages of the DRE, high
pressure is implemented in such combustion chambers,
which leads to chamber mass increase and reduces the
engine ballistic efficiency.

In a cylindrical combustion chamber, the processes
are fundamentally different. The detonation products
move from the explosion region towards the exit sec-
tion at a high supersonic speed, capturing the side
flows reflected from the nozzle walls. With a large cy-
lindrical part length of the combustion chamber that is
not filled with fuel, jumps of braking (condensation) of
combustion product flow may occur in it, which leads
to some energy losses of the gas flow and additional
heat flows into the chamber wall. This undesirable
phenomenon dictates the need to find the optimal
length of the combustion chamber and its structural
and layout scheme.

The highest thrust impulse was measured in a third
type chamber containing an expanding bell nozzle. The
task of finding optimal solutions for a chamber and noz-
zle of this type is complicated and expanded.

The simplest solid-fuel DRE is a semi-closed vol-
ume in which the explosive detonation takes place and
the detonation products leak into the environment [11].
If a discrete explosive amount is supplied to the com-
bustion chamber, then a pulsating detonation engine
can be obtained. The processes in it are much more
complicated than in the simplest single-pulse one men-
tioned above because there is a set of explosive processes
interacting with each other and with the chamber walls
[6, 12]. The local and integral characteristics of these
processes individually and collectively depend on the
explosion frequency, on their location area in the cham-
ber, on the activation processes and explosion power, on
the combustion chamber composition, input and output
devices. If the explosive charge is made with one size
that is much larger than the other two (in the cord form),
then you can get a long-acting detonation engine, or a
corded detonation engine. In such engine with continu-
ous detonation fuel gasification stretched over time,
fundamentally new and little-studied processes take
place [13, 14]. For example, the processes of expansion
and detonation product flow in the chamber with their
interaction with the damping charge elements and the
chamber walls cannot be mathematically described and
strongly depend on the design charge schemes, combus-
tion chamber and engine nozzle.

Schemes of solid-fuel detonation engines can be
divided into three types: chambers with a Laval noz-
zle, cylindrical chambers without a nozzle, chamber
with a supersonic nozzle in the form of a diffuser. The
processes in the first type chamber are described by
integral equations for the gas inflow into the chamber,
provided by the detonating surface area (in this case,
the cross-sectional cord area) and the detonation wave
velocity, and for the gas flow from the chamber, pro-
vided by the critical cross-sectional nozzle area. In
this form, the camera functions as a receiver filled
with detonation products and emptied through a noz-
zle. High pressure achieved during the condensed sys-
tem detonation leads to the high energy characteristics
on the one hand, and leads to an increase in the cham-
ber mass and reduces the ballistic engine efficiency, on
the other one.

The processes are fundamentally different in a cy-
lindrical combustion chamber. Detonation products
move at supersonic speed from the explosion area to-
wards the exit cross-section, capturing the lateral flows
reflected from the nozzle walls. With a long length of
the cylindrical combustion chamber part that is not
filled with fuel, compression jumps (inhibition) of the
combustion product flow may occur in it, which lead to
gas flow energy losses and additional heat flows into the
chamber wall. This undesirable phenomenon dictates
the need to find the optimal design and detonation
chamber layout.

The operation principle of a corded detonation rock-
et engine consists in the formation of charge reaction
products in the detonation process, which imposes cer-
tain features on its design. Since the detonation speed is
several magnitude orders higher than the burning speed
of solid rocket fuels, the corded charge wrapped in spi-
rals burns layer by layer faster than the layer-by-layer
burning of conventional solid fuel. Experimental studies
of corded DREs were carried out at the test base of In-
stitute of Technical Mechanics of the National Academy
of Sciences of Ukraine and the State Space Agency of
Ukraine (ITM of NASU and SSAU) in the late 80s of
the last century. Bench installations were created for
these purposes, which made it possible to evaluate their
energy characteristics with different explosive types and
different geometric cord parameters [4].

The purpose of the work is clarification of cord charge
detonation impact during simultaneous combustion of
high-energy materials based on ballistic rocket fuels and
artillery powders on the walls of a semi-closed volume.

Methods. To achieve the goal, the work analyzes the
important element features of cord detonation engines,
in particular, the damper. Its new design is proposed. To
verify the experimental data, numerical simulation of
the flow in a semi-closed volume is used. It is described
by the Navier-Stokes equations solved by the finite vol-
ume method in the SolidWorks application software
package. In the engine entrance the unsteady detona-
tion problem of an elongated charge along a spiral is
considered.

Results and discussion. In the above-described engine
designs with using explosives, a significant set of thermo-
dynamic parameters is realized. In addition, the associ-
ated occurrence of shock waves has an impact on both
the process and the structure in which it is organized.
The cord detonation engine has the following features:

- due to the high speed of detonation and the critical
detonation diameter, which cannot be less than 1 mm,
the fuel gives a large mass flow value and, accordingly,
thrust (from several tons);

- due to the fact that detonation products have al-
ready had a supersonic speed, the engine does not need
a subsonic part of the nozzle;

- the engine can be made according to the autophagy
scheme, when the detonation of the extreme winding
destroys the engine hull (housing) in which the charge is
placed;

- the engine can have any ratio of diameter to length.
A “flat” engine with a large ratio of diameter to length is
characterized by a low specific thrust value, but it can be
made without a casing (without hull). For example, a
corded charge in the form of a spiral, glued to a rocket
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element, which must be removed from it (in the separa-
tion process);

- the engine has a high degree of chamber filling;

- due to the high burning speed, the end charge is
optimal.

Based on the above facts the application scope of the
corded detonation engine can be as follows:

Small-sized engines can serve as impulse engines for
trajectory correction or starting engines for aircraft that
can withstand significant overloads (10—1,000 g). These
ones can be anti-tank missiles, grenade launchers, ac-
tive-reactive projectiles or other types of weapons;

Engines without body can be used to remove rocket
elements separated in flight. They are also characterized
by high overload values and short operating time, so their
possible application field is also related to military equip-
ment. For example, for the missile fairing removal, sepa-
ration of combat elements or fictitious targets, etc. [8].

Large engines, weighing from hundreds of kilograms
to several tons, can be used for starting accelerators.
Space rockets, as well as space vehicles, must withstand
higher overloads than thrusters. But the most optimal
use of such accelerators is for geophysical and ballistic
missiles.

In addition to the determination of the specific im-
pulse, the experiments at ITM of NASU and SSAU are
also conducted in order to determine the influence of
the geometrical charge parameters on its performance.
In order to use the cord in the engine design, it is wound
in a spiral and placed in the combustion chamber. De-
pending on the explosive sensitivity the detonation can
be transmitted between adjacent turns placed at a cer-
tain distance due to the shock wave that passes through
the medium surrounding the charge (for example,
through air). This can lead to the detonation of the en-
tire charge at one moment, so these turns must be iso-
lated from each other using a special damper. The size of
the critical bending cord radius was determined at which
the detonation is attenuated, as well as the distance and
materials at which the detonation is not transmitted be-
tween adjacent turns [9]. Although some experiments
included the use of high-energy materials for dampers,
they did not fully provide information about the possi-
bility of their application and energy characteristics.
Therefore, it is advisable to continue these studies and
consider other material options.

Damper material must be well gasified to ensure high
energy characteristics of the engine. For the manufac-
ture of this element, it is advisable to use not only special
energy materials, but also solid rocket fuels. The main
requirement for such substances is the ability to dampen
the detonation wave and at the same time not to deto-
nate but only burn. As such material you can use ballis-
tic rocket propellants (double-base propellant) or types
of artillery propellant close to them in terms of chemical
composition. The operating pressure in such systems
reaches several thousand bars and, at the same time,
combustion does not turn into detonation [15]. Fuel
mixtures have a higher sensitivity and lower pressure
values at which the transition from combustion to deto-
nation can occur, so the use of such energy systems is
not considered. A typical composition for making a
damper can be RSI-12K double-base gun-powder [16,
17]. Since the speed of detonation in condensed systems

varies from 4 to 9 km/s, even a cord diameter of 1—2 mm
is enough to obtain large mass flow values and, accord-
ingly, needed thrust. In general, the engine scheme is
illustrated in Fig. 1. The explosive 4 is made in the form
of a cord with a circular cross-section and is inserted
into a special damper 5 with spirals. The spirals are also
connected to each other by a detonation cord, so the
front spreads along the spiral and gradually moves to the
next layer, the next spiral. A detonator 3 is used for ini-
tiation. Since the gases have already had a supersonic
speed after passing the detonation front along the explo-
sive charge, there is no need for the subsonic part of the
Laval nozzle [5]. It is necessary to accelerate the gases
using the available energy of detonation products.
A nozzle 2 is provided for these purposes. The charge is
placed in the engine housing /. Since the bending radius
of the detonation cord is limited, the void formed in the
charge is filled with the charge burnout sensor 6, which
is placed in the pipe 7and ends with the central body 9.
The sensor allows you to control the operation of the
engine by transmitting a signal through the cable §to the
missile control system. To isolate the charge from exter-
nal influences, it is covered with a protective mem-
brane /1. The engine body (housing) is protected from
the detonation product effect by a heat-protective
coating 70.

The detonation cord length and the detonation speed
determine the operating time. For the task of removing
rocket elements, the operation time of the detonation
engine can be of the order of 10—4 s. The dimensions of
such an engine do not exceed 70 mm (Fig. 4).

For simulation detonation process, the most com-
mon form of the state equation for the detonation con-
densed explosive products is the Jones-Wilkinson-Lee
(JWL) equation [15]

p=Al 1-—> e R 1 B 1--2 |V L OF
RV RV Vv

where V = Po_ Y is relative volume; A, B, C, R|, R,, »

P Yy _
are coefficients that are determined empirically; E is
the internal energy per unit volume.

Like most mathematical models, it has its applica-
tion limits. To expand them, several models have been
developed with refined empirical coefficients. For pen-
taerythritol tetranitrate (TEN), which is considered as a
fuel for an engine, the detonation wave parameters have
the following values: p;, = 8.7 - 10° Pa; D= 5,480 m/s and
T, = 4,800 K at p = 1,000 kg/m? [15].
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Fig. 3. Scheme of corded detonation rocket engine
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Fig. 4. Layout of a corded detonation rocket engine

At the same time, the damper breaks down in the lo-
cal contact area with the detonating explosive and burns
at high pressure. The destruction nature depends on the
pressure, which depends on the distance. Therefore, the
combustion parameters of the damper material will also
depend on the distance. For engineering calculations,
the combustion parameters of double-base gunpowder
RSI-12K [6, 12], which is considered as a damper mate-
rial, can be determined by the average pressure. The gas
flow in a semi-closed volume is modeled using the Na-
vier-Stokes equations, which in the general case in Car-
tesian coordinates have the form [18]

oU oF, oF, oF,
— L+ 2+ 3=

ot ox; oOx, 0Oxy N
where
P
pY,
F=FUU,U.U,); U=|pu |
pi;
e
pY, pu,
pul +p-1, pUiUy =Ty
F=| puu,—t, |, B=|pui+p-1yp |;
puyl; —Ty3 puylt; = Tys
(e+pu —q, (e+pu, —q,
pi;
PUUs —=Ty3
E=| puyu; =1y |,
pUz + p—1y,
(e+P)u3 —q;

where u = (u,, u,, u3) is gas velocity vector; 7 is time; F'is
external force; p is pressure; p is density; e is total energy
per unit volume.

The viscous stress tensor components are expressed
as a linear derivative combination of the velocity vector
components

A=p 3t

where u is the viscosity coefficient and p’ is the coeffi-
cient of the “second viscosity”. In the energy conserva-
tion equation, the terms g, have the following form

3 oT

.= T.U.+ k _—
K /Z:; T o

where 7'is the temperature; & is the thermal conductiv-
ity coefficient.

To solve the system of equations, the finite volume
method is used, which is implemented in the Solid-
Works application software package. The essence of
the method is to approximate the conservation law in
integral form. The physical domain is divided into a
computational domain using a difference grid consist-
ing of finite volumes for which the parameters are de-
termined.

Computer simulation is used to study the detonation
product flow. At the engine entrance, the non-station-
ary detonation task of an elongated charge along a spiral
is considered. For simplification, damper gasification at
high pressures is considered as rapid combustion. The
initial parameters of the gas are molar. The time step
changes and for the most characteristic pictures, for
large value of individual derivatives, itis 1 - 107°s.

Fig. 5 illustrates the pressure distribution on the in-
ner detonation engine surface at the detonation moment
of elongated explosive charge. Since the charge is ar-
ranged in spirals, the gasification plane is normal to its
axis. The logic of the detonation cord combustion sug-
gests that a powerful vortex should be realized in the ring
chamber.

However, simulation shows that detonation prod-
ucts flow around the central body and expand into the
nozzle. A distance of about 3 diameters is still not
enough for the pressure on the nozzle section to equal-

1.00e+10
8.89e+9
7.78e+9
6.67e+9
5.56e+9
444e+9
3.33e+9
2.22e+8
1.11e+9
101330.00

Pressure [Pa]

Fig. 5. Pressure distribution on the inner engine surface
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ize. Therefore, there is a need to optimize the geometric
nozzle parameters for further more efficient gas energy
use. The eddy current is evened out to some extent. In
the experimental tests conducted in the 80s of the last
century, the torque, which has to be created during the
vortex flow from the nozzle, is not also recorded. The
local pressure value in the contact zone of the charge
detonation products reaches 1,010 Pa. This feature re-
quires an additional protective layer, which can reduce
the intensity, or the elongate charge distance from the
wall of the housing to a distance, at which their pressure
drops to a value that the body material can withstand
due to the expansion of the detonation products. De-
spite the small distance between the elongated charge
and the central body, the pressure on its surface is much
lower than on the body. Therefore, the use of special
protective coatings is not required. The energy charac-
teristics of a solid fuel detonation engine with an explo-
sive charge (TEN) content of 9.9 % is 138.9 kN, spe-
cific thrust is ~250 s.

Conclusions. Based on the features of the energy ma-
terial detonation in a semi-closed volume, the detona-
tion solid fuel engine design, which can be attributed to
this construction type, was analyzed. Its application
spheres are determined depending on the starting mass.
Computer flow simulation in a semi-closed volume of
an elongated explosive charge is carried out. The energy
characteristics of a solid-fuel detonation engine are de-
termined, taking into account the gasification process of
TEN and ballistic powder in different combustion
modes. A significant detonation product impact on the
engine housing was detected, which requires the intro-
duction
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Meta. YTOUHEHHS BIUJIMBY JAETOHAllii LIIHYpPOBOTO
3apsiAy P OTHOYACHOMY TOPiHHI BUCOKOCHEpPreTHY-
HUX MaTepiajiB Ha OCHOBI OATiCTUTHUX paKeTHUX Ma-
JIUB Ta apTUJIEPIChKUX MOPOXiB Ha CTIHKM HariB3a-
MKHYTOTO 00’€MY.

Meromuka. [Ins mepeBipKM pe3yabTaTiB Moliepe-
JIHIX eKCIIepMMEHTaJIbHUX POOIT 1100 0COOJIMBOCTEMH
BaXKJTMBUX €JIEMCHTIB IITHYPOBUX ICTOHAIIIMHUX IBUTY-
HiB, 30KpeMa neMIidepy, Y TOCTiIKeHHI 0ylI0 BUKO-
puUcTaHe 4ucesibHE MOJIENIOBaHHSI Teuil B HamiB3a-
MKHYTOMY 00’eMi 3a piBHsiHHsIMU Hap’e-Crtokca me-
TOIOM CKiHYEHHUX 00’€MiB Y PUKIAAHOMY MPOrpam-
Homy naketi SolidWorks. ¥V BuxinHiit o6acTti iBUryHa
po3misifanach HecTallioHapHa 3agaJa AeToHallii moao-
BXKEHOTO 3apsiy 1o cripadi.

PesyabTaTin. Ha ocHOBI aHaizy oco01uBOCTel 1eTO-
Hallii eHepreTMYHUX MaTepialiB y HaIlliB3aMKHYTOMY
00’eMi yTOUHEHa KOHCTPYKLisl 1ETOHALIHHOTO TBEPIO-
MMAJINBHOTO IBUTYHA 1 BU3HAYeHi cepu 1oro 3acrocy-
BaHHSI B 3aJIEXKHOCTI BiJl cTapToBOi Macu. BusHaueHi
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€HepreTUYHi XapakKTePUCTUKW TBEPAOINAIMBHOIO IETO-
HaUifHOTO ABUTYHA 3 ypaxyBaHHSIM IIpoliecy razudika-
11ii TETpaHiTpaTy MEHTAePUTPUTY i OAJTICTUTHOTO MTOPOXY
B Pi3HUX pexXuMax ropiHHsl. BusiBneHo 3HauHUii BILIUB
MPOAYKTIB IETOHALIil HAa KOPITyC ABUTYHA, 11O MOTPeOye
BBEIEHHS B KOHCTPYKIIIO 3aXMCHOI 000JIOHKU ab0 Bil-
JAJICHHS HA TIEBHY BiZICTaHb MOJOBXEHOTO 3apsiy.
HaykoBa HoBusna. Ilosisirae y BCTaHOBJIEHHI 3Ha-
YHOTO BIUIMBY NPOAYKTIiB I€TOHAIlil HA KOPIYC ABUTY-
Ha, 1110 MoTpedye MOoJepHi3allii KOHCTPYKIil IBUTYHA.
IIpakTuuna 3naunMicTh. [IpoBeneHa oliHKa xapak-
Tepy Teuii MPOAYKTIB peakilii BUCOKOEHEPTEeTUUHUX

MaTepiajiB 103BOJISIE MependavyaTy HACIiIKU MpoLecy
i1 3amobiraT¥ HeraTUBHUM pe3yJbTaTaM MpPU POOOTi
JIBUTYHiB. Bu3HaueHi xapakTepUCTUKU i1 0COOJUBOCTI
MOBEIiHKU TPOAYKTIB TOPiHHS O0aJiCTUTHOTO TMOPOXY
HEeOoOXiTHO BpaXxOBYBaTH TaKOX IMPU poOOTaX i3 TipHU-
YOI0 MOPOJOI0, OCOOJMBO MpPU BUOYXOBUX pOOOTaX,
JIpOOJIEHHI ITiJl 3HAYHUM TUCKOM.

KimouoBi caoBa: wryposuii demonayitinuii 0sueym,
banricmumuuii nopox, demngep, Hanie3amMKHymuil 00’em,
npodosiceruil 3apsd
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