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INTRODUCTION

A fundamentally new direction in the development of rocket and space
propulsion is the introduction of jet engines operating on the detonation
principle of energy conversion of the working body. The use of detonation
fuel combustion allows to increase the thermodynamic efficiency of the
engine and the thermodynamic efficiency of fuel combustion. Detonation
is a hydrodynamic wave process of propagation of an exothermic reaction
zone in a substance at a supersonic speed. The detonation wave is the main
shock wave, behind the front of which a chemical reaction is continuously
initiated due to heating during adiabatic compression.

Engines in which the time of release of fuel energy in each volume is
less than the time of the beginning of the decomposition of gasification
products are called detonation engines. A feature of this process is a large
pressure drop before the detonation wave and in the induction zone, where
the reaction takes place. At such a rate of fuel energy release, the thermo-
gas dynamic characteristics of the engine are improved, the prerequisites
are created for simplifying the design of the combustion chamber, reducing
the size, volume, and weight of the engine, improving thermodynamic ef-
ficiency, a significant gain in technical characteristics and a high degree of
structural perfection of promising engine installations. The completeness
of the combustion of fuel mixtures in the chambers during the detonation
combustion mode can be significantly increased due to the occurrence of
large pressure and velocity gradients. Along with this, the processes of
mixing and evaporation change, the process of evaporation of drops of lig-
uid fuel depends on the heat and mass exchange between the drops and hot
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gas. Detonation and acoustic oscillations cause additional convective
movement of gas and contribute to the acceleration of transfer processes.
The subject of research in the article is the modeling and study of the pro-
cesses occurring in a direct-flow air-jet engine operating on the detonation
principle of energy conversion of the working body. The problem of in-
creasing the efficiency of jet detonation engines should be solved in the
complex of structural synthesis using the accumulated knowledge on jet
engines with deflagration fuel combustion.

THE AIM AND TASKS OF THE STUDY

The subject of the study is the modeling of processes occurring in a
direct-current jet engine with detonation conversion of the chemical en-
ergy of the working body into the kinetic energy of the jet. The purpose of
the work is to obtain the results of studies of the defining characteristics:
the development of mathematical models of the kinetics of gas-dynamic
and thermal processes in the detonation combustion chamber with an aer-
odynamic valve and taking into account the composition and properties of
the gas in the working environment of the chamber; modeling of work
processes that take place in the flow part of the engine; study of the mech-
anism of self-oscillations in the chamber based on kinematic patterns of
gas movement; development of methods of experimental measurements of
detonation flows for verification of calculation models; refinement of the
engineering methodology for calculating detonation combustion chambers
with an aerodynamic valve of a direct-flow air-jet engine for a given ther-
mal power [1].

MATERIALS AND METHODS

The subject of the study is the modeling of processes that occur in a
direct-flow jet engine with detonation conversion of the chemical energy
of the working body into the kinetic energy of the jet. The purpose of the
work is to obtain the results of research of gas-dynamic and thermal pro-
cesses in a direct-flow air-jet detonation chamber with an aerodynamic
valve. One of the tools for solving such a problem is the method of a nu-
merical experiment using mathematical modeling technologies. At an ex-
tremely high rate of energy release from the detonation combustion of fuel
components, the traction and impulse characteristics of the engine are sig-
nificantly increased, the prerequisites are created for simplifying its de-
sign, reducing dimensions and mass, which allows to achieve structural
perfection of detonation engine installations. The purpose of the work is to
obtain the results of studies of the defining characteristics: the
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development of mathematical models of the kinetics of gas-dynamic and
thermal processes in the detonation combustion chamber with an aerody-
namic valve and taking into account the composition and properties of the
gas in the working environment of the chamber [2, 3, 5], modeling of work
processes that take place in the flow part of the engine; study of the mech-
anism of self-oscillations in the chamber based on kinematic patterns of
gas movement, development of methods of experimental measurements of
detonation flows for verification of calculation models [4, 6, 7], improve-
ment of the engineering methodology for calculating detonation combus-
tion chambers with an aerodynamic valve of a direct-flow air-jet engine
for a given power.
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Figure 1- Schematic diagram of the experimental system [9]

Figure 2- Experimental setup for determining the characteristics of a
direct-flow air-jet detonation engine [1]
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1 — frame; 2 — container for storing compressed air with heaters; 3 -
the main fore-chamber; 4 — compressed air supply pipeline; 5 — remote
quick-acting valve; 6 — connecting pipeline; 7 — auxiliary pre-chamber; 8
— replaceable part of the nozzle; 9 — the working part, where the direct-
flow air-jet detonation engine is placed; 10 — the optical window for visu-
alizing the process; 11 — confusor; 12 - exhaust diffuser; 13 - sound ab-
sorption chamber.

RESULTS

Based on the results of theoretical and experimental studies, an engi-
neering method of chamber calculation is proposed, mathematical models
of gas-dynamic and thermal processes in a detonation combustion cham-
ber with an aerodynamic valve are proposed, taking into account the ratio
of air and fuel consumption, allowing to determine the properties and com-
position of combustion products [3, 4, 7].

\S—

4 5
3

70,0
60,0

w
o
[=]

40,0
30,0

Pw x 1074 ITa

20,0
10,0

6

2

0,0 '
3888080
-*v«~2,.,g8883 o
wvmmgggggﬁgﬁ

1000

1050
1100
1150

. MKC

1m Be3 ENT; 2m Le =100 mm: 33 Le =150 mm: 4 Le =200 mm: 58 Le =250 mm: 6m Le =300 mm

Figure 3 - Dependence of pressure change over time on the traction
wall of the detonation chamber when using cylindrical ejector thrust
amplifiers of different lengths: pw — pressure on the traction wall of the
DC; t — time; Le is the length of the ejector [7]

183



DOI 10.6084/m9.figshare.22886720
Challenges and Issues of Modern Science, Vol. 1 (2023)

Arca-expansion section, L,
) '

: Fuel !, Cavity-bascd annular combustor, Z; _tNozzle
Air-heater )  Isolator, L::)/i‘ : pie
| . -
i : N
|
/ i* [4'7 IH {Q'
<
R, Ry Cavity, L~ R;

Figure 4 - Structural diagram of the designed ram-RDE model [10]
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Figure 5 - Visualization of fuel distribution for the case of a conventional
cavity chamber (al, bl) and a cavity chamber with a rear wall (a2, b2),
with an equivalence factor of 0.2 [4]
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Figure 6 — A -Velocity distribution in the calculation area, m/s;
B - Pressure distribution in the calculation area, MPa [1]
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SUMMARY

Calculated equations were obtained for determining the frequency of
oscillations in the detonation combustion chamber taking into account the
aerodynamic valve, a method was developed for calculating the kinetics
of gas dynamic and thermal processes in the detonation combustion cham-
ber depending on the coefficient of excess air regulated by the aerody-
namic valve. Experimental data are used to validate the two-dimensional
model, which in turn provides a basis for evaluating the performance of
the reduced one-dimensional model. It was determined that the higher the
pressure in the controlled system, the greater the free volume, the faster
the adjustment speed of the actuator, and the greater the adjustment of the
gas flow. Comparing the changes in the position of the flame front under
the conditions of different injection distances, it was determined that under
the same injection scheme, but different cavity configurations, the position
of the flame front has the same tendency as the change in the equivalence
coefficients, where the limit of lean blowing in the chamber combustion,
when the short-range injection condition reaches a near-purge state, this is
because the ignition in the cavity is greater than the flame stabilization in
the combustion chamber, which is related to the power of the igniter dis-
charge and the flow field environment inside the cavity [1, 2, 3,4, 5,6, 7,
8, 11]. The conducted experiments confirm the correctness of the im-
portant technical decisions made and confirm the increase in the efficiency
of the thermodynamic cycle by 20-35% in comparison with existing ana-
logues on deflagration combustion. Experimental studies of the character-
istics of detonation engines are relevant and involve the creation of a spe-
cialized laboratory and fire test stands for the rapid introduction of the lat-
est technologies in the rocket and space industry.
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