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Experimental study on the rotating
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mixture
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Adirect connection test of a rotating detonation engine was conducted. The outer
and inner diameters of the annular combustors were 206 and 166 mm,
respectively. High enthalpy air was used as an oxidizer, and a mixture of
hydrogen, carbon monoxide, and methane was used as fuel with a volume
fraction of 5/4/1. The mixture was injected through small holes, and air was
injected through annular slots. The effects of combustor length, width of annular
slots, and the equivalent ratio on formation, development, propagation, and
flameout of rotating detonation waves were analyzed, and several modes of
rotating detonation were observed. It was found that when the width of the air
annular slot was within the range of 3—5 mm, the pressure of the detonation wave
was augmented with an increased slot width. As width increased, detonation
waves became unstable. In study test conditions, an annular slot width of 6 mm
was the critical condition for the formation of stable detonation. When the slot
width was 4 mm and combustor length 160 mm, the phenomena of the
conversion between single and double waves, double-wave collision, and
conversion of the propagation direction occurred at different equivalent ratios.
When the equivalent ratio was 1.2/1 and the slot width was within the range of
3-6 mm, the slot width was inversely related to the detonation wave velocity.
When the slot width was 4 mm and the equivalent ratio was 1.0/1-1.2/1, the slot
width was positively correlated with the detonation wave velocity. When the
combustor length was shortened to 80 mm, the propagation mode of the
detonation wave was changed to a single wave first and then to a double wave
in the same direction, and the velocity reduced from 1130.69 to 1024.16 m/s. The
injector used in the test inhibited the propagation of back pressure from the
combustor.

KEYWORDS
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1 Introduction

Rotating detonation engines (RDEs) can operate in a wide range of incoming velocities,
which is considered by many researchers as the future power device. Compared with the
traditional combustor, the rotating detonation combustor (RDC) has a simple and compact
structure. Moreover, its high thermal efficiency can significantly improve the power
performance and reduce fuel consumption, in line with the development concept of
environmental protection.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenrg.2023.1136156/full
https://www.frontiersin.org/articles/10.3389/fenrg.2023.1136156/full
https://www.frontiersin.org/articles/10.3389/fenrg.2023.1136156/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2023.1136156&domain=pdf&date_stamp=2023-03-27
mailto:mahuokok@163.com
mailto:mahuokok@163.com
https://doi.org/10.3389/fenrg.2023.1136156
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2023.1136156

Xue et al.

At present, research on propellant types of RDE is very
extensive, including hydrogen, methane, ethylene, and other
gaseous fuels (Zhou et al, 2017; Tobias et al, 2019; Liu et al,
2020). In practical applications, the comprehensive advantage of
liquid fuel is higher than that of gaseous fuel, and the study of
kerosene and air as reactants has become conventional. WANG et al.
(2017) studied the working modes of kerosene two-phase
combustors with different equivalent ratios and found that the
velocity of the detonation wave can reach 2,440 m/s in oxygen-
rich conditions, with the velocity proportional to the oxidizer
oxygen content. WANG et al. (2021a) researched the propagation
characteristics of kerosene-air rotating detonation waves under
different combustor structures and found that the increasing
combustor width within a certain range is conducive to the
propagation stability of the detonation wave. Li et al. (Bao-xing
et al, 2021) found that the reducing combustor width leads to
decreases in thrust stability. Wang et al. (2020) chose pyrolytic gases
of kerosene as fuel and conducted experiments in oxygen-rich air to
study the influence of the equivalent ratio and nozzle configuration
changes on detonation combustion. The convergence nozzle helps in
increasing the propagation velocity of the detonation wave. Hu et al.
(Hong-bo et al, 2020) conducted experiments with gaseous
kerosene and concluded that there is an optimal influence of
oxygen concentration and airflow on wave velocity when oxygen
is depleted.

The structure of RDC mainly revolves around annular, disk-
shaped, and hollow structures. Although research on disk-shaped
combustors began in the 1960s (Voitsekhovskii et al., 1969), there
have been few related studies due to the complex shockwave
system (Xia et al., 2022). The hollow combustor with a relatively
simple structure has also been rarely studied (Meng et al., 2022;
Xue et al., 2022). However, annular combustors have been a
mainstream research object in RDEs, and relevant studies are
extensive (Zhou et al., 2018; Kawasaki et al., 2019; Dunn et al.,
2020). Zhang et al. (2022) designed a hydrogen-rich fuel
studied the propagation
characteristics of rotating detonation waves under different

combustion  chamber and
equivalent ratios. When the equivalent ratio decreases in a

test, the propagation mode of the detonation wave changes,
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which is successively a single-wave mode, single-double-wave
alternating mode, and complex double-wave mode. Feng et al.
(2022) made a numerical analysis of the flow field of kerosene-air
annular combustors and concluded that when the total
temperature of incoming air was high, the detonation wave
height decreases with an increased equivalent ratio. Ge et al.
(Gao-yang et al., 2022) mixed the air slot with the gasoline nozzle
in a 90° collision injection, using the pre-detonator to ignite, and
verified the feasibility of gasoline-air rotating detonation
combustion in the annular combustor under the condition of
an air inlet with a high total temperature. The short- and long-
time tests under the condition of a high total temperature inlet
have been successfully achieved, and the measured detonation
frequency reached 1907.5 Hz. Yuan et al. (2021) observed the
flow field with the shadow method, classified the structure of the
detonation wave according to the change of the Mach stem, and
analyzed the mechanism of different propagation modes.

In recent years, more and more studies have been carried out on
combined engines with different intake modes for rotating
detonation combustors instead of traditional combustors (Wang
et al, 2021b). To overcome the “thrust trap,” it is very important to
explore the combination of ram intake and continuous rotating
detonation combustors. Zheng et al. (2022) completed the test of a
rotating detonation ramjet combustor using hydrogen fuel under the
condition of Mach number 3.1 and found that the equivalent ratio is
a factor affecting the propagation frequency and stability of
detonation waves. Wang et al. (2022) used ethylene and kerosene
fuels to sustain rotating detonation wave propagation at normal
temperature under an incoming flow Mach number of 5 and
propagation frequency of the detonation wave at 6,420 Hz, with
the flow field in the isolator affected by the back pressure from
the RDC.

To improve the performance of the rotating detonation engine,
this study adopted air and gas mixtures with the same main
composition as kerosene as the reactants. The isolator, injector,
and annular combustor were designed, and an experimental study
was performed under the condition of high enthalpy airflow. Based
on analytical measurement results from sensors arranged in the
isolator and combustor, the influence of the air slot width, equivalent
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Diagram of the experiment system. (A) Schematic representation of the experiment system. (B) Photograph of the RDC test system.
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Locations of the sensors.

ratio, and combustor length on the rotating detonation engine was
compared.

2 Experimental system and
methodology

2.1 Experiment system

This test is a direct connection test, which mainly studies the
rotating detonation combustion based on a mixed fuel (H,/CO/CH,4
at 5/4/1, v/v) under high enthalpy airflow. The test system is
composed of seven parts, namely, a compressed air supply
system, air heating system, fuel supply system, ignition system,
RDE, control, and test system. The connections between the
various parts of the system are shown in Figure 1A.

The air, stored in the large-capacity high-pressure gas cylinder,
flowed through the gas filter, pressure-reducing valve, vortex
flowmeter, and electromagnetic valve through the compressor
and finally into the heater. The rate of airflow could be adjusted
between 0.2 and 2.0 kg/s, and the mass flow of air was selected at
580 g/s. The heating system adjusted the temperature rise by

10.3389/fenrg.2023.1136156

controlling the hydrogen supply so that the incoming total
temperature promptly reached a range from 500 to 1000 K. The
oxygen supplement device was used to ensure the constant content
of each component in hot air.

In testing, a spark plug with an ignition energy of 50 mJ was used
as the ignition source to release the flame and ignite the pre-
detonator, which was full of hydrogen and oxygen (H, and O,,
respectively).

The testing engine consisted of an isolator, injector, and RDC
(Figure 1B). Pinholes were drilled on the outer wall of the isolator
and combustor to monitor signals at high frequency and steady
pressure.

The control system realized the operation and shutdown of the
RDC through the on-off behavior of the fuel and oxidizer solenoid
valves and timing of spark plug ignition. The National Instruments
high-frequency data acquisition system had a single channel
sampling frequency of 2M/s and a 16-bit analog-to-digital
converter, which synchronously measured multichannel pressure
signals.

2.2 Experimental methodology

To be reused in future tests, the RDE was designed in a modular
manner. The isolator, injector, and walls of the combustor were all
adapted as detachable parts. In the engine, there was a circle-to-ring
isolator, a slot-adjustable injector, and an annular combustor. The
axial length of the isolator was 200 mm, and the diameter was
118 mm. The length of the injector was 90 mm, and 90 injection
holes were distributed in the circumference. The combustor’s outer
diameter was 206 mm, inner diameter was 166 mm, and length was
from 80 to 160 mm. The total length of the RDE was not more than
450 mm. High enthalpy airflow entered the isolator from the
entrance (Figure 2, green dotted line), moved along the flow
direction (blue arrow), and mixed and reacted with the injected
fuel mixture gas. The combustion reaction products and unreacted
gaseous mixture were finally discharged from the outlet (red dotted
line).

The pressures of the fuel plenum, air plenum, isolator, and RDC
were measured by sensors, with the corresponding pressure signals
denoted
pressure
measure

as Pge, Pain Py and P Piezoelectric high-frequency
sensors were used in the isolator and combustor to
high-frequency dynamic pressure signals and were
installed in the flush mode. The sensor P, installed in the
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FIGURE 3
Time sequence of the experimental test.
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FIGURE 5

Different modes of the propagation: (A) Propagation of the single wave. (B) Reversion of waves. (C) Collision of double waves.

isolator was located 120 mm away from the isolator entrance and  were, respectively, arranged at axial distances of 314 and 306 mm

used to analyze the impact of detonation waves on the flow fleld in  with a circumferential interval of 90°, which monitored the direction
the upstream isolator. Sensors P, and P, installed in the combustor,  of propagation of the rotating detonation wave.
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High-frequency signal in the isolator.

A six-channel timing control module was used to control the
test process; the timing sequence of the control scheme is shown
in Figure 3. First, the sensor was triggered to start the data
acquisition system recording pressure changes in the engine.
Then, after connecting the cold air main line, H, and O, were
quickly fed into the heater and ignited. After the heater had
operated for 0.5 s, the mixture fuel was ejected through holes in a
uniform array, mixed with high enthalpy air to form a fresh
reaction mixture, and filled into the combustor. When the pre-
detonator was filled with H, and O,, the supplies of H, and O,
were shut off and the spark plug was used to ignite the
detonation, forming a high-temperature and high-pressure jet
into the RDC. After the mixture was ignited, the rotating
detonation wave was established. Finally, the supply of fuel,
hot air, and cold air was turned off in order.

TABLE 1 Experimental parameters with different widths of the air inlet.

10.3389/fenrg.2023.1136156

3 Results and discussion
3.1 Operation process analysis

As heated air flowed into the combustor, the total temperature
was 600 K, the mass flow rate 580 g/s, the width of the annular slot
4 mm, and the mass flow rate of fuel mixture 106 g/s. When the
equivalent ratio was 1.2/1, pressure signals in the engine were
collected. Due to the temperature drift phenomenon of the high-
frequency pressure sensor in the high-temperature combustion
environment, the original signal was filtered and a filtered
pressure change curve with time during the operation was
obtained (Figure 4).

The rotating detonation wave was successfully initiated and self-
sustained from time f = 1891.4-2,382.2 ms. After the fuel supply was
shut off, the rotating detonation wave still maintained a stable
propagation. When the mixture pressure unceasingly dropped,
the mixing efficiency with air changed. Thus, the decoupling
process was re-initiated near t = 2,499.7 ms. As the mixture
pressure continued to decline, the detonation wave was
decoupled and disappeared, and the engine finally shut off. The
combustor pressure P rapidly rose at the initial stage of detonation
wave formation and then quickly stabilized. After secondary
decoupling of the detonation wave, the combustor pressure
gradually descended to the initial state. Pressure curves of the air
plenum and isolator both fluctuated around 0.13 MPa and almost
coincided. The fuel plenum pressure was stable at 1.14 MPa, much
higher than the pressure of the isolator, which ensured mixed gas
injection.

To analyze the initiation process of the rotating detonation
wave in detail, the curves of the measurement signals in the
combustor were amplified over the time axis range of
1880-1910 ms. The first pressure peak on the P; curve in the
figure occurred at t = 1889.6 ms. After 0.2 ms, the P, sensor
captured the first pressure peak, after which the pressure briefly
attenuated, which could be caused by the ignition of the pre-

Width of the air Equivalence Mass flow of Propagation Average peak Average propagation
inlet/(mm) ratio air/(g/s) mode pressure/(MPa) velocity/(m/s)
3 1.2 580 Continuous 0.15 1138.88
4 1.2 580 Continuous 0.17 1130.69
5 1.2 580 Continuous 0.37 1053.61
6 12 580 Intermittent 0.26 992.87

TABLE 2 Experimental parameters with different equivalent ratios.

Width of the air Mass flow of Propagation Average peak Average propagation

Equivalence

ratio inlet/(mm) air/(g/s) mode pressure/(MPa) velocity/(m/s)<
1.0 4 580 Continuous 0.36 1053.02
1.1 4 580 Continuous 0.28 1097.41
1.2 4 580 Continuous 0.17 1130.69
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Results of operating at different widths of the air annular slot: (A) ER = 1.2 and |, = 3 mm; (B) ER = 1.2 and |, = 5 mm; (C) ER = 1.2 and |, = 6 mm.

The (DDT)
occurred before the detonation was fully established at ¢t =

detonator. deflagration-to-detonation process
1891.4 ms. The operating mode of the combustor changed
quickly from rapid deflagration at the initial ignition to the
single wave mode. The pressure curves from 1938 to 1942 ms
in the black dotted box were partially enlarged. The rotating
detonation wave experienced five complete cycles during the
period (Figure 5A). In a single cycle, the pressure peak of P;
was always measured before that of P,. The time difference was
recorded as §; = 1939.0-1938.9 = 0.1 ms. The single period was
0.5 ms, and the detonation wave velocity was ~1161 m/s.

Frontiers in Energy Research

From the time of 1965 ms, the detonation wave completed the
process of diversion within 10 ms (Figure 5B, purple-dotted box).
The peak of P; appeared in front of the peak of the P, curve, and the
time difference was 0.13 ms. Near ¢ = 1968 ms, the pressure curve
began to arise double at the peak, and near ¢ = 1970 ms, the P, curve
showed a saddle shape. At P3, a new shockwave was formed, and its
propagation direction changed under the effect of the collision of the
two waves. After t = 1971.5 ms, the order of the peaks exchanged,
indicated that the
detonation wave was

and the time difference remained. This
propagation velocity of the almost

unaffected by the change in direction.
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Comparison of pressure signals in the isolator.

It was found from measurement results that the direction of the
detonation wave had changed many times, and a single-double wave
conversion and double-wave collision appeared in each transition

10.3389/fenrg.2023.1136156

process. A two-wave collision occurred near the position of the P
sensor, which made the weaker wave for the two waves decouple and
disappear (Figure 5C). The energy of the weaker wave was absorbed
by the remaining shockwaves to form a rotating detonation wave
with stronger energy. The maximum pressure was approximately
the sum of the collision wave peaks, reaching 0.64 MPa.

When the fuel supply was shut off, the pressure in the fuel
plenum gradually dropped. The sensor detected that the detonation
wave did not immediately extinguish, but the peak pressure tended
to attenuate. When the injection pressure was reduced, the fuel
penetration depth declined, resulting in a lower mixing efficiency
and a slower detonation velocity. In this manner, the filling time of
the reactants was prolonged, such that the filling height of the fresh
reactants increased and the mixing time extended. When the height
reached a certain value, a new detonation wave was triggered under
the condition of an appropriate equivalent ratio, which might have
been the cause of re-initiation (Figure 4).

The pressure plot showed the signal measured by sensor P; in
the isolator, which was based on 0 MPa and oscillated up and down,
not exceeding 0.05 MPa (Figure 6). This indicated that the sensors
did not capture the signal of the forward shockwave generated by the
detonation wave in the combustor. The circle-to-ring intake
structure adopted in the test played a certain role in inhibiting
back pressure in the RDC.

3.2 Influence of the width of the air inlet

Based on the test conditions in Section 3.1, the injector was
replaced for testing. The widths of the air annular slots were 3, 4, 5,
or 6 mm. The characteristic parameters obtained under the four
conditions are shown in Table 1.

When the air inlet width was 3 mm, the curve of the pressure in
the combustion chamber with time showed that at ¢ = 2,585.9 ms,
the sensor captured the peak pressure of the detonation wave for the
first time, with a value of 0.37 MPa (Figure 7A). After the gas supply
was turned off, the peak pressure decayed gradually until
decoupling, which was different from the data with 4 mm width.
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FIGURE 10
Comparison of FFT with different slot widths.
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FIGURE 12
Results of FFT and STFT by Ps at ER = 1.0 and |, = 4 mm.

When the slot width was 5 mm, the variation trend of the filter
curve was similar to the test data in Section 3.1. The DDT process
was experienced in ignition (Figure 7B, blue-dashed box, flameout
stage partially enlarged in the solid-line box). The phenomenon of
re-initiation was observed again, with the average peak pressure
increased to 0.37 MPa.

At 6 mm slot width, there were several interruptions in the
engine (Figure 7C, black boxes). The combustor pressure
dropped sharply several times, leading to repeated processes of
decoupling, flameout, and re-initiation. The main reason for
intermittent detonation was that the energy of the detonation
wave was low. The mass flow rate of the mixed gas remained
unchanged, and the width of the air gap increased, such that the
filling speed of reactants decreased. As a result, the fuel mixing
efficiency was reduced, and the energy released by chemical
reactions was reduced.

From 2,700 ms, pressure signals of P; under four operating
conditions within 100 ms were intercepted and depicted as 3D wall
diagrams, with the pressure amplitude of the 6-mm operating
condition in a state of large oscillation (Figure 8). The strength

Frontiers in Energy Research

08

of the detonation wave affected the velocity of the detonation wave,
and the velocity increased, while the filling height of the reactants
was compressed. Eventually, the subsequent detonation wave
intermittently flamed out (Figure 8, blue, red, and purple curves,
the conditions of 3, 4, and 5 mm, respectively). The four operating
conditions were all in the detonation state within the period
examined. The maximum pressure increased with the augmented
air slot width and the average peak pressures at 0.15, 0.17, 0.37, and
0.26 MPa . The average peak pressure was shown here to increase
with slot broadening. In contrast, when the width was very large, the
average peak pressure decreased and the combustion mode became
intermittent detonation.

For the three operating conditions in this section, the pressure
signals in the isolator after filtering were all ~0 MPa without a clear
pressure peak (Figure 9). The sensors in the isolator did not capture
back pressure signals in the combustor. The experimental results
showed that the designed intake structure effectively inhibited the
back pressure of the detonation wave.

The pressure signals of the P; sensor under different air slot
widths showed that the main frequencies were 1950, 1936, 1804, and
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1700 Hz (Figure 10). The propagation velocity of the detonation
wave corresponded to 1138.88, 1130.69, 1053.61, and 992.87 m/s .

3.3 Influence of the equivalent ratio

The mass flow rate of the fuel was adjusted such that the reactant
equivalent ratio was 1.0/1 and 1.1/1, and other parameters were
consistent with the test conditions, as shown in Section 3.1; Table 2.

When the mass flow rate of fuel was 88 g/s, the corresponding
reactant equivalent ratio was 1.0/1. In this case, the detonation wave
was successfully initiated in the combustor and operated for a period
0f 1963.7-2,428.0 ms (Figure 11). This was similar to test data when
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the equivalent ratio was 1.2/1, and the DDT process occurred in the
ignition stage, with re-initiation proceeding in the flameout stage.
The P, sensor in the isolator did not detect the characteristic signal
of the forward shockwave. In the self-sustained propagation stage of
a detonation wave, the more complex propagation modes of double
waves and multi-wave emerged.

Measured pressure changes in the combustor showed that the
first peak represented the propagation frequency of the detonation
wave, which was 1803 Hz, and the second peak at 2,965 Hz, the
secondary frequency (Figure 12). The frequency and time
distribution of P; data was acquired after the original signal was
processed by short-time Fourier transform (STFT). The marked
spectrum line signified the main frequency with a value of 1812 Hz.
In addition, there was a secondary main frequency band with a value
of 2,960 Hz. The frequency and time variation in the flameout stage
was observed (red-dotted circle).

When the mass flow rate of fuel was increased to 97 g/s, the
reactant equivalent ratio was increased to 1.1/1. The rotating
detonation wave propagated from 1856.8 2,421.2 ms
(Figure 13). The DDT process still existed in the ignition stage,

to

while the phenomenon of pressure fluctuation occurred after re-
initiation in the flameout stage. However, the intensity was too low
to establish the detonation wave again. The fluctuation of pressure in
the flameout stage indicated that there was still intermittent
combustion reaction in the combustor after the fuel was turned
off. The reason for this could be from fresh reactants filling at a lower
height.

When the RDE was operating, the propagation mode of the
detonation wave was principally the single-wave mode, which was
accompanied by the phenomenon of single-double wave
conversion, double wave collision, and propagation direction
conversion. The main frequency was 1879 Hz in the combustor
(Figure 13).
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The pressure comparison diagram elaborated on the P; signals
intercepted at different equivalent ratios during the period from
2000 to 2,100 ms. The pressure changes at equivalent ratios of 1.0/1,
1.1/1, and 1.2/1 were plotted (Figure 14, colored curves). Both the
purple and red curves showed severe fluctuations, and pressure
amplitudes were not stable, while the blue pressure curve was
relatively stable. It was speculated that a change in the
propagation mode of the detonation wave was the cause of these
observations.

3.4 Influence of the length of the RDC

The combustor was disassembled to shorten the combustor
length to 80 mm, with other test conditions unchanged. The
mass flow rate of the fuel was adjusted to 106 g/s, and the
equivalent ratio was 1.2/1.

According to the analysis of pressure signals, the multi-wave
collision mode was presented first after successful ignition. Then, the
mode gradually changed from a single wave to homodromous double
wave, and the process is shown in the local magnification diagram given
in Figure 15. The maximum peak pressure at 1.42 MPa was measured
by sensor P, in the single-wave propagation stage, while the total
pressure amplitude in the double-wave stage was lower, and the
maximum pressure was only 0.53 MPa. In the local magnification
curve of the double wave, the rotating detonation wave propagated in
the form of two waves along the same direction. As the detonation wave
continued to propagate, a new wave would be formed. At this time, the
phenomenon of collision appeared intermingled and gradually evolved
into the multi-wave collision mode. After the fuel valve was turned off,
the detonation wave gradually decoupled and flamed out.
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By processing the STFT of the original signals, it was calculated that
the propagation frequency of the detonation wave was 3,507.14 Hz. The
propagation velocity was 1024.16 m/s because the detonation wave in
the double-wave mode propagated in the same direction. Compared
with the longer combustor, the velocity slightly decreased, and as the
velocity of the detonation wave was faster, the filling time of fresh
reactants was compressed, and the filling height was reduced. Therefore,
the detonation wave pressure decreased under a certain equivalent ratio,
and the propagation mode changed from a single wave to a double
wave. In the flameout stage, the reactant filling height was too low to
support the successful initiation of the rotating detonation wave.

4 Conclusion

In this study, the detonation wave propagation in an RDC with
high enthalpy air was experimentally examined. The air passed
through the circle-to-ring isolator, and then, the fuel was mixed with
the air at a vertical angle. The mixture was affected by the structure,
with the flow direction changed to enter the combustor. The
detonation wave was successfully generated in the combustor
using the pre-detonator. Based on the test conditions of this
study, the conclusions were as follows:

1) When the slot width of the air was changed from 3 to 5 mm, the
pressure of the detonation wave was augmented with an

increased slot width. However, when the width was
broadened to 6mm, the detonation wave propagated
discontinuously.

2) When the slot width of the air was 4 mm and the combustor length
160 mm, the detonation wave was formed in the RDC at the
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equivalent ratios of 1.0/1, 1.1/1, and 1.2/1. The propagation modes
of detonation waves were complex, including single and double
waves. The complex phenomenon was observed, which included
single-double wave conversion, double wave collision, and
propagation direction conversion.
3) The average propagation velocity of the detonation wave was
related to the slot width of the air, equivalent ratio, and
combustor length. When the equivalent ratio was 1.2/1, the
velocity of the detonation wave decreased with broader air
slots from 3 to 6 mm. When the air slot was 4 mm, and the
equivalent ratio increased from 1.0/1 to 1.2/1, the velocity of the
detonation wave was gradually accelerated.
When the length of the combustor was changed from 160 to 80 mm,
the propagation mode of the detonation wave changed. Initially, the
detonation wave propagated as a single wave at 1130.69 m/s. Then,
in the double-wave mode, the velocity was reduced to 1024.16 m/s.
The reason for this was that the filling time and height of fresh
reactants were decreased as velocity accelerated, leading to decreased
detonation wave pressure. Re-initiation did not appear in the case of
the shorter combustor, which was related to the filling process of
reactants.
5) In all test conditions, no signal of the rotating back pressure was
measured in the isolator. This indicated that the RDE inlet
structure designed in this study could inhibit back pressure in
the combustor.
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