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,is study aimed to investigate the influence of cavity width on the attenuation characteristic of gas explosion wave. Attenuation
mechanism of gas explosion wave through cavity was obtained by numerical simulation.,e gas explosion shock wave energy can
be greatly attenuated through the cavity structure in five stages, namely, plane wave, expansion, oblique reflection, Mach re-
flection, and reflection stack, to ensure that it is eliminated. Cavities with various width sizes, namely, 500 ∗ 300 ∗ 200,
500 ∗ 500 ∗ 200, and 500 ∗ 800 ∗ 200 (length ∗width ∗ height, unit: mm), were experimented to further investigate the attenuation
characteristics through a self-established large-size pipe gas explosion experimental system with 200mm diameter and 36m
length. Results showed an evident attenuation effect on flame duration light intensity (FDLI) and peak overpressure with in-
creasing cavity width. Compared with 300mm, the overall FDLI decreased by 83.0%, and the peak overpressure decreased by
71.2% when the cavity width was 800mm. ,e fitting curves of the FDLI and peak overpressure attenuation factors to width-
diameter demonstrated that the critical width-diameter was 2.19 when the FDLI attenuation factor was 1. ,e FDLI attenuation
factor sharply decreased at the width-diameter ratio range from 1.5 to 2.5 and basically remained steady at 0.17 at the width-
diameter ratio range from 2.7 to 4.0. ,e peak overpressure attenuation factor gradually decreased with the increase of width-
diameter ratio and changed from 0.93 to 0.28 with width-diameter ratio from 1.5 to 4.0. ,e research results can serve as a good
reference for the design of gas explosion wave-absorbing structures.

1. Introduction

Gas explosion is a dynamic disaster phenomenon that
occurs in the coal-mining process when gas enrichment
reaches its limit and meets a fire source. ,e high-tem-
perature and high-pressure shock wave generated by the
explosion propagates along the tunnel pipe network,
causing heavy casualties and serious damage to roadways,
support structures, and equipment [1–5]. Gas explosion
prevention mainly includes preventive technical measures
to counteract the gas accumulation and fire source gen-
eration in coal mines and mitigating measures (such as
explosion isolation and suppression) to limit or control
the gas explosion shock wave propagation. Many scholars
have focused on theoretical and experimental research on

gas explosion suppression. Yoshidaa et al. [6], Xu et al. [7],
Parra et al. [8], Song and Zhang [9], and Nakahara et al.
[10] pointed out that water mist has a good effect on gas
explosion suppression under certain conditions and the
combination of different additives to achieve a suppres-
sion effect. Dry powders, such as NH4H2P2O4 [11, 12],
ABC [13], and NaHCO3/red-mud [14], have been used in
explosion suppression studies. ,e results demonstrated
that powder concentration, explosion suppression dose,
powder pyrolysis characteristics, and thermal decompo-
sition products can have a different influence on gas
explosion inhibition. A number of studies have been
conducted to suppress gas explosion overpressure and
quench flame propagation by using porous materials,
including porous media [15], foam ceramics [16], wire
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mesh [17, 18], metal foam [19, 20], and combined wire
mesh and foam ceramics [21, 22]. ,e results showed that
the foam iron nickel with great thickness, small aperture,
and high nickel content are beneficial to the flame wave
attenuation. ,e effect of combining wire mesh and foam
ceramics on attenuation of explosion overpressure and
flame temperature is better than that of each. Foam ce-
ramics can attenuate the maximum overpressure of gas
explosion by up to 50%, inhibit flame propagation, and
quench flames.

Many studies on various pipeline structures and
vacuum chambers have reported the influence of these
mechanisms on gas explosion propagation. Shao et al.
[23–25] conducted experimental research on the influ-
encing factors of the vacuum chamber on explosion
suppression. ,e results showed that the vacuum chamber
can effectively suppress the explosion flame and over-
pressure with any vacuum degree. ,e vacuum chamber
with different diaphragm thicknesses has a variable
suppression effect. ,e explosion suppression effect is
related to the break-up time of the diaphragm and the
position of the explosion flame front. Niu et al. [26]
established a complex transversal pipe network to study
the overpressure evolution laws and flame propagation
characteristics after methane explosion; these researchers
found that a high-pressure area exists in the middle of the
transversal branch, and the flame sustaining time and
surface damage are minimal at the transversal branch. Sun
et al. [27] used numerical methods to investigate the
explosion-proof distance and the propagation charac-
teristics of gas explosions with four types of pipe cross-
sectional areas. ,e results demonstrated that maximum
overpressure, density, temperature, gas velocity, explo-
sion-proof distance, and combustion rate decrease with
the increase of the equivalent pipe diameter. Lin et al. [28]
conducted an experiment on the effect of premixed
methane-air explosion overpressure by using three dif-
ferent types of bifurcation pipe; the result showed that the
peak overpressure had a downtrend before the bifurca-
tion, a sharp increase after the bifurcation until the
maximum was reached, and a downtrend at the pipe end.
,e pipe shapes, such as 90° bends [29, 30], U-bend
[31, 32], open-ended pipe [33], pipe with holes [34], and
vortex shedding [35] are used to investigate the charac-
teristics of gas explosion propagation.

Previous studies have focused on the propagation
characteristics of gas explosion with different absorbing
energy materials, pipe network structure, pipe shape, and
vacuum chamber. ,e cavity structure exhibits several
characteristics, such as strong damage resistance and reuse,
but it is rarely reported to suppress gas explosion propa-
gation using the cavity structure. In this work, the nu-
merical simulation and experimental research are
performed to investigate the relevant parameter evolution
laws of the gas explosion shock wave through the cavity
structure and reveal the quantitative relationship between
shock wave attenuation and width of the cavity structure.
,e research results present a new technique for reducing
gas explosion hazard.

2. Cavity AttenuationWave Numerical Analysis

2.1. Continuous Differential Equation of Gas Explosion.
,e kinetic process of a gas explosion in a pipe network is
expressed by the conservation of mass, momentum, energy,
and component. ,e equations in the Cartesian coordinate
are as follows:

,e mass conservation equation is
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where ρ is gas density; t is time; u is gas explosion propa-
gation velocity, i and j are coordinate directions; p is gas
pressure; μt is turbulent viscosity; δij is the Kronic operator;
E is per-unit mass gas total energy; T is temperature; c is the
adiabatic index; cv is constant volume specific heat; mg is the
g component mass fraction; Γ∗ is the turbulent diffusion
coefficient expressing transport characteristic; Rg is the unit
volume g component ignition rate; Ct is the dimensionless
combustion model coefficient; Rm is the minimum mass
fraction of gas, oxygen, and explosion product; and s is the
stoichiometric ratio of oxygen required for a 1 kg gas
complete reaction.

A gas explosion is a chain reaction process that consists
of complex physical and chemical processes. ,e shock wave
propagation process exhibits complex change parameters,
including the propagation and evolution of explosion
combustion flame and shock wave, excitation feedback of
flame front and shock wave front, and turbulence.,emodel
is simplified as follows and hypothesized to effectively
conduct numerical research:
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(1) ,e gas explosion is simplified as the ideal gas ex-
pansion process by heat.

(2) ,e pipe and cavity inner wall are regarded as an
adiabatic surface without heat exchange. ,e radi-
ative heat release in the propagation process of the
blast wave and the fluid-solid coupling effect be-
tween the solid wall and shock flow are ignored.

(3) ,e gas and air are evenly mixed in accordance with
Moore’s law and in a static state before ignition.

(4) ,e gas explosion process is realized in two steps,
and the gas mixture of wave front is still in a static
state.

(5) ,e Mach stem is a plane shock wave and perpen-
dicular to the solid wall.

2.2. Gas Explosion Chemical Reaction Model. As this study
does not simultaneously include the detonation cellular
structure part and consider the calculation amount of the
elementary reaction model, a two-step reaction model with
higher accuracy is adopted, which can be written as follows.

Step 1.

CH4 + O2⟶ CO + H2O + Q1. (6)

Step 2.

CO + O2⟶ CO2 + Q2. (7)

,e energy release is small in Step 1 and large in Step 2.
,e chemical reaction rate formulas corresponding to the
reaction model are presented as follows:

,e induced reaction rate is expressed by
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,e rate of exothermic chemical reaction is calculated by
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where K1 and K2 are the rate characteristic constants of the
induced and exothermic chemical reactions; α is the in-
duction progress degree and dimensionless quantity, α � 1
means that the induction reaction has not started yet, and
α � 0means that the induction reaction has been performed;
β is the reaction progress degree and dimensionless quantity,
β � 1 means that the exothermic chemical reaction has not
started yet, and β � 0 means that the exothermic chemical
reaction has been performed; ρ is density; E1 and E2 are the
induced reaction and exothermic chemical reaction acti-
vation energies, respectively; p is mixed gas pressure; R is gas
constant; T is temperature; and q is unit mass mixed gas heat
release.

In this study, the Steger-Warming method [36] is used to
construct the difference scheme for physical quantities, and
the equation is as follows:
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In spatial dimension, the WENO format [37] is used for
discretization. In time dimension, the LU-SSOR method
[38] is adopted for discretization and the time discretization
equation:
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where c is the convection term, A � (zEg/zQg),
B � (zFg/zQg), and C � (zGg/zQg) are the Jacobian matrix
corresponding to the convection term; q is the viscous term;
and Δξ, Δη, and Δζ are the space steps in the corresponding
three coordinate directions in any coordinate system.
Correspondingly, c is discretized as
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where the column vectors of Rn
i ± 1/2,j,k, Rn

i,j ± 1/2,k, and
Rn

i,j,k ± 1/2 are the right eigenvectors of (zE/z U), (zF/z U),
and (zG/z U), respectively; and φ is the viscosity factor,
which is adjusted by numerical viscosity to eliminate the
oscillation dispersion in the shock wave in the oscillation-
prone area and ensure the simulation accuracy.

2.3. Numerical Simulation Model. ,e gas explosion simu-
lation pipe was designed with a 200mm inner diameter,
11m length initiation detonation section, 2.5m length stable
section, and 22.5m length propagation. ,e numerical
monitoring sample points, called 1#, 2#, and 3#, were
arranged at different positions before and after the cavity
structure to investigate the parameter variation of the gas
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explosion propagation process. ,e gas explosion propa-
gations in the cavities with dimensions of 500 ∗ 300 ∗ 200,
500 ∗ 500 ∗ 200, and 500 ∗ 800 ∗ 200 were simulated, and the
data of representative cavity (500 ∗ 500 ∗ 200) were chosen
for analyzing the attenuation wave mechanism. ,e nu-
merical simulation geometric model is shown in Figure 1.

In order to determine the grid size, the step length of
iteration time was 0.00001 s, and grid size of 0.5 ∗ 0.5mm,
1.0 ∗ 1.0mm, and 2.0 ∗ 2.0mm was set, respectively, to
analyze the grid independence. When the grid size was
refined from 2.0 ∗ 2.0mm, and 1.0 ∗ 1.0mm to 0.5 ∗
0.5mm, the maximum overpressure increased by 8.4% and
0.5%, respectively. ,e simulation results were very close
when the grid size was 1.0 ∗ 1.0mm and 0.5 ∗ 0.5mm.
Considering the calculation efficiency, storage space, and
accuracy, the tetrahedral grid was used for numerical
simulation, the grid size was 1.0 ∗ 1.0mm. ,e numerical
simulation grid diagram is shown in Figure 2.

In this study, the difference scheme was constructed for
physical quantities via the finite volume method and Steger-
Warming method. ,e spatial dimension was discretized in
the format of WENO, and the time dimension was dis-
cretized through the LU-SSOR method. Material properties
were as follows: gas concentration and oxygen concentration
were 9.5% and 20.9%, respectively, c � 1.25, Ct � 70, and
μ� 2.5×10− 5. ,e initial conditions were P0 � 2.5×10− 5,
T0 � 293K, and v � 0m/s.,e boundary conditions were: the
wall surfaces of pipeline and cavity were adiabatic, without
slippage.

2.4. Numerical Simulation Results and Analysis of Shock
Wave. ,enumerical simulation results of the gas explosion
shock wave overpressure before and after the 500 ∗ 500 ∗ 200
cavity structure are shown in Figure 3.

,e five main stages can be observed from the simulation
results with gas explosion shock wave passes through the
cavity structure, as follows:

(1) Figure 3(a) shows that the gas explosion shock wave
propagates forward in the form of a plane wave, and
the overpressure of the shock wave changes in a
uniform gradient, which enters the cavity structure
before.

(2) Figures 3(b) and 3(c) show that when the gas ex-
plosion shock wave enters the cavity structure, the
plane wave becomes spherical and forms the vortex
area in the propagation process due to the sudden
expansion of the propagation section. Under the
combined action of diffraction and expansion, the
overpressure distribution displays phenomena such
as concentrated enhancement zone at the center of
the cavity structure, vortex attenuation zone at both
sides, and gradient spherical diffusion zone at the
front of the shock wave.

(3) In Figure 3(d), along with the combined effects of
reflection and superposition in the gas explosion
shock wave propagation process within the cavity
structure, the gas explosion shock wave high-

pressure area transmits to both sides of the cavity
structure, and sparse waves generate in the cavity
structure center. ,e Mach reflection appears, the
overpressure concentrated area forms on both sides
of the cavity structure, and the concentrated area
repeatedly reflects in the propagation process due to
the superposition of the shock wave reflection on
both sides of the wall.

(4) Figure 3(e) shows that when the gas explosion shock
wave propagates to the cavity structure outlet be-
cause of the section reduction, the overpressure
concentrated area on both sides of the cavity
structure is blocked and reflected. ,e shock wave
attenuation area after the outlet of the cavity
structure is simultaneously formed.

(5) Figures 3(f) and 3(g) show that the overpressure of
the gas explosion shock wave gradually attenuates
with the forward propagation in the pipe. ,e re-
flection wave gradually attenuates in the backward
propagation process and generates a local over-
pressure concentrated area under the reflection su-
perposition and other comprehensive effects after
encountering the cavity wall. Accordingly, the local
overpressure oscillation occurs.

,e simulation results of shock wave pressure over time
with 500 ∗ 500 ∗ 200 cavity are shown in Figure 4. ,e peak
overpressure at 2# and 3# were 0.852 and 0.709, respectively,
and the overpressure decreased by approximately 16.7%. In
addition, according to the numerical simulation results of
500 ∗ 300 ∗ 200 and 500 ∗ 800 ∗ 200 cavities, the peak over-
pressure decreased by approximately 4.1% and 80%, re-
spectively. In conclusion, the gas explosion shock wave
energy can be greatly attenuated through the cavity structure
by the aforementioned five stages, namely, plane wave,
expansion, oblique reflection, Mach reflection, and reflec-
tion stack.

2.5. Numerical Simulation Results and Analysis of Flame.
,e numerical simulation results of the gas explosion flame
temperature (temperature scale: K) before and after the
500 ∗ 500 ∗ 200 cavity structure are shown in Figure 5.

,e four main characteristics can be summarized from
the simulation results with gas explosion flame passes
through the cavity structure, as follows:

(1) After the premixed gas is ignited, it forms a spherical
flame and spreads forward. Part of the flame directly
enters the straight pipe through the cavity, and the
flame in the cavity is stretched along the axial di-
rection, as shown in Figure 5(a).

Initiation detonation section Stable section Propagation section

0.5
2#

0.5

Cavity

11 22.50.
2

Sealing film

0.5
1#

2.5

3#

Figure 1: Numerical simulation geometric model (unit: m).
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(2) ,e flame passing through the cavity continues to
propagate forward along the straight pipe, and the
other part is blocked by the cavity outlet wall due to
the sudden contraction of the propagation section, as
shown in Figure 5(b).

(3) ,e blocked flame generates reflection on the outlet
wall surface and diffuses along the cavity wall surface.
As the contact area between the flame and the cavity
wall surface increases, the energy consumed for
friction increases greatly, as shown in Figures 5(c)
and 5(d).

(4) ,e flame diffracts in the cavity and the formed
reverse propagation flame spreads to the inlet of the
cavity, and the flame turbulivity increases; however,

the excessive turbulivity is not conducive to the flame
propagation, as shown in Figure 5(e).

,e explosion flame has the occurrence of expansion and
dissipation after entering the cavity. ,e siphon effect of the
explosion causes the flame to be stretched. Part of the flame
directly passes through the outlet of the cavity, and the other
part is propagated back by the cavity wall surface. Due to the
different reflection angles, part of the flame enters the cavity
inlet and the other part is blocked by the cavity wall and
reflects again. ,e repeated friction between the flame and
the cavity wall consumes a lot of energy, and the flame
gradually disappears with the depletion of premixed gas.,e
temperature curve of the explosion flame before and after
passing through the cavity size of 500 ∗ 500 ∗ 200 is shown in
Figure 6. It can be seen that the maximum flame temperature
at 2# measuring point in front of the cavity is 1195K and
suddenly drops to 682K at 3# measuring point after the
cavity. ,e explosion flame energy is greatly attenuated,
which shows that this size cavity has a good suppression
effect on the explosion flame.

3. Gas Explosion Experimental Systems

,e experimental system is shown in Figure 7, which mainly
consists of the pipe network, distribution gas, ignition, and
data collection subsystems. ,e literature [39] showed that
the detonation wave can be generated and propagated when
the pipe diameter D≥ λ/π (λ is the detonation cell size of the
gas). λ is about 340mm for gas, so the pipe size needs to be

222 202 182 162 142 122 102 82 62 42 22 2

Figure 2: Numerical simulation grid diagram.
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greater than 108mm. About the pipe wall thickness, the gas
explosion pressure generally does not exceed 3MPa.
According to the requirements of pressure vessel specifica-
tions, the wall thickness should be greater than 7mm. ,e
designed explosion pipe is a 200mmdiameter steel round pipe
with 10mm thickness and 36m length. ,e arrangement of a
certain number of orifices on the pipe is intended for gas
distribution, pressure collection, and flame signal collection,
i.e., pressure and flame sensor installation. Figure 8 shows a
photograph of the gas explosion experimental system.

4. Cavity Attenuation Wave Experiment

,e cavities with different width sizes, namely,
500 ∗ 300 ∗ 200, 500 ∗ 500 ∗ 200, and 500 ∗ 800 ∗ 200, were
made of 10mm thick steel. ,e cavity structure was con-
nected to the explosion pipe before and after and 13.5m far
from the ignition electrode. ,e flame sensor is a photo-
sensitive triode induction element, its on-state current is
positively correlated with the light intensity, and light
signal changes to an electrical signal. ,e flame sensor
information was used with the flame light intensity inte-
gration against time to represent the flame strength in the
flame propagation process, which is defined as the flame
duration light intensity (FDLI). Pressure and flame sensors
were arranged before and behind the explosion tube and
cavity to collect the shock wave overpressure and FDLI
information. ,e flame sensor is the photosensitive triode
sensor CKG100, and the response time is less than 100 μs.
,e pressure sensor is the high frequency piezoelectric
sensor CYG1401 F, and the response time is less than 1ms.
,e experimental gas concentration is 9.5%. ,e initiation
detonation section and the stability section were separated
by 0.4mm thickness polyethylene sealing film. ,e pre-
mixed gas was filled before the film and stirred evenly by
circulating pump for 25min. During the experiment, the
end of the pipeline system was closed. ,e ignition was
used 36 V safety voltage and ignition energy is 10 J. ,e
installation of the three cavities is shown in the photograph
in Figure 9. Figure 10 shows the layout of sensors and
cavity. ,e flame and pressure sensors were numbered F1,
F2, F3, P1, and P2 from near to far according to the position
of the ignition electrode. ,e specific parameters of dis-
tance (L) and length-diameter ratio (L/D) are shown in
Table 1.
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Figure 6: Curve of temperature at different measurement points
with time.
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Figure 7: Components of gas explosion experimental system.

Figure 8: Photograph of gas explosion experimental system.
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5. Attenuation Wave Results and Discussion

,is approach was conducted to investigate the effects of
cavity structures with different widths on the gas explosion
shock wave overpressure and FDLI. ,ree sets of gas ex-
plosion experiment were carried out for each cavity struc-
ture, and one typical set of experimental data was selected for
result analysis.

5.1. Flame Duration Light Intensity Influence of Different
Width Cavities. ,e FDLI attenuation rate of gas explosion
is defined as the ratio of FDLI attenuation value at measuring
points F2 and F3 in front of and behind the cavity to the
FDLI at F2.

As shown in Figure 11(a) and Table 2, in the gas ex-
plosion propagation experiment of 500 ∗ 300 ∗ 200 cavity,
the FDLIs at F2 and F3 were 0.0340 and 0.1342, respec-
tively, and the FDLI attenuation was –294% after the shock
wave passed through the cavity. ,e oscillation on the
frontal surface of primary flame was severe behind the

cavity, and the secondary flame was obviously increased,
and the FDLI at the cavity outlet was increased by 2.94
times, indicating that the cavity width was small, the gas
not fully exploded was propagated into the cavity for
continuous reaction, the energy released in the reaction
zone was larger than the energy dissipated by local re-
sistance of the cavity, and the explosive reaction was still in
an accelerated phase, so the FDLI at the cavity outlet was
increased.

From Figure 11(b) and Table 2, in the gas explosion
propagation experiment of 500 ∗ 500 ∗ 200 cavity, the FDLIs
at F2 and F3 were 0.0173 and 0.0071, respectively, and the
attenuation rate of FDLI was 58.9% after the explosion wave
passed through the cavity. ,e average speed of flame was
obtained by dividing the interval between the two measuring
points by the time difference for the flame signal to reach the
two measuring points. As shown in Figure 11(b), the average
flame speed between F1 and F2 was 358m/s, indicating that
the explosion already reached the detonation state in front of
the cavity. With the increase in the cavity width, the swelling
capacity and disturbance time of flame were increased, so
was its energy dissipation. Even though the secondary flame
was enhanced, the FDLI behind the cavity was obviously
weakened, which was similar to the influence of the change
in pipeline section on the gas explosion propagation char-
acteristic in the literature [27].

As shown in Figure 11(c), in the gas explosion propagation
experiment of 500 ∗ 800 ∗ 200 cavity, the FDLIs at F2 and F3
were 0.0384 and 0.0065, respectively, and the FDLI attenuation
rate was 83.0% behind the cavity was passed. With the further
increase in the cavity width, the transverse diffusion space of
the cavity was enlarged, the Mach number and oblique re-
flection presented backward and forward oscillation, and the
energy sharply dropped in front of the cavity outlet.

From the numerical simulation of the gas explosion
flame propagation passing through the cavity, the temper-
ature at the cavity outlet declined with the increase in the
cavity width. Although the temperature during the explosion
process could not be measured, it could be found that the
FDLI at the outlet of cavity with width of greater than
500mmwas reduced, indicating that FDLI is correlated with
the temperature, and the increase in the cavity width con-
tributes to the energy dissipation.

(a) (b) (c)

Figure 9: Photographs of different width cavities. (a) 500 ∗ 300 ∗ 200. (b) 500 ∗ 500 ∗ 200. (c) 500 ∗ 800 ∗ 200.
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Figure 10: Layout of sensor and cavity structure (unit: mm).

Table 1: Arrangement of flame and pressure sensors.

Flame sensor F1 F2 F3

Location L (m) 10.05 13.3 14.1
L/D 50.25 66.5 70.5

Pressure sensor / P1 P2

Location L (m) / 13.3 14.1
L/D / 66.5 70.5
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5.2. Peak Overpressure Influence of Different Width Cavities.
,e peak overpressure attenuation rate of gas explosion is
defined as the ratio of the attenuation value of peak over-
pressure of shock waves at measuring points P1 and P2 in
front of and behind the cavity to the peak overpressure at P1.

As shown in Figure 12(a) and Table 3, the peak over-
pressures at P1 and P2 were 0.744 and 0.694, respectively, in
the gas exploration propagation experiment of 500 ∗ 300 ∗ 200

cavity, and the peak overpressure attenuation rate was 6.7%.
Based on the abovementioned simulation and theoretical
analysis, the shock wave would experience repeatedmultiform
reflection after passing through the suddenly expanded sec-
tion and rigid wall surface, and partial reflected wave would be
transferred from cavity outlet and inlet, but partial energy also
presented vortical attenuation, and the total energy was small.
As the ratio of cavity width to pipe diameter was small (300/
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Figure 11: Experimental flame duration light intensity information of cavity with different widths. (a) 500 ∗ 300 ∗ 200. (b) 500 ∗ 500 ∗ 200.
(c) 500 ∗ 800 ∗ 200.

Table 2: Experimental flame duration light intensity of cavity with different widths.

Flame sensor number F2 F3

Flame duration light intensity
500 ∗ 300 ∗ 200 0.0340 0.1342
500 ∗ 500 ∗ 200 0.0173 0.0071
500 ∗ 800 ∗ 200 0.0384 0.0065
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200�1.5), most of the shock wave entering the cavity would
present inertial propagation along the axial direction of
pipeline, and although the peak overpressure at the cavity
outlet was reduced, the attenuation amplitude was not large.

From Figure 12(b) and Table 3, the peak overpressures at
P1 and P2 were 0.820 and 0.730, respectively, in the gas
explosion propagation experiment of 500 ∗ 500 ∗ 200, and
the peak overpressure attenuation rate was 10.9% after
passing through the cavity. With the increase in the ratio of
cavity width to pipe diameter (500/200� 2.5), the angle
between the spherical wave formed inside the cavity and the
side wall of the cavity became small, and the possible oblique
reflection was increased, thus aggravating the local over-
pressure oscillation. Because most of the reflected wave on
the wall surface at the cavity inlet would still be transferred to
the outlet, the attenuation rate of peak overpressure at the
cavity outlet would be increased somehow.

It could be known from Figure 12(c) and Table 3 that in
the gas explosion propagation experiment of 500 ∗ 800 ∗ 200
cavity, the peak overpressures at P1 and P2 were 0.706 and
0.203, respectively, and the overpressure attenuation rate
was 71.2% after passing through the cavity. ,e cavity width
was 4 times of pipe diameter, the oscillation space of shock
wave inside the cavity was larger, and under the action of
superposed reflection, the overpressure of shock wave was
transferred to the wall surface of the cavity and dissipated.
,e ratio of the area of pipeline outlet to the area of cavity
wall surface became small, so the peak overpressure at cavity
outlet was obviously attenuated.

In conclusion, the shock wave passing through the
suddenly enlarged section can occur in the aforementioned
five processes. Accordingly, the energy is rapidly consumed.
,e larger the cavity width is, the larger the spherical wave
front becomes. ,e angle between the spherical wave and
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Figure 12: Shock wave time pressure travel curve of cavity with different widths. (a) 500 ∗ 300 ∗ 200. (b) 500 ∗ 500 ∗ 200. (c) 500 ∗ 800 ∗ 200.

Table 3: Shock wave peak overpressure information before and behind different width cavities.

Flame sensor number P1 P2

Peak overpressure information（MPa）
500 ∗ 300 ∗ 200 0.744 0.694
500 ∗ 500 ∗ 200 0.820 0.730
500 ∗ 800 ∗ 200 0.706 0.203
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cavity wall is small, and Mach and oblique reflections are
more likely to occur. Consequently, substantial shock wave
energy is consumed. ,e larger the cavity size is, the more
energy is confined inside the cavity when the converging
shock wave passes through the cavity outlet. ,e shock wave
reflects back and forth, thereby resulting in additional os-
cillations in the cavity. ,e abovementioned phenomenon is
the physical essence of reducing the gas explosion shock
wave energy using the cavity.

,e overpressure attenuation rates obtained through the
experiment and simulation of cavity 300mm in width were
6.7% and 4.1%, respectively, those of cavity with width of
500mm were 10.9% and 16.7%, respectively, and those of
cavity with width of 800mm were 71.2% and 80%, re-
spectively. By comparison, the maximum deviation of
overpressure attenuation rate between experiment and
simulation was 8.8%, and the results are in good agreement.
,erefore, the numerical simulation results are reliable, and
the calculation model and algorithm used are reasonable.

5.3. Quantization Relation of Cavity Width on Gas Explosion
Effect. ,e width-diameter ratio is defined as the ratio of
the cavity width to the pipe diameter, which is a charac-
teristic quantity of a certain diameter pipe and the different
width cavities and length-diameter and the height-diameter
ratios, to study the quantitative relation of the cavity width
on the gas explosion effect. ,e ratio of the same explosion
parameters before and after the cavity is defined as at-
tenuation factor D, which represents the characteristic
quantity of the explosion parameter attenuation. D> 1 is
parameter enhancement, and D < 1 is parameter attenua-
tion. ,e length-diameter and height-diameter ratios of the
aforementioned experimental cavity are 2.5 and 1, re-
spectively. ,e experimental data under cavity widths of
400mm and 600mm were added for the curve fitting, in an
effort to more reliably quantify the relationship between the
cavity width change and attenuation of gas explosion wave.
,e width-diameter ratio is taken as the x-coordinate, and
the attenuation factor of the FDLI and shock wave peak
overpressure are taken as the y-coordinate; and the
quantitative relation of the different width-diameter ratio
cavity on the gas explosion effect is obtained, as shown in
Figure 13. ,e fitting equation for the FDLI change is
expressed as
y � 0.177 + 3.935/(1 + exp((x − 2.026)/0.171)) and that for
the peak overpressure change is expressed as
y � 0.614 + 0.387x − 0.118x2. When the width-diameter is
small, the peak overpressure presents an attenuation
phenomenon, but the effect is insignificant. ,e FDLI
exhibits no attenuation but presents an enhancement effect.
,e measured peak overpressure attenuation factor is 0.93,
and the FDLI attenuation factor is 3.94 with the width-
diameter ratio as 1.5. When the width-diameter ratios
range from 1.5 to 2.5, the peak overpressure attenuation
factor slightly decreases, and the FDLI attenuation factor
sharply decreases. ,e measured peak overpressure at-
tenuation factor is 0.89, and the FDLI attenuation factor is
0.41 with the width-diameter ratio as 2.5. When the width-

diameter ratio is larger than 2.7, the peak overpressure
attenuation gradually decreased, and the FDLI attenuation
factor basically remained the same. ,e measured peak
overpressure attenuation factor is 0.28, and the FDLI at-
tenuation factor is 0.17 with the width-diameter ratio as 4.0.
When the FDLI attenuation factor is equal to one, the
width-diameter ratio is 2.19, which is the critical width-
diameter ratio. ,e peak overpressure and FDLI have at-
tenuation with the width-diameter ratio larger than the
critical one. ,e fitting curve illustrates that the attenuation
wave effect is evident with the width-diameter ratio larger
than 2.7 and tends to be optimal with the width-diameter
ratio of approximately 4.0.

6. Conclusions

(1) ,e explosion wave passing through the cavity occur
five stages of plane wave, expansion, oblique re-
flection, Mach reflection, and reflection stack. Due to
the process of expansion and reflection in the above
five stages, the shock wave energy is significantly
weakened, which could be reflected in the experi-
ment and numerical simulation, and also proved the
reasonability of the calculation model and algorithm.

(2) When the cavity width is smaller, the energy released
from the reaction zone is greater than that consumed
by the local resistance of the cavity, and the flame
energy increases. With the increase of the cavity
width, the expansion capacity and disturbance time
of the flame increase, the transverse diffusion space
of the cavity increase, and the energy dissipation of
the flame also increases for oscillating back and forth
of the Mach reflection and the oblique reflection,
resulting in a sharp drop in energy before the cavity
outlet. Compared with the cavity width of 300mm,
when the cavity width is 500mm and 800mm, the
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Figure 13: Quantitative relation of width-diameter ratio to gas
explosion wave attenuation.
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attenuation of the overall FDLI is 58.9% and 83.0%,
respectively.

(3) ,e larger the cavity width is, the larger the spherical
wave front becomes, the angle between the spherical
wave and cavity wall is smaller, and Mach and
oblique reflections are more likely to occur. Mean-
while, with the decrease of the energy inside the
cavity and the reflection back and forth of the
converging shock wave at the cavity outlet, the ad-
ditional oscillations occur inside the cavity. ,e
above phenomenon is the physical essence of re-
ducing the gas explosion shock wave energy using
the cavity. Compared with the cavity width of
300mm, when the cavity width is 500mm and
800mm, the attenuation of the peak overpressure is
10.9% and 71.2%, respectively. ,erefore, increasing
the cavity width can significantly improve the at-
tenuation wave effect.

(4) ,e fitting equation of the FDLI attenuation factor
and width-diameter ratio is expressed as y � 0.177 +

3.935/(1 + exp((x − 2.026)/0.171)) and shows a
positive correlation. Meanwhile, the fitting equation
of the peak overpressure attenuation factor and
width-diameter ratio is expressed as
y � 0.614 + 0.387x − 0.118x2. ,e critical width-
diameter ratio is 2.19 when the FDLI attenuation
factor is equal to one. ,e attenuation wave effect is
evident with a width-diameter ratio larger than 2.7.
,e attenuation wave effect tends to be optimal with
a 4.0 width-diameter ratio. ,e peak overpressure
attenuation factor is approximately 0.28, and the
FDLI attenuation factor is 0.17.
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