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Combustible gas explosions are typically triggered at high temperatures by the
generation of electric sparks on starting, stopping, or short circuiting of electri-
cal equipment. Flameproof enclosures are widely installed in the petrochemical
industry as safety equipment for eliminating ignition sources. Such enclosures are
designed with a double-cavity structure, and a hole plate is used to connect the two
cavities. However, pressure piling occurs in such double-cavity-connected struc-
tures, resulting in flameproof enclosures requiring to bear higher pressure than
designed, which is a safety hazard. However, few studies have focused on the effect
of the diaphragm orifice diameter of flameproof enclosures. Because the explo-
sion of combustible gas in a flameproof enclosure is a complex process, numerical
simulation was performed to study the process. Fluent was used for numerically
simulating the ethylene/air premixed gas explosion characteristics of double-cav-
ity-connected structure flameproof enclosures. The effects of an orifice hole diam-
eter from 10 mm to 45 mm on flameproof characteristics, including the maximum
explosion pressure, maximum explosion pressure rise rate, and maximum explo-
sion index, were examined. The results are critical for the effective design of a
double-cavity flameproof shell and provide theoretical support for fire suppression
in a flameproof enclosure.

Key words: pressure piling, orifice, numerical simulation, FLUENT

Introduction

Explosive mixtures entering the interior of enclosures through any joint or structural
gap of the enclosure can cause explosions. However, flameproof structures avoid internal dam-
age and ignition of an explosive gas environment formed by one or more gases or vapors [1].
The explosion-proof performance, which is the ability of the enclosure to withstand an inter-
nal explosion and exhibit limited damage and deformation, is a critical parameter of a flame-
proof enclosure. [2]. Flameproof enclosures are widely installed in the petrochemical industry
with explosive hazards to achieve electrical functions and satisfy process requirements. When
switches and high temperature devices are installed inside flameproof enclosures, a double-cav-
ity structure connected by an orifice with a small hole is used for safety and ease of installa-
tion. However, this design structure is prone to pressure piling, and in case of an explosion,
the pressure becomes considerably higher than thermodynamic calculation considered for the
structure during design [3-6]. A flameproof enclosure designed for normal pressure can be eas-
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ily destroyed. This explosion mechanism is a major risk in industry because of the presence of
flammable gases [7]. Therefore, the design of a flameproof enclosure for studying the influence
of orifice holes on the pressure piling of the flameproof enclosures with the double-cavity-con-
nected structure is critical.

Pressure piling is defined as ignition in one cavity or compartment of a shell, which
triggers an explosion of a pre-compressed gas mixture in the other cavity or compartment [2].
Numerous experimental and numerical studies on pressure piling have focused on a connected
device and considered the initial pressure, container-length-to-diameter ratio, and pipe diameter
as boundary conditions. Razus et a/. [8] studied connected devices consisting of cylindrical ves-
sels of volumes 1180 cm? and 170 cm?® and pipes of lengths 4.35 ¢cm (inner diameter: 3.0-8.3 cm)
and revealed that the pipe diameter was the primary factor affecting the explosion of the con-
nected device, and the explosion pressure increased with the decrease in the pipe diameter. Zhen
et al. [9] investigated the influence of the initial pressure on the explosion pressure of the con-
nected pipes using a connected device composed of spherical vessels with volumes of 0.113 m?
and 0.022 m? and two pipes of lengths 2 m and inner diameter 0.06 m. The experimental results
revealed that the explosion pressure increased linearly with the increase in the initial pressure.
Ogungbemide et al. [10] used connected devices composed of cylindrical containers with vol-
umes of 0.025 m*and 0.006 m?® and pipes of length 1.0 m (inner diameter: 0.04 m) to simulate
a coal dust explosion. They investigated the influence of the change of the aspect ratio (L/D) of
the main container on pressure piling. Numerical simulation was performed to reproduce the
four stages of a dust explosion in a closed connection system and the process of pressure piling.
In a subsequent experiment, Ogungbemide et al. [11] conducted numerical simulation investi-
gate the influence of the pipe bending angle on the pressure piling in the dust explosions of fully
enclosed interconnected vessels and revealed that pressure piling was most obvious when the
bending angle was 0 °C. With the increase in the bending angle, the maximum pressure value
and pressure rise rate decreased.

The pressure piling of flameproof enclosures is typically studied using experimental
methods. Kumar ef al. [12] studied two identical shells connected with a pipe diameter of 1.2
or 0.3 cm and revealed that the explosion of the second shell when the pipe diameter was 1.2
cm was larger than that when the pipe diameter was 0.3 cm. However, the maximum explosion
pressure rise time of the second shell exhibited the opposite trend. Krause et al. [13] studied
a flameproof enclosure under static and dynamic pressure conditions and revealed that when
pressure piling occurs, pressure and strain are not proportional. Under insufficient damping
of the mechanical load or if the load corresponding to the natural frequency of the enclosure,
dynamic stress is highly relevant. Munro et al. [14] studied flame propagation during pressure
piling at low temperatures. Although the International Electrotechnical Commision standard
states hydrogen to be used as an experimental gas, the designed sample experiment proved
that using hydrogen as an experimental gas was not feasible to prove non-detonation at low
temperatures. Therefore, ethylene was used as an experimental gas because of a higher proba-
bility of detonation at lower temperatures. Chen [15] investigated the wiring cavity effect on an
explosion pressure motor. The state of the rotation of a flameproof motor was analyzed for en-
hancing turbulence. Under heavy turbulence, the flame winding deformation could increase the
contact area of the reactant, speed up the flammable and non-flammable mixing, and intensify
the heat transfer and transport rate of the reactants. Furthermore, the propagation velocity of the
flame wave along the normal direction increased, and the explosion pressure value increased.

Numerous studies have focused on combustible material explosion during pressure
piling to solve practical engineering problems. However, most studies on pressure piling of
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flameproof enclosures have been conducted experimentally, few reports have focused on pres-
sure piling using numerical simulation of flameproof enclosures. Pressure piling is a complex
process, and recording the process experimentally is difficult. Numerical simulations can over-
come the drawbacks of the experimental method. Studies have revealed that instead of the
length of the connecting pipe, pressure piling is influenced by the volume ratio of the container
and the diameter of the connecting pipe. For a flameproof enclosure, for a given volume of
double cavity, the small hole of the orifice is the most critical factor for the pressure piling of
flameproof enclosures. However, this factor is yet to be investigated in existing literature. The
maximum explosion pressure, maximum rate of pressure rise, and the gas deflagration index are
crucial safety parameters for assessing the flammable hazards of chemical processes, designing
explosion-proof vessels, or designing vents [16]. In this study, numerical simulation was used
to study the influence of the diaphragm orifice diameter on the maximum explosion pressure,
maximum pressure boost speed, and maximum explosion index of a double-cavity-connected
structure flameproof enclosure during pressure piling. The results of the study can provide
considerable insight into the development of effective design paradigm flameproof enclosures.

Numerical simulation method
Physical model

Figure 1 displays the flameproof enclosure with a double-cavity-connected structure
used for study the influence of the diaphragm orifice diameter on the pressure piling of a flame-
proof enclosure. Two flameproof enclosures and an orifice with a small hole in the middle were
used for the study. Hexagonal bolts were used to connect the three parts. The volume of flame-
proof enclosure A, B, and C were 5.12 L and 10.23 L, respectively. The inner diameter for the
two flameproof enclosures was 161.5 mm, and the length ratio was 1:2. Six working conditions
with varying diameters were designed in the study. The diameter of the orifice hole in work-
ing conditions 1, 2, 3, 4, 5, and 6 were 10 mm, 15 mm, 20 mm, 25 mm, 30 mm, and 45 mm,
respectively. The orifice is displayed in fig. 2. According to the experimental parameters and
procedures specified in IEC 60079-1 ethylene was used as a typical explosive gas. Standard
ambient conditions of 100000 pa pressure, 293.15 K ambient temperature, and 40% humidity
were used. The flameproof shell was filled with 8 + 0.5% ethylene by volume to air at a standard
atmospheric pressure, and the premixed gas was ignited [1].

Gas supply Orifice Gas supply
X
Ignition source ;
Side 1 p= | O _ Pipe B L Side2 \ 7/
A ] . e N,
Pressure sensor S1 (P1) Pressure sensor 52 (P2) .
Figure 1. Flameproof housing configuration Figure 2. Orifice

Calculation domain

The parameters of the axial and radial directions of fluid changes are critical from
the perspective of an axisymmetric geometry structure. Therefore, domain modelling was per-
formed, and a 2-D axisymmetric model was used to divide the grid and perform numerical
simulations. The Boolean operation was used for dividing the grid into a structured grid, and
in the holes and flameproof shell near the wall boundary-layer encryption, a quadrilateral mesh
was used to divide the computing domain.
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The simulation grid was encrypted sever-
al times for verifying the independence of the
grid, and the results were compared with the ex-
perimental value. The grid division is displayed
in fig. 3. The maximum grid size was 1 mm, and
the grid size at the boundary-layer encryption
was 0.15 mm. A total of 77552 structured body
grids, 156029 surface grids, and 78748 nodes
were presented in the 2-D axisymmetric mod-
el. The overall mass was greater than 0.2 and
the aspect ratio was less than 100 (larger at the
boundary-layer), which satisfied the require-
Figure 3. Grid division of computing domain ments of high precision numerical simulation.

Boundary conditions

As displayed in fig. 1, flameproof enclosures 4 and B were filled with 8 +0.5% eth-
ylene by volume in relation air at the standard atmospheric pressure. The settings of the initial
conditions for the combustible gas are as follows. The ambient pressure was 1 bar, the ambient
humidity was 40%, and the ambient temperature was 283.15 K. For the six working conditions,
the ignition position was set in the middle of the end cover of flameproof enclosure A, and the
temperature was set to be 300 K. Monitoring points were set at the end cover of flameproof
enclosure A, the end cover of flameproof enclosure B, and the small hole of the flameproof en-
closure to monitor the pressure, temperature, and speed. The boundary conditions used in this
study are presented in tab. 1.

Table 1. The boundary conditions

Parameter Value
Fluid Ethylene
Ambient Humidity [%] 40
Ambient Temperature [K] 293.15
Ambient pressure [bar] 1.01
Temperature (fluid) [K] 293.15
Ignition temperature [K] 300
Wall surface Adiabatic

Model

The single-step reaction mechanism parameters of ethylene and air premixed gas
combustion are presented in tab. 2. Here, 4, is the Arrhenius pre-exponential factor, 7, — the
temperature coefficient, and E,, [Jkg 'mol '] — the activation energy.

Table 2. Single-step reaction model parameters

Reaction Al n, I
C,H, +30,=2CO0, + 2H,0 1.125-10% 0 1.256- 108

The transient 2-D axisymmetric model was used for numerical simulation. Here, the
k-¢ turbulence equation was divided into three models, namely the standard k-& (SKE) model,
the RNG £-¢ model and the reality-based realizable k-¢ (RKE) model, depending on the method
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of calculating viscosity, the Prandtl number controlling the turbulent diffusion, and the dissi-
pation term. Among these three models, the RKE exhibited the widest adaptability and most
accurate calculation.

The reality-based k-¢ (RKE) turbulence control equation:

o( pk
%+V(pku)=V[[y+&JVk:|+Gk—p&‘—YM (1)
Oy
o(pe) I & &’
\Y =V Ly C,.-—pC,——+C,.—C,.G
Py + (pgv) Ku+a€ sltpl,—p 2k+\/;e+ le 7 3 b ()

where p is the density, £ — the turbulence kinetic energy, » — the speed vector, u — the dynamic
viscosity, i, — the turbulent viscosity, ¢ — the turbulence dissipation rate, G, — the kinetic energy
of turbulence caused by the mean velocity gradient, Y,, — the effect of turbulent fluctuating ex-
pansion on the total dissipation rate, 4 — the dynamic viscosity, .= 1.2, C,, = 1.44, C, = 1.9, C;,
=1.92, and G, is the kinetic energy of turbulence caused by buoyancy.

Results and discussion
Verification of numerical simulation results

Because of limited experimental data in the literature on the effect of various dia-
phragm orifice diameters on the explosion parameters of the double-cavity connected structure
flameproof enclosure during pressure piling, the experimental data of Zhang et al. [5] were
compared with the numerical simulation results of ignition on the right side with the diaphragm
orifice diameter of 15 mm. The maximum explosion pressure reported by Zhang et al. [5]
was compared with the numerical simulation result, tab. 3, which revealed that the numerical
simulation result was slightly lower than the experimental value, which was attributed to the
deviation of the ethylene gas concentration and ignition energy. To verify the reliability of
numerical simulation, the numerical simulation explosion pressure curve was compared with
the experimental curve reported by Zhe ef al. [6], fig. 4. The maximum explosion pressure in
numerical simulation was 14.24 bar, and the maximum explosion pressure rising rate was 5.06
bar/ms. The maximum explosion pressure was 13.0 bar, and the maximum explosion pressure
rising rate was 5.2 bar/ms as reported by Zhe et al. [6]. The numerical simulation results were
consistent with the experimental results. Because the ignition delay time set in numerical sim-
ulation deviated from the experiment, the rise time of numerical simulation was later than that
of the experiment.

Table 3. Simulation results compared with experimental data from [S5]
Model [bar] Experimental [bar]

1 2 3 4 5
14.24 15.60 15.76 15.15 14.78 15.02

Pressure piling

The explosion process of connected structures implemented by Singh and Ogungbe-
mide was reproduced through numerical simulation [11, 17]. As displayed in fig. 5, in the initial
stage, through the partition of the connection of the two flameproof cavities, the initial pressure
of flameproof Chamber A and flameproof Chamber B was 1 bar. In the middle of the explosion
cavity in the left end cover of Chamber A after ignition, the flame propagated in a spherical
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Figure 4. Comparison of explosion pressure
curve correlation results for the numerical
simulation and experiments

100

shape in the direction of flameproof Chamber
A. During transmission, because of viscous re-
sistance [18], flameproof Chamber A exhibited
a flame front along the direction of flameproof
Chamber B. Thus, flame propagation was accel-
erated. As the pressure of flameproof chamber
A gradually increased, the generated pressure
difference promoted unburned gas to spread to
flameproof Chamber B before the flame through
the small hole of the orifice [19], and the gas
in flameproof Chamber B was compressed. At
this stage, the pressure of flameproof Chamber
B changed, and the pressure value was higher
than the atmospheric pressure. When the flame
reached the small hole of the orifice, the flame
was sprayed toward flameproof Chamber B

through the small hole in a jet form because the small hole disturbed the unburned combustible
gas, enhanced the turbulence intensity, intensified the combustion reaction, and increased the
combustion speed. The combustible gas in flameproof Chamber B burned rapidly [20], and the
pressure in flameproof Chamber B increased rapidly (the rising speed is considerably greater
than that of flameproof Chamber A), and soon exceeded the pressure in flameproof Chamber
A. Next, the flame in flameproof Chamber B propagated back toward flameproof Chamber A.
When the combustible gas in flameproof Chamber B was burned, some unburned combustible
gas was present in flameproof Chamber A.

Figure 5. Flame propagation structure at different simulation times

Analysis of explosion curve of flameproof enclosure A

A flameproof enclosure under various maximum explosion pressure and maximum
pressure rise speed, maximum explosion index, and maximum explosion pressure rise time is
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presented in tab. 4. When the orifice hole diameter range was 10-30 mm, the flameproof enclo-
sure of the explosion pressure increased with the increase in the hole diameter and maximum
pressure rise speed, and the maximum explosion index increased. The maximum explosion
pressure rise time decreased with the increase in the hole diameter. When the hole diameter of
the orifice was 30 mm, the explosion pressure of flameproof Chamber A was at the maximum,
the pressure rise speed was maximum, the corresponding maximum explosion index was max-
imum, and the maximum explosion pressure arrival time was the minimum. When the hole
diameter of the orifice was 45 mm, the explosion pressure of flameproof Chamber A was greater
than that of flameproof Chamber B, and the time required to reach the maximum explosion
pressure should be equal, which indicated that no pressure piling occurred.

Table 4. Explosion parameters of flameproof enclosure under different working conditions

Working Hole A :

conditions | diameters Po | (@p/dD)ne | Ko ‘) o Py | (@p/di)ne | Ko ‘) o
1 10mm | 5.66 | 1204 |29.93 | 47.0 | 100.2|8.96 | 963.4 |239.44| 93 | 80.5
2 ISmm | 6.19| 1642 | 4081 | 37.7 | 938 |9.09| 9774 |24291| 93 | 7255
3 20mm | 698 | 2614 | 6497 | 26.7 | 80.0 | 8.62| 836.9 |207.99 | 103 | 69.9
4 25mm | 7.46 | 4287 |106.55| 17.4 | 71.3 | 822 | 8059 | 20028 | 10.2 | 65.7
5 30mm | 7.69 | 7324 |182.01| 10.5 | 63.4 |8.39| 830.7 |206.45 | 10.1 | 60.1
6 45mm | 8.61 | 441.6 |109.73| 19.5 | 77.3 | 7.79 | 338.6 84.17 | 23.0 | 78.2

Figure 6 displays the curve of the explosion pressure of flameproof chamber A with
pressure piling. The small hole considerably affected the combustion of the combustible gas
in flameproof Chamber A. With the increase in the diameter of the small hole, the maximum
explosion pressure of flameproof chamber A also increased, and the time required to reach the
maximum explosion pressure increased because the larger the hole diameter, the smaller was
the surface area of the Orifice, the less heat loss was caused by combustion, and the greater was
the explosion pressure. The smaller the hole di-
ameter was, the less the combustion in cavity
A was affected by the combustion in cavity B.
The larger the hole diameter was, the greater
the reverse flow of gas in cavity A was [21].
With the influence of turbulence, the combus-
tion of the combustible gas in cavity A accel- 4+
erated and the time required to reach the maxi-
mum explosion pressure was shorter.

8 T T T T T T T T T

Pressure [bar]

The effect of the hole on the pressure 2r A d=15mm ]
of flameproof Chamber A should be consid- ik * o d=2mm ||
ered when designing the flameproof enclosure . j * d=30mm
because the maximum explosion pressure of 0 20 40 60 80 100 120 140 160 180 200
flameproof Chamber A reached 7.69 bar when Time [ms]

Figure 6. Explosion curve of flameproof

the hole diameter was 30 mm after the addition chamber A when pressure piling

of the orifice.
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Analysis of explosion curve of flameproof enclosure

Figure 7 displays the curve of the explosion pressure of the flameproof enclosure for
six working conditions. When the hole diameters were 10 mm, 15 mm, 20 mm, 25 mm, and 30
mm, the maximum explosion pressure of flameproof Chamber B was higher than that of flame-
proof Chamber A. The explosion pressure curve of flameproof Chamber A was gentler that that
of flameproof Chamber B, and the explosion pressure curve of flameproof Chamber B peaked,
which indicated that pressure piling occurred. When the diameter of the hole was 45 mm, the
pressure of flameproof Chamber B was close to that of flameproof Chamber A, and the pressure
curve tended to be consistent, which indicated that no pressure piling occurred.
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Figure 7. Explosive pressure curve of flameproof enclosure for different orifice hole diameters;
(a)d=10 mm, (b) d=1 mm, (¢) d =20 mm, (d) d =25 mm, (¢) d =30 mm, and (f) d =45 mm
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The figure reveals that with pressure pil- 20 ' ' ' -
ing, the initial pressure of the combustible gas
in flameproof Chamber B before ignition was
greater than the atmospheric pressure, which
resulted in pre-pressurization. The diameter
of the small hole considerably affected the ~a
maximum pressure ratio between flameproof - .
Chamber B and flameproof Chamber A, and
the pressure ratio between flameproof Cham- 08
ber B and flameproof Chamber A increased as
the diameter of the small hole decreased. When osr ‘ , , , ; i
the diameter of the hole was 10 mm, the differ- 5 10 15 20 25 30 35

. . Orifice [mm]

ential pressure ratio between the two chambers Figure 8. Explosive pressure ratio of
was the largest. The explosion pressure ratio is  flameproof Chambers B and A for
displayed in fig. 8. different hole diameters

The maximum explosion pressure, pressure rise speed, explosion index, rise time
of the maximum explosion pressure, and arrival time of the maximum explosion pressure of
flameproof Chamber B were analyzed under various working conditions. Table 4 reveals that
the maximum explosion pressure of flameproof Chamber B generally exhibited an upward
trend as the diameter of the small hole decreased. The maximum pressure rise speed and the
maximum explosion index also exhibited a rising trend because when the flame passed through
the small hole, the flame surface was elongated because of the obstruction of the orifice plate.
The smaller the aperture of the small hole was, the longer the flame stretched, the smaller the
flame passage was, the faster the acceleration was, the greater the turbulence intensity was [21],
and the earlier the time at which the maximum explosion pressure was reached. For the same
working conditions, the maximum pressure rise velocity and the maximum explosion index of
flameproof Chamber B were higher than those of flameproof Chamber A. The rise time of the
maximum explosion pressure and the arrival time of the maximum explosion pressure were less
than those of flameproof Chamber A. When the diameter of the hole was 15 mm, the maximum
explosion pressure of cavity B reached the maximum value, the maximum pressure rise speed
was the highest, the corresponding explosion index was also the highest, and the maximum
explosion pressure rise time was the shortest.

Pressure ratio
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Analysis of pressure piling mechanism

As mentioned, when the flame propagated through the orifice to flameproof Chamber
B, the initial pressure of explosion Chamber B was higher than that of the atmospheric pressure.
Additionally, the combustible gas within cavity B was compressed, and the flame sprayed under
a strong disturbance condition. The effect of the combination of the phenomena revealed that
for the flameproof enclosure combustion in B as the turbulence model, the explosion pressure
value for explosion Chamber B was considerably higher than thermodynamic values.

The ignition time and the pre-pressurization value of the combustible gas in flame-
proof Chamber B with pressure piling are presented in tab. 5. Tables 4 and 5 reveal that when
the diameter of the hole was 30 mm, the pre-pressurization value of flameproof Chamber B was
the highest, but the maximum explosion pressure of flameproof Chamber B was not the highest.
The pressure piling of flameproof Chamber B was caused by the combined action of preloading
and turbulence. Pre-pressurization and explosion strength are two primary mechanisms affect-
ing pressure piling [22].
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Table 5. Pre-pressurization values of flameproof
Chamber B with different hole diameters at ignition time

Working conditions | Hole diameters | Ignition time | Pre-pressurization values
1 10 mm 54.0 0.08
2 15 mm 50.0 0.12
3 20 mm 50.0 0.19
4 25 mm 45.0 0.18
5 30 mm 449 0.27

Pre-pressurization

Unburned gas-flowing from flameproof Chamber A to flameproof Chamber B through
the small hole in the baffle plate increased the initial pressure of flameproof Chamber B, which
ignited flameproof Chamber B at an initial pressure that was higher than the atmospheric pres-
sure, as displayed in figs. 7(a)-7(e). The initial pressure considerably influenced the explosion
pressure. With the increase in the initial pressure, the explosion pressure increased linearly, and
this linear relationship can be explained using the formula of the explosion pressure [23]:

p=lnp, o)
o'l
where P, is the maximum explosion pressure of the gas, P, — the initial pressure of the gas,
T, — the maximum temperature of the gas after the explosion, 7, — the initial temperature of the
gas, n,, — the number of moles of gas after the explosion, and n, — the number of moles of the
gas before the explosion.

According to eq. (4), the maximum explosion pressure was proportional to the initial

pressure, and the initial pressure increases, and the maximum explosion pressure also increased.

Turbulence intensity

As displayed in fig. 5, the flame was sprayed to flameproof Chamber B through the
small hole in a jet form, which disturbed the unburned combustible gas, enhanced the tur-
bulence intensity, and intensified the combustion reaction. When flameproof Chamber B was
ignited, eddy currents were generated, the flame spread into a turbulent flame, the combus-

20000 , , , , , tion speed was accelerated, and the explosion

T 17500 L oe, | pressure increased rapidly. Figure 9 displays
£ : the turbulent kinetic energy of the combusti-
§15000 1 ble gas combustion in flameproof Chamber B
& 12500 { at the ignition moment of flameproof Chamber
5 o0l 1S 1 B.Asdisplayed in fig. 9, when the hole diame-

i~ 9179.5 . .
° ter was 15 mm, the turbulent kinetic energy of
§ 71 1  the combustible gas combustion in flameproof
£ so00f 1 Chamber B was the highest, and the maximum
T sool v 1 explosion pressure of flameproof Chamber B
25 ] was the highest. The hole diameter was within
10 15 20 25 30 the range 15-30 mm. The turbulent kinetic en-

Orifice [mm] . .

ergy of combustible gas in flameproof Cham-
Figure 9. Turbulence kinetic energy at the hole ber B decreased, the chemical reaction time of

at ignition time for flameproof Chamber B

he combustibl incr nd the com-
under different working conditions the combustible gas increased, and the co

bustion speed increased.
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As mentioned, the explosion parameters of flameproof Chamber B were affected by
the pre-pressurization and turbulent kinetic energy at the ignition moment, and the pre-pres-
surization value of flameproof Chamber B at the ignition moment was related not only to the
compression effect of the combustible gas in flameproof Chamber A after ignition but also to
the fluid-flowing from flameproof Chamber B to flameproof Chamber A. Benedetto ef al. used
Br, to represent the ratio of the reaction time to the release time in turbulent combustion [22]:

Br =0.21 /ﬂﬁ# (5)
v, xV S,(Eo—l)

where E, is the expansion factor, y, — the specific heat ratio for the unburned fuel at initial condi-
tion, u — the discharge coefficient, x — the turbulence factor, 4 — the vent ratio (the tube section),
C, — the ambient sound speed, V' — the vessel volume, and S; — the laminar burning velocity at
ambient condition.

The larger the turbulence intensity, the higher is the value x is, the shorter is the gas
combustion time, the shorter is the corresponding release time, the smaller is Br, , and the higher
is the pressure peak value of flameproof Chamber B. Conversely, the peak pressure of flame-
proof Chamber B was lower.

Significance of industrial design

This study provided considerable insight into design of flameproof enclosures with
double-cavity-connected structures. The study revealed that pressure piling can be avoided by
changing the hole diameters of the orifice. The objective of this study was to ensure that no
pressure piling occurred in the flameproof enclosure when the flame-roof hole was 45 mm. In
industrial design, explosion-proof electrical manufacturers can finalize explosion-proof prod-
ucts using the results of this study. Furthermore, an effective double chamber connected struc-
ture of a flameproof enclosure can be designed. Thus, the study was separated into two indepen-
dent cavities to avoid pressure piling.

Conclusions

In this study, numerical simulation was performed to study the effect of small holes
on the flameproof enclosure of a double-cavity-connected structure. The influence of pressure
piling on the maximum explosion pressure, maximum pressure rise velocity, and maximum
explosion index was studied. The main findings of this study are as follows.

e The small hole between the two cavities of the double-cavity-connected structure of a flame-
proof enclosure increased the explosion pressure of flameproof Chamber A.

® The larger the diameter of the small hole was, the greater the explosion pressure of flame-
proof Chamber A was.

The pressure ratio between two cavities decreased with the increase in the hole diameter.

® For a double-cavity-connected flameproof enclosure, when the hole diameter was designed
with the appropriate value, pressure piling did not occur.

® Double-cavity-connected flameproof enclosures avoid pressure piling and were added to
reduce turbulence, which could be achieved by changing the hole diameter of the orifice.

e The small hole between the two cavities of the double-cavity-connected structure of a flame-
proof enclosure constituted a sufficient condition for the pressure piling. For a single cham-
ber flameproof enclosure, the arrangement of electrical components should avoid forming
small holes in the internal channel.
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Nomenclature

Br, — turbulent Bradley number, [—] P, - initial pressure, [bar]

(dp/df)ma — maximum rate of explosion t, —maximum pressure rise time, [ms]
pressure rise, [bars™] t,, — time to reach maximum pressure, [ms]

d - orifice hole diameter, [mm] V' —vessel volume, [L]

K.ax — explosion pressure index
=(dp/dt)pay < V'3, [barms™]
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