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Abstract: The overpressure characteristics of gasoline explosions in multi-branch pipes are caused by
various factors, with flame velocity as a particularly significant determinant. Overlooking the impact
of turbulent flow in the branch pipes can induce a significant discrepancy in the outcome when
using laminar flame velocity to determine the maximum rate of overpressure rise. To quantify the
impact of turbulent flame velocity on the rate of overpressure rise in the gasoline explosions within
branch pipes, the laminar flame velocity was replaced with its turbulent counterpart. Additionally,
modifications to the formula for calculating the maximum overpressure rise rate were implemented.
Then, experimental data of peak explosion overpressure and overpressure rise rate under different
numbers of branches were obtained. Finally, the empirical data were inputted into the modified
formula to determine the maximum rate of overpressure rise, thus enabling the calculation of
the turbulent flame velocity across varying numbers of branches. The findings reveal a positive
correlation between the number of branches and the turbulent flame velocity during tube explosions.
When the number of branch pipes increased from 0 to 4, the turbulent flame velocity was found to
range from 8.29 to 13.39 m/s. The increase in the number of branches did not consistently enhance
the turbulent flame velocity. As the number of branches increased from zero to three, the turbulent
flame velocity rose accordingly. Differently, as the number of branches exceeds three, the turbulent
flame velocity exhibits fluctuations and peaks at a level approximately 1.8 times higher. The research
method of this paper can provide a reference for estimating the turbulent flame velocity in the
combustion process of flammable gas explosions in multi-branch tunnels.

Keywords: gasoline–air mixture; branch tube; number of branches; turbulence factor; explosion
overpressure

1. Introduction

Explosions of combustible gas are a major hazard in both industrial production and
daily life. Of particular concern is the explosion of chemical gases, which has the potential
to cause severe casualties and property damage. Therefore, explosions of this type have
attracted considerable attention. To evaluate the damage caused by gas explosions and
improve the design of explosion-proof vessels, it is often necessary to assess various
parameters, including maximum explosion pressure, maximum pressure rise rate, and gas
explosion index KG [1–3]. These parameters are widely used in academic and industrial
settings. Nevertheless, the aforementioned parameters are significantly affected by the
initial conditions of combustion for the combustible mixture, including but not limited
to the initial temperature [4], initial pressure [5,6], container size [7] and geometry [8],
ignition energy [9] and position [10], and turbulence level [11]. Bauwens et al. [12] found
that the increase in turbulence caused by obstacles significantly enhanced the maximum
flame area, combustion rate, and external explosion overpressure. Arisova et al. [13]
conducted research on the pipe explosion pressure and flame velocity of branch tunnel
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discharge; their results indicated that the turbulence caused by the branch tunnel can cause
multiple different pressure peaks in explosion overpressure and that the flame velocity
increases with the distance between the branch tunnel and the ignition position. Similar
research conclusions were also found in a relevant study by Ponizy and Henneton [14].
Almerinda [15] analyzed the effect of ignition energy and ignition source on the deflagration
index and found that the deflagration index is independent of ignition energy and mainly
depends on turbulence. As indicated by Yan Ming [16] and Wang Kai [17], the initial
turbulence level is largely affected by the size and shape of the container.

In the context of subterranean oil caverns, oil pipes, and domestic natural gas pipes
characterized by a multi-branch configuration, the flame dynamics and overpressure
characteristics exhibited by the explosion of flammable gas differ from those observed in a
conventional confined space or container during a gas explosion.

Numerous studies [4,18] establish a close correlation between the behavior of explosion
flames and the overpressure characteristics of combustible gas in a branch-structured
tunnel. Moreover, the intensity of explosions in this context is higher compared to that
of gasoline in a confined space. A significant contributor to this phenomenon is a multi-
branch structure, which enables the propagation and development of flames and pressure
waves in multiple-branch tunnels. Consequently, multiple distinct flame fronts develop,
significantly increasing both the total area of flame and the rate of heat release. In turn, the
presence of a branch tunnel leads to multiple interacting pressure waves, which further
complicates the distribution and evolution of the pressure field within a confined space.
In the course of an explosion, a branch-structured tunnel has a significant impact on the
turbulence across the flow field. The explosion theory suggests that within a confined
container, a positive feedback mechanism exists, involving turbulence, flame velocity,
and overpressure [4]. Therefore, a significant characteristic shown by the explosion of
flammable gas within a tunnel comprising a complex network of branches is the close
correlation between turbulence, flame, and pressure wave phenomena. Recent incidents
caused by explosions in a confined space after the structural failure of gasoline branches
with great loss of life [18] serve as evidence of the aforementioned findings.

Gas explosions can be exacerbated by the factors that increase turbulence in the gas
flow within pipes, which causes a rising level of explosion-induced overpressure. There
have been many studies on the impact of turbulence on explosion intensity within tubes.
Li et al. [19] conducted an analysis of the different characteristics of flame variation and
overpressure in T-shaped pipe branches. This analysis combined experimental investi-
gation and numerical simulation. The findings of this study confirm the argument that
intensifying flame folding and turbulence in the T-shaped pipe branches leads to an in-
crease in explosion pressure. The study by Wang Hua et al. [20] examined the impact of
initial turbulence on methane–air explosions. According to the experimental results, initial
turbulence contributes to an increase in both the maximum explosion pressure and the
maximum rate of pressure rise. Additionally, the time to reach the maximum explosion
pressure was shortened and the presence of initial turbulence enhanced the explosive
intensity and destructive power of the methane–air mixture. According to the research
findings presented by Xie Yiyue [21], the explosion range for combustible gas (vapor) is
narrower in a turbulent state than in a macroscopic static state. Turbulence induces the
folding of the flame front, which leads to an indistinct boundary and a notable increase
in flame propagation velocity. The study by Jian Congguang and Lin Baiquan [22] indi-
cated the significant impact of the sudden change in pipe area on turbulence during gas
explosions. Abrupt increases or decreases in the cross-sectional area of the pipe give rise to
additional turbulence.

The objective of this study is to establish a correlation between the turbulent flame
velocity and the maximum rate of overpressure rise through a combination of theoretical
analysis and experimentation. On this basis, the turbulent flame velocity of gasoline
explosions in enclosed containers will be determined. The findings of this study are
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expected to support the assessment of damage caused by gasoline explosions, the design of
explosion-proof containers, and the implementation of safety measures for pipes.

2. Theoretical Estimation Method for Turbulent Flame Velocity

According to the research conclusions of Pu [23], Dahoe [24], and F. Cammarota
et al. [25], the formula for calculating the rise rate of the maximum explosive overpressure
of combustible gas in a vertical cylindrical vessel is

(
dp
dt

)
MAX

=
AV
V

SL(PMAX − P0)

(
PMAX

P0

) 1
γ

(1)

where AV is the maximum flame front area, m2; V is volume of explosive vessel, m3; SL is
the laminar flame velocity, m/s; PMAX is the peak explosion pressure, Pa; P0 is the initial
pressure, Pa; γ is the gas adiabatic index; and

(
dp
dt

)
MAX

is the peak boost rate, Pa/s.
The above formula shows that the maximum overpressure rise rate is related to the

shape and size of the container (i.e., AV and V), is proportional to the laminar flame velocity,
and is related to the peak overpressure and initial pressure. Wang et al. [17] and Li et al. [19]
found that a gas explosion experiment in an over-branching-structure vessel intensified
the explosive gas turbulence in the tube, thus leading to an increase in the explosion
overpressure rise rate. However, Formula (1) does not consider the influence of turbulence
level on the rate of overpressure rise. In fact, due to the short duration of laminar flow in
the process of a premixed gas explosion, most of the time is in a turbulent state, and the use
of laminar flame velocity to describe the impact on the rate of overpressure rise is bound
to bring a large deviation. Therefore, it is necessary to rewrite Formula (1) by replacing
laminar flame velocity with turbulent flame velocity. Based on this, Formula (1) is rewritten
as follows: (

dp
dt

)
MAX

=
AV
V

ST(PMAX − P0)

(
PMAX

P0

) 1
γ

(2)

where ST is denotes the turbulent flame velocity, m/s. According to Formula (2), it can be
calculated using the following formula:

ST =
V

AV(PMAX − P0)
(

P0

PMAX
)

1
γ

(
dp
dt

)
MAX

(3)

where V is the explosion vessel volume, m3; PMAX is peak explosion pressure, Pa; P0 is
initial pressure, Pa; and (dp/dt)MAX is peak pressure rise rate, Pa/s. These parameters
can be determined using experimental data, while the maximum flame front area AV and
gas adiabatic index γ can only be obtained via theoretical calculation. Therefore, through
Formula (3), the turbulent flame velocity in the gasoline–air explosion process of pipes with
different multi-branch structures can be calculated, and the relationship between the flame
velocity of turbulence and parameters such as the number and length of branch pipes can
be further discussed.

3. Experimental Methods and Data
3.1. Experimental Devices and Methods

In this study, the experimental set-up involved a combined test bench, a dynamic
signal acquisition system, a gasoline atomizing circulation system, a volume fraction test
system, and an ignition system, as illustrated in Figure 1.
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To maintain a constant total volume of the bench, the total length was set to 6 m. Figure 2 

shows the structures and the dimensions of the five test benches. 
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Figure 1. Composition of the experimental system.

The combined test bench primarily consisted of four steel square pipes in different
forms and lengths, including a 0.5 m straight pipe, a 1 m straight pipe, a 0.5 m length
straight pipe, a 1 m length straight pipe, a tee composed of a 1 m main pipe and a 0.5 m
branch pipe, and a tee composed of a 0.5 m main pipe and a 0.5 m branch pipe. These
pipes had a wall thickness of 10 mm and a cross-section size of 0.1 m × 0.1 m, with a round
hole opened around the square pipe for pressure sensor installation. According to the
experimental requirements, four types of square tubes were assembled through flanges,
and five types of test benches with 0, 1, 2, 3, and 4 branches, respectively, were constructed.
To maintain a constant total volume of the bench, the total length was set to 6 m. Figure 2
shows the structures and the dimensions of the five test benches.

The dynamic signal acquisition system consisted of a high-frequency dynamic pressure
sensor and a signal acquisition and analysis system. With six sensors installed on the test
platform (as shown in Figure 2), the accuracy level reached 0.25%FS, and the range was
0–1 MPa. During the experiment, pressure data were tested, and the system of dynamic
signal acquisition and analysis provided data on pressure changes.

Fire 2024, 7, 37 4 of 14 
 

 

 

Figure 1. Composition of the experimental system. 

The combined test bench primarily consisted of four steel square pipes in different 

forms and lengths, including a 0.5 m straight pipe, a 1 m straight pipe, a 0.5 m length 

straight pipe, a 1 m length straight pipe, a tee composed of a 1 m main pipe and a 0.5 m 

branch pipe, and a tee composed of a 0.5 m main pipe and a 0.5 m branch pipe. These 

pipes had a wall thickness of 10 mm and a cross-section size of 0.1 m × 0.1 m, with a round 

hole opened around the square pipe for pressure sensor installation. According to the ex-

perimental requirements, four types of square tubes were assembled through flanges, and 

five types of test benches with 0, 1, 2, 3, and 4 branches, respectively, were constructed. 

To maintain a constant total volume of the bench, the total length was set to 6 m. Figure 2 

shows the structures and the dimensions of the five test benches. 

    

(a) 

 

(b) 

Figure 2. Cont.



Fire 2024, 7, 37 5 of 14

Fire 2024, 7, 37 5 of 14 
 

 

 

(c) 

 

(d) 

 

(e) 

Figure 2. Scheme of combined test bench and position of transducers (i # pressure transducers). (a) 

Straight pipe, (b) straight pipe containing 1 branch, (c) straight pipe containing 2 branches, (d) 

straight pipe containing 3 branches, (e) straight pipe containing 4 branches. 

The dynamic signal acquisition system consisted of a high-frequency dynamic pres-

sure sensor and a signal acquisition and analysis system. With six sensors installed on the 

test platform (as shown in Figure 2), the accuracy level reached 0.25%FS, and the range 

was 0–1 MPa. During the experiment, pressure data were tested, and the system of dy-

namic signal acquisition and analysis provided data on pressure changes. 

The gasoline atomizing circulation system consisted of an oil storage bottle, a vac-

uum pump, an ultrasonic atomizer, a pipe, and a three-way ball valve. Gasoline vapor 

was generated by the ultrasonic atomizer and pumped into the test bench. The volume 

Figure 2. Scheme of combined test bench and position of transducers (i # pressure transducers).
(a) Straight pipe, (b) straight pipe containing 1 branch, (c) straight pipe containing 2 branches,
(d) straight pipe containing 3 branches, (e) straight pipe containing 4 branches.

The gasoline atomizing circulation system consisted of an oil storage bottle, a vac-
uum pump, an ultrasonic atomizer, a pipe, and a three-way ball valve. Gasoline vapor
was generated by the ultrasonic atomizer and pumped into the test bench. The volume
concentration of oil vapor was measured using an infrared gas concentration tester. After
the target concentration was reached, the three-way valve was adjusted for gas circulation
to evenly distribute the gasoline in the test bench. Figure 3 shows the system’s structure.
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Figure 3. Gasoline atomizing circulation system. (a) Specific structure: 1. oil storage bottle; 2. pipe;
3. three-way ball valve; 4. oil storage bottle; 5. ultrasonic atomizer. (b) Photo of the gasoline atomizing
circulation system.

A high-energy non-interference ignition mode was adopted for the ignition system,
with the initial energy of the gasoline explosion provided through a high-energy arc spark.

The initial conditions of the experiment were as follows: the initial temperature was
293 K, the initial pressure was 101 kPa, and the ignition energy was 5 J. No. 92 gasoline
was the experimental object; its performance parameters are detailed in Table 1. The
explosion characteristics of gasoline are more pronounced within the range of gasoline
volume fraction from 1% to 2.7%, with the most evident effects observed between 1.2% and
1.6%. Therefore, the experimental concentration of gasoline was set at 1.2%.

Table 1. Main properties of the 92 RON unleaded gasoline.

Initial Condition Value of Initial Parameter

Lower flammable limit (v %) 1.0
Octane rating 92

Specific gravity 0.725
Upper flammable limit (v %) 2.7
Average molecular formula C8.1H14.05

Average heating value (kJ/kg) 44,000

The experiment involved three major parts: gasoline premix, ignition experiment, and
data acquisition. In the initial phase of oil–gas mixing, the gasoline–air mixture was injected
into the experimental pipe through a gasoline atomization system, with the concentration
of gasoline measured simultaneously. Once the required concentration was reached, the
gasoline atomization system transitioned into the circulation process and lasted 2 min to
ensure a thorough and even mixing of gas and air in the pipe. When the premixed gas was
stabilized, the gas circulation system was switched off for 30 s. Subsequently, the control
ignition system and the pressure acquisition system were activated simultaneously to collect
the relevant experimental data. To ensure objectivity and repeatability, the experiment
was conducted three times under the same working conditions, and the average of these
experiments was analyzed to examine the change in overpressure load.

3.2. Acquisition of Experimental Data

Figures 4 and 5 show the impact of varying branch numbers on the sequence of
explosion overpressure and boost rate. Obviously, as the number of branches increases,
there is a significant rise in both explosion overpressure and pressure boost rate, suggesting
a positive influence of pipe branches on the explosion overpressure. Figure 6 illustrates
the variations in peak overpressure, the time at which the peak overpressure is reached,
and the pressure boost rate with different branch numbers. Additionally, it is evident that
the maximum boost rate is higher when branching occurs. In general, as the number of
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pipe branches increases, both the peak explosion overpressure and pressure boost rate first
increase and then decrease. However, it is worth noting that a larger number of branches
is correlated with a more significant positive effect. The use of a branch pipe amplifies
such phenomena as diffracting, superposition, and excitation associated with the explosion
wave generated by the combustion of gasoline and air.
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Figure 6. Peak overpressure and overpressure rising rate of different branches. (a) Peak value and
time of overpressure. (b) Peak rate of overpressure rise.

According to Figures 4–6, the peak values of overpressure and boost rate can be
extracted from the experimental values, as shown in Table 2.

Table 2. Peak values of overpressure and boost rate under different working conditions.

Branch Number Overpressure Peak Value
(kPa)

Peak Boost Rate
(kPa·ms−1)

0 396.00 4.54
1 416.53 9.93
2 542.19 25.41
3 613.74 34.39
4 474.89 20.04

4. Theoretical Calculation of Other Data
4.1. Maximum Flame Front Area

Christophe et al. [26] pointed out that the progression of gas explosion flame prop-
agation in a narrow confined space can be divided into three typical processes: (1) the
formation of a hemispherical flame at the initial ignition stage; (2) the axial stretching of the
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flame, which forms a finger flame; and (3) the deformation of the flame surface into a tulip
flame. An analysis of these stages allows for the determination of the maximum flame front
area. In the first stage, the premixed combustible mixture is ignited by an electric spark
from the ignition electrode, and the flame zone extends in all directions. At this time, the
flame range is small, and the wall influence is negligible. An idealized flame front in a pipe
has the shape of a half sphere, and the area is calculated according to

AV = 2πa2 = 2 × π × 0.12 = 0.063 m2 (4)

In the second stage, with the axial stretching of flame, the flame front became a finger,
referred to as the finger phase. At this point, the flame front maintains a basic half-spherical
shape along the axial forefront, and in the radial transmission, cold collisions occur as the
flame contacts the wall surface. If the container shape remains constant, the maximum
flame front area at this stage is identical to that of the first stage. However, in the case of an
experimental vessel configured as a multi-branch pipe, an increase in channel area leads to
a larger flame area when the flame propagates to the branch. Therefore, the relationship
between the maximum flame front area and the number of branches can be approximated.

In the third stage, with the continued spread of flame, due to the return air flow
instability and fluid mechanics, the influence of the flame front, initially outward spher-
ical, gradually transforms into a flattened shape with a sagging center. This transforma-
tion occurs with a short duration, based on [5], when the explosion total time reached
1.29 times the wall time fireside, a twisted flame occurred and formed a tulip flame. As
can be seen from Figure 4, both the explosion overpressure and the pressure boost rate
reach their peaks in a very short duration of the explosion. Therefore, in the pipe, the tulip
flame exerts little influence on the key parameters of explosion and can be ignored, and
the maximum flame front area of this stage is the same as that of the first stage. The above
analysis is for a straight pipe; however, because the experimental vessel is a multi-branch
pipe, the increase in the channel area will lead to an increase in the flame area when the
flame propagates to the branch. When the flame propagates to the branch pipe, the area of
the flame front will approximately double. Therefore, for a single branch pipe (Figure 2b),
the maximum flame front area is

AV,1 = 0.063 × 2 = 0.126 m2

For pipes with two, three, and four branches (Figure 2c–e), the distance between
adjacent branch pipes is greater than or equal to the length of each branch pipe. Therefore,
when the flame front propagates to the next branch pipe, the flame in the previous branch
pipe has already spread to the bottom of the branch pipe and been extinguished. It can
be approximated that when there are two, three, or four branches, the maximum flame
area throughout the explosion process is still twice the maximum flame area of a straight
pipe (Figure 2a), which is equal to the maximum flame area when there is one branch, at
0.126 m2.

In summary, for a straight pipe without any branching, the maximum flame front area
is 0.063 m2. When there are one, two, three, or four branch pipes, the maximum flame area
is always 0.126 m2.

4.2. Laminar Flame Velocity and Gas Adiabatic Index

Metghalhi and Kech [27] carried out a series of experiments in the combustion cham-
bers of reciprocating internal combustion engines and gas turbines and determined the
formula for calculating laminar flame propagation velocity of fuel–air mixture through
experiments:

SL = SL,re f (
Tu

Tu,re f
)

γ

(
P

Pu,re f
)

β

(5)
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where the subscript ref is the value of the reference state (101 kPa, 293 K), γ is the adiabatic
index, and β is the pressure index. When the temperature Tu < 350 K for the unburned
mixture in Formula (5), the laminar flame velocity can be simplified as

SL = CM + C2(Φ − ΦM)2 (6)

where Φ is the chemical equivalent ratio of combustible gas. CM, C2, and ΦM are constants
determined by the type of combustible gas and are given in Table 3.

Table 3. ΦM, CM, C2 of different combustible gases.

Combustible Gas ΦM CM (cm·s−1) C2 (cm·s−1)

Methanol 1.11 43.70 −157.22
Propane 1.08 40.11 −186.48
Isooctane 1.13 33.72 −110.82

RMFD-303 1.13 35.58 −140.45

In this study, No. 92 gasoline was selected in the experiment, and the volume concen-
tration of gasoline–air was 1.2%. For the convenience of calculation, No. 92 gasoline was
replaced with isooctane. According to Li’s study [6], the adiabatic index and pressure index
of gas are functions of the chemical equivalent ratio of combustible gas, expressed as

γ = 2.18 − 0.8(Φ − 1) (7)

β = −0.16 + 0.22(Φ − 1) (8)

Zhang Peili et al. [28] analyzed the relationship between the equivalent ratio of gasoline
combustion and volume fraction in the literature. According to the analysis conclusion of
the literature, the chemical reaction formula of isooctane combustion in air is as follows:

C8H18 + 12.5(O2 + 3.76N2) = 8CO2 + 9H2O + 47N2 (9)

The stoichiometric air–fuel ratio is:

(
A
F
)

stoic
= (

mair
m f uel

) =
12.5 × 4.76Mrair

Mr f uel

=
59.5Mrair

Mr f uel

(10)

And

Φ =
( A

F )stoic
A
F

=
59.5Mair/M f uel

nair Mair/nair M f uel
= 59.5

n f uel

nair
(11)

According to the gas state formula, under the same temperature and pressure condi-
tions,

Φ =
( A

F )stoic
A
F

= 59.5
n f uel

nair
= 59.5

Vf uel

Vair
= 59.5

Yf uel

Yair
= 59.5

Yf uel

1 − Yf uel
(12)

According to the above formula, when the oil/gas volume fraction Yfuel = 0.012, the
oil/gas chemical equivalent ratio is

Φ = 59.5
Yf uel

1 − Yf uel
= 0.72

The gas adiabatic index and pressure index are

γ = 2.18 − 0.8(Φ − 1) = 2.4

β = −0.16 + 0.22(Φ − 1) = −0.22
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According to Table 2, the laminar flame velocity of isooctane can be calculated using
Formula (6):

SL = 33.72 − 110.82 × (0.72 − 1.13)2 = 15.09 cm/s

5. Turbulent Flame Velocity Estimation Results and Discussion

By substituting the experimental data and theoretical calculation data obtained under
the above working conditions into Formula (3), the turbulent flame velocity can be calcu-
lated in different working conditions. The calculation results are shown in Table 3, where
the branch number of 0 represents the working condition of the straight vessel.

The data in Table 4 are plotted in Figure 7.

Table 4. Turbulence factors under different conditions.

Branch Number Turbulent Flame
Velocity (m/s)

Laminar Flame
Velocity (m/s) ST,i/SL,i ST,i/ST,0

0 8.29 0.15 54.94 1.00
1 8.32 0.15 55.04 1.01
2 13.62 0.15 90.23 1.64
3 15.06 0.15 99.80 1.82
4 13.39 0.15 88.74 1.62
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Figure 7. Scatter diagrams of turbulent flame velocity under different numbers of branches.

The analysis shown in Figure 7 reveals a notable increase in turbulent flame velocity
compared to the laminar flame. Additionally, the turbulent flame exhibits exponential
growth during the explosion as the number of branches increases. When the number of
branches is one, the turbulent flame velocity is basically equivalent to that of the straight
tube as the overpressure rate and flame area are synchronous. However, as the number
of branches continues to rise to three, the influence of the overpressure rate exceeds that
of the flame area, with a substantial increase in turbulent flame velocity of up to 1.8 times.
However, beyond the number of three branches, the turbulent flame velocity begins to
decline. Existing literature examines the correlation between flame velocity in gasoline
explosions across multiple branches and the number of branches. According to these
studies, an increase in the number of branches does not necessarily result in a proportional
increase in flame velocity [29]. Instead, the flame velocity decreases when the number of
branch tunnels exceeds a specific threshold.

The escalation in turbulence during the branch pipe explosion process is mainly
attributed to the propagation of the flame into the branch. At this stage, the flame front
undergoes serious creasing, bending, and deformation, which results in an expanded
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burning area of gas flame, which, in turn, enhances the entrainment effect of mixed gas and
increases the combustion reaction rate, accelerating the active substances’ involvement in
combustion reaction and enhancing the heat transport rate. As a result, the flame travels at
a faster velocity, giving rise to a rise in the intensity of the compression wave generated by
the explosion. Meanwhile, the precursor shock wave effectively compresses and preheats
the unburned gas in front of the flame, causing a significant disturbance in the airflow. This
disturbance contributes to an increased gradient in the flow field and further amplifies the
combustion rate and turbulent kinetic energy. From the perspective of hydrodynamics, as
the number of branches increases from 0 to 3, the increase in the turbulent flame velocity
caused by increased turbulence is greater than the decrease in the turbulent flame velocity
caused by heat loss from the flame to the pipe wall. Therefore, the overall effect is an
increase in the turbulent flame velocity. However, when the number of branch tunnels
becomes four, the increase in the turbulent flame velocity caused by increased turbulence
is less than the decrease in flame velocity caused by heat loss from the flame to the pipe
wall. As a result, the overall effect is a decrease in turbulent flame velocity. This may be the
primary reason for the observed decrease in the turbulent flame velocity when the number
of branches reaches four, as shown in Figure 7.

6. Conclusions

In order to quantitatively estimate the turbulent flame velocity of a gasoline vapor
explosion in a multi-branch pipe, a formula that can quantitatively calculate the turbulent
flame velocity was first obtained through theoretical analysis, and then other overpressure
parameters were obtained through experiments. Finally, the turbulent flame velocity of the
gasoline vapor explosion process in a multi-branch pipe was quantitatively calculated and
analyzed. The main conclusions of this present paper can be summarized as follows:

1. The current formula for the maximum overpressure rise rate does not take into account
the influence of turbulence, which inevitably leads to deviation when this formula is
applied to multi-branch-structured pipe. Considering the influence of turbulence, it is
feasible to estimate the turbulent flame velocity of explosions in multi-branch pipes
by modifying the formula.

2. Compared with straight pipelines, the turbulent flame velocities of explosions in pipes
with one, two, three, and four branches are 1.01, 1.64, 1.82, and 1.62 times higher than
those in a straight pipe.

3. The turbulent flame velocity increases from 8.29 to 15.06 m/s as the number of branch
pipes increases from 0 to 3. However, an increase in the number of branch pipes
does not always lead to an increase in turbulent flame velocity. When the number of
branches increased from three to four, the turbulent flame velocity decreased from
15.06 to 13.39 m/s.

Notably, the turbulent flame velocity determined in this study represents the approx-
imate turbulent flame velocity in a multi-branch pipe during the gasoline–air explosion
process. The occurrence of complex structural pipe explosions caused by overpressure
during the gasoline–air process is influenced by various factors, including the rate of
heat release from fire and the rate of heat loss from solid boundaries. Consequently, it is
necessary to conduct a thorough evaluation of the collective impact of these factors on
the characteristics of overpressure. Despite the challenges in quantifying the velocity of
turbulent flames during gasoline–air explosions within an enclosed container, the research
methodology and findings presented in this paper remain useful for investigations into the
overpressure characteristics of gas explosions in enclosed containers.
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