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To explore the influencing factors of explosion accidents caused by gasoline leakage 

in a confined space, the effects of ignition delay time, ignition energy, initial 

pressure, initial temperature and mass concentration on gasoline vapor explosion 

pressure and flame propagation velocity were investigated using a 20 L spherical 

explosion vessel. The dynamic explosion temperature distribution of gasoline vapor 

was mapped by the colorimetric thermometry, and the results demonstrated that the 

optimal ignition delay time, ignition energy and mass concentration of gasoline 

vapor in the confined space were 100 ms, 100 J and 160 g/m3, respectively. When 

the initial pressure was 0.11 MPa, the deflagration pressure of gasoline vapor 

explosion reached the maximum of 1.08 MPa. The influence of the increasing initial 

temperature on the maximum explosion pressure rise rate of gasoline was greater 

than that on the explosion pressure and combustion duration. When the mass 

concentration of gasoline vapor was 160 g/m3, the flame propagation velocity and 

average temperature both obtained their maximum values of 1.23 m/s and 2271 K, 

respectively. The research results were conductive to reveal the mechanism of 

explosion accidents caused by gasoline leakage in a confined space, and may 

provide theoretical guidance for safe storage and transportation of gasoline. 
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1. Introduction 

Gasoline is one of the basic fuels for national industrial construction and widely used in transportation 

and energy exploitation. However, gasoline belongs to flammable liquid fuels, and there are many possibilities 

of accidental explosions in the processes of its processing, storage and transportation. When gasoline explodes, 

a large area of high temperature and high pressure will be formed along with large amounts of oxygen being 

consumed, which poses a major threat to the safety of personnel and properties. Therefore, the prevention and 

control of gasoline explosion accidents in the confined space are still urgent problems that need to be solved 

[1, 2]. The explosion characteristic parameters (lower explosion limit, explosion pressure, explosion pressure 

rise rate, etc. ) of combustible materials are important indicators to characterize their deflagration hazards [3, 

4]. The main factors affecting the explosion characteristics of low boiling point flammable liquids are ignition 

delay time, ignition energy, initial pressure, initial temperature and mass concentration. Studying the 
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explosion characteristic parameters of low boiling point flammable liquids with varying influential factors 

would provide theoretical basis for guaranteeing their safe storage and transportation as well as formulating 

explosion protection measures. 

Heilmann et al. [5] deeply studied the influence of ignition delay time on the explosion characteristics of 

acetone, and found that the explosion pressure of acetone vapor would be greatly improved with the optimal 

ignition time. Through studying the effect of ignition energy on lean burn of gasoline engine, Shen et al. [6] 

demonstrated that the increase of ignition energy was beneficial to the efficient utilization of gasoline energy 

in gasoline engine. Liu et al. [7] studied the explosion characteristics of propane-diluent-air mixture under 

different initial pressures using a 20 L explosion vessel, and found that the explosion limit of the mixture 

increased with initial pressure. Liu et al. [8] analyzed the effect of initial oil temperature on the mixed 

combustion flame of microalgae oil-aviation kerosene and discovered that the increase of initial oil 

temperature would enhance the combustion rate of the mixed material, while the increasing initial pressure 

had a negative effect on it. Shi et al. [9] found that mass concentration would seriously affect the flame 

propagation characteristics of methanol, and combustion was the most violent as the optimal mass 

concentration was achieved. The previous studies provided experimental ideas and research methods for 

exploring gasoline explosion characteristics, and it is feasible to reveal the disaster-causing mechanism of 

gasoline leakage explosion by analyzing the factors that affect gasoline deflagration characteristics. 

In recent years, there are relatively very few experimental studies on the combustion and explosion 

characteristics of gasoline vapor, but mainly focus on theoretical analysis or numerical simulation of gasoline 

vapor explosions [10-12]. In this study, gasoline fuel was used as the research object, and the gasoline vapor 

explosion process was simulated by a 20 L liquid explosion vessel equipped with pressure sensors and a high-

speed camera. The vapor explosion characteristics of gasoline fuel with different ignition delay time, ignition 

energy, initial pressure, initial temperature and mass concentrations were studied, and the flame temperature 

distribution of gasoline was reconstructed by the colorimetric thermometry. The research results would be 

helpful to reveal the disaster-causing mechanism of gasoline vapor in a confined space. 

2. Experimental materials and apparatus 

2.1 Experimental materials 

The gasoline fuel used in the experiment was 92
#
 gasoline (92 vol.% Isooctane, 8 vol.% n-heptane) 

produced by China National Petroleum Corporation. Air (21 vol.% O2 + 79 vol.% N2, 99.9 vol.% purity) and 

nitrogen (N2, 99.9 vol.% purity) were supplied by Hefei Henglong Electric Co., Ltd., China. 

2.2 Experimental apparatus. 

The facilities used in the experiment were a 20 L spherical explosion vessel (Jilin Hongyuan Scientific 

Instrument Co., Ltd., China), a liquid heating device (Jiangsu Xiaoxin Thermal Energy Technology Co., Ltd., 

China), and a programmable logic controller (PLC, Foshan Sensitive Control Technology Co., Ltd., China). 

As shown in Fig. 1, the liquid fuel explosion test system was mainly composed of 20 L spherical explosion 

vessel, fuel spray nozzle, ignition electrode, oscillograph and synchronous control system. There were two 

symmetrical observation windows with a diameter of 14 cm in the 20 L spherical explosion vessel, which was 

convenient for the high-speed camera (Memrecam HX 3, NAC, Japan) to record the flame shape. The fuel 

spraying system was mainly composed of two dispersion nozzles, two 70 mL fuel storage tanks, two 

electromagnetic control valves, two 1.5 L gas storage tanks and two high-pressure gas cylinders. The ignition 



system was mainly composed of two pure tungsten electrodes with a gap of 1.5 mm and a spark generator. 

The spark generator used in the experiment discharged through a continuous pulse circuit. The data 

acquisition system consisted of a PCB pressure sensor (PCB 113B24, USA) and an oscilloscope (Teledyne 

Lecroy, HDO4034, USA). The explosion overpressure signal was received by the pressure sensor and 

recorded by the oscilloscope. The synchronous control system had a programming logic controller, which was 

used to control the fuel spraying time, ignition delay time and ignition energy. Before ignition, the gas storage 

tanks were filled with 0.8 MPa air, and the fuel spray time was set as 50 ms to ensure that the liquid could be 

fully blown into the spherical tank [13]. Each sample was measured at least three times to minimize the 

experimental error. 

 

Figure 1. Liquid fuel explosion test system 

3. Results and discussion 

3.1 Characteristic parameters of gasoline vapor explosion 

 

Figure 2. Typical liquid explosion pressure change curve and related definition. 



The deflagration characteristics of flammable vapors in confined space can be explained by relevant 

pressure and time parameters [14]. Fig. 2 is the time history curve of gasoline vapor explosion pressure, which 

shows that there is a “fluctuation” in the initial stage of pressure rise. The reason for this phenomenon is the 

action of high-pressure gas in the process of fuel spraying, and the moment of the fluctuation appearing is 

defined as the spraying starting. Then, there is a platform area in the pressure curve before the explosion 

pressure begins to rise, and the time period corresponding to the platform is consistent with the ignition delay 

time of this experiment. Therefore, the time when the pressure begins to rise is determined as the ignition 

timing. The peak point of the curve is defined as the peak pressure (Pmax) of the fuel. The time interval 

between the ignition time and the corresponding time of the peak pressure (Pmax) is defined as the combustion 

duration (Td). The difference between the peak pressure and the pressure at the ignition time is defined as the 

maximum explosion pressure (ΔPmax). After ignition, the maximum slope of the curve during the rise of 

gasoline explosion pressure is defined as the maximum rate of explosion pressure rise (dP/dt)max. 

3.1.1 The influence of ignition delay time 

 

Figure 3. Gasoline explosion parameters under different ignition delay time conditions 

Ignition delay time is the time interval between the end of gasoline fuel spraying and the ignition time. In 

the experiment, the fuel spraying time was set to 50 ms, and the gasoline vapor with a mass concentration of 

160 g/m
3
 was selected. The effects of different ignition delay times (60, 80, 100, 120, 140 and 160 ms) on the 

maximum explosion pressure ( ΔPmax ), the maximum pressure rise rate ((dP/dt)max) and the combustion 

duration (Td) were studied. 

Fig. 3 displays the parameters of gasoline explosion under different ignition delay time. It can be seen 

from the figure that, with the increase of ignition delay time, the maximum explosion pressure and the 

maximum pressure rise rate of gasoline vapor increased at first and then decreased, and reached the maximum 

of 1.05 MPa and 57.2 MPa/s, respectively, when the ignition delay time was 100 ms. However, the change 

trend of combustion duration was opposite, reaching the minimum of 26.5 ms when the ignition delay time 

was 100 ms. Gasoline droplets were injected into the container through high-pressure air to form a vapor-

droplet mixture, which undergone a series of processes such as crushing, dispersion, aggregation and 

precipitation in the container. The influence of ignition delay time on the explosion was reflected in the 

uniformity of gasoline cloud dispersion. When the ignition delay time was less than 100 ms, the gasoline 



cloud was mixed unevenly. The smaller the ignition delay time was, the greater was the turbulence caused by 

the high-pressure air in the container. Turbulence will cause gasoline droplets to accumulate in some areas of 

the container, which will also lead to uneven dispersion of clouds [15]. As the ignition delay time exceeded 

100 ms, the dispersion time lasted longer, and the collision between droplets increased, which accelerated the 

evaporation rate of droplets and reduced turbulence [16]. At the same time, due to the effect of gravity, the 

sedimentation of droplets was more obvious [17]. Due to the above reasons, the actual concentration of 

gasoline cloud was lower than the theoretical concentration, resulting in a decrease in the value of explosion 

characteristic parameters [18]. 

3.1.2 The influence of ignition energy 

Ignition energy refers to the energy that can trigger the chemical reaction of gasoline fuel combustion. 

Changing the ignition energy will also affect the ΔPmax and (dP/dt)max of gasoline vapor explosion [19]. In the 

experiment, according to the conclusion of section 3.1.1, the ignition delay time was set to 100 ms, and the 

changes of combustion and explosion characteristic parameters of 160 g/m
3
 gasoline vapor under eight 

different ignition energies (40, 60, 80, 100, 120, 140, 160 and 180 J) were studied. 

 

Figure 4. Gasoline explosion parameters under different ignition energy conditions. 

Fig. 4 displays that with the increase of ignition energy, the ΔPmax and (dP/dt)max values of gasoline fuel 

increased firstly and then fluctuated gently. The values of ΔPmax and (dP/dt)max  reached leveling-off point of 

1.05 MPa and 57.23 MPa/s, respectively, when the ignition energy was 100 J .However, Td values showed a 

trend of decreasing initially and then fluctuating gently, reaching the turning point of 26.5 ms when the 

ignition energy was 100 J. According to the analysis, the ignition energy was a major factor affecting the 

initiation process of gasoline vapor. When the ignition energy was less than 100 J, with the increase of 

ignition energy intensity, the initial heat of spark increased, causing more gasoline droplets to participate in 

the initial reaction, resulting in larger values of ΔPmax and (dP/dt)max. When the ignition energy exceeded 100 J, 

since the mass concentration was fixed, the initial vapor volume that the ignition energy could ignite was 

close to the peak value. Continuing to increase the ignition energy would not have a significant impact on the 

combustion and explosion parameters. The fluctuation of the parameters in the later stage was caused by the 

slight difference in the cooling effect (heat loss) of the steel vessel wall in each experiment [20]. 



3.1.3 The influence of initial pressure 

In the process of transportation and storage, the tank would leave a certain gas space for the gasoline fuel. 

With the volatilization of gasoline in the interior, the internal pressure of the confined space would increase, 

which may lead to an accidental explosion. Previous studies had pointed out that the volume ratio of gasoline 

volatiles could be reduced by adding inert gases to the confined space to suppress accidental gasoline 

explosion [21]. However, the addition of inert gas also increased the initial pressure of gasoline fuel in the 

tank, which had a certain impact on the transportation and storage of gasoline. Therefore, in order to study the 

effect of initial pressure on the combustion and explosion characteristics of gasoline, this study changed the 

initial pressure (0.10-0.30 MPa) in the 20 L spherical explosion vessel by filling it with different volume 

fractions of N2, while keeping the oxygen content in the system unchanged. 

Tab. 1 shows the test results of gasoline vapor explosion with the mass concentration of 160 g/m
3
 under 

different initial pressures. The initial pressure of the 20 L spherical explosion vessel increased with the 

increasing volume fraction of N2, and meanwhile the proportion of O2 in mixed gases decreased, which led to 

the ignition of gasoline fuel more difficult [22]. When the initial pressure was in the range of 0.10-0.14 MPa, 

the gasoline vapor could undergo a deflagration reaction. When the initial pressure was 0.15 MPa, the 

gasoline vapor could not be stably ignited. When the initial pressure continued to increase (in the range of 

0.16-0.30 MPa), the gasoline vapor could not be ignited. In summary, the limit initial pressure (i.e., the 

maximum initial pressure when the gasoline vapor can be stably ignited) of gasoline vapor explosion was 

defined as 0.15 MPa.  

Table 1. Continuous test results of limit initial pressure of gasoline explosion. 

Serial 

Number 

N2 Volume 

Fraction 

(vol.%) 

Initial 

Pressure 

(MPa) 

Experimental Times 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 

1 80.0 0.10 √ √ √ √ √ 

2 81.8 0.11 √ √ √ √ √ 

3 83.3 0.12 √ √ √ √ √ 

4 84.6 0.13 √ √ √ √ √ 

5 85.8 0.14 √ √ √ √ √ 

6 86.7 0.15 √ × × √ × 

7 87.5 0.16 × × × × × 

8 90.0 0.20 × × × × × 

9 92.0 0.25 × × × × × 

10 93.3 0.30 × × × × × 

Fig. 5 displays that the values of ΔPmax and (dP/dt)max of gasoline explosion increased at first and then 

decreased with the rise of initial pressure, reaching the maximum of ΔPmax=1.08 MPa and (dP/dt)max=75.86 

MPa/s when the initial pressure was 0.11 MPa. However, Td decreased firstly and then increased with the rise 

of initial pressure, and reached the minimum value Td =22.7 ms when the initial pressure was 0.11 MPa, 



where the volume fraction of N2 was 81.81%. This was because when the initial pressure was less than 0.11 

MPa, the increase of the initial pressure would accelerate the chemical reaction ratio, which had a positive 

effect on the combustion and explosion of gasoline vapor, enhancing the explosion pressure. When the initial 

pressure was greater than 0.11 MPa, the volume ratio of N2 continued to increase, and the inhibition effect on 

the contact between gasoline vapor and O2 molecules in the tank was gradually prominent and dominant, 

which had a negative effect on the combustion and explosion of gasoline vapor, and the negative effect 

exceeded the positive effect caused by the increasing initial pressure, furthermore, the injection speed of 

gasoline vapor was also reduced to a certain extent, thus prolonging the combustion duration but weaken the 

explosion pressure [23].  

 

Figure 5. Gasoline explosion parameters under different initial pressure conditions. 

3.1.4 Effect of initial temperature 

The change of the initial temperature of gasoline fuel would change the state of gasoline fuel. The 

increase of temperature promoted the evaporation of gasoline, which made the explosion process of gasoline 

vapor more dangerous and destructive [24, 25]. In the experiments, according to the conclusion of section 

3.1.3, the ignition energy was set to 100 J, and the combustion and explosion characteristic parameters of 

gasoline fuel with mass concentration of 160 g/m
3
 under five different initial oil temperatures (283, 298, 313, 

328 and 343 K) were studied. 

 

Figure 6. Gasoline explosion parameters under different initial oil temperature conditions. 



Fig. 6 displays that the values of ΔPmax and (dP/dt)max of gasoline fuel increased continuously with the 

initial temperatures. Compared with the initial oil temperature of 283 K, the ΔPmax and (dP/dt)max values of 

gasoline fuel increased by 50.2 % and 556 %, respectively, at the initial temperature of 343 K. However, the 

Td value of gasoline fuel decreased continuously, and decreased by 82.1% when the initial temperature of 

gasoline fuel was 343 K compared with 283 K. Therefore, the change of initial oil temperature had a 

significant effect on (dP/dt)max. On one hand, with the increase of initial oil temperature, the volatile light 

components in gasoline increased, so that the injected fuel contained more gasoline vapor, and the vapor 

diffused to the whole spherical tank at a faster rate [26]. After the ignition electrode sparked, the existence of 

gasoline vapor increased the continuous phase in the system, thus accelerating the propagation of flame, 

increasing the explosion pressure rise rate and reducing the combustion duration. On the other hand, because 

of the continuous increase in the initial oil temperature, the fuel was transformed from the liquid phase to the 

gas phase, for the number of gasoline droplets was minimized, less heat would be absorbed inside the 20 L 

spherical explosion vessel during combustion, so that the heat loss of the system was also reduced [27, 28], 

thereby promoting the occurrence of gasoline explosion reaction and increasing the maximum explosion 

pressure. Through experiments, it was found that if gasoline was ignited at a lower temperature, the volatile 

light components were reduced, which led to the reduction of gasoline explosion risk. 

3.1.5 Effect of gasoline vapor mass concentration 

Studying the effect of mass concentration on gasoline explosion parameters is helpful to understand and 

control the gasoline explosion process, improve the fuel utilization efficiency, and reduce the environmental 

pollution and safety hazards. The effects of six different mass concentrations (60, 110, 160, 210, 260 and 310 

g/m
3
) on the gasoline vapor explosion parameters were studied by selecting the optimal ignition delay time of 

100 ms and the optimal ignition energy of 100 J determined in sections 3.1.1 and 3.1.2. 

 

Figure 7. Gasoline explosion parameters under different mass concentration conditions. 

Fig. 7 displays the variation curves of combustion and explosion characteristic parameters of gasoline 

fuel under the different mass concentrations. The ΔPmax and (dP/dt)max values of gasoline vapor combustion 

and explosion increased at first and then decreased with the increase of fuel mass concentration, reaching the 

maximum of ΔPmax=1.05 MPa and (dP/dt)max=57.22 MPa/s, respectively, when the mass concentration was 

160 g/m
3
. The change trend of Td was opposite, and reached the minimum value ( Td=26.5 ms ) as the mass 

concentration was 160 g/m
3
. This was because when the mass concentration was lower than 160 g/m

3
, the 



amount of oxygen in the tank was sufficient, which could supply gasoline fuel for complete reaction. With the 

increasing mass concentration of gasoline fuel, the number of gasoline fuel droplets increased, and the 

effective collision between molecules increased in unit time, which accelerated the reaction rate of gasoline 

fuel. On the other hand, the gasoline deflagration reaction was a process of heat accumulation. The generated 

heat would accelerate the subsequent deflagration reaction, thus accelerating the heat release rate, reducing the 

combustion time but increasing the maximum deflagration pressure and pressure rise rate [29]. When the 

gasoline fuel exceeded 160 g/m
3
, due to the excessive number of gasoline droplets, the aggregation effect was 

easy to occur between the droplets, which would hinder the reaction processes. The droplets that did not 

participate in the combustion would absorb the heat released by the prior combustion [30], and the oxygen 

content in the vessel was insufficient, which decreases the maximum explosion pressure and the maximum 

pressure rise rate, but increases the combustion duration. 

3.2 Flame propagation velocity and temperature characteristics of gasoline vapor flame 

 

Figure 8. Pixel coefficient calibration process. 

Flame propagation velocity is the most intuitive parameter for characterizing the flame propagation 

process of gasoline fuel. It is of great significance to study the flame propagation velocity of gasoline vapor 

explosion to explore the risk of gasoline explosion [31]. The flame propagation velocity V of gasoline vapor 

explosion is the rate of increase of the flame radius r [32]. In previous studies[33-35], the measurement of 

spherical flame was based on the change of diameter in the horizontal direction to calculate the change of 

flame propagation velocity. It can be seen from the flame change process obtained by shooting that the flame 

propagation of gasoline combustion and explosion was not quasi-spherical. Therefore, this paper improves the 

measurement method, calculates the average value in four directions to obtain the change of equivalent radius, 

so as to more accurately represent the change of flame propagation velocity. In order to calculate the true 

radius of flame, it is necessary to calculate the pixel calibration coefficient through calibration experiment 

(Fig. 8). The following equation is shown as follows: 

w

w

d

D
a                                                                             (1) 

In the formula, a is the pixel coefficient, px/cm ; Dw is the measured pixel length of the observation 

window diameter, px ; dw is the actual length of the observation window, cm. The value of the pixel 

coefficient a is calculated to be 18.57 px/cm. 



 

Figure 9. Flame edge detection and measurement process diagram. 

In the experiments, a high-speed camera was used to capture the flame propagation diagram at a frame 

rate of 4000 fps, as shown in Fig. 9(a), and the flame edge detection technology based on a Python code was 

used to detect the contour of gasoline vapor deflagration flame, as shown in Fig. 9(b). Finally, the diameters 

of D1, D2, D3 and D4 of the deflagration flames in four directions (horizontal, vertical, +45°, −45°) were 

measured and the equivalent diameter D was calculated to obtain the flame radius r, as shown in Fig. 9(c). 
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In the equations (2) and (3), R is the pixel length of the measured flame equivalent radius, px ; D is the 

measured flame equivalent diameter pixel length, px ; D1, D2, D3 and D4 are the measured flame diameter 

pixel length in four directions, px ; r is the actual flame radius, cm ; d is the actual flame diameter, cm. 
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In the equations (4) and (5), V is the velocity of spherical flame propagation, m/s ; ∆r is the difference of 

flame radius between two adjacent frames, cm ; ∆t is the time interval between two adjacent frames, 0.25 ms ; 

i is the number of points calculated ; Vave is the average flame propagation speed, m/s. 



 

Figure 10. Flame propagation process and flame width at different mass concentrations of gasoline: (a) 

60 g/m
3
; (b) 110 g/m

3
; (c) 160 g/m

3
; (d) 210 g/m

3
; (e) 260 g/m

3
 and (f) 310 g/m

3
. 

Fig. 10 indicates that the flame propagation distance continues to increase after the gasoline fuel was 

ignited. As a whole, the flame propagation speed showed a trend of rising firstly and then falling. At the same 

time, it can be seen from the figure that the flame propagation speed fluctuated up and down in the process of 

gasoline explosion, which was caused by the periodic thermal radiation in the process of flame propagation. 

Through experiments, it was found that the flame propagation velocity in the process of gasoline vapor 

explosion will have a small amplitude of oscillation, which was similar to Wang et al. ' s [36] work. It was 

also due to the influence of the thermal radiation of the wall and the droplets during the flame propagation 

process, which affected the flame structure and thus affected the flame propagation velocity, but it did not 

affect the overall trend of flame propagation speed in this process. 

In addition, the time corresponding to the green dotted line in Fig. 10 was the time required for the 

combustion flame to grow to a diameter of 14 cm (the width of the observation window), which shows that 

the time for the flame to reach the edge of observation window decreased at first and then increased with the 

increasing mass concentration of gasoline vapor. At the same time, as shown in Fig. 11, combined with the 

scatter diagram and trend fitting diagram of the maximum flame propagation velocity (Vmax) and the average 

flame propagation velocity (Vave) of gasoline explosion at different mass concentrations, it can be seen that 

both Vmax and Vave increased firstly and then decreased with the increase of gasoline mass concentration, and 

reached the peak values at 160 g/m
3
 (Vmax = 1.23 m/s, Vave = 0.92 m/s). This was because when the mass 

concentration of gasoline was less than 160 g/m
3
, the oxygen content in the tank was sufficient. With the 

increase of mass concentration, more fuel would be involved in the reaction, and the molecular gap of the 

droplets became smaller, so that the development of the explosion flame was more continuous, leading to the 

acceleration of gasoline explosion flame. When the mass concentration of gasoline was larger than 160 g/m
3
, 

the O2 in the spherical tank was not enough to support the explosion reaction of all gasoline droplets. The 

unburned gasoline droplets would continue to absorb the heat generated in the system, thereby reducing the 

speed of gasoline combustion flame propagation [37]. This was different from the work of Wang et al [38], he 

studied the pure gas explosion, this paper studied the gasoline vapor explosion. However, the generation of the 

optimal mass concentration was related to the air-fuel ratio. When the mass concentration exceeded the 

optimal mass concentration, the gasoline vapor that was not in contact with oxygen and completely explodes 

will absorb the heat generated by the reaction, which will reduce the average temperature and slow down the 

reaction. 



 

Figure 11. Vmax and Vave scatter plots and trend fitting plots of gasoline explosion at different mass 

concentrations. 

3.3 Gasoline vapor combustion flame temperature 

Deflagration temperature is also an important parameter to reflect explosion hazard of gasoline. In recent 

years, our group has carried out a lot of research on the temperature measurement of explosive, gas and dust 

explosion by the colorimetric thermometer based on the black-body radiation law [39]. This method has the 

advantage of fast response, high measurement accuracy and strong anti-interference ability, which make it 

superior to the traditional non-contact temperature measurement methods. The contact temperature 

measurement method requires the thermometer to contact with the liquid, which may lead to inaccurate 

measurement of temperature, and may affect the flame propagation and pressure during use. Therefore, this 

study used the colorimetric thermometer to map the temperature field of gasoline vapor explosion flame, and 

study the temperature distribution evolution of gasoline vapor explosion flame under different mass 

concentrations. 

 

Figure 12. The temperature change diagram of gasoline vapor deflagration flame with mass 

concentration of 160 g/m
3
. 



Fig. 12 shows the temperature distribution of gasoline vapor explosion flame with a mass concentration 

of 160 g/m
3
. When t = 0-12 ms, the dispersed gasoline droplet explosion flame in the spherical tank spread 

outward from the ignition center, and the measured temperature field also spread outward. When t = 12-16 ms, 

the flame spread from the central region to the whole vapor, and the flame temperature also rose sharply, 

where the highest average temperature reached 2271 K. After t = 16 ms, the sedimentation effect of gasoline 

droplets increased the concentration of gasoline vapor in the lower part of the spherical tank, and the violent 

explosion reaction led to the increase of heat release in this zone, which made the temperature there relatively 

higher, showing that the area with temperature higher than 2000 K gradually extended to the lower part of the 

spherical tank. As the combustion reaction continued, the reaction of fuel and oxygen in the system was 

exhausted, the flame was gradually extinguished, and the combustion temperature was also gradually reduced 

[40]. 

 

Figure 13. Gasoline vapor deflagration flame temperature under different mass concentrations: (a) 

Flame temperature change time history curve; (b) Maximum average temperature variation diagram. 

By averaging the values of effective temperatures corresponding to each pixel in the flame temperature 

field distribution diagram, the average temperature of gasoline flame at different times was obtained. Fig. 13 

is the time-history curves of flame temperature and the maximum average temperature curve of gasoline vapor 

explosion flame with different mass concentrations. Fig. 13(a) shows that the gasoline vapor explosion 

temperature presented a trend of “decline-rise-decline” with time. After the gasoline vapor was ignited, the 

heat generated in the initial stage of the reaction was decreased, and the unburned gasoline droplets would 

absorb the heat released by the burned area, so the temperature decreased in a small range [41]; when the 

flame propagated to the whole spherical vessel, the gasoline vapor gathered and burnt, resulting in a sharp rise 

in temperature. After the temperature reached its peak value, the temperature began to decrease gradually 

because that the rate of heat loss was higher than the rate of heat release in the deflagration reaction [42]. Fig. 

13(b) shows that with the increase of the mass concentration of gasoline vapor, the maximum average 

temperatures of the flame increased at first and then decreased, which were 2083, 2193, 2271, 2219, 2130 and 

2048 K, respectively, reaching the highest value of 2271 K when the mass concentration was 160 g/m
3
, 

corresponding to the change trend of the flame propagation speed of gasoline vapor. 

4. Conclusions 

In this study, a 20 L spherical liquid explosion test device was used to study the effects of ignition delay 

time, ignition energy, initial pressure, initial oil temperature and mass concentration on the combustion and 

explosion characteristics of gasoline fuel in a confined space. The main conclusions are as follows: 



With the increase of ignition delay time, ΔPmax and (dP/dt)max of gasoline vapor explosion increased 

firstly and then decreased, while Td decreased initially and then increased. The optimal ignition delay time and 

mass concentration were 100 ms and 160 g/m
3
, respectively. With the increase of ignition energy, ΔPmax and 

(dP/dt)max increased at first and then changed smoothly, while Td decreased initially and then changed 

smoothly, and the optimal ignition energy was 100 J. 

With the increase of initial pressure, the ΔPmax and (dP/dt)max of gasoline vapor increased firstly and then 

decreased, while Td showed the opposite trend, and the optimal initial pressure was 0.11 MPa. The effect of 

initial temperature on the (dP/dt)max of gasoline vapor explosion was much higher than that of ΔPmax and Td. 

As the initial oil temperature increases from 283 K to 343 K, the maximum pressure rise rate of gasoline 

explosion increased by 556 %. 

With the increase of mass concentration, the flame propagation velocity of gasoline vapor explosion 

increased firstly and then decreased. The optimum mass concentration was 160 g/m
3
, and the average flame 

propagation velocity reached Vmax = 1.23 m/s. The explosion temperature of gasoline vapor showed a trend of 

“down-up-down” along with the time. The maximum average temperature increased firstly and then decreased 

with the mass concentration of gasoline vapor, reaching the maximum average temperature of 2271 K when 

the mass concentration was 160 g/m
3
. 
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