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Abstract: Air flooding technology is considered to be an innovative technology, but it 

has not been widely promoted and applied in China. One of the main reasons is the 

explosion risk in the air flooding process. Different from the conventional gas injection 

water injection technology, from the air compressor to the gas injection pipeline, from 

the gas injection well to the production well in the air injection process, due to the 

presence of oxygen, it may explode when mixed with oil and gas under certain 

conditions. The self-ignition of carbon deposits in the air compressor, the leakage of oil 

and gas in the production pipeline, the return of oil and gas in the wellbore of the gas 

injection well, and the breakthrough of oxygen in the wellbore of the production well 

make the entire air injection process have certain risks. Conduct indoor indoor air 

explosion limit experiment, and determine the influence of different factors on the 

explosion limit by simulating the formation explosion container device. 

 

Keywords: Oxygen reduction air displacement; Explosion limit; Oxygen content; 

Alkane. 

 

1. Experimental device and experimental method 

1.1 Experimental device 

It can be seen from the schematic diagram 1 of the explosive device that the explosive 

container is a place where the combustible gas is in contact with the 

combustion-supporting gas and a combustion or explosion reaction occurs. As the core 

of the experimental device, its state factors (including size, shape and ignition position, 

etc.) are closely related to the test of this experiment. The safety of the experiment and 

the reliability of the data quality are inseparable from the design of the explosion 

chamber reaction chamber. In terms of shape, spherical containers are the best in 
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explosive containers of various shapes, and it is easy and convenient to place the spark 

plug in the center of the entire container. Compared with other shapes of the cavity, 

although it saves materials, it has high cost, is difficult to manufacture, and has certain 

limitations.  

The experiment proves that the experimental test results of the contour cylinder 

explosion chamber and the spherical explosion chamber are very close, and are within 

the acceptable range. At the same time, the cylindrical pipeline is more material-saving 

and more practically close to the site. The explosive container chamber of the 

experimental device adopts a contour cylinder with a volume of 2.24L and a 

length-to-diameter ratio of about 4:1, simulating the wellbore and pipeline at the 

production site to ensure that the experimental result is closer to the actual value of the 

site. Figure 1 is a schematic diagram of the explosion experimental device, which 

mainly consists of an explosion vessel, a gas distribution system, an ignition device, a 

temperature control pressure control and a safety control system. 

 

Figure 1 Explosion experimental device schematic 

(1)Explosion vessel: a conical cylindrical closed container made of pressure-resistant 

stainless steel with a maximum effective volume of 2.24L. The built-in piston can 

pressurize and decompress the gas in the container by moving the piston up and down. 

The maximum withstand voltage can reach 70MPa, ensuring the safety of the 

experiment at 5MPa (the instantaneous pressure of explosion is 3~6 times of the initial 

pressure).  

(2)Gas distribution device: consists of gas cylinders such as CO2, CH4, air, O2, N2, 

mixed combustible gas, and vacuum pump. The vacuum pump is used to evacuate and 

the partial pressure ratio is used to configure the mixed gas.  

(3)Ignition device: GDH-10 high-energy ignition device, spark frequency 6 times / sec, 

can form a continuous electric spark, spark energy is 10J, far greater than the minimum 

relevant combustible gas in the experiment Ignition energy. 

(4)Temperature control and safety control system:  

Pressure measurement: initial pressure test of gas explosion and pressure observation 



Volume 6 Issue 3 2019 

   3 

after explosion were carried out using pressure gauges of different ranges (0-6 MPa, 

0.25 grade; 0-100 MPa, grade 0.4) and pressure sensors (0-1 MPa). 

Temperature measurement: The explosion container system is heated and insulated 

by an external heating sleeve. The temperature can be controlled from 0 to 150 ° C. It 

can also be observed whether the explosion occurs by observing the temperature 

inside the reaction vessel. 

 

1.2 Experimental method 

The gas tightness test of the device is first performed before each explosion test to 

ensure the accuracy and reliability of the gas distribution and experimental data for the 

next experiment. The experimental device was cleaned, the explosion vessel was 

evacuated, the piston was pumped to the top of the vessel, and then flushed with clean 

clean air to press the piston to the bottom several times to ensure that the initial 

background of the gas distribution in the explosion vessel was an atmospheric pressure 

of air. Finally, according to the Dalton gas partial pressure law, the gas is distributed, 

and the proportion of each component gas in the system is calculated. 

Chromatographic analysis of the configured gas showed that the gas distribution error 

was within an acceptable range. 

Before the experiment, the literature of the experimental data was first investigated to 

find out its approximate scope. Then, starting from the lower value or higher value, the 

gradual approximation method is used for the blasting experiment: a certain gas is 

added to the explosion reaction vessel a little while the explosion reaction is not 

occurred, and then the ignition test is performed (the minimum ignition at each time),if 

there is no explosion, then add the gas until the explosion occurs. Taking the adjacent 

explosion value and the non-explosion value to obtain the average is the measured 

value of the experiment. After each test, vacuum the explosion reaction chamber, 

pump the piston to the top, and then fill the dry air to press the piston to the bottom 

and then deflate, repeatedly, to ensure that the initial reaction background in the 

experimental chamber is 0.1MPa. 

When the lower limit of the explosion is measured, the increase of the sample is not 

more than 10% each time, and the decrease of the sample at the upper limit of the 

explosion is not less than 2% each time, ensuring the accuracy and reliability of the 

experimental data under the experimental conditions. 

If the explosion occurs, the pressure rises sharply from the pressure gauge and the 

pressure sensor. Under normal circumstances, the maximum pressure can reach 3 to 6 

times the initial pressure; from the temperature sensor, it can be seen that the 

temperature rises sharply and generally rises several tens. At the same time, the sound 

of the explosion will occur, and the sound is low and dull near the upper and lower 
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limits of the explosion. The explosion in the middle of the explosion concentration 

range is crisp and loud. 

 

2. Effect of combustible gas types on explosion limit 

Different combustible gases have different microstructures and chemical properties, so 

the explosion limits of different combustible gases are also different. For hydrocarbons, 

alkanes are generally less explosive than olefins and alkynes. This is mainly because 

the molecular structure of the olefin flammable gas contains a C triple bond, and the 

alkane having no single bond of C has a stable molecular structure, and is more 

susceptible to various reactions due to carbon bond cleavage, which has the greatest 

risk of explosion. For an olefinic compound having a C=C type double bond in its 

molecular structure, the explosion limit range is between an alkane and an alkyne. A 

list of flammable gas explosion limit data commonly used in oil field production is 

shown in Table 1. 

Table 1 Common flammable gas explosion limit table 

Gas type CH4 C2H6 C3H8 C4H10 H2 H2S CO 

Lower 
explosion limit 

5% 3% 2.1% 1.9% 4% 4.3% 12.5% 

Upper 
explosion limit 

15% 15.5% 9.5% 8.5% 75% 45.5% 74.2% 

The literature limit for the explosion limit of methane is 5% to 15%. In order to 

investigate the reliability of the experimental device, the explosion limit of methane 

was tested at 20 ° C and 0.4 MPa temperature and pressure. The measured explosion 

limit was 4.86%~14.74%, which was compared with the theoretical value, as shown in 

Table 2. 

Table 2 Comparison table of experimental and theoretical values of methane explosion 

limit 

Gas type 
Theoretical 

value 
Measured value Absolute error Relative error 

Lower 

explosion 

limit 

5% 4.86% -0.14% 2.8% 

Upper 

explosion 

limit 

15% 14.74% -0.26% 1.73% 

For a mixed combustible gas consisting of 80% methane, 15% ethane, and 5% 

propane, the explosion limit range can be calculated from the explosion limit prediction 

model to be 4.28%~14.65%, and at 20°C, 0.4MPa. Under the temperature and 

pressure conditions, the measured value of this experiment is 4.14%~15.52%. 



Volume 6 Issue 3 2019 

   5 

Compare the two result lists, as shown in Table 3: 

Table 3 Comparison table of experimental values and experimental values of explosive 

limits of mixed gases 

Gas type Calculated 
Experimental 

value 
Absolute error Relative error 

Lower 
explosion 

limit 
4.28% 4.14% 0.14% 3.38% 

Upper 
explosion 

limit 
14.65% 15.52% -0.87% 5.61% 

It can be seen from the comparison in Table 3 that although there is a certain 

difference between the calculated values of the model and the experimental measured 

values. But this is mainly due to unavoidable causes such as experimental conditions 

and human error. And the difference between the two is relatively small, That is to say, 

the explosion prediction model can reflect the characteristics of flammable gas to a 

certain extent, and has certain guiding significance for oilfield safety production. 

 

Figure 2 Variation of the explosion limit of mixed gas with methane content 

In a combustible gas mixture composed of three gases of methane, ethane and 

propane, the volume fraction of propane is fixed at 5%, and the content of methane is 

changed (the volume fraction of ethane is also relatively changed), gradually 

increasing from 50% to 95%. According to the rational-charter formula, the explosion 

limit value of the mixed gas under different compositions can be calculated, and the 

explosion limit of the mixed combustible gas of different compositions is plotted, as 

shown in Fig. 2. 

Fix the volume fraction of methane at 50% and gradually change the content of 

propane (from 0% to 50%), and plot the explosion limit of the mixed gas, as shown in 

Figure 3. 
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Figure 3 Variation of the explosion limit of mixed gas with propane content 

It can be seen from Fig. 3 that since the upper and lower limits of the explosion of 

propane are relatively small, when the content of methane is fixed, as the content of 

propane increases, the upper and lower limits of the explosion of the mixed gas 

gradually decrease, approaching the limit value of propane. 

 

3. Conclusion 

(1) The explosion limit of the mixed gas is equivalent to the harmonic mean of the 

explosive limit of each component of the combustible gas. When the content of the 

component changes, the explosion limit of the mixed gas tends to increase the limit of 

the gas. 

(2) Near the lower explosion limit, the oxygen content is excessive, and the theoretical 

value refers to the oxygen content required for complete combustion of the 

combustible gas at the lower explosion limit. In actual conditions, only when the 

oxygen content contained is greater than the theoretical value, the combustible gas 

can burn or explode at the lower explosion limit. 

(3) The actual critical oxygen content of the alkane combustible gas is about 1.2 times 

the theoretical value, which is defined as the "inertia coefficient". For example, the 

theoretical value of the critical oxygen content of methane is 10%, and the value 

measured by the experiment is about 12%; the mixed combustible gas composed of 

80% methane, 15% ethane and 5% propane has a theoretical critical oxygen content 

of 10.2%, and the experimental value was 12.1%. In cases where the requirements 

are not particularly critical, the actual critical oxygen content can be estimated by 

calculating the theoretical critical oxygen amount and multiplying by the "cooling 

factor". 
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