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Abstract. The physical experiment conducted at the Moscow State University of Civil 

Engineering (MSUCE) has revealed that the pressure of a gas explosion in a room with a 

window and a hole in an adjacent room in the more than two times higher than a similar 

explosion in a single room. In the experiment, the ignition is located in the center of the room 

and there was no gas in the adjacent room. 

Our numerical experiments confirm this fact. Calculations were performed using the 

software “Vulkan-2M”, which is based on the method of large particles. Simulated room 

consisted of two chambers size of 0.5m x 0.5m x 0.5m each with a hole size of 0.15m x 0.15m 

between them. The first chamber was filled with a stoichiometric mixture of propane-air and 

had a window size of 0.15m. 

Pressure increasing effect reaches a maximum when the ignition is in the area between the 

window and the center of the first chamber. The pressure is increased more than twice in this 

case in comparison with a single blast chamber. The effect is minimal when the ignition is 

closer to a window or a hole between the chambers. These results can be used to assess the 

risk of explosion. 
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1 SHORT REWIEV 

Researchers from Moscow State University of Civil Engineering (MSUCE) (Mishuev 

A.V., Kazionnov V.V., Gromov N.V. and others) [1] described the effect of increasing the 

pressure of the explosion in the presence of an adjacent chamber, connected to the vented 

explosion chamber. They found an increase in overpressure of 2.5 times compared to the same 

explosion without a hole between the chambers. These results are consistent with earlier 

studies of Molkov V.V. [2]. 

The rules of the European Union [3, 4], the USA [5, 6, 7] and Russia [8, 9, 10] does not 

take into account the effect of the adjacent cameras on the development of explosion. In spite 

of the different standards, the style and the different calculation formulas, all these documents 

have a common drawback. Their results based on the quasi-static pressure in the room that is 

not taken into account the distribution of the parameters of the gas in the chamber volume. 

The method of quasi-static pressure makes it possible to determine the shape and the flame 

front area based only on the phenomenological models, in which there is no turbulence. It is 

not possible to use such a model to account for the maximum pressure in the event of an 

adjacent room. Only experimental researches or CFD-methods can solve this problem. 

However, such studies have not been conducted in Europe, even in such research centers as 

the FM Global (Toronto, USA) [11], known for his experimental work. 

Article by software developers FLACS [12] close to the theme of this work. This article 

describes the development of simulation of a gas flame in the two adjacent chambers filled 

with gas. However, the authors are more interested in the accuracy of numerical model than in 

the mechanics of explosion and hazard assessment. 

Vodyanik V.I. [13] also considered the development of a flame inside two communicating 

vessels. In his experiment, the gas fills both of the vessel before the explosion, so that the 

results are not relevant to the subject. 

To this is the closest Molkov’s [2] study in which he analyzes pilot burst in the tank from 

which the volume of 2 m3 gas out through line into another tank volume 3.5 m3 which was 

filled with air. He found that in some experiments the pressure in the receiving vessel during 

the explosion becomes greater than the pressure in the first tank. 

In addition, he established the dependence of explosion from the ignition location of the 

device in the first tank, which allowed him to explain the reason for this effect. Unfortunately, 

the studies were not specific for the explosion in the room such as the kitchen where there is a 

window through which the gases vented to the atmosphere apart holes between rooms. 

Thus, the research of scientists from MSUCE are new in this issue. 

2 THE HYPOTHESYS 

It is known that the place of ignition of gas in the room greatly affect the development of 

the explosion [3, 5, 11]. These researches show that the farther the place of gas ignition from 

vent, the greater the maximum explosion pressure. Experimental studies were conducted 

which confirmed earlier [14, 16] these data, it was found that the impact of this effect (from 0 

to 20 times with the difference from maximum pressure) is more complex in dependence on 

the window size and shape of the room. In this context, and based on the experience 

Molkov V.V. We can expect that somewhere a source of ignition in explosions in two 

adjoining rooms, one of which is filled with gas, and the window will also affect the 

development of the explosion. 

We offer three versions of the explosion in this case. 

7057



Polandov Yu.Kh., Dobrikov S.A. 

 

The first case. The source is located near the hole in the next room. The products of 

combustion will flow into the next room, not gas-air mixture. In this case, the adjacent room 

will act as a damper. 

The second case. Upon ignition of the mixture near the center of the room, it can be 

expected that the gas mixture will fall into the next room, where it will burn. However, hole 

will turbulence mixture, it should dramatically increase the area of the flame front and 

explosion pressure. 

The third case. The gas is ignited near the window. In this case, the maximum amount of 

mixture enters the next room. But it enters into force known pressure lowering effect of an 

explosion if ignited near a window. The explosion pressure will depend on the ratio of these 

two factors. 

Therefore, we decided to investigate the relationship between the maximum pressure of 

gas explosion and ignition of the gas mixture space. 

3 RESEARCH TOOLS 

In drawing up the mathematical model of the process, we have made the following 

assumptions concerning the simulated environment: 

1. The initial mixture of propane-air is a homogeneous and stoichiometric; 

2. The difference between the thermodynamic characteristics of the original mixture and 

the combustion products is negligible; 

3. The gases in the physical process is inviscid and are ideal fluid; 

4. The combustion reaction occurs at the boundary of the original mixture and the 

combustion products. 

Given the assumptions, the problem is reduced to modeling the dynamics of the gas with 

uniform properties by using one of the methods for the unsteady multidimensional problems 

of fluid mechanics (CFD). The choice of a particular method is limited by arbitrary geometry 

of the computational domain, as well as the possibility of taking into account the availability 

of features in the simulated currents. As a basic system of equations to describe the dynamics 

of the medium was used known system of Euler equations in divergence form, closable 

equation of state.  

On the domain of integration is superimposed Euler (fixed) grid of rectangular cells with 

sides x, y и z. Numerical solution of the system is carried out by large particles method, 

LPM [16], which is based on the idea of Harlow n particles in the cell, allowing splitting of 

physical processes. However, in the LPM instead small solids particles replaced by a single a 

drop of liquid, fill the entire volume of the cell. Method of large particles as well as other 

modern methods such as Godunov method [17], FLACS [12] et al., allow us to study the 

gasdynamic flow without a priori information about the structure of the solution. The 

calculation consists of repetitive time steps. In turn, each such step includes three steps: 

1. "Euler" stage, when neglected all effects associated with the movement of the fluid 

(mass flow through the faces of the cells is not); 

2. "Lagrangian" stage, where the calculated mass flow through the cell boundaries; 

3. The final stage, which determines the final flow parameters based on conservation laws 

for each cell and the entire system as a whole. 

The system includes equations that describe the process of heat and mass transfer with the 

environment and the process of propagation the flame. Cooling processes on the chamber 

walls are estimated based on physical experiments carried out according to pressure drop in 

the explosion in a closed chamber. To calculate the flow through the open border to border 
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pressure cell is assumed equal to the average between the pressures in the chamber and 

atmospheric. 

Two additional parameters, "the mass fraction of combustion products in the chamber," 

and "the mass fraction of the formation of the products of combustion", introduced for the 

simulation of flame propagation. The first parameter in the cell determined by the position of 

the flame front, which moves toward the initial mixture at a rate equal to the sum of the gas 

flow velocity and the normal combustion rate. The second parameter, the mass fraction of 

newly formed products of combustion is determined by taking into account only the normal 

burn rate, and takes into account only if the flame front is located within the cell. 

In the system of equations in the equation of conservation of momentum, we have taken 

into account the effect of buoyancy. 

The computer model uses 7 types of cells: 
– calculated cells - which are carried out of the equation; 

– border cells  provide impermeability condition; 

– flow cells - which connect the cells of calculated area with the atmosphere; 

– flame front - cells in which combustion occurs; 

– cells with the products of combustion; 

– air cells - which are filled with air; 

– non-calculated cells - which are located behind the border and fix their properties. 

Fig. 1 shows a diagram of the calculated volume that is represented by two cameras, one of 

which (left) filled with gas, and the second - the air. Overall dimensions make 0.5x0.5x1.0 m. 

Designated ignition of the gas mixture are in the left chamber. Ribs cells taken equal 

x=y=z=0.01 m, so that only received about 100,000 cell, the time step t=5∙10-7 s with 

that by a wide margin meets the criterion of stability Courant - Friedrichs - Lewy. This margin 

is accepted, because the equations describing the propagation of flame, adversely affect the 

stability of the account. 

On fig. 2 shows a typical picture of the explosion. In this case, the vector lines are shown as 

lines Bezier, flame front - red cells, and other gases are painted on a scale that the higher the 

temperature, the lighter background. 

4 THE SIMULATION RESULTS 

a) An explosion in solitary chamber 

In the first stage, experiences were conducted with a gas explosion in a solitary chamber 

with disconnecting adjacent chamber. The simulation results shown in figure 2. 

It is seen that with the appearance of the flame front starts expiration of the initial mixture 

to the atmosphere. The flame front initially increases as a sphere, and then starts to be pulled 

towards the vent. As soon as the flame front will come to the vent, begin to expire the flame 

cell. In the last step, expire only products of combustion. Released source mixture of gas 

burns outside the chamber in the atmosphere. 

According to the data, is shown in figure 3, it is evident that the time of fire is not exceed 

0.6 seconds at any position of the igniter in chamber. In addition, it traced unique relation 

between the parameters of the explosion and the place of ignition of gas.  
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Figure 1: Calculated scheme 2-chamber unit (dimensions in cm) 

Firstly, the farther from the window is igniter, the shorter the time of the explosion, the 

more the primary mixture is ejected in atmosphere out and flame particles. Second, the farther 

from the window ignition occurs, the greater the pressure of an explosion (fig. 4), in this case 

a factor of 2, which confirms the above results known. In a graph, this result is shown in fig. 7 

(curve 1). 

b) explosion in chamber in the presence of adjacent chamber 

At first glance, the presence of the adjacent chamber with the explosion (fig. 4) should lead to 

a simple damping process in its dynamic development. It is certainly true, but not entirely so. 

At first, with increasing pressure in the first chamber starts flowing gas mixture it into the 

next. Due to the leak, mixture begins to increase the pressure in the adjacent cell. Therefore, 

the amount of the mixture received into an adjacent chamber can be estimated by the pressure, 

which is reached in an explosion. In this case, the excess pressure is from 6 to 20 barg. 

Therefore, in the adjacent volume chamber gases arrive from 6 to 20% of the chamber 

volume. This, of course, raises the question, what kind of gas is supplied to an adjacent 
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camera? The answer is quite simple. Composition of gas entering in the adjacent chamber it 

depends on whether approached to the hole of the flame front or not. If you have not yet 

approached the combustion front, only the initial mixture is fed into an adjacent chamber 

when approached, they begin to enter the combustion products. 

Figure 2: The picture of gas explosion in solitary chamber when ignition in position 3 
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Figure 3: Dynamics of explosion pressure depending on the position igniter in the solitary chamber 
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The change in time of pressure in the explosion chambers is shown in fig. 5 and 6. The 

number of each curve corresponds to the number igniter place according to fig. 1. The greatest 

pressure reaches values in position 2. When you install the ignition at the passage into the 

adjoining chamber, the pressure of the explosion nearly corresponds to the pressure in solitary 

confinement. In addition, when installing igniter close to the vent, pressure is lower than the 

maximum, but higher than in solitary confinement. 

It is understood that the earlier the ignition of the mixture in the adjacent cell, the higher 

pressure will be in the first chamber.  This effect is particularly strong if the ignition happens 

when the pressure in the first chamber increases. However, the closer to the passage of 

ignition occurs, in the adjacent room is less than the initial mixture. In this case, the "help" the 

adjacent room to increase the pressure will decrease.  

c) Comparing the results of numerical and physical experiments 

Comparison of numerical simulation results and the results that have been obtained 

researchers at the MSUCE shown in figure 7. 

 

 

 

   

   

   

   

   

Figure 4: The picture of gas explosion in solitary confinement at position igniter 3 
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Figure 5: The development of pressure in the explosion in the chamber together with the adjacent chamber at 

different positions ignition 
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Figure 6: Regression curves Pmax = P (L), 

where Pmax - maximum pressure in the explosion; 

L - the distance from the vent, cm; 

1 - single chamber; 2 - together with the adjacent 
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Figure 7: Comparison of the results of computing and physical experiments 

Symbol  denotes the result of a physical experiment in MSUCE. 

It must be borne in mind that the installation had different geometrical dimensions, 

although the ratio (V2/3 / F)c= 11.1, and (V2/3 / F)e= 12, where V - volume of the first chamber, 

m3 and F - m2 vent area, both systems have similar values. If in addition to this, use the 

relative pressure and the distance from the ignition space by entering them in the calculations 
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and the physical experiment, it seems a formal opportunity to make such a comparison. It is 

best to do this by plotting P2i max /P1i max=f (L/L0), where P2i max - maximum explosion pressure 

with the adjacent chamber in 1th position; P1i max - the maximum pressure in the explosion in 

solitary chamber in the 1 - position; and L/L0, where L - distance from Vent to the place of 

installation of igniter and L0 - distance from vent to pass into the adjoining chamber. We see 

an acceptable coincidence. It is understood that the proposed dimensionless quantities not 

fully correspond to the concept of criteria but they allow somehow compare with each other 

the results obtained under various conditions. 

5 CONCLUSION 

These results confirms the hypothesis about the influence of gas ignition locations for the 

development of the explosion in the chamber. It was found that when ignited gas near passage 

into the adjoining chamber explosion pressure is almost the same as in an explosion in a 

separate room. Influence of combustion is shown at center of the chamber and, especially, in 

the space between the center and vent. However, when ignited near the vent begins to affect 

other effect: release of combustion products with a high temperature of the flame, resulting in 

the effect of the adjacent rooms on the development of the process is reduced.  
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