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Topicality. Emergencies related to accidents on process equipment and refineries are characterized by high explosive emissions, the formation of clouds of gas-air mixtures (GAM) and, as a result, explosions that lead to the destruction or damage to buildings, structures, installations.

Minimization of losses and losses from man-made emergencies, accompanied by GAM emissions and explosions, is possible only on the basis of a set of tasks to predict its development and possible consequences.

The purpose and objectives of the study. Objective - to develop a methodology for predicting the consequences of a cloud explosion of a gas-air mixture resulting from the destruction of a storage tank in a refinery.
1. Consider the formation of a cloud of GAM from a combustible substance (gas) of one species.

2. Predict the consequences of the explosion of the GAM cloud, consisting of the following main stages:

· determination of the mass of combustible gas in the cloud;

· determination of the effective energy reserve of GAM in the cloud;

· determination of the mode of explosive transformation of GAM in the cloud;

· calculation of the maximum excess pressure and impulse of air blast waves for different modes;

· assessment of the impact of the GAM cloud explosion.

Research methods. To quantify the parameters of air shock waves in GAM explosions, consider the complete destruction of equipment containing a combustible substance in the gaseous phase, the release of this substance into the environment, the formation of a GAM cloud, explosive transformation of GAM.

To calculate the parameters of the shock waves during the explosion of the GAM cloud, the following initial data were taken into account:

· characteristics of combustible gas;

· average concentration of combustible gas in the mixture;

· stoichiometric concentration of combustible gas with air;

· mass of combustible gas contained in the cloud;

· specific heat of combustion of combustible gas;

· information about the surrounding space.

Forecasting the consequences of the explosion of the GAM cloud. At the open technological site of the refinery, as a result of an emergency situation with complete depressurization of the tank containing liquefied propane, 8 tons of gas were released with the formation of a cloud of GAM. To assess the maximum possible consequences of the emergency, it is assumed that almost the entire amount of liquefied propane emitted into the cloud. The mass concentration of gas in the cloud was 0.14 kg/m3, the volume of the cloud was about 57 thousand m3. The ignition of the cloud led to a deflagration explosion.

The emergency occurred in the summer, during the day, in clear windless weather. At a distance of 80 m, 100 m and 135 m from the site of the explosion are buildings and open technological installations of the enterprise.

It is necessary to determine the probability of their damage (destruction) during the explosion of the GAM cloud.
Data for solving the problem:

· explosive propane;

· physical state of the gas mixture;

· gas concentration in the mixture, sg,  kg/m3 0.14;

· mass of gas in the cloud, mg, kg 8000;

· specific heat of combustion of gas qг, J / kg 4,64 • 107;

· the surrounding space is open;

· distances to neighboring objects, m 80, 100, 135.

We will perform calculations in accordance with the recommendations [4].

Calculation of the main parameters of the GAM cloud explosion. Determine the effective energy reserve E of the GAM cloud:

E = 2Mg qr sst / sg,

where sst - stoichiometric concentration of propane in a mixture with air, sst = 0,077 kg / m3. We get:

E = 2Mg qr sst / sg = 2 · 8000 · 4.64 · 107 · 0.077 / 0.14 = 4.1 · 1011 J.

Calculate the value of the velocity Vg of the flame front during the explosion of the GAM cloud:
Rxі = rі / (E / P0) 1/3,

where ri is the distance to the i-th object, m; P0 is the normal atmospheric pressure, P0 = 1.01 · 105 PA. We receive

r1 = 80 m, Rx1 = r1 / (E / P0) 1/3 = 80 / (4.1 · 1011 / 1.01 · 105) 1/3 = 0.50;

r2 = 100 m, Rx2 = r2 / (E / P0) 1/3 = 100 / (4.1 · 1011 / 1.01 · 105) 1/3 = 0.63;

r3 = 135 m, Rx3 = r3 / (E / P0) 1/3 = 135 / (4.1 · 1011 / 1.01 · 105) 1/3 = 0.85.

We calculate the main parameters of the explosion of the GAM cloud at a combustion speed of 192 m / s, which include the parameters of the air shock waves of the explosion - overpressure ΔP and the pulse of the pressure wave I.

1). Determine the dimensionless values ​​of pressure P1xi and momentum I1xi for deflagration explosion by the values ​​of dimensionless distances Rxi, i = 1, 2, 3, using the following formulas [5]:
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where C0 is the speed of sound in the air, C0 = 340 m / s; σ is the degree of expansion of combustion products, for gas-air mixtures is taken σ = 7.

The results of the calculations are summarized in table. 1.

2). For dimensionless distances Rxi, i = 1, 2, 3, we determine the values of P2xi and I2xi, which correspond to the detonation regime and for the case of the gas-air mixture are calculated by the ratio [5]:
P2хі  = exp (–1,1240 – 1,660∙ln Rxі + 0,2600∙ln2Rxі),

I2хі = exp (–3,4217 – 0,898∙ln Rxі – 0,0096∙ln2 Rxі).

The results of the calculations are summarized in table. 1.

3). Determine the final values of the dimensionless quantities Pxi and Ixi, and = 1, 2, 3, for three objects:
Pxi = min (P1xi, P2xi); 
Ixi = min (I1xi, I2xi).

4). After determining the dimensionless values of pressure Pxi and momentum Ixi calculate the corresponding dimensional values of excess pressure ΔP and momentum I in the air shock wave at distances of 80 m, 100 m and 135 m from the explosion site according to the formulas [5]:
∆P = Pxi·P0;

I = Ixi·(P0)2/3 ·E1/3 / C0.

The results of the calculations are summarized in table. 1.

Table 1.

The results of the calculation of the main parameters of the explosion of the GAM cloud
	і
	rі, м
	Rxі
	Explosion mode
	Excess pressure, 

∆P, Pa
	Pulse pressure wave,

I, Pа∙с

	
	
	
	Deflagration
	Detonation
	
	

	
	
	
	P1хi
	I1хi
	P2хі
	I2хі
	
	

	1
	80
	0,5
	0,35
	0,0496
	0, 85
	0,052
	4,4·104
	2,84·104

	2
	100
	0,63
	0,29
	0,0427
	0,74
	0,049
	2,8·104
	2,04·104

	3
	135
	0,85
	0,23
	0,0368
	0, 68
	0,041
	1,9·104
	1,37·104


Using the data in table. 1, it is possible to estimate the impact of the explosion of the GAM cloud. 

Estimation of the impact of the GAM cloud explosion. The real division of the space in which the factors of damage act into two parts (one - the zone of damage, the other - the zone of stability) has no clear boundary. Approximation of the parameters of the blast wave at the boundary of the danger zone increases the probability of a given level of damage from 0 to 100%. If a certain value of excess pressure ΔP and pulse I is exceeded, a 100% probability of defeat is achieved. This typical feature of damage diagrams does not allow to accurately estimate the level of damage based on the selection of several fixed areas of damage. A more accurate estimate is given by determining the probability of achieving a certain level of damage using the probit function [6].

Estimation of probability of damage of industrial buildings and constructions at which their restoration is possible, is defined by probit function of a kind:
Pr1 = 5 – 0,26 lnV1,

where the parameter V1 is taking into account the value of excess pressure ΔP and pulse I in the blast wave
V1 = (17500/∆P)8,4 + (290/I)9,3.
Estimation of probability of destruction of industrial buildings and constructions at which they are subject to demolition, is defined by probit function of a kind:
Pr2 = 5 – 0,22 lnV2.
where parameter V2 is defined by the expression
V2 = (40000/∆P)7,4 + (460/I)11,3.





Using the obtained values of ΔP and I, we find the values of the corresponding probit functions for the three given objects and summarize the results in table. 2.
Research and discussion results. The relationship of the probit function Pri with the probability of p,%, a level of damage from the explosion of the GAM cloud is determined by [5, table. 3]. The found probabilities of defeat are summarized in table. 2.
Table 2. 
Results of calculation of probabilities of damage or destruction of buildings, constructions and technological installations at explosions of clouds of GAM
	і
	rі, м
	Probit function
	Probability

	
	
	Pr1
	Pr2
	damage to the building,  %
	destruction of the building,  %

	1
	80
	6,48
	4,91
	93
	47

	2
	100
	6,06
	4,47
	86
	28

	3
	135
	5,84
	4,12
	80
	19


Conclusions. The described technique allows to estimate the consequences of the emergency with the explosion of the GPS cloud, which was the result of an accidental release of explosive gas from the technological equipment of the refinery. The assessment is performed taking into account the characteristics of the combustible gas, the mode of explosive transformation, cloud parameters and information about the surrounding space.
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