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Abstract – This study aims to present computational technology that can be used to evaluate 
numerically the harmful environmental consequences caused by an accidental hydrogen 
release from failed high-pressure dispensing cylinders and its explosion at a vehicle hydrogen 
filling station. A coupled problem of a hydrogen explosion products expansion in the 
atmospheric ground layer and a harmful explosion pressure wave shock impact on service 
personnel and infrastructure buildings at an accident site is solved by means of computer 
experiment simulation series. A spatial time-dependent model of compressible hydrogen-air 
mixture flow is used to obtain pressure history in calculation area in order to assess maximum 
overpressure in control points of human possible locations and on building surfaces exposed 
to hydrogen blast wave impact. A deterministic impact consequences model is based on 
comparing maximum overpressure values extracted from the mathematical model with 
threshold ranges corresponding to certain degrees of human damage and infrastructure 
destruction. The presented computer technology allows safety experts to identify potentially 
dangerous zones by means of mathematical modelling and recommend effective protection 
measures to mitigate negative consequences of explosions. 

Keywords – Explosion wave front; human health impact degree; hydrogen explosion; 
maximum excessive pressure; structure destruction level. 

Nomenclature 
x, y, z Right system coordinates along width, height, and length – 

K Number of destroyed high-pressure cylinders – 

τ Time of gas mixture movement physical process sec 
P Gas mixture pressure Pa 
∆P+ Maximum overpressure at explosion wave front kPa 
I+ Explosion wave compression phase impulse kPa s 
r Combustion products cloud radius m 
B Conditional damage probability  % 
Pr Probit function of injury caused by explosion wave – 
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1. INTRODUCTION  

Hydrogen is a very valuable modern source of energy that can replace hydrocarbon fuels in 
various areas of the economy: transport, metallurgy, household services etc. On the other 
side, it is very dangerous flammable chemical substance that can easily explode when mixed 
with air in case of accidental release into atmosphere as a result of hydrogen storage or 
dispensing equipment failure (Fig. 1) [1].  

 

Fig. 1. Structural scheme of accident development. 

Hydrogen explosion is accompanied by temporary atmospheric baric changes in 
comparison with ambient conditions. This pressure field disturbance forms shock wave 
overpressure which can be harmful to environment. Explosion intensity during accident 
depends on amount of released and reacted hydrogen and influences on level of consequences 
on human health and surrounding infrastructure buildings. The aim of this study is to identify 
such influence of explosion power on overpressure loading on human and infrastructure 
building not far from an explosion epicenter at a hydrogen filling station during accidental 
failure of several high-pressure hydrogen dispensing cylinders with total release of gaseous 
substance into the atmosphere. The expansion of combustion products generates pressure 
shock wave that moves away from explosion epicenter. Overpressure at the front of the wave 
affects service personnel and buildings. Its value can be compared with threshold limits for 
different levels of human injury and building destruction in order to evaluate accident 
consequences and recommend some mitigation equipment. The protection wall is considered 
as such a safety enhancing device, and its efficiency is assessed. 

2. REVIEW OF LITERATURE 

The environmental consequences of hydrogen explosions and protection measures 
efficiency can be evaluated by means of physical experiments [2]. During field experiment 
scientists can arrange any configuration of measurement equipment in order to validate their 
hypothesis about emergency release and chemical interaction of hydrogen with atmospheric 
air, and assess the environmental consequences caused by explosion [3]. However, a specific 
physical experiment is adapted to specific conditions and cannot take into account all possible 
circumstances associated with an uncontrolled explosion of a highly flammable gas, which 
makes it of little use in the engineering practice of safety experts. Simulation of various 
emergency scenarios using mathematical modelling tools [4]–[6] allows one to overcome the 
limitations of a physical experiment, provided that the model is adequate to real physical 
processes that are relevant in case of emergency emissions at high-risk industrial enterprises. 
The adequacy of the model must be confirmed by its validation in relation to the physical 
process [7], and its implementation in the form of a computer model must be verified in terms 
of stability with respect to different computational grids, initial and boundary conditions, etc. 
In addition, the mathematical model must meet the needs of the scientific and technical 
problem being solved and take into account such specific conditions as the complex terrain 
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of the emergency area [8], the buoyancy of the impurity relative to atmospheric air [9], the 
chemical activity of the impurity gas mixed with atmospheric oxygen [10], changing 
environmental conditions [11]–[12], scenarios and intensity of emergency release of 
impurities into the atmosphere [13], sometimes flow viscosity [14], etc. And the computer 
model, in turn, should be convenient and reliable to use in engineering practice [15]. 

For a complete understanding of the properties and features of the mathematical model, 
with the help of which it is supposed to solve the formulated scientific and applied problem 
of obtaining excess pressure fields in the area of an emergency hydrogen explosion in order 
to assess the degree of impact on the environment, it is necessary to structure the main 
functional blocks of the solution process (Fig. 2).  

 

Fig. 2. Hydrogen explosion consequences assessment process functional scheme. 

To analyze existing mathematical models of the movement of gas mixtures, let us turn to 
the model classification (Fig. 3) made in [16].  

 

Fig. 3. Classification of models of dispersion of gas impurities. 

Molecular kinetic models are the most accurate [17]–[19], but cannot be used for large 
computational areas due to a lack of computer resources. The first three large groups of 
continuum models (simple [20], [21], medium-complex [22], [23] and advanced [24], [25]) 
cannot be used in this study, because do not correspond to at least one of the requirements 
put forward to the model, the satisfaction of which together makes it possible to solve the 
posed scientific and applied problem. The only suitable group is a set of CFD-models that are 
based on the use of the Navier-Stokes equations, for example [26]–[31]. The use of these 
complex models, in turn, is hampered by their high requirements for computer resources, user 
qualifications, selection of specific turbulence models, etc. In addition, some mathematical 
models of the movement of impurities are time-independent [32], others are adapted to predict 
the impact on the environment of only toxic (non-explosive) chemicals [33], some models are 
designed to use a probabilistic approach [34], which is also unacceptable for this study. 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2024 / 28 

 
184 

Therefore, based on the analysis of available mathematical and computer models of gas 
dynamics of mixtures, it was decided to use a CFD model of a two-component flow of a 
mixture of air and hydrogen combustion products without taking into account viscosity 
(which does not play a significant role in the core of the flow) [5], which meets all the 
requirements for studying the movement of a blast wave in the area of a gas station in order 
to obtain overpressure fields in personnel locations, assess the consequences of the impact of 
the blast load on people and surrounding buildings, and identify the effectiveness of using a 
stationary protective wall to mitigate the consequences. 

3. HYDROGEN EXPLOSION PROBLEM FORMULATION  

The dispersion of hydrogen combustion products in the spatial computational domain is 
considered (Fig. 4). The blast wave spreads from the initial impurity cloud, gradually losing 
its intensity. The domain is a parallelepiped in the Cartesian coordinate system (axis OY is 
associated with the height, OZ – with the length, and OX – with the width of the domain). 
Harmful for human and infrastructure maximum overpressure, which is generated under the 
influence of explosion pressure wave propagation, can be considered as a main harmful 
parameter the value of which is inside limits of specific thresholds associated with some level 
of human injury and building destruction.  

 

Fig. 4. Accident development scheme: 1 – explosion products cloud; 2 – pressure expansion process;  
3 – explosion wave propagation; 4 – infrastructure building; 5 – overpressure exposed person. 

The combustion products expansion model allows calculating pressure distribution in 
computational domain and extract from its maximum overpressure field which is used for 
determining the level of environmental consequences caused by an explosion (injury level of 
exposed human and destruction degree of infrastructure near the accident epicenter) at the 
site of filling station with different configuration (presence/absence of the protection wall and 
infrastructure building). 

4. METHODS AND PROCEDURES  

4.1. Model Basic Equations, Boundary and Initial Conditions 

To obtain non-stationary three-dimensional pressure fields of a gas mixture of hydrogen 
combustion products with air, a complete system of conservation laws for the mixture without 
taking into account viscosity, supplemented by the law of conservation of mass of combustion 
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products, is used [5]. The system of equations is closed by the equation of state of the mixture. 
No-flow boundary conditions are set on the surfaces of the ground, building and protective 
wall. The system of equations is hyperbolic, therefore, at the entrance to the computational 
domain, the values of wind speed and angles of the velocity vector relative to the coordinate 
axes, as well as the full entropy function, are specified as boundary conditions. The flow is 
predominantly subsonic (the presence of supersonic zones is allowed). Therefore, at the exit 
from the computational domain, static pressure is specified as a boundary condition. The gas-
dynamic parameters of hydrogen combustion products are set in the region occupied by the 
cloud as the initial condition. The system of differential equations is brought into integral 
form and solved by the end-to-end calculation method [14]. The method makes it possible to 
calculate not only the external flow, but also the internal flow of gases (for example, in a 
tunnel [35]), including in non-simply connected areas, makes it possible to consider the 
complex topography of the area [36], to integrate continuous impermeable objects of various 
design types into the calculation area [37]. 

4.2. Hydrogen Explosion Process Simulation  

The instant explosion model is used to simulate the explosion physical process. It is 
assumed that released hydrogen forms the stoichiometric air-hydrogen cloud that is instantly 
chemically reacted with formation of combustion products at constant volume. The 
temperature and pressure of them are used to set initial conditions in the cloud [5]. The 
computation process of pressure wave propagation is stopped when the wave exits the 
computational domain [14].  

4.3. Hydrogen Explosion Impact Evaluation Method 

To understand how the shock-pulse load from a blast wave on the environment is formed, 
it is necessary to consider the diagram of a typical pressure wave profile (Fig. 5). The 
characteristic features of a blast wave are the presence of a pressure peak in the front, primary 
phases of compression and rarefaction. The magnitude of the difference between the peak 
pressure and the ambient pressure represents the main shock damaging factor – the maximum 
overpressure ∆P+. The integral of the primary compression phase gives the value of the 
second damaging factor I+ – the impulse load on the environment. 

There are two main approaches to evaluate the explosion consequences on environment: 
probabilistic and deterministic. The first one uses the explosion physical process model to 
extract both dangerous factors (maximum overpressure and impulse) and through probit 
analysis calculate the conditional probability of some level of human injury or infrastructure 
destruction. The probability B depends on so called probit-function of specific damage Pr, 
which itself is a function of maximum overpressure and impulse for every type of 
consequences for human or building. This approach is useful for risk-oriented methods of 
safety evaluation. It can be used for such dangerous physical processes as toxic gases 
dispersion, explosion wave propagation, high temperature combustion products thermal 
radiation etc. 
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Fig. 5. The typical explosion wave profile. 

The methodology of a deterministic approach to finding the negative consequences of the 
impact of excess pressure on the environment involves calculating the magnitude of this 
damaging factor and comparing it with the scale of consequences [36]. Such a scale for 
damage to the human body is presented in Table 1.  

TABLE 1. EXPLOSION OVERPRESSURE IMPACT ON PERSONNEL 

Excessive pressure ∆P+, kPa < 10 10–40 40–60 60–100 > 100 

Consequences Safe Light Average Heavy Lethal 

Light impact on human health is associated with bruises and loss of hearing, average impact – 
with bleeding, heavy impact is accompanied by concussion. The degree of destruction of buildings 
can be determined from Table 2 by the amount of excess pressure depending on the structural 
material of their manufacture. 

TABLE 2. EXPLOSION OVERPRESSURE IMPACT GRADE ON INFRASTRUCTURE BUILDING 

Structure construction material 
Destruction from overpressure, kPa 

weak medium severe total 

Antiseismic concrete  25–35 80–120 150–200 > 200 

Sectional ferroconcrete 10–20 20–30 – 30–60 

Brick  8–15 15–25 25–35 35–45 

Wood 6–8 8–12 12–20 20–30 

In this paper we use the deterministic approach to evaluate the consequences of gaseous 
hydrogen explosion at vehicle filling station caused by accidental failure of several high-
pressure hydrogen dispensing cylinders.  
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5. RESULTS 

According to accident scenario at the hydrogen vehicle filling station, a certain volume of 
hydrogen gas quickly reacts with oxygen in the air to form a cloud of combustion products in 
the shape of a hemisphere with a radius r (Fig. 6). The center of hemisphere E will be 
considered the epicenter of the emergency explosion. There is complete calm on the site (the 
speed of the air mass at the entrance to the area is zero). The temperature of the gases of 
combustion products (a mixture of water vapour and residual nitrogen from the air, the oxygen 
of which has reacted) is 3177 °C, adiabatic ratio is 1.24, and molar weight is 0.02441 kg/mol.   

The calculated volume is a parallelepiped 31.2 m long, 20.2 m wide, and 12 m high. The 
computational grid has 156 finite-difference cells along the OZ axis, 101 cells along the OX 
axis, and 60 cells along the OY axis, i.e., each cell is a cube with a side of 0.2 m. 

One group of scenarios considers the installation of a solid protection wall between 
explosion epicenter and personnel and infrastructure building (Fig. 6). The wall is 10.2 m 
long (along the OX axis), 0.2 m thick (along the OZ axis) and 2.2 m high (along the OY axis).  

The scale of emergency consequences depends on the number K of destroyed high pressure 
fuel dispensing vessels (Table 3). Five explosion intensity options O1–O5 are considered. 
They assume different combustion products cloud radius for each option.  

 

Fig. 6. Map of objects: 1– explosion products cloud; 2 – protection wall; 3 – infrastructure building;  
4 – control point (a – central plane YOZ, b – front view plane XOY). 

TABLE 3. EXPERIMENT MAIN OPTION PARAMETERS 

Emergency parameter Options 

Explosion power option identifier O1 O2 O3 O4 O5 

Number of failed containers K 1 2 3 4 5 

Combustion products cloud size r, cm 200 252 288 317 342 

Besides, for each option of explosion power three possible additional scenarios are 
considered (Table 4): 0 – there are no building and protection wall at the accident site (these 
experiments are identified by Ox.0 series); 1 – the building is present (Ox.1 series); 2 – the 
building and protection wall are both installed (Ox.2 series). 
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TABLE 4. ADDITIONAL SCENARIO OPTION IDENTIFICATION 

Parameter Options 

Experiment option identifier Ox.0 Ox.1 Ox.2 

Infrastructure building presence No Yes Yes 

Protection wall presence No No Yes 

To analyze the efficiency of the protection wall, the overpressure is collected in control 
points Ci (C0–C4) at the distance Zc = {16.1; 17.1; 18.1; 19.1; 20.1} m from the origin of the 
computational domain is set on the ground along the OZ direction in the width center of the 
computational area (Fig. 6). These control points are considered as possible location places 
of service man. The points are located between the wall and the building in order to evaluate 
overpressure shock impact on human and loading on the exposed side of the building.  

Initial conditions in the form of gas-dynamic parameters of combustion products are set in 
those calculation cells whose centers fell inside the cloud hemisphere [5]. 

During all the calculation experiments, pressure fields are controlled to analyze the effect 
of the protection wall and building presence (Fig. 7). The distribution of excess pressure at 
points of potential personnel location is determined (Fig. 8). It helps to extract the value of 
the main dangerous factor of maximum overpressure which is used during deterministic 
evaluation of the consequences caused by explosion wave on exposed serviceman (Fig. 9) 
and infrastructure building (Fig. 10). 

 

Fig. 7. Pressure fields after 0,0107 s: a, b – option O5.1, c, d – option O5.2 in planes YOZ (in the middle) and XOZ (near 
the ground) respectively. 
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The pressure fields show that the blast wave is moving away from the center of the accident, 
gradually losing its intensity (Fig. 7). In the absence of a protection wall, the wave front has 
a concentric shape until the moment it meets the surface of the building wall (Fig. 7(a&b)). 
In the case of installing a protection wall (Fig. 7(c&d)) the wave front is significantly 
distorted: a pressure wave reflected from the wall appears, a rarefaction zone is formed in 
front of the wall and a safer zone for humans is generated behind the wall. A pressure wave 
approaches the building, the intensity of which is significantly reduced by the protective wall. 

The overpressure history at control points (Fig. 8 for the most powerful blast option O5) 
gives a general picture of the blast wave propagation in the area of potential location of 
service personnel for all three configurations of the presence (or absence) of solid protection 
wall and infrastructure building objects in the actual calculation area. In the absence of a wall 
and building (option O5.0), the pressure wave gradually loses its impact load (maximum 
overpressure) without changing its classic appearance (Fig. 8(a)). In the absence of a 
protective wall and the presence of a building, the picture of the pressure wave dynamics is 
similar to the previous one, with the exception of its right part, where the appearance of a 
wave reflected from the building is visible, which is superimposed on the primary one 
(Fig. 8(b)). For the control point C4, which is the closest to the building, the peak of the 
reflected wave exceeded the peak of the primary wave, i.e., at point C4 the situation with the 
building is more dangerous for humans.  

In the case of presence of both, a protective wall and a building, the picture of the dynamics 
of the pressure wave changes dramatically (Fig. 8(c)). The shock intensity of the primary 
pressure wave drops significantly. The safest zone for humans is now located at points C0–
C3, and the peak of the reflected wave at point C4 now exceeds the peaks of the primary 
waves at other control points. 

The overpressure history in all the control points (Fig. 8) helps to extract the value of the 
main dangerous factor of maximum overpressure which used during deterministic evaluation 
of the consequences caused by explosion wave on exposed serviceman in control points 
(Fig. 9) and infrastructure building (Fig. 10). 

Comparing maximum overpressure values in control points (Fig. 9) with threshold limits 
for different human impact degree (Table 1), it is obvious that all options are not safe for 
human because ∆P+ exceeds 10 kPa. At control point C0 (Fig. 9(a)) an explosion with power 
O1 without protection leads to average consequences (bleeding), O2 – to heavy consequences 
(concussion), and O3–O5 – to lethal effect. Protection with solid wall leads only to light 
consequences for all variants of explosion intensity O1–O5. At more distant from the accident 
epicenter E control point C2 (Fig. 9(b)) an explosion with power O1 without protection leads 
to light consequences (bruises, hearing loss), O2 – to average consequences, and O3–O5 – to 
heavy consequences. Installation of the wall leads to light consequences for all variants of 
explosion intensity O1–O5. At the most distant from the accident epicenter E control point 
C4, that is the closest to the building, (Fig. 9(c)) an explosion with power O1 and O2 without 
protection leads to light consequences, O3 and O4 – to average consequences, and O5 – to 
heavy consequences. Installation of the protection wall leads to light consequences for options 
of explosion power O1–O4 and to average consequences for option O5. Thus, the wall 
effectively protects a human from the consequences of average, heavy and lethal level. 
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Fig. 8. Overpressure history for explosion power option O5 in control points C0–C4: (a) – variants with the absence of a 
wall and building; (b) – wall presence; (c) – with wall and building presence. 

140 

120 

100 

80 

60 

40 

20 

0 

–20 

140 

120 

100 

80 

60 

40 

20 

0 

–20 

40 

30 

20 

10 

0 

–10 

∆P, kPa 

∆P, kPa 

∆P, kPa 

0.005                   0.01                       0.015                      0.02                      0.025                      0.03                  τ, S 

0.005                   0.01                       0.015                      0.02                      0.025                      0.03                  τ, S 

0.005                   0.01                       0.015                      0.02                      0.025                      0.03                  τ, S 

(a) 

(b) 

(c) 

∆P+, kPa 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2024 / 28 

 
191 

 

Fig. 9. Maximum overpressure in control points C0 (a), C2 (b), and C4 (c) for different explosion power options O1–O5. 

 
Fig. 10. Maximum overpressure fields on the exposed to an explosion side of the building: a–e options Ox.1; f–j options 
Ox.2. 

The maximum overpressure distribution on the exposed wall of a building provides 
information about the impact load on the structure and the degree of its destruction, depending 
on the structural material of its manufacture (Fig. 10). Explosion loads for a series of 
experiments with a building Ox.1 (without a protective wall) are shown on Fig. 10(a–e), and 
a series Ox.2 (with the wall) are represented on Fig. 10(f–j). For example, in the absence of 
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a protective wall (O1.1), the option of using antiseismic concrete will lead to partial weak 
damage of the building (Table 2), sectional ferroconcrete – significant weak and partially 
medium damage, brick – significant medium and partially severe damage, and wood – 
significant severe and partially total destructions (Fig. 10(a)). With the increase of explosion 
power, the level of destruction is more severe. For instance, for option O3.1 (Fig. 10(c)), the 
use of antiseismic concrete leads to weak damages of the building, sectional ferroconcrete, 
brick, and wood – total destructions. For option O5.1 (Fig. 10(e)) use of antiseismic concrete 
leads to medium building damages, any other material – total destructions. 

Installing a protective wall (Ox.2) significantly reduces the load on the building. For 
example, for the lightest power explosion (O1.2), the option of using antiseismic concrete 
causes any damages to the building, use of sectional ferroconcrete and break leads to partially 
weak damages, wood – significant medium and partially severe damages (Fig. 10(f)). With 
the increase of explosion power, the level of destruction is not as severe as without the 
protection wall. For instance, for option O3.2 (Fig. 10(h)) use of antiseismic concrete leads 
to weak damages of the building, sectional ferroconcrete – to severe damages, brick, and 
wood – to the total destructions. For option O5.2 (Fig. 10(j)) use of antiseismic concrete leads 
to weak damages, sectional ferroconcrete, brick, and wood – to the total destructions. Such 
deterministic analysis can be used by safety experts during building construction material 
choice [38] while projecting the building near the filling station or to forecast the level of 
destruction of existing building. 

6. DISCUSSION 

The shock loads on the surface of a building in the zone of an emergency hydrogen 
explosion obtained as a result of a numerical experiment are significantly enhanced due to 
the occurrence of a pressure wave reflected from the wall of the building [8], which in general 
corresponds to expert expectations. Although, for a more detailed analysis and forecast of a 
building’s resistance to blast loads, it is necessary to consider the detailed design of the 
building and the entire complex of bending and shear stresses in the critical sections of the 
building, and compare them with the limit values for the structural materials used [37].  

The resulting impact loads in places where a person might be located are probably 
underestimated due to the absence of the human body itself in the calculation area. By 
approximating it into a solid object (like a building and a protective wall), it is possible to 
calculate the maximum excess pressure on the surface of the body, taking into account the 
occurrence of a reflected wave. In this case, one can expect an increase in the impact load on 
a person. 

The installation of a protective wall undoubtedly significantly increased safety at control 
points and reduced the load on the building. But the protective wall itself is an object of 
increased maximum overpressure and needs to evaluate the strength, determine the safe 
thickness and select the manufacturing material [36], which will allow the wall not to 
collapse. 

In the deterministic approach to assessing the level of consequences of a blast wave, only 
one damaging factor is used – the maximum excess pressure in the blast wave front. Most 
likely, taking into account the impulse component of the load will lead to an increase in the 
negative impact on the environment, especially since the probabilistic method [35] makes it 
possible to take into account both harmful factors when assessing damage to people and 
buildings in the emergency explosion zone. 

Thus, promising directions for further improvement of the proposed methodology are the 
development of a deterministic approach to assessing the consequences of an explosion by 
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taking into account the impulse component of the blast load and expanding the map of objects 
in the computational domain by adding the human body, which will make it possible to obtain 
more accurate blast loads on it by taking into account the reflected pressure wave. 

7. CONCLUSION 

Pressure disturbance of the atmosphere at the site of a hydrogen filling station caused by 
an emergency explosion of hydrogen gas is being studied. A time-dependent spatial hydrogen 
explosion model based on the system of hyperbolic conservation law equations solved by first 
order accurate in both space and time Godunov’s method is used. A deterministic analysis of 
the of explosion power influence on level of environmental consequences is performed. The 
efficiency evaluation of stationary located protection wall is accomplished. Basing on 
calculated maximum overpressure values at serviceman potential locations and overpressure 
distribution on the exposed wall surface of the infrastructure building, the conclusions about 
the degree of injury to personnel and the level of the building destruction are made. It has 
been shown that the choice of structural material of a building can reduce the degree of 
destruction, and the installation of a protective wall significantly increases the level of safety 
in the area of an accident. 

REFERENCES  

[1] Safety and Security Analysis: Investigative Report by NASA on Proposed EPA Hydrogen-Powered Vehicle Fueling 
Station. Assessment and Standards Division Office of Transportation and Air Quality U.S. Environment Protection 
Agency, EPA420-R-04-016 October 2004. 45 p. 

[2] Sato Y., Iwabuchi H., Groethe M., Merilo E., Chiba S. Experiments on hydrogen deflagration. Journal of Power 
Sources 2006:159(1):144–148. https://doi.org/10.1016/j.jpowsour.2006.04.062 

[3] Puttock G. S., Colenbrander G. W., Blackmore D. R., Maplin Sands experiments 1980: Dispersion results from 
continuous releases of refrigerated liquid propane, S. Hartwig (ed), Heavy Gas and Risk Assessment 1980:11:147–161. 
https://doi.org/10.1007/978-94-009-7151-6_9 

[4] Garcia, J., Baraldi, D., Gallego, E., Beccantini, A., Crespo A., Hansen O. R., Hoiset S., Kotchourko A., Makarov 
D., Migoya E., Molkov V., Voort M. M., Yanez J. An intercomparison exercise on the capabilities of CFD models to 
reproduce a large-scale hydrogen deflagration in open atmosphere. International Journal of Hydrogen Energy 
2010:35(9):4435–4444. https://doi.org/10.1016/j.ijhydene.2010.02.011 

[5] Skob Y., Ugryumov M., Granovskiy E. Numerical Evaluation of Probability of Harmful Impact Caused by Toxic Spill 
Emergencies. Environmental and Climate Technologies 2019:23:1–14. https://doi.org/10.2478/rtuect-2019-0075  

[6] Sathiah P., Holler T., Kljenak I., Komen E. The role of CFD combustion modeling in hydrogen safety management – 
V: Validation for slow deflagrations in homogeneous hydrogen-air experiments. Nuclear Engineering and Design 
2016:310:520–531. https://doi.org/10.1016/j.nucengdes.2016.06.030 

[7] Skob Y., Yakovlev S., Pichugina O., Kalinichenko M., Korobchynskyi K. Mathematical Modelling of Gas Admixtures 
Release, Dispersion and Explosion in Open Atmosphere. CEUR Workshop Proceedings 2023:3641:168–181. 

[8] Skob Y., Yakovlev S., Korobchynskyi K., Kalinichenko M. Numerical Assessment of Terrain Relief Influence on 
Consequences for Humans Exposed to Gas Explosion Overpressure. Computation 2023:11(2):19.  
https://doi.org/10.3390/computation11020019 

[9] McQuaid J. Trials on dispersion of heavy gas clouds. Plant/Operations Progress 1985:4(1):58–61.  
https://doi.org/10.1002/prsb.720040112 

[10] Zatorska E. On the steady flow of a multicomponent, compressible, chemically reacting gas. Nonlinearity 2011:24:11. 
https://doi.org/10.1088/0951-7715/24/11/013 

[11] Gotaas Y. Heavy gas dispersion and environmental conditions as revealed by the Thorney Island experiments. Journal 
of Hazardous Materials 1985:11:399–408. https://doi.org/10.1016/0304-3894(85)85050-0 

[12] Skob Y., Yakovlev S., Pichugina O., Kalinichenko M., Korobchynskyi K., Hulianytskyi A. Numerical Evaluation of 
Wind Speed Influence on Accident Toxic Spill Consequences Scales. Environmental and Climate Technologies 
2023:27:450–463. https://doi.org/10.2478/rtuect-2023-0033 
Colenbrander G. W., Puttock J. S. Maplin Sands Experiments 1980: Interpretation and Modelling of Liquefied Gas 
Spills onto the Sea. In: Ooms, G., Tennekes, H. (eds) Atmospheric Dispersion of Heavy Gases and Small Particles 
1984:277–295. https://doi.org/10.1007/978-3-642-82289-6_22 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2024 / 28 

 
194 

[13] Men'shikov V., Skob Y., Ugryumov M. Solution of the three-dimensional turbomachinery blade row flow field 
problem with allowance for viscosity effects. Fluid Dynamics 1991:26(6):889–896. 
https://doi.org/10.1007/BF01056792 

[14] Tregillis I. L., Koskelo A. Analytic Solutions as a Tool for Verification and Validation of a Multiphysics Model. 
Journal of Verification, Validation and Uncertainty Quantification 2019:4(4):041004. 
https://doi.org/10.1115/1.4045747 

[15] Markiewicz T. A review of mathematical models for the atmospheric dispersion of heavy gases. Part I. A classification 
of models. Ecological Chemistry and Engineering S 2012:19(3):297–314. https://doi.org/10.2478/v10216-011-0022-y 

[16] Walker E. L., Tanenbaum B. S. Investigation of Kinetic Models for Gas Mixtures. Physics of Fluids 1968:11:1951–
1954. https://doi.org/10.1063/1.1692224 

[17] Mansha M., Saleemi A.R., Ghauri B. M. Kinetic models of natural gas combustion in an internal combustion engine. 
Journal of Natural Gas Chemistry 2010:19(1):6–14. https://doi.org/10.1016/S1003-9953(09)60024-4  

[18] Yu H., Zhang X. Molecular-kinetic study of multilayers gas-adsorption in a rarefied gas environment. Physics of Fluids 
2022:34(12):123106.  https://doi.org/10.1063/5.0124970 

[19] Rogulski M. Indoor PM10 concentration measurements using low-cost monitors in selected locations in Warsaw. 
Energy Procedia 2018:147:137–144. https://doi.org/10.1016/j.egypro.2018.07.043 

[20] Barisa A., Rosa M. Scenario analysis of CO2 emission reduction potential in road transport sector in Latvia. Energy 
Procedia 2018:147:86–95. https://doi.org/10.1016/j.egypro.2018.07.036 

[21] Puttock J. S., McFarlane K., Prothero A., Rees F. J., Blewitt D. N. Dispersion models and hydrogen fluoride 
predictions. Journal of Loss Prevention in the Process Industries 1991:4(1):16–28. https://doi.org/10.1016/0950-
4230(91)80003-D 

[22] Folch A., Costa A., Hankin R. K. S. twodee-2: A shallow layer model for dense gas dispersion on complex topography. 
Computers & Geosciences 2009:35(3):667–674. https://doi.org/10.1016/j.cageo.2007.12.017 

[23] Kopka P., Wawrzynczak A. Framework for stochastic identification of atmospheric contamination source in an urban 
area. Atmospheric Environment 2018:195:63–77. https://doi.org/10.1016/j.atmosenv.2018.09.035 

[24] Burns D. S., Rottmann S. D., Plitz A. B. L., Wiseman F. L., Chynwat V. A simplified chemistry module for atmospheric 
transport and dispersion models: Proof-of-concept using SCIPUFF. Atmospheric Environment 2012:56:212–221. 
https://doi.org/10.1016/j.atmosenv.2012.03.067 

[25] Merah A., Noureddine A. Reactive pollutants dispersion modeling in a street Canyon. International Journal of Applied 
Mechanics and Engineering 2019:24(1):91–103. https://doi.org/10.2478/ijame-2019-0006 

[26] Arvidson S., Davidson L., Peng S.-H. Interface methods for grey-area mitigation in turbulence-resolving hybrid 
RANS-LES. International Journal Heat and Fluid Flow 2018:73:236–257.  
https://doi.org/10.1016/j.ijheatfluidflow.2018.08.005 

[27] Lipatnikov A. N., Sabelnikov V. A., Poludnenko A. Y. Assessment of a transport equation for mean reaction rate using 
DNS data obtained from highly unsteady premixed turbulent flames. International Journal Heat and Mass Transfer 
2019:134:398–404. https://doi.org/10.1016/j.ijheatmasstransfer.2019.01.043 

[28] Galeev A. D., Starovoitova E. V., Ponikarov S. I. Numerical simulation of the formation of a toxic cloud on outpouring 
ejection of liquefied chlorine to the atmosphere. Journal of Engineering Physics and Thermophysics 2013:86(1):219–
228. https://doi.org/10.1007/s10891-013-0823-1 

[29] Snegirev A. Y., Frolov A. S. The large eddy simulation of a turbulent diffusion flame. High Temperature 2011:49:690–
704.  https://doi.org/10.1134/S0018151X11040201 

[30] Salamonowicz Z., Krauze A., Majder-Lopatka M., Dmochowska A., Piechota-Polanczyk A., Polanczyk A. Numerical 
Reconstruction of Hazardous Zones after the Release of Flammable Gases during Industrial Processes. Processes 
2021:9(2):307. https://doi.org/10.3390/pr9020307 

[31] Sutthichaimethee P., Ariyasajjakorn D. Forecast of Carbon Dioxide Emissions from Energy Consumption in Industry 
Sectors in Thailand Env. and Climate Technologies 2018:22(1):107–117. https://doi.org/10.2478/rtuect-2018-0007  

[32] Slisane D., Blumberga D. Assessment of Roadside Particulate Emission Mitigation Possibilities Environmental and 
Climate Technologies 2013:12(1):4–9. https://doi.org/10.2478/rtuect-2013-0009 

[33] RD-03-26-2007. Metodicheskiye ukazaniya po otsenke posledstviy avariynykh vybrosov opasnykh veshchestv 
(Methodological guidelines for the assessment of the consequences of accidental releases of hazardous substances). 
Moscow, STC Industrial safety, 2008:27(6):122. (In Russian). 

[34] Skob Y., Ugryumov M., Granovskiy E. Numerical assessment of hydrogen explosion consequences in a mine tunnel. 
International Journal of Hydrogen Energy 2021:46(23):12361–12371. https://doi.org/10.1016/j.ijhydene.2020.09.067 

[35] Skob Y., Ugryumov M., Dreval Y. Numerical Modelling of Gas Explosion Overpressure Mitigation Effects. Materials 
Science Forum 2020:1006:117–122. https://doi.org/10.4028/www.scientific.net/MSF.1006.117  

[36] Skob Y., Ugryumov M., Dreval Y., Artemiev S. Numerical Evaluation of Safety Wall Bending Strength during 
Hydrogen Explosion. Materials Science Forum 2021:1038:430–436.  
https://doi.org/10.4028/www.scientific.net/MSF.1038.430 

[37] Skob Y., Dreval Y., Vasilchenko A., Maiboroda R. Selection of Material and Thickness of the Protective Wall in the 
Conditions of a Hydrogen Explosion of Various Power. Key Engineering Materials 2023:952:121–129. 
https://doi.org/10.4028/p-ST1VeT 


	1. Introduction
	2. Review of Literature
	3. Hydrogen Explosion Problem Formulation
	4. Methods and Procedures
	1.
	2.
	3.
	4.
	4.1. Model Basic Equations, Boundary and Initial Conditions
	4.2. Hydrogen Explosion Process Simulation
	4.3. Hydrogen Explosion Impact Evaluation Method

	5. Results
	6. Discussion
	7. Conclusion
	References

