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ABSTRACT

In the present study, an attempt has been made to use Computational Fluid Dynamics (CFD) in the
assessment of hazardous gas dispersion over obstacles. For this aim, the accidental dispersion of
hazardous gas from the hole and the effect of different parameters such as changes in inlet wind velocity,
the direction of the pollutant cloud and its movement, mass fraction of gas dispersion, and the pressure
distribution were numerically analyzed. The flow was assumed as three-dimensional, unsteady,
turbulent, and compressible. Different turbulent models were used in modeling the gas release and the
most accurate one was suggested. The numerical simulation demonstrated that the gas mass fraction
increased significantly due to the sudden dispersion of the gas. The amount of gas concentration
gradually decreased after the formation of pollutant clouds by moving in the horizontal direction.
Moreover, gas mass fraction had decreased by increasing the height. Comparing the results revealed that
the pollutant cloud did not cover the surrounding area in the wind velocity of 1 m/s. Therefore, the
pollutant clouds generated in this case could not impose a threat. In higher wind velocities (3 m/s and 5
m/s), the pollutant cloud approximately covered the surrounding areas, which caused a severe threat. The
maximum overpressure at the hole is 5.7 Pa for a wind velocity of 5 m/s, while the maximum negative
pressure was about -7.1 Pa. The influencing radius was obtained about 9.3 m. The overpressure did not
cause obvious damage to buildings but led to a slight hurt to humans.

doi: 10.5829/ije.2020.33.10a.27

1. INTRODUCTION

The hazardous gas dispersion in the environment
indicates a dangerous risk for people living close to
chemical plants. Because heavy gas tends to stay at a
lower level and disperse at a slower pace in the
atmosphere, potentially they are dangerous [1-3]. The
possible release and dispersion of hazardous gas to the
atmosphere are occurred due to terrorist attacks, human
error, and mechanical failure, etc. [1]. Nowadays, many
countries have been troubled by air pollution and haze.
Natural gas gain popularity with the characteristics of
high environmental benefit and social benefit. The laying
of gas pipeline mileage also increases rapidly to meet the
increasing demand for natural gas. At the same time,
concerns about the potential towards that natural gas spill
could pose have been raised [4]. Accidental dispersion of
hazardous gas has been investigated by many researchers
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and numerical models adapted for loss prevention targets
in process and chemical industries [5,6]. Urban areas are
easily involved in the gas dispersion. They are classified
with complex geometry from numerous buildings. These
obstacles significantly affect wind velocity because
wakes, recirculation, and preferential paths can strongly
complicate the scenario in simulations [7]. Mainly,
numerical models for gas dispersion are characterized
into three types [8], phenomenological models [9,10],
integral models, and CFD models [11-13]. CFD-based
tools can be used for simulation of the diverse problems
in engineering [14-17] and the complex urban geometries
involved to investigate the impact of multiple large
obstacles on hazardous gas dispersion. Recently,
implementing the CFD method to model the dispersion
of gas has been more common as computers are
becoming more capable and faster. Beside, CFD methods
give more accurate results compared to traditional
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models of gas dispersion [18-20].

Pontiggia et al. [21] applied a CFD technique to
analyze hazardous gas releases. They validated their CFD
results with experimental data and good agreement was
achieved. In their study, More precisely, a new
methodology including the effects of atmospheric
stratification on gas dispersion was developed. Li et al.
[22] experimentally and numerically studied the release
and dispersion of gas. A multi-phase model is developed
and validated against available experimental data. Their
model could support risk assessment. Moen et al. [23]
investigated and validated different turbulence models in
hazardous gas dispersion. For all cases, they concluded
that standard k- and RNG k-& models showed reasonable
results. Han et al. [24] experimentally and numerically
investigated the sulfur hexafluoride gas dispersion
properties for an industrial building. The removal of
sulfur hexafluoride was more effective as the air outlets
and inlets were arranged on the same side of the wall. In
the study of Eberwein et al. [25], for risk research with
new energy carrier LNG in land transport, CFD
simulations for LNG-vapor dispersion was considered.
They concluded that the most effective parameter for
modeling the dispersion was turbulence boundary
conditions at the domain boundary. Issakhov and
Omarova [26] numerically considered the dispersion and
movement of pollutant emission between several houses.
They found that using solid grass barriers caused to
increase in the concentration of pollutants on the road. On
the other hand, they significantly protected nearby
houses. Michioka et al. [27] used the large eddy
simulation method to analyze the impact of wind-
direction fluctuation on the dispersion of gas. It was
concluded that the instantaneous turbulent flow with a
low-frequency was produced both with and without
wind-direction fluctuation.

The present study aimed to evaluate the sudden gas
dispersion around buildings from a hole intended at the
ground. The novelty of the present work was an
integration of gas dispersion with the subsequent
formation of pollutant gas cloud consequence. For this
aim, a three-dimensional CFD model was conducted.
Actually, the flow characteristics, the surrounding area of
obstacles, and distance between them can significantly
affect the concentration distribution. Furthermore,
changes in inlet wind velocity, the concentration of gas,
pollutant cloud, and flow characteristics were studied in
detail. In addition, the turbulence models in CFD
simulations were assessed based on experimental data to
select the most appropriate model for further studies.

2. MODEL DESCRIPTION and BOUNDARY
CONDITIONS

In the present study, ANSYS desigh modeler was used to
design and model the geometry. Figure 1 illustrates the

computational domain including obstacles and
residential areas. A 100 m x 75 m x 30 m domain was set
for the computational domain and a hole for gas
dispersion with a diameter of 20 mm was assumed. The
dimensions of the obstacles considered in the simulation
are presented in Table 1. Defining the boundary
condition is an important step in the implementation of
simulations. For the inlet side, the boundary condition
was considered as velocity inlet. For the up and side
planes, zero flux planes were used. For the outlet, the
boundary condition was assumed to pressure outlet.
Furthermore, the no-slip boundary condition was
considered for the lower side, buildings, and reservoirs.
The mass flow inlet condition was imposed for gas
dispersion.

A three-dimensional mesh was used for the
computational domain (Figure 2a). Also, fine meshes
were used to generate the grid for the areas which are
more sensitive to have higher accuracy in computations.
Also, Figure 2b demonstrates the entire and closer view
of the grid, respectively.

3. NUMERICAL PROCEDURE and GOVERNING
EQUATIONS

In the present work, simulations were implemented using
ANSYS CFX along with the finite volume method
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Figure 1. Computational domain

TABLE 1. The dimensions of the obstacles

Obstacles Dimensions (m)

Reservoir 1 10%3x3
Reservoir 2 10x3x3
Building 1 5x5%9
Building 2 5x4x9
Building 3 5x5%9
Building 4 5x5x7
Building 5 5x4x9
Building 6 4x5%x7
Building 7 5x5x7
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Figure 2. Compuaional grid for the building and ground

(FVM) to discretize the equations. Moreover, the
unsteady Reynolds-Averaged Navier-Stokes (URANS)
equations were adapted. Navier-Stokes Equations are
solved using CFD code with specific model equations,
such as energy balance, species diffusion, and turbulence
which can be defined as follows:

op v

at V.(pv) =0 1)
%(p;)+ V.(p\;): VP +VAD)EpE 2
a(”; 1), V.(p{CPT): V.(K,VT) 3)

where p represents the density, t shows the time, v
denotes the velocity, p indicates the pressure, T denotes
the shear stress, g is the gravity acceleration, C, and C,
denote the specific heats, T indicates the temperature, and
k is the thermal conductivity.

The gas dispersion process behaves as an unsteady
turbulent flow. An appropriate turbulence model is
required for describing the turbulence in the gas
dispersion process and make the governing equations
close [28]. In this study, different turbulent models were
used to select the most suitable one for further studies.

Moreover, the Upwind second-order method is used
to discretize the continuity, momentum, energy, k, and w.
Also, The SIMPLE algorithm is applied for pressure-
velocity coupling. The convergence criteria are
considered to be less than 10 for all equations. In this
study, the wind velocity at the inlet (velocity inlet
boundary condition) is equal to 1, 3, and 5 m/s. For the
accidental release of hazardous gas for 20 seconds, CO;
is released at a constant mass inflow rate (m;) of 3.65
kg/s. The variable mass inflow rate equal to m; during the
release phase (kg/s) (Qi) is defined by a step function to
enter the boundary conditions of the inlet gas (Figure 3)
[29, 30]:
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Figure 3. Qi in terms of time (s) for the accidental release of
hazardous gas
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where Q; is variable mass inflow rate equal to m; during
the release phase, m; represents the constant mass inflow
rate, t denotes the time (s), tc represents the time constant
equal to 1 s, to indicates the time of release initiation (s),
t1 is the release phase duration (s).

4. CODE VALIDATION

In the present study, four different grids with cell
numbers of 430000, 690000, 920000, and 1050000 were
generated to investigate the grid independence study
using the ANSY'S Meshing. The grid independence study
was carried out for calculating the mass fraction of the
gas dispersion along the longitudinal axis of the
computational domain. Consequently, there was a
negligible difference between the results of the finest grid
and the grid with 920000 cells. Therefore, the grid with
920000 cells was used for selecting a favorable grid size
for saving the computation time and providing better
accuracy. Figure 4 indicates the detail of the grid
independence study.
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Figure 4. Grid independence study
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In order to consider and choose the most appropriate
turbulent model, the predicted numerical results were
compared with the experimental data [29], which is
shown in Figure 5. Comparing the gas concentration for
different turbulent models revealed that the RNG k-¢
turbulent model demonstrated better agreement with the
experimental data [29]. Thus, further simulations were
conducted using the RNG k-¢ turbulent model.

5. RESULTS AND DISCUSSION

Figure 6 demonstrates the changes of pressure along the
longitudinal axis of the computational domain for the
three wind velocities of 1, 3, and 5 m/s in the x-axis
direction. As it can be seen, sudden changes in pressure
occurred at the gas dispersion location which has lower
values at low wind velocity (1 m/s). The more changes in
pressure were observed by increasing the wind velocity
so that it caused a sharp increase in pressure and then
significantly decreased. Finally, the pressure tends to
zero at the end of the computational range for all three
cases.

The maximum overpressure distributed in the center
of the hole, and the overpressure gradually reduced in a
radial direction. The maximum overpressure at the hole
is 5.7 Pa for a wind velocity of 5 m/s, while the maximum
negative pressure was about -7.1 Pa. The areas with
positive and negative pressure were in dynamic change
during the gas dispersion process. The influencing radius
was obtained about 9.3 m. The overpressure did not cause
obvious damage to buildings but led to a slight hurt to
humans.

Figure 7 depicts the changes in the mass fraction of
gas dispersion along the longitudinal axis of the
computational domain for the three wind velocities of 1,
3, and 5 m/s. From these figures, due to the sudden
dispersion of the gas, its mass fraction increased with a
sharp slope. Furthermore, the amount of gas
concentration gradually decreased after the formation of
pollutant clouds by moving in the x-axis. It is obvious
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Figure 5. Comparison between gas concentrations of the

present study and experimental data [29]
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Figure 6. The changes in pressure in terms of different wind
velocities
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Figure 7. The changes in the gas mass fraction in terms of
different wind velocities
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that there is a maximum value for three cases which
decreased dramatically as the wind velocity increased.

Comparing the results demonstrated that changes in
wind velocity significantly affected the distribution of
gas clouds. The wind is the main driving force for gas
dispersion under great wind velocity [28].

The gas mainly dispersed along the vertical direction,
in which the surrounding area is not covered by the gas
cloud in the wind velocity of 1 m/s. Therefore, the
pollutant cloud generated in this case could not impose a
threat. In higher wind velocities (3 and 5 m/s), the
pollutant cloud approximately covered the surrounding
areas, which caused a severe threat.

The size of the coverage area depended on the
pollutant cloud length. The greater pollutant cloud length
was generated under the higher wind velocity. Hence, the
size of the coverage area also raised with increasing wind
velocity. The pollutant cloud at lower wind velocity (1
m/s) had greater gas mass fraction since the lower wind
velocity cannot dissipate gas timely [28].

Figures 8 to 10 illustrate the changes in the mass
fraction of dispersion gas along the longitudinal axis of
the computational domain for the three wind velocities of
1, 3, and 5 m/s, and three different heights of 0, 3 and 6
m, respectively. For this purpose, three lines along the x-
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axis are used, which the height of 0 m (Y = 0 m) means
the ground surface. By considering these figures, the
formation of the pollutant cloud, its concentration, and
the direction of movement can be well determined. It is
clear that the mass fraction of gas had decreased by
increasing the height from the ground surface. It should
be mentioned that with the increase of wind velocity and
height, the maximum range of gas mass fraction had
moved forward in the x-axis direction.

Figure 11 shows the gas concentration profile with
the velocity profile at different wind velocities. From the
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Figure 8. The changes in the gas mass fraction at V = 1 m/s
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Figure 11. Gas concentration profile with the velocity
profile

figures, it can be seen that a high-velocity gradient
develops a turbulent flow. The sharper velocity gradient
is observed with higher wind velocity. Furthermore, the
gas concentration is decreased as the wind velocity
increased. Whereas increasing the wind velocity from 1
m/s to 5 m/s caused the gas concentration to decrease
approximately 59%.

Figure 12 illustrates the concentration fields of the x-
z cross profile at the hole location and the obstacles,
respectively. The instantaneous gas concentration
distribution and development process of the pollutant
cloud due to the incoming wind flow is clearly shown in
this figure. During the initial stage of gas dispersion, the
pollutant cloud with greater concentration moved along
downwind in 5 s, and gradually impinged on the
buildings in 15 s. After that, the majority of pollutant
clouds moved upwards which caused to increase in the
height of the pollutant cloud with dispersion time.
Finally, the pollutant cloud completely spread and
covered the surrounding areas in 35 s. It is noteworthy
that the concentration of gas pollutants decreased with
dispersion time whereas it tended to zero. However, the
buildings should be located far enough from the threat
coverage area. The influencing radius was predicted by
about 11.6 m in wind velocity of 1 m/s. The high
concentration of gas in this area can obviously damage
humans such as pulse rate increase, nausea, headaches,
and unconscious.

As mentioned earlier in Figure 7, the gas
concentration decreased as wind velocity increased. This
phenomenon is due to the fact that the higher wind
velocity can carry more fresh air and cause faster
dispersion and stronger dilution, resulting in a smaller
threat area.

Figures 13 to 15 demonstrate the pressure distribution
over the obstacles and residential area. It is evident that
the maximum value of pressure increased as the wind
velocity raised. Also, there is a high-pressure field in the
locations near the buildings. There is a maximum value
of pressure at the front of the buildings and a negative
pressure area at the back of the buildings.



2092 E. Fatahian et al. / [JE TRANSACTIONS A: Basics Vol. 33, No. 10, (October 2020) 2087-2094

35s
Figure 12. The development process of pollutant cloud
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Figure 15. Pressure distribution at V =5 m/s

6. CONCLUSION

In the present study, the sudden dispersion of gas from a
hole intended at the ground was numerically analyzed
using the CFD method. The numerical simulation was
implemented using ANSYS CFX. For this purpose, a
hole with a 20 mm diameter was considered and the
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effects of changes inlet wind velocity, the direction of the
pollutant cloud and its movement, mass fraction of gas
dispersion, and the pressure distribution were studied.
The flow was considered as three-dimensional, unsteady,
turbulence, and compressible. The choice of turbulence
model is a key in dispersion simulation using CFD codes.
The results showed that the RNG k-¢ turbulence model
was suitable for simulating the gas dispersion.

The incoming wind flow carried the pollutant with
high concentrations in 5 s of release and continued
gradually with impingement on the buildings in 15s. The
height of the pollutant cloud increased with lower
concentration which covered the surrounding areas in 35
s. Furthermore, the gas concentration decreased as wind
velocity increased. This can be explained by the fact that
more fresh air was carried with higher wind velocity.
This resulted in faster dispersion and stronger dilution,
and a smaller threat area.
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