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ABSTRACT

In this study, the effects of the mesh barrier on the
free dispersion of ammonia were numerically inves-
tigated under different atmospheric conditions. This
study presents the detail and flow feature of the
dispersion of ammonia through the mesh barrier on
various free stream conditions to decline and limit
the toxic danger of the ammonia. It is assumed that
the dispersion of the ammonia occurred through the
leakage in the pipeline. Parametric studies were con-
ducted on the performance of the mesh barrier by
using the Reynolds-averaged Navier-Stokes equa-
tions with realizable k-€ turbulence model. Numeri-
cal simulations of ammonia dispersion in the pres-
ence of mesh barrier revealed significant results in a
fully turbulent free stream condition. The results
clearly show that the flow behavior was found to be
a direct result of mesh size and ammonia dispersion
is highly influenced by these changes in flow pat-
terns in downstream. In fact, the flow regime be-
comes laminar as flow passes through mesh barrier.
According to the results, the mesh barrier decreased
the maximum concentration of the ammonia gas
and limited the risk zone (more than 500 ppm) lower
than 2 m height. Furthermore, a significant reduction
occurs in the slope of the upper boundary of NH;
risk zone distribution at downstream when a mesh
barrier is presented. Thus, this device highly restricts
the leak distribution of ammonia in the industrial
plan.

Key words: Atmospheric dispersion, Mesh barrier,
Ammonia, Numerical simulation, Accidental release

1. INTRODUCTION

Several researches (Galeev, 2013a; Labovsky et al.,
2011) have shown that people who live and work near
petrochemical plant and/or gas storages area are at risk

for a variety of health problems such as respiratory
and cardiovascular problems and danger of death due
to exposure to harmful leaking pollutants of hazardous
gases such as CO and NH;. Recently, various scien-
tists (Galeev, 2013b; Mack et al., 2013; Pandya et al.,
2012) have focused on free dispersion of toxic gas as a
main concern of different industrial plants. Since
ammonia is a common substance, which has many
uses owing to its chemical and physical properties, it
is widely used in various applications (refrigerators,
condensors). Furthermore, ammonia is a substance
that is extremely toxic, explosive, flammable and cor-
rosive in certain conditions. The accidental loss of this
gas definitely leads a disaster which may be unpredict-
able. It cannot be forgotten that the failure of a storage
tank of ammonia in Dakar on March 24, 1992, caused
a large number of fatalities (129 dead and more than
1100 injured) some of which were due to the toxic
nature of ammonia and occurred several weeks after
the accident.

An extensive research effort has been developed
worldwide on the prediction and mitigation of acci-
dental loss of toxic gas (Vallero er al., 2015; Cheng et
al., 2014; Jeong, 2014; Ng and Chau, 2014; Galeev,
2014, 2013b; Khan et al., 2000). Cheng et al. (2014)
used water curtain system to mitigate ammonia vapor
cloud. Jeong (2014) investigated the effect of a double
barrier on the dispersion of CO in the downstream.
Nonetheless, few solutions have been proposed for
conventional dispersion caused by leakage. Mesh bar-
riers, which are studied here, are a novel device that
reduce vortices in the downstream, and this increases
the concentration of the ammonia on the ground sur-
face. Our goal is to investigate the efficiency of such a
device in various atmospheric conditions. We have
found that this device has, in fact, the advantage of
being an economical method to reduce the danger of
dispersion of toxic and flammable gases. Moreover,
this device will be particularly attractive, because it
can be easily installed in industrial plants; additionally,
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Fig. 1. Schematic representation of the flow features around mesh barrier.

it is expected to direct leak to the ground in down-
stream and thereby help in the detection of leak and
prevent more loss.

A large number of studies have been available in the
field of the dispersion of air pollution over the last 30
years (Bubbico et al., 2014; Schulte et al., 2014; Skl-
avounos et al., 2014; Steffens et al., 2013, 2012; Dan-
drieux et al., 2001; Khan et al., 1999a, b). Most of
these researches are focused on the behavior and quan-
tification of spatial and temporal concentration pro-
files of pollutant resulting from loss of toxic and/or
dangerous substances such as CO and CO,. Further-
more, studies in this area typically investigate methods
to improve the distribution of pollution in urban areas
to reduce high concentration regions, which are most
often termed “air pollution”.

The correct prediction of concentration profiles can
not only help in designing mitigation/prevention
equipment such as gas detection alarms and shutdown
procedures, but also help decide on modifications that
may help prevent any escalation of the event. Althou-
gh several investigations revealed detailed understand-
ing of the near field dispersion of various toxic gases,
there have been few studies on prevention and limita-
tion of this phenomenon.

A schematic diagram of freestream leakage from a
pipe in the presence of a mesh barrier is shown in Fig. 1.
In the flow field, the ammonia released from the pipe-
line, and the free stream air winds are from upstream. As
ammonia and air move to the downstream side for a
short distance, the micro holes affect the structure of
the stream and it becomes uniform.

The main scope of the present study is to investigate
the effects of a mesh barrier on the distribution of
ammonia gas. Also, various leak conditions (mass flow
rate and jet direction) and the mesh space of the barri-
er are studied to reveal the effects of each on disper-
sion of ammonia leak in downstream of the flow.
Moreover, this work reveals the influence of the dis-

tance of the barrier from a leak on the distribution of
ammonia gas downstream for various atmospheric
conditions.

The flow structure is numerically simulated by solv-
ing the Reynolds-Averaged Navier-Stokes equations.
The numerical solution is first validated with experi-
mental data for free dispersion of ammonia. Then,
parametric study is conducted to investigate the per-
formance of the barrier on dispersion.

2. NUMERICAL APPROACH
2.1 Geometry and Grid

This investigation focuses on the injection of an
ammonia leak from the pipeline a cross to the free
stream flow on a flat surface. The main size of model
is obtained from Bouet et al. (2005). The computation-
al domain selected for the present simulation is a sur-
face 100 m-long and 30 m-high along the center of the
leakage, and employs two dimensional in order to
reduce computational expense. Fig. 2a illustrates the
size of the main model of the domain and the barrier.
The same geometry without the mesh barrier was also
used to compare and evaluate the performance of this
device.

A mesh barrier was used to control the dispersion of
the ammonia leak. Various mesh sizes have been
investigated to define the optimum size for mitigation
of the dispersion. The height of the barrier was assu-
med to be Sm.

In order to quantify the characteristic of each barrier
configuration, it is necessary to define a proper non-
dimensional number known as the Mesh Coefficient
(MC). The required relation is given as

>S

Mesh Coefficient (MC)=N X T (1)

Where > S is the sum of the areas of each block
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Fig. 2. (a) Computational of domain and (b) grid generation of the main model.

space, N is the number of the hole in the barrier and L
is the total length of the block of the barrier. In the
present study, eight types of mesh barrier, with various
Mesh Coefficients (MC), have been investigated for
different atmospheric conditions. Furthermore, the dis-
tance of the mesh barrier for main model is 3 m.

In 1961, Pasquill (1961) presented most commonly
used method of categorizing the amount of atmospher-
ic turbulence. He categorized the atmospheric turbu-
lence into six stability classes named A, B, C, D, E
and F with class A being the most unstable or most
turbulent class, and class F the most stable or least tur-
bulent class. In order to cover all aspects of the this
method, three main atmospheric conditions (A, D, F)
are chosen for this works.

In the present model, the main interactions occur
close to the barrier and completely within the bound-
ary layer. Since fine meshes were required to ade-
quately resolve the flow features, the domain was bro-
ken down into separate computational units to work
within the constraints of available computational
resources, as shown in Fig. 2b.

Full structured grids were constructed for all cases.
One of the main factors of the analyzing the grid is
Y". Y" is a non-dimensional distance that is often
used to describe how coarse or fine a mesh is for a
particular flow pattern. It is important in turbulence
modeling to determine the proper size of the cells near

domain walls. The turbulence model wall laws have
restrictions on the y* value at the wall. In our study,
cell refinement was achieved manually in the region
immediately adjacent to each outlet of leak and, in the
wall normal direction, the cells were arranged such
that the distance from the wall to the first cell centroid
provided a Y* within the acceptable range (Y* < 30) of
turbulence model. The grid spacing was stretched
ensure all regions of the boundary layer and injection
flow structures close to the wall were adequately
resolved. An example of the grid in the vicinity of an
injector is shown in Fig. 2b together with a close-up
view of the grid in the vicinity of the leakage and
mesh barrier are displayed in the Fig. 2b.

One of the main factors for the numerical simulation
is a proper grid arrangement. The structural grid is
generated to improve the accuracy of results. Also, an
extensive grid refinement study (mesh sizes from
860 %260, 1100 X 340 and 1400 X 420 in the horizon-
tal and vertical directions) was conducted to determine
grid independence in mass distribution to resolve the
boundary layers. The results of validation (Fig. 3) show
that a fine grid (300000) has enough precision for the
present investigation.

2.2 Freestream and Boundary Condition
The types of boundary conditions are defined as
depicted in Fig. 2a. The conditions that apply to the
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inflow boundary are a velocity inlet, where profiles of
wind speed, turbulent dissipation and TKE must be
provided. The outlet is set to be a simple outflow con-
dition. The top of the domain, assumed to be suffi-
ciently far away from the mesh barrier as to not affect
the flow in the area, is set to a symmetry condition.

The inlet condition of the domain needs careful atten-
tion as inlet flow conditions will greatly influence on
the simulation results. The standard power law atmo-
spheric boundary layer profile, turbulence kinetic
energy (k) and dissipation (¢) at the inlet boundaries
are given by equation (2).

Z\" Uz Ul

U,= U}(Z ) k= Nk e= (242 (2)
Where P is an empirically determined coefficient which
increases with increasing surface roughness and atmo-
spheric stability (Huang, 1979). In this study, P is defined
0.15, 0.25 and 0.55 for the atmospheric condition of
unstable (A), neutrals (D) and stable (F), respectively.
In addition, U* is the velocity at reference height
z¥(U* =3 m/s), k, is von Karman’s constant (0.41) and
Z. is the surface roughness length in the vertical direc-
tion (Z), defined as 7 m, a typical average value for a
non-urban area.

2.3 Treatment of Numerical

The simulations were performed using an implicit
in-house CFD code-FVsolver (Barzegar Gerdroodbary
et al., 2016, 2015a-d, 2014, 2012, 2011, 2010; Amini
et al., 2015). This code solves the Navier-Stokes equa-
tions using cell centered finite volume approach. A sec-
ond order upwind scheme was used to discretize RANS
equation and the species transport equation with a
SIMPLE algorithm. Four types of equations are solved
in each case: the continuity equation (3), RANS equa-
tions (4), and two turbulence closure equations (6)- (7)
for realizable k-¢, for the turbulent kinetic energy (k),
and for the dissipation rate of turbulent kinetic energy
(€). Tauseef et al. (2011) showed that the realizable k-&
model is seen to provide more realistic results for heavy
gas dispersion in the presence of obstacles, compared
to the standard k-& model, both in time and space.

The continuity equation of incompressible fluid and
the Reynolds-averaged Navier-Stokes (RANS) equa-
tions are written as follows:

Jdu;

l=0 3
0x; (3)
du; u; 1 0P 0u; d
o dx;  p ox; p 0x;0x; ax_,. @

where, u; is the jth component of velocity,  is the time,

x; is the jth coordinate, p is the density, u is the dynam-
ic viscosity, and g is the gravitational body force which
is in the vertical direction.
1 du; Jdu;\ 2
u' =— “+—| - ko, 5
pu,(axj axi) Sk, 5)

Equation (5) is the Reynolds stress equation, where,
2

k
pt,=pC‘u? is the turbulent viscosity. The governing
equations of the realizable k-¢ turbulence model are

L e LI
de _ae CS_%_C e
P TP S Ty, CP %
+%(/x+ﬂt)ax %)
Where, 7,;=2u,S pké and S (a—ﬁ+%) The
’ i ox;  ox;

model constants are Cﬂ—0.09, o=1,0.,=13,C, =
1.44 and C,,=1.92 (Tauseef et al., 2011; Sini et al.,
1996). The pollutant dispersion patterns were ana-
lyzed, after solving the species transport equation, in
conjunction with the turbulence model equations. The
advection-diffusion (AD) module was applied to study
the species transport process, by analyzing the mass
fraction of pollutants in the mixture.

The code analyzes the mass diffusion process based
on the species transport equation:

V- (pvy)==V-J; ®)

7= —(pD,m+S—C) vy, ©)

Where, J; is the diffusion flux of the mixture (kg/m S),
p is the den31ty of the mixture (kg/m?), D;,, is the mass
diffusion coefficient of the pollutant i in the mixture
(m?%/s), Y, is the mass fraction of the pollutant (kg/kg),
and y, is the turbulent viscosity (kg-s/m). Similar to
the other studies (Di Sabatino ef al., 2008; Riddle et
al., 2004), the turbulent Schmidt number was Sc, spec-
ified as 0.7.

In order to increase convergence, the freestream with-
out ammonia leak was solved as a first step. After the
flow field in the vicinity of the barrier is formed, the
pollution (NHj;) is issued through a single leak hole.
When the jet is released from the leakage, it severely
oscillates. After a few iterations, the oscillations are lim-
ited and the pollution flow approximately forms a
steady flowfield, though some small fluctuations
remain. This issue will be completely discussed in the
following sections.



3. RESULTS AND DISCUSSION
3.1 Validation

In numerical simulations, the validation of the data is
essential for the evaluation of the results. In this paper,
the numerical results of NHj; free dispersion along the
downstream surface of the leak are compared with other
experimental results to validate the precision of the
present study.

To validate the numerical accuracy and obtain a better
understanding of fundamental wind-buoyancy-driven
flow, the three-dimensional computational domain used
in this study is kept identical with the experimental
model proposed by Bouet et al. (2005), which consists
of 3 cases with the different atmospheric conditions and
leak rates. The height H of the barrier is 3 m. In addi-
tion, the distance of the barrier to leak position is 1 m
and 3 m for the second and third tests. The height of the
computational domain is kept at 4H. Three experimen-
tal tests of Bouet et al. (2005) are chosen with/without
solid barrier arrangement to compare the dispersion of
the ammonia in downstream of leakage (Table 1). Fig. 3
compares the numerical result of the present study and
the experimental data of Bouet ez al. (2005). The experi-

Table 1. Dispersion condition of experimental data.

Free stream  Barrier Barrier Mass flow
Model condition  height (m) distance to  rate of leak
& leak (m) (Kg/s)
1 D No - 0.65
2 A 3 3 4.2
3 D 3 1 4.2
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B o
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Fig. 3. Mass fraction of Ammonia on ground surface along
the symmetry direction (validation).
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mental data are obtained from a ground-level line-
source of ammonia leak. Since the real distribution of
gas in the experimental study is in three directions
(streamwise, spanwise and vertical directions), the three
dimensional domain with 2700000 grids is chosen for
the validation. The results in Fig. 3 show good agree-
ment between the simulations and other correlation in
models with/without a solid barrier. Furthermore, the
comparison verifies that the two dimensional results of
the numerical simulation present a small discrepancy
from experimental data.

3.2 Flow Feature of Ammonia Dispersion
under Various Mesh Barriers

First, it is expected that the size of the mesh barrier
play a significant role in the performance of this device.
Therefore, various mesh barriers are examined to evalu-
ate the efficiency of each formation on dispersion. Table
2 shows various arbitrary configurations of the mesh
barrier with different Mesh Coefficients.

Fig. 4 compares the influence of different mesh barri-
ers on the dispersion of the ammonia leak (mass
flow=0.2 Kg/s) within a stable atmospheric condition
(F). The color region in figures depicts the danger zone
where the mass fraction of ammonia is more than 500
ppm. The results illustrate that danger zones extensively
varied in the downstream as different mesh barriers are
presented. In the case of no barrier, the general features
of the ammonia dispersion are typical leakage, such as
that presented by previously published works (Bouet et
al., 2005). The distribution of the NH; clearly shows
that the danger zone expands as the ammonia moves to
downstream. Since several studies (Schulte et al., 2014,
Sklavounos et al., 2014; Steffens et al., 2013, 2012;
Dandrieux et al., 2001; Khan et al., 1999a, b) have
extensively described about the flow structure of the
leak without a barrier, the discussion in this area is
referred to these works. However, the presence of low
coefficient mesh barrier (case 1 and case 2) leads to the
reflection of the free stream immediately downstream

Table 2. Mesh size of barriers in present simulation.

Barrier

Case Num. Hole size distance to Mesh
of hole (cm) leak (m) coeff.
1 5 10 3 0.5
2 10 10 3 2
3 10 30 3 6
4 10 40 3 8
5 20 15 3 12
6 20 20 3 16
7 20 15 1.5 12
8 20 15 4.5 12
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Fig. 4. Influence of various mesh barriers on flow structure and mass concentration of Ammonia leak (Atmospheric condi-

tion=F, m°=0.2Kg/s). All dimension is in meter.

of the mesh barrier and the stream patterns form similar
distribution as they interact with a solid barrier. Then,
the danger zone is not only limited but also increased,
and the height of the dispersion becomes larger. As the
mesh coefficient of the barrier increases, the adverse
pressure gradient caused by the solid barrier vanishes
and the ammonia disperses at limiting height down-
stream. In other words, a high amount of the ammonia
leak diffuses through the holes of the mesh barrier, and
the danger zone is thereby significantly declined.

The height of the danger zone is a crucial factor for
the safety and design of the industrial plant where the
risk of the leakage is presented. Therefore, extensive
efforts were performed to know the risk region. Fig. 5
illustrates the variation of the height of the danger zone
along the streamwise direction for various causes in the
stable atmospheric condition (F) with low leak rate
(mass flow =0.2 Kg/s). The results clearly show that the
danger zone is diminished as a mesh barrier with high
Mesh Coefficient are presented in downstream of the
leak. In addition, the height of the danger zone signifi-
cantly reduces when the mesh coefficient is increased.
Also, the performance of the mesh on the dispersion is
approximately the same in cases with high mesh coeffi-
cient (MC =12 and 16). Thus, incase 5, MC =12 is cho-
sen as an optimum choice for comparisons of this
device in different conditions.

Since the efficiency of this method is significantly
high in low leak rate, the careful study of this device

——@#—— No Barrier
——A—— Case3(Mesh Coef.=6)
~—9y—— Case4(Mesh Coef.=8)
——@—— Case5(Mesh Coef.=12)
—@— Case6(Mesh Coef.
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Downstream Distance from Leak position (m)

Fig. 5. Comparison of the height of danger zone along the
streamwise direction.

will improve our insight and reduce the risk of danger
in industrial plants. As the flow pattern due to interac-
tion with a mesh barrier highly influences the dispersion
of leaking gas, precise inspection of the flow offers
valuable information about the dispersion; and therefore
the performance of this device is fully revealed.

Fig. 6 compares three main flow parameters (mass
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Fig. 6. Comparison of (a) Mass fraction (b) streamwise velocity (c) turbulence intensity with/without mesh barrier with
MC =12 (case 5) on two surfaces (x/H=4 and x/H = 8) downstream of the leakage (m°=0.2 Kg/s, Atmospheric condition =F).

fraction, streamwise velocity and turbulence intensity)
to investigate the effects of mesh barrier (case 5) on
the dispersion of the ammonia. Fig. 6a illustrates the
mass concentration profile of the ammonia leak with/
without mesh barrier in two distances (x’H=4 and x/
H=38) from the leakage. The plot depicts that the high
volume of the ammonia is directed to ground surface
in downstream under the influence of the mesh barrier.
Furthermore, the presence of mesh barrier significant-
ly reduces the variation of ammonia mass concentra-
tion along the downstream in comparison of no barri-
er. Therefore, it can be easily detected and collected in
the downstream.

The momentum of free stream is highly affected by
the presence of the barrier. Fig. 6b clearly shows that

the streamwise velocity is reduced (height of the mesh
barrier is 5 m) when the mesh barrier is presented in
downstream. In fact, uniform flow forms as a free
stream passes the mesh barrier and new boundary layer
is created.

Turbulence intensity is a main parameter that clearly
shows the status (laminar or turbulence) of the free
stream pattern. The variation of turbulence intensity is
plotted for two distances from the leak in Fig. 6¢c. The
turbulence intensity is defined as the ratio of the root-
mean-square of the velocity fluctuations, u’, to the mean
flow velocity, u,,.. A turbulence intensity of 1% or less
is generally considered low and turbulence intensities
greater than 10% are considered high. The comparison
of the turbulence intensity downstream of the mesh bar-
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Fig. 7. Comparison of Ammonia dispersion with/without mesh barrier with MC = 12 (case 5) for various leak rates (Atmospheric

condition =F). All dimension is in meter.

rier and no barrier clearly shows that the turbulent flow
is significantly reduced and flow behaves as laminar in
low level. This variation confirms that this device per-
forms as a flow reducer to control the dispersion of
gases downstream.

3.3 Effects of Leak

The mass flow rate and direction of ammonia leak is
expected to have a great influence on the performance
of the mesh barrier especially on the height of the dan-
ger zone. In this section, those changes in structure of
dispersion are investigated for four mass flow rates
(0.1, 0.2, 0.4 and 0.8 Kg/s) and three leak directions
(co-flow, cross flow and counter-flow). To illustrate
the effects of mass flow rate, Fig. 7 comparesmass
concentration contours along the leak centerline with
streamline patterns for a stable atmospheric condition
(F). As expected, the danger zone is expanded as the
leak rate is increased. Furthermore, the influence of
the mesh barrier is more visible in the limitation of
ammonia dispersion in the low flow rate (equal or less
than 0.4 Kg/s). As expected, the size of danger zone
does not change when the leak rate is high. In fact, this

method cannot limit the height of the danger zone, and
the mesh barrier with high mesh coefficient (12) per-
forms in the same way as free dispersion (no barrier).
However, the profile of the ammonia mass fraction is
similar in the vertical direction for all leak rates.

Fig. 8 illustrates the dispersion of NH; leak with
three directions (co-flow, cross flow and counter-flow)
in the presence of a mesh barrier (case 5) for a small
leak rate (m°=0.2 Kg) under stable atmospheric con-
dition (F). The result shows a significant structure to
the danger zone downstream of the leak. In cases of no
barrier, the leak distribution is approximately the same
domain although the slope of boundary of danger zone
is different. On the other hand, the expansion of dan-
ger zone is significantly reduced within specific level
when the mesh barrier is presented downstream of the
leak. In all cases with a mesh barrier, the height of the
danger zone is fixed at the same level that a leak gas
passes the barrier.

3.4 Atmospheric Condition
Fig. 9 depicts the influence of the mesh barrier (case
5) on the distribution of ammonia (m°=0.2 Kg/s) in
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Fig. 9. Comparison of atmospheric condition on size of danger zone with/without mesh barrier with MC =12 (case 5) (m°=0.2

Kg/s). All dimension is in meter.

three atmospheric conditions (unstable, neutral and sta-
ble). In order to present a different atmospheric condi-
tions, inlet velocity profiles are varied corresponds to
atmospheric stability conditions. As expected, the dan-

ger zone highly expands under the stable atmospheric
condition (F) in free dispersion. As a mesh barrier is
presented in the downstream of the leak, the height of
the toxic region is reduced. The maximum concentra-



134 Asian Journal of Atmospheric Environment, Vol. 10(3), 125-136, 2016

Case 7 (Barrier Distance=1.5m) e B L

M Nh3: 0.050.250.450.650.85

i RN W

= Nh3: 0.050.250.450.650.85

. [ D

Nh3: 0.050.250.450.650.85

case 8 (Barrier Distance=4.5m)

2 — ; - - 2
M i o

Fig. 10. The influence of the mesh barrier distance on dis-
persion of Ammonia (Atmospheric condition=F, m°=0.2
Kg/s). All dimension is in meter.

tion of ammonia is at the vicinity of the leak in the free
dispersion. As the mesh barrier is presented in the
domain, the maximum ammonia concentration is
occurred in the ground surface along the domain. In
fact, the mesh barrier performs in the same way in vari-
ous conditions and the height of the danger zone is lim-
ited.

3.5 Distance Barrier

Fig. 10 exhibits the mass dispersion of ammonia
leak in the presence of the mesh barrier with three dif-
ferent distances (1.5, 3 and 4.5 m) from the leak posi-
tion. As the barrier moves downstream, the penetration
of ammonia increases in the vertical direction and the
height of the danger zone is extended in the stream-
wise direction. The mesh barrier fixes the height of
dispersion as the gas emitted from holes. The perfor-
mance of the device increases significantly as it moves
to the leak position.

4. CONCLUSION

Numerical simulations have been performed to inves-
tigate the effect of using a mesh barrier on the disper-
sion of ammonia as a leak from a pipeline in a various
atmospheric conditions. Parameters such as leak rates,
leak direction and barrier mesh size have been studied
to cover all aspects of the flow behavior of the mesh

barrier in free streams on a flat surface. The results
allow us to present the following conclusions:

1) In all cases with high mesh coefficient (MC), the

presence of a mesh barrier substantially limits on the
dispersion of ammonia in downstream for various
atmospheric conditions. In addition, the height of the
toxic zone in downstream from leak exhibits a wide
range of variations related to the leak rate and the
mesh size of the barrier. The mass distribution of the
ammonia leak in the presence of a mesh barrier is
very different from free dispersion. According to
obtained data in various atmospheric conditions, a
mesh barrier with MC =12 is recommended to miti-
gate the danger zone in the vicinity of the toxic leak
in all conditions.

2) Variations in the leak rate have a strong effect on

the performance of the mesh barrier on flow behav-
ior and dispersion. At low mass flow rates, the dis-
persion is small and a mesh barrier easily restricts
the danger zone. As the mass flow rate of leak is
increased, the effect of mesh barrier on distribution
decreases. The results show that the performance of
the mesh barrier on the dispersion is optimal when
the leak flow rate is equal to, or less than 0.4 kg/s.

3) In mesh barrier cases, variations in barrier distance

from the leak also play a significant role in the per-
formance and dispersion of gases such as ammonia
downstream. At very close spacing, weak interac-
tion is observed and leak penetration is limited.
Therefore, the performance of the mesh barrier is
substantial. As the spacing is increased, the larger
spatial freedom allows the leak to develop more
naturally, leading to a large dispersion zone under
the influence of the free stream velocity. Subse-
quently, leak mixing is highly increased and the
toxic zone is expanded downstream. Hence, a mesh
barrier limited the height of the danger zone to a
higher level than in the case of a close space.
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