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Abstract: The rising number of natural gas purification plants has raised concerns about safety and
environmental issues related to VOC (Volatile Organic Compounds) leakage. Therefore, it is crucial to
conduct in-depth research on oil vapor emission patterns in these plants. Taking a typical natural gas
purification plant as an example, a 1:1 scale model was established. Using methanol as the simulated
medium, a study was conducted to investigate the impact of multiple leaks on the dispersion process
of VOCs at the plant, combining field sampling with numerical simulation. The results indicate that
wind speed influences the concentration of oil vapor, particularly on the leeward side, where vortex

and reflux phenomena occur. The area of high concentration of oil vapor atv = 4 m-s~!

is eight times
that at v = 8 m-s~!. Gravity and eddy currents contribute to the accumulation of oil vapor, especially
closer to the central area of the plant where surrounding buildings obstruct dispersion. Smaller
distances between leakage sources result in higher concentrations of oil vapor in the central region,
leading to a larger affected area in the event of an accident. The study holds significant practical

significance for the research, prevention, and management of leakage and dispersion incidents.

Keywords: natural gas purification plant; oil vapor diffusion; multiple emission sources; superimposed
effect; numerical simulation

1. Introduction

As the pillar industry of a country, natural gas purification plants are a valuable in-
dicator of its industrialization level [1-5]. As an upstream enterprise in this industry, the
development of natural gas purification plants is particularly significant. The primary pro-
cesses of natural gas purification plants include gas gathering, desulfurization, dehydration,
gas distribution, etc. During these processes, a considerable amount of flammable, explo-
sive, corrosive, and toxic substances are involved [6]. A small and rare incident could lead
to serious consequences [7]. Not only does it pollute the environment, but it also poses a
serious threat to the health, safety, and environment (HSE) of businesses and society [8-10].
According to accident statistics from the International Association of Oil and Gas Producers
(OGP), natural gas purification plants are considered high-risk areas for accidents, resulting
in significant losses [11]. During the routine operational processes of natural gas purifica-
tion plants, various components such as dome roof tank vent valves and dehydrating tanks
contribute to the emission of volatile organic compounds (VOCs). Some scholars used
CFD numerical simulation that conducted predictive modeling analysis on various aspects,
including methanol leakage, and also analyzed the occupational risks (such as personnel
poisoning) associated with methanol tank leaks. This is aimed at exploring corresponding
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control measures to reduce the occurrence of occupational hazards [12,13]. China has put
forward the goal of accelerating the comprehensive control of VOC emissions. By the
year 2025, there is a targeted reduction of over 10% in the total VOC emissions [14-17].
This article takes a natural gas purification plant in the Changging Oilfield as an example,
conducting on-site investigations and data collection. Previous studies by scholars have
analyzed and detected VOCs at the Oilfield station, revealing that the main sources of
VOCs at the oilfield station are emissions from open liquid surfaces and tank leaks [18].
After conducting research, it was found that various stages of the natural gas purification
plant are associated with VOC emissions, such as product methanol tanks, raw material
methanol wastewater tanks, methanol wastewater receiving tanks, dehydration tanks,
and sewage tanks. Since 2010, China has gradually enacted policies and standards that
specify the VOC emission limits for oil and gas processing units and wastewater, as well as
organic waste gas collection and treatment units, at 25 g m~3 and 120 mg m~3, respectively
(calculated as non-methane total hydrocarbons, NMHC. Therefore, conducting on-site
investigations into the sources of VOCs from storage tanks, sewage tanks, and dehydration
tanks within natural gas purification plants and studying the dispersion patterns of their
VOC emissions holds significant practical and theoretical value.

Currently, methods for studying the dispersion patterns of oil vapor volatilization
primarily include on-site testing, laboratory simulation experiments, and numerical simu-
lations [19-24]. Numerical simulation using Computational Fluid Dynamics (CFD) and
ANSYS 2020R2 is highly practical, with broad applications in aerospace, automotive, energy,
chemical engineering, materials, biomedicine, and other fields [25]. Lapuerta et al. pro-
posed logarithmic equations to estimate the diffusion coefficients of each alcohol through
simulation. Finally, four-parameter equations for the studied five alcohols were presented,
demonstrating good consistency [26]. Kountouriotis et al. utilized CFD to examine the
dispersion patterns of gasoline vapors with varying compositions under different influenc-
ing factors. The study reveals that in the vicinity of the oil vapor dispersion source, the
concentration of oil vapors surpasses the explosive limits significantly [27]. Tominaga et al.
elucidated the recent advancements in the study of pollutant dispersion around obstacles
such as streets using CFD methods. They underscored the significance of model selection
and compared the distinctions among different dispersion models [28].

In recent years, there has been extensive research conducted globally on the diffusion of
combustible gases. Concerning the dispersion of oil vapor, the focus has primarily centered
on the evaporation and diffusion of oil vapors within the interior of oil tanks [29]. Despite
that, there has been relatively limited research on the dispersion patterns of oil vapors
outside the tanks and even within large tank areas. Some research findings primarily focus
on the simulation of dispersion from a single emission source in oilfield stations. However,
there is a lack of information on related studies regarding the dispersion patterns of oil
vapor from multiple emission sources within natural gas field stations. This study focuses
on multiple emission sources in a large-scale natural gas purification plant. Combining
CFD numerical simulation with on-site research data aims to provide a clearer and more
accurate depiction of the entire leakage dispersion process, thereby understanding the
mechanisms of oil vapor dispersion under normal operating conditions. Methanol was
used as the simulation medium. By mastering technical parameters such as the range, rate,
and concentration distribution of oil vapor dispersion, accurate identification of explosive
hazard zones, acute toxicity zones, and safe zones becomes possible. This enables the
provision of effective emergency response measures on-site, reducing environmental harm
and minimizing accident losses to the greatest extent. This research not only holds reference
value for the operational management and control of o0il vapor emissions in the petroleum
and petrochemical industry but also bears significant practical importance in the study,
prevention, and handling of leakage dispersion incidents.
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2. Materials and Methods

The research methodology of this study involves on-site sampling and numerical
simulation. Taking a large-scale natural gas purification plant as an example, methanol is
used as a simulation medium. On-site sampling and numerical simulation are combined
to verify the accuracy of the CFD model. Subsequently, based on the validated numerical
model, the study investigates the cumulative effects of multi-source VOC emissions from
the entire natural gas purification plant and their impact on surrounding buildings.

2.1. Governing Equations and Turbulence Models
2.1.1. Fundamental governing equation

The fundamental governing equations for the flow of oil vapor dispersion include
the mass conservation equation, momentum conservation equation, energy conservation
equation, and component transport equation. The general forms of these governing equa-
tions are expressed as Equations (1) and (2). [30]. The specific parameters of the general
conservation equation are shown in Table 1.

@ + div(pu®) = div(I'grad®) + S (1)
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where p is gas mixture density, u is the velocity vector, ® is the universal vector, I is the
generalized diffusion coefficient, and S is the generalized source term.

Table 1. Parameters of the general conservation equation (Equations (1) and (2)).

Equation The Value of the Generalized The Value of the Generalized Generalized Source
Variable ® Diffusion Coefficient I Term S
Mass conservation equation 1 0 0
Momentum conservation equation u; U —dp/ox +S;
Energy conservation equation T k/c St
Component transport equation Cs Dgp Sg

2.1.2. Turbulence Equation

Under the influence of wind speed, the fluid flow of oil vapor within the natural gas
purification plant is in a turbulent state. The Realizable k-¢ model, which is capable of
representing turbulent conditions, can effectively describe the airflow disturbances and
oil vapor dispersion within the plant [31]. Therefore, this study adopts this model with
the equations given by Equations (3) and (4), where the calculation for Cl is provided in
Equation (5).
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where p is gas mixture density (kg'm_3) ; u is velocity vector; Sy, S is user-defined source
entry; Py is turbulent kinetic energy generated by laminar velocity gradient (m?-s~2); Gy
is turbulent kinetic energy caused by mean velocity gradient (m?-s~2); u is the dynamic
viscosity of oil vapor (Pa-s); K is turbulent kinetic energy (m?-572); Gy, is turbulent kinetic
energy generated by buoyancy (m?-s~2); ¢ is dissipation rate (m?-s~2); 17 is effective factor;
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Yy is fluctuations resulting from transition diffusion in compressible turbulence (m?-s~2);
Cie, Cae, C3¢ is empirical constant; o, and ¢ are the prande numbers corresponding to the
k equation and the ¢ equation; the subscripts i and j in x; and y; indicate the scores in the x,
y and z directions respectively (m-s~1).

2.2. Model and Boundary Conditions

A specific typical natural gas purification plant was selected as the research subject,
and on-site inspections were conducted. The overall design capacity of this natural gas
purification plant is 30 x 108 m3 per year for processing natural gas. For the convenience
of subsequent simulation result analysis, the structures within the purification plant are
labeled with numbers, as shown in Figure 1. It mainly includes 7 dome roof tanks labeled as
A1-A7 (where A1, A2, and A3 are 700 m® raw material methanol wastewater tanks, A4 and
A5 are 200 m® methanol wastewater receiving tanks, and A6 and A7 are 300 m3 product
methanol tanks). Bl is a cesspit, B2 and B3 are drying pools, Area C consists of exhaust
gas treatment facilities, Area D includes two sets of natural gas purification units (D1-D6
is a desulfurization tower with a height of 40 m), Area E comprises a sewage treatment
system (with E1 being the alcohol wastewater tank), Area F is a nitrogen station, and Area
G serves as office space. The overall site dimensions are 312 m in length and 261 m in
width, with specific parameters for the tanks outlined in Table 2. Specific dimensions of
the sewage tank and the drying tank are shown in Table 3. The leakage port of the tank in
Area A is the tank top breathing valve, and the size of the breathing valve is ® 0.2 x 0.5 m.
The open liquid surface size of B2 is 3.7 x 3.8 m, and the rest of B1, B3, and E1 are open
liquid surfaces.

000
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Figure 1. Natural gas purification plant building number drawing.
Table 2. Specific dimensions of A and D areas.
Number A1-A3 A4, A5 A6, A7 D1-De6
Raw material methanol =~ Methanol wastewater Product methanol -
Area name .. Desulfurization tower
wastewater tanks receiving tanks tanks
Diameter (m) 10.2 6.6 7.7 6.0
Height (m) 8.9 6.9 7.1 40.0
Volume (m?) 700 200 300 -
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Table 3. Specific dimensions of B, E, and F areas.
Number B1 B2 B3 E1 E2 E3 E4 F
Area nam C it Drvin | Drvin 1 Cesspit Sewage Sewage Sewage Nitrogen
caname €ssp ymg poo ymg poo essp installation  installation installation station
Length(m) 7.45 12.5 34 10.0 12.0 33.0 58.0 30.0
Width (m) 6.3 6.3 8.0 28.0 8.0 12.0 12.0 85.0
Height (m) 0.8 1.2 0.8 0.8 3.0 3.0 3.0 6.0

Through on-site investigations, it was found that the technical control level in the Area
CDF is high, with good sealing conditions, and all emission sources meet the standards.
The multiple emission sources of oil vapor in the natural gas purification plant are mainly
located at the breather valves of the product methanol tanks in Area A, the sewage tank
and drying pool in Area B, and the sewage tank in Area E. The oil vapor emissions from
the dome roof tank breather valves primarily stem from the large and small breath losses
during the inflow and outflow of oil from the tanks. The drying pool and sewage tank result
in the direct dispersion of oil sludge waste gas into the environment due to incomplete
sealing treatment. Based on on-site investigations, the average annual wind speed at the
purification plant is determined to be 6 m-s~!. By simulating leaks under different wind
speeds (4 m-s~!, 6 m-s!, 8 m-s~!) during normal operating conditions at the purification
plant, the study aims to explore the impact of major leakage sources on the overall site. A
3D geometric model of the purification plant, scaled 1:1 with the actual dimensions (see
Figure 2a), and a schematic diagram of the external computational domain (Figure 2b) were
established for this purpose.

e
—

OUTLET

(b)

Figure 2. 3D geometric model diagram and calculation domain of natural gas purification plant
should be listed as (a) Geometric model diagram and (b) Model and computing domain, *the upward
arrow indicates that the model is upward in a positive direction.

Due to the complexity of the buildings and oil tanks in the natural gas purification
plant, a non-structured mesh is suitable for adapting to such intricate models. ANSYS
Meshing 2020R2 was used to generate a three-dimensional mesh, as illustrated in Figure 3.
The wind speed of the flow field enters in the opposite direction along the x-axis. The
inlet of the computational domain is set as a velocity-inlet boundary condition, the outlet
is set as a pressure-outlet boundary condition, and the outer side of the computational
domain is set as symmetry. The oil vapor dispersion source is set as a mass flow boundary
condition, with the mass flow rate set to the measured value at the purification plant
site. The pressure and velocity were coupled using the SIMPLE scheme, and the spatial
discretization of pressure was based on the Standard algorithm. The mesh size for the oil
vapor dispersion source in the model constructed in this paper was small, prompting the
choice of a double-precision solution.
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Figure 3. Results of 3D grid division for natural gas purification plant.

2.3. Grid Independence Verification

This article uses an unstructured grid generated by ANSYS Meshing 2020R2 to create
a hybrid grid. The selection of grid sizes ensures the accuracy of the numerical model.
Therefore, this study conducts grid independence verification using four different global
grid quantities: 877,650; 1,380,025; 2,202,403; and 2,902,573. In the numerical simulation of
oil and gas diffusion in the tank area, wind speed has a significant impact on the dispersion
of oil and gas. After the calculation reaches a steady state, the velocity changes at a position
2 m above the center of the A7 tank are observed for the four grid sizes. The wind speed at
the inlet is set to 6 m-s~!. The specific results of grid independence verification are shown
in Table 4.

Table 4. Independence test results of numerical simulation results and mesh quantity.

Number of Grids
Project
A/877,650 B/1,380,025 C/2,202,403 D/2,902,573
Velocity in the X 521 5.44 572 5.72

direction (m-s—1)

As seen in Table 4, the wind speed varies with changes in the grid count. When the
grid count increases from 877,650 to 2,202,403, there is a significant change in the velocity
along the X-axis. However, when the grid count increases to around 2.2 million, the wind
speed no longer changes. This indicates that the grid count is sufficient for the calculations
and meets the requirements of grid independence. Therefore, the subsequent grid counts
were selected with reference to a count of around 2.2 million.

2.4. Accuracy Verification of Numerical Simulation

All tanks in Area A contain methanol, so methanol is selected as the simulation
medium in this paper. Two methods were employed in this study to validate the feasibility
and accuracy of the numerical model. Firstly, the commonly used method of numerical
simulation has been demonstrated in previous research through experimental validation.
Additionally, on-site testing instruments such as portable gas chromatographs, anemome-
ters, and high-purity hydrogen generators were used to measure and validate the emission
data at multiple points in the field. As shown in Table 5 and Figure 4, the sampling results
at the same point were compared with the numerical results under the same condition,
with an error of 10%. The simulation results closely match the measured data in most cases.

Table 5. Sampling data at each sampling point.

Sampling Point Sampling Results Numerical Results
A7 tank bottom environment 36.35 34.75

A7 tank top environment 18.3 18.95

B-zone environment 25.05 29.5

G-zone environment 6.95 6.35

External environment 1.35 1.2
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Figure 4. Comparison of concentrations at each measuring point.

Differences between on-site sampling values and simulated values can be attributed
to the non-constant nature of both experimental and simulated flow fields, introducing
turbulence uncertainty and causing fluctuations in physical parameters like concentration
within a certain range. Variations in measurements at different times are expected, and
minor errors may arise from the disturbance of measurement instruments to the flow
field. This study primarily focuses on exploring the overall mechanism of oil vapor
dispersion, and as such, these errors do not significantly impact the analysis of oil vapor
transport behavior.

Wind speed monitoring was conducted at a distance of 3 m in front of the G2 model
(Figure 5). Samples were taken at different heights (0.5 m, 1 m, 1.5 m, 2 m) on-site to
determine the wind speed distribution. Numerical simulations were performed to depict
the wind speed distribution around the G2 model under a 6 m/s wind speed, and the
results were compared with the on-site sampled data. As shown in Figure 6, there were
slight discrepancies between the sampled wind speeds and the simulated wind speeds
at each measurement point, with errors below 10%. However, the overall trend was
consistent, indicating that the model is suitable for simulating the velocity field at the
natural gas station.

20m
1.5m
1.0 m

0.5m

3m

Figure 5. Sampling and numerical results at each sampling point.
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Figure 6. Sampling and simulated values at different monitoring locations.

3. Results and Discussion
3.1. Analysis of Pressure Field and Flow Field
3.1.1. Pressure Field Analysis

Based on on-site research, the average annual wind speed at the purification plant
is determined to be 6 m-s~!. The pressure distribution contour map at the natural gas
purification plant when the wind speed is 6 m-s~! (opposite to the X-axis direction) is
shown in Figure 7. From Figure 7, it can be observed that the ambient wind flows along
the negative direction of the X-axis, directly impacting the windward side of the front-row
tanks, fire barrier, purification equipment, and office area. This results in the conversion
of kinetic energy to pressure potential energy, leading to a maximum pressure of 9.8 Pa
at this wind speed. Due to the obstruction caused by the front-row tanks, the windward
side of the rear-row tanks experiences a smaller red area compared to the front-row. As the
pressure difference above the tanks is relatively small, under the influence of this pressure
difference, the airflow velocity above the top of the tank will be higher than in other regions
at the same height. This results in a reduction in pressure at the top of the tanks, creating a
negative pressure. The minimum and negative pressures on both sides and the lee side
of the building are attributed to the phenomenon where some airflow, after impacting the
tanks, moves into the cavity area. The airflow accelerates and flows along both sides of the
tanks towards the rear, creating a swirling flow. This turbulent motion, with a sufficiently
large Reynolds number (Re), enhances the backflow in the area in front of the tanks and the
lee side of the cavity, leading to a rapid decrease in pressure.

Taking the XY section of the plant, the pressure contour map for this plane is obtained,
as shown in Figure 8. There are distinct negative-pressure and high-pressure areas between
the leeward side of the front-row tanks and the windward side of the rear-row tanks.
The airflow from regions with higher pressure moves towards areas with lower pressure,
creating vortices between the tanks. Oil vapors may accumulate in these regions, forming
hazardous areas.

3.1.2. Flow Field Analysis

The diffusion of oil vapor from the leakage source is significantly influenced by
environmental wind conditions. Aligning the environmental wind direction parallel to the
horizontal plane, different wind speeds of 4 m-s~! 6m-s~1, and 8 m-s~! are considered.
The airflow trajectories in the natural gas purification plant under various wind speeds
are shown in Figure 9. It is evident from the figure that the oil vapor emission sources are
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primarily concentrated in Areas A and B of the purification plant. As the ambient wind
enters the tank farm from the right side along the X-axis in the opposite direction, the
overall height of B1 and B2 poses minimal obstruction since they are nearly level with the
ground. However, a minor vortex is formed on the lee side of B3. The fire dike in Area A
exerts an obstructive effect, causing a portion of the airflow to accumulate on the lee side
of the fire dike, forming a small vortex distributed along its length. Another part of the
airflow directly crosses the fire dike to reach the tank group, resulting in the formation of
vortices of varying sizes behind the tanks. Furthermore, a portion of the airflow traverses
the top of Area F and reaches Area D. Due to the relatively open and low-profile nature of
the buildings in Area E, no vortex is generated within this zone. However, a distinct vortex
is formed on the leeward side of both Area F and Area D. As the wind speed increases
from 4 m-s~! to 8 m-s~!, the leeward vortices behind the tanks in Area A become larger.
Moreover, the airflow in front collaborates with the vortex flow, converging towards Area
C. It is worth noting that the airflow passing through Area B accumulates in Area A. Ata
wind speed of 4 m-s~!, multiple small vortices form on the leeward side of the tanks in
Area A. As the wind speed increases to 6 m-s~!, these small vortices on the leeward side
converge to form a larger vortex, causing a significant accumulation of oil vapor and the
formation of a hazardous area.

°
Pressure t-1: _g 9

Figure 7. Building pressure distribution cloud image of natural gas purification plant (v = 6 m-s™1).

Pressuret-1: —9 ' o ' o 9

Figure 8. XY section pressure distribution cloud image of natural gas purification plant (v = 6 m-s1).
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(@) v=4m/s (b)v=6m/s (c)v=8m/s

Figure 9. Gas flow trajectory in natural gas purification plant under different wind speeds.

The time-varying velocity distribution at different heights within the natural gas
purification plant when the wind speed is 6 m-s~! is shown in Figure 10. Taking the
emission source in Area A as an example, when the airflow impacts the windward side, it
accelerates and flows backward along both sides of the tank. When y = 0.5m, the A3 and A7
tanks are obstructed by the fire dike, creating a red low-speed zone inside the fire dike and
at the bottom of the tanks. This condition is conducive to reducing the volatilization rate of
oil vapor in this area. As the height increases, the red low-speed area disappears, indicating
a decrease in the barrier effect of the fire dike. Since A3 and A7 tanks are located at the
front of the windward side, it is evident that the airflow speed on both sides can reach up
to 5.6 m-s~!. The remaining tanks are obstructed by the rightmost tanks (A3 and A7 tanks),
with some of the air flowing directly from the top of the tank and a small part flowing
between the two tanks. The minimum speed between tanks in Area A is only 1 m-s~!. Ttis
important to note that the speed between tanks in Area A is much smaller than the speed
on the windward side in front of the tank, and this area is prone to oil vapor accumulation.
The building in Area F is situated near the yard wall, causing less obstruction to the airflow
speed on the windward side compared to the leeward side. The pressure of the airflow
increases at the windward corner of Area F, leading to the separation of shear airflow on
the windward side and the diversion of incoming flow on both sides of the building. As
the airflow approaches the building’s corner, it merges with the forward flow. This area
is part of the displacement area and the wind speed of the separation flow increases in
this region. Area F consists of an empty nitrogen station with a height of 6 m, and the
E1 sewage tank has a height of 0.8 m. On both sides of Area F, the velocity is 4.8 m-s~!,
but by the time it reaches E1, the velocity drops to only 1.6 m-s~!, which is one-third of
the velocity at Area F. Due to the height gap, when the airflow passes through Area F, it
encounters a significant blockage, resulting in low vertical flow velocity around the E1
sewage tank. When T = 100 s, the velocity changes in the station are quite noticeable, and
as time progresses, the overall station velocity tends to stabilize. Aty = 0.5 m, the airflow
around B1, B2, and B3 diverts at the building corner, and the velocity on the lee side is low,
emphasizing the need to monitor the accumulation of oil vapor in this area. Aty =1m,
the airflow directly passes Bl and B2, and the velocity on the lee side of B3 increases.
Additionally, with the increase in height, the overall wind speed rises in the XZ plane of
the purification plant, with the wind speed on the windward side of the desulfurization
tower in Area D showing no significant difference. This indicates that the change in low
wind speed is more influenced by the buildings.

The velocity distribution cloud diagram in the natural gas purification plant under
different wind speeds (4 m-s~!, 6 m-s~!, 8 m-s~!) is shown in Figure 11. The general flow
velocity trend aligns with Figure 10. With increasing speed, the influence of the buildings
on the airflow intensifies. At v =4 m-s~!, when the wind speed is low, areas A and B are
comparatively less affected by the overall wind speed, making oil vapor more prone to
sinking and accumulating, posing potential hazards.
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Figure 10. Velocity distribution cloud image in different height natural gas purification plant.

(@) v=4m/s (b) v=6 m/s (c)v=8m/s
Figure 11. Velocity distribution cloud image in a natural gas purification plant at different wind speeds.

3.2. Environmental Impact Assessment

In the natural gas purification plant, oil vapor emission sources are primarily concen-
trated in Areas A, B, and E. The oil vapor mass fraction distribution cloud for the G4 tank
in the XZ section of the purification plant is shown in Figure 12. The visualization indicates
an overall downward trend in oil vapor diffusion influenced by gravity and eddy currents.
Given that the leakage port of the tank is positioned at the oil metering and breathing valve
on the top of the tank, the height of the breakwater cannot impede the diffusion of oil
vapor. Consequently, a majority of the oil vapor will traverse the fire dike and accumulate
in Area C. The concentration distribution cloud of oil vapor in Area A and Area B under
different wind speeds is shown in Figure 13. Clearly influenced by the ambient wind, the
oil vapor emanating from the storage tanks in Area A will amass in Area C, creating a
high-concentration region. A certain concentration of oil vapor accumulates between tanks
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in Area A and on the lee side of Area B, with a mass fraction ranging from 0.025 to 0.09.
The explosive limit volume fraction of methanol is 6-36.5%, equivalent to a mass fraction
of 0.0658-0.3881, placing the oil vapor concentration within the explosive limit range. As
depicted in Figure 13, wind speed significantly affects the volatilization and diffusion of oil
vapor. At v =4 m-s~!, the red area of oil vapor diffusing from the tanks in Area A covers
the entire Area C. Atv = 8 m-s~!, the high concentration area in Area C is notably reduced,
almost one-eighth of that at v = 4 m-s~!. Increasing wind speed can effectively reduce
the accumulation of oil vapor and decrease the likelihood of accidents. Therefore, it is
necessary to minimize the accumulation of buildings around the leak source to effectively
reduce the gathering of oil vapor. This helps to prevent incidents such as poisoning or
explosions caused by the accumulation of oil vapor.

v=4m/s

v=6m/s

v=8m/s

Figure 13. Distribution of oil vapor mass fraction in Area A and Area B at different wind speeds.

The cloud map of oil vapor mass distribution in Area E under varying wind speeds
is shown in Figure 14. The pattern of oil vapor diffusion in the E1 sewage tank aligns
with that depicted in Figure 13. As indicated by the analysis in Figure 8, the E1 position
is considerably lower than the height of Area F. Due to this height differential, the wind
speed in E1 is low, facilitating the gathering of oil vapor. Atv =4 m-s~!, the airflow diverts
through Area F, resulting in a substantial accumulation of high-concentration oil vapor on
the leeward side of E1, reaching the explosion limit and posing a heightened risk of fire
and explosion. At v =4 m-s~!, the high-concentration area in Area E noticeably increases,
nearly eight times that at v = 8 m-s~!, which is consistent with the pattern observed in
the high-concentration area of Area C as depicted in Figure 13. Area E is situated in an
open area without tall buildings obstructing it, allowing a significant quantity of highly
concentrated oil vapor to disperse to the rear. This has a substantial impact on personnel,
increasing the risk of oil vapor poisoning and compromising health.
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v=4m/s v=6m/s v=8m/s

Figure 14. Distribution of oil vapor mass fraction in Area E at different wind speeds.

4. Conclusions

Based on field measurements, the natural gas purification plant model is constructed
and analyzed using Computational Fluid Dynamics (CFD) with Fluent software. The study
focuses on the mechanism of oil vapor diffusion from multiple sources under normal
operating conditions and concludes:

(1) Combining numerical simulation with on-site data offers clear insights into the oil
vapor diffusion process. Understanding parameters such as diffusion range, rate, and
concentration aids in identifying hazardous zones and implementing effective emer-
gency response measures, thereby minimizing environmental damage and accident
losses. The findings are valuable for managing oil vapor emissions in the petroleum
industry and have practical implications for leakage prevention and mitigation.

(2) Wind speed significantly influences the natural gas purification plant, creating pres-
sure differentials and areas of high oil vapor concentration. Eddy currents and back-
flow generate negative pressure zones between storage tanks and on the leeward
side of leakage sources. The high-concentration area of oil vapor accumulation at
v =4m-s!iseight times that at v = 8 m-s~!. Decreased wind speed exacerbates vapor
accumulation, increasing the risk of explosions.

(3) Obstacles around the leakage source complicate vapor diffusion. Encountering ob-
stacles like tanks and pools results in the formation of high-concentration hazardous
areas. Reduced airflow velocity and vortex phenomena on the leeward side hinder dis-
persion, raising the risk of reaching explosive limits. Constructing enclosed buildings
near the source can effectively impede vapor dispersion and prevent leaks.

(4) Based on real-time field surveys, the simulation conditions in this study repre-
sent the overall VOC dispersion scenario at the natural gas station under most cir-
cumstances. However, further investigation and research are needed for extreme
weather conditions.
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