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temperature. This paper focuses to study the role of ambient temperature toward gas
dispersion in an indoor environment by looking at the theoretical and numerical
knowledge of gas diffusion's relationship with temperature. Computational Fluid
Dynamics (CFD) has been utilized to simulate gas dispersion at different ambient
temperature levels in an indoor environment. This study released ethanol vapor to
simulate gas dispersion at 5°C, 25°C, and 40°C of ambient temperature to observe the way
gas distribute in the indoor environment. Both results from the theoretical calculation and
simulation were compared. The result indicates that the gas diffusivity has an increment
of 3.5% for every 5°C increment of the temperature. This causes the gas to diffuse rapidly

Keywords: in the warm air compared to the cool air. This paper also finds out that when the initial
Harmful gas dispersion; harmful gas ambient temperature which is 5°C, was increased to 25°C and 40°C it causes the spread
behavior; thermofluids distance of the gas increased by 13.75% and 32.50% respectively.

1. Introduction

Harmful chemical gaseous and hazardous contaminants airborne have been well-known
nowadays. There are many types of different chemicals stored in the industrial building for processing
the output product. Lack of awareness to keep and treat those chemical materials by the careful
procedure will lead to the incident including explosions [1], fires, poisoning [2], extensive damage,
and numerous casualties may be occurred. Recently, the incidence of gas leakage has increased
gradually worldwide. One of the well-known gas leakage incidents happened on December 1984
which known as the Bhopal disaster. In this incident a pesticide plant that stored methyl isocyanate
gas which more than 40 tons have been leakage and caused at least 3800 people's death [3]. In 2022,
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there was an ammonia gas leakage from the industrial area which cause about 200 women workers
in the contaminated area to fall sick because of inhalation from the ammonia gas. Most of the victims
experience severe nausea, vomiting, and breathlessness after the inhalation of ammonia [4].

On other hand, gas dispersion in indoor environments also is a crucial concern, as it can pose
significant risks to public health and safety. According to American Gas Association [5], approximately
187 million industrial, commercial, and residential buildings used natural gas every day. It is highly
flammable, and gas leaks increase the risk of fire and explosion. Therefore, by looking at those major
gas leakage incidents, it is important to study the behavior of the harmful gas leakage and the factors
that cause the incident to happen. This is to plan the emergency evacuation and mitigate the risk of
the gas leakage happening again in the future.

In order to mitigate these risks, it is important to understand the factors that contribute to gas
dispersion and its spread in indoor environments. One of the key factors is ambient temperature.
The relationship between temperature and gas dispersion is complex and not fully understood, but
it is widely recognized that temperature can play a crucial role in determining the diffusion distance
of harmful gases. To understand how the temperature is able to affect gas dispersion. Firstly, we have
to understand the concept of the kinetic theory of gases. The kinetic theory of gases deals with the
behavior of gas molecules and according to this theory, the molecules of all gasses are in continuous
motion. For this reason, the kinetic energy has been transferred from one molecule to other
molecules during the collision occurred. It led to the change of velocity for individual molecules [6].
The equation molar kinetic energy is as below:

Ey = >RT (1)

From Eg. (1), the molar kinetic energy of the gas, E,, is proportional to its temperature, T, and the
proportionality constant is 3/2 times the gas constant, R. It demonstrates that a higher temperature
will lead to a higher molar kinetic energy of the gas. There is also another gas law namely Charles Law
that gives a details account of the relationship between the temperature and the volume of the gas.
Its states that the volume of an ideal gas is directly proportional to the absolute temperature of the
gas at constant pressure [7]. From the derivation of the equation obtained from Boyles's Law and
Charles's Law then a new law namely as ideal gas law was generated. By looking at the Ideal gas Law,
there is an obvious relationship between the pressure, volume, and temperature of the gas [8]. The
ideal gas law is governed by Eq. (2) as below:

PV = nRT (2)

where P is pressure, V is volume, n is the number of moles of gas, R is the ideal gas constant and T is
temperature. The Ideal Gas Law assumes that gases are made up of large numbers of randomly
moving particles that occupy a defined volume and that the total internal energy of a gas is directly
proportional to its temperature. The law provides a useful approximation for many real gases under
certain conditions, such as low pressure and high temperature.

Then, after knowing the basic concept of gas's relationship with the temperature, now we have
to see more details on the relationship between the diffusion of gas and also temperature. Diffusion
describes the movement of gas molecules from a higher concentration to a lower concentration
region [9]. The relationship between the flow rate and the concentration difference is referred to as
Fick's Law of Diffusion [10]. The diffusion coefficient is measured in square meters per second, m? /s
in Sl units. Despite the slow nature of diffusion, even in gases, diffusion coefficients for gases at
ordinary temperatures and one-atmosphere pressure primarily range from 10° to 10* m?%/s. In
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contrast, diffusion coefficients for liquids and solutions are limited to the range of 10°to 10° m?%/s. A
rough estimate indicates that gases diffuse approximately 100,000 times more quickly than liquids.
Diffusion coefficients increase with the increase in the absolute temperature. This means as the
temperature increases the gas will rapidly spread into the air.

The utilization of Computational Fluid Dynamics (CFD) provides an opportunity to assess the
potential harm of toxic gases as a risk indicator and offers the most precise prediction of gas
dispersion compared to other mathematical models, such as Gaussian Plume and Lagrangian Particle
Dispersion Models. Several studies have leveraged the exceptional accuracy of CFD modeling to
evaluate toxic gas dispersion in industrial facilities. For example, Zhuang et al., [11] utilized the CFD
to study the gaseous contaminant's diffusivity in the indoor environment. Yang et al., [12] used CFD
simulations to analyze the impact of both flammability and toxicity in an offshore platform. The
effectiveness of physical barriers [13], water curtains [14], and gas detector placement [15] can also
be evaluated through three-dimensional CFD modeling of flammable and toxic gas dispersion. The
results from CFD simulations can also be combined with dose-response models to determine the
absorbed dose to the human body and to evaluate human fatality through methods such as Probit
Analysis for the hydrogen fluoride gas leak in South Korea performed by Yang et al., [16]. The result
from the CFD simulation agreed with the collected data of actual dead vegetation. Argyropoulos et
al., [17] similarly utilized CFD results to assess the potentially toxic consequences of evacuation
routes in the event of a toxic gas infiltrating the building. By running numerous time steps of CFD
simulation from when someone starts to finish evacuating, these hazardous dose-response models
can quantitatively analyze the toxic gas effects of planned evacuation routes. Syafiie et al., [18]
performed a CFD simulation to model the accidental indoor dispersion of chlorine from a small
undetected leak in an indoor industrial space. The simulation focused on released chlorine gas to
show various effects of temperature and wind velocity on the diffusion of heavy gas in a small indoor
environment. However, this paper does not focus particularly on the effect of ambient temperature
towards gas diffusion since in the simulation, they mentioned that the windows are open thus the
wind velocities are assumed to be 1 m/s, 3 m/s and 5m/s which strong enough to affect the gas
diffusion in indoor environment. It is not clear how the ambient temperature itself affect the gas
distribution in indoor environment since most of the time the dispersion was affected by the strong
wind flow. Furthermore, the paper does not perform the quantitative analysis in the result section.
Only the qualitative result was presented which not giving clear picture the effect of ambient
temperature towards gas dispersion itself.

In this study, we focus to investigate the effect of ambient temperature on gas dispersion inside
the indoor environment. Current knowledge about the effect of temperature on the diffusion of gas
will be calculated through theoretical and numerical methods. While CFD approach will be utilized to
perform the simulation for the gas dispersion inside the indoor environment and the final result will
be analyzed to observe the behavior of the gas concentration at different ambient temperatures. In
this study also, we performed qualitative and quantitative methods to observe how significant the
effect of ambient temperature toward gas dispersion in an indoor environment.

2. Methodology
This section presents the common mathematical equation involved in CFD computation, CFD

environment modelling, and boundary setting to simulate the gas dispersion in the indoor
environment at different ambient temperatures.
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2.1 CFD Software and Governing Mathematical Equation

For this study, ANSYS/CFX 14.0 2020 has been selected to simulate the gas dispersion. This
software is known to be a high-performance CFD software recognized for its robustness, high
computation accuracy, and speed for gas analysis. In CFD, the basic equations that govern the
conservation of mass, momentum, and energy balance are solved numerically for a given initial, flow
domain, and boundary conditions. It is necessary to briefly review those governing equations that
are relevant to the issue of gas dispersion in different ambient temperatures.

The Continuity Equation:

ap | a(puy) _
ot ox; 0 (3)

Momentum balance:

oy

+
at ax,- Ox; an
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here, p is the density, u; is the velocity component in the it" direction, p is the pressure, u is the

viscosity of the medium, A is the second coefficient viscosity (the term involving this variable is

assumed to be negligible) and g; is the component of gravitational acceleration in the it direction.
For buoyancy computation, a source term is added to the momentum equations as follows:

SM,buoy = (,0 - pref)g (5)

which can be approximated by Boussinesq Model:

P — Pref=— prefﬁ(T - Tref) (6)
where £ is the thermal expansivity and T,..; is the buoyancy reference temperature:

10
B=—5 (7)

Diffusive Transport Equation:

The general form of the diffusive transport equation for the additional variable scalar is:

a(p9
S =V (Do VD) + 5o 8)
where p is the mixture density, @ is the gas quantity per unit volume or concentration, ¢ is gas mass
concentration, Sy is a volumetric source term of the gas and Dy is the kinematic diffusivity of the gas
through the air.

For turbulent flow, this equation is Reynolds-averaged and becomes:

009) _ . ey
20— v (oD + sei U ) +55 ©
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where p;is the turbulence viscosity, and S¢, is the turbulence Schmidt number, which takes a

constant value of 0.9 for thermal buoyancy-driven flows modeled using the Boussinesq approach.
For details see [19].

2.2 CFD Modelling and Configuration

The experiment simulated the dispersion of harmful gas inside a closed empty testbed platform
geometry shape illustrated in Figure 1. The design of the model is the same as the integrated mobile
gas sensing testbed [20] located in the Centre of Excellence for Advance Sensor Technology
(CEASTech), Universiti Malaysia Perlis. The testbed was developed to capture the reading of gas
dispersion on the platform. However, the environment in which the platform was placed cannot be
controlled, especially ambient temperature and the resolution of the testbed is relatively low since
the platform was only installed with 72 numbers of gas sensors. Therefore, this study chose to
develop a CFD model of the platform that is able to control different environmental parameters. The
CFD model has 6m (length) x 3m (width) x 0.5 (height). It consists of four adiabatic non-slip walls, an
adiabatic ceiling, and an adiabatic flat floor. There will be no presence of obstacles inside the platform
except for the side of the walls. This is to prevent the obstacle influence the dispersion of the gas.
The dispersion of gas inside the platform must significantly affect by the ambient temperature itself.
A petri dish that contained ethanol solution was placed at the location of (x = 1.5m, y = 3m) which is
known to be the center of the CFD model to simulate the release point of the harmful gas. Ethanol
vapor will be used in this research to simulate the harmful gas release since it is widely used in mobile
robot olfaction experiments to simulate harmful gas leakage [1,21-23]. All the details on the
boundary conditions are shown in Table 1.

Right wall

Rear wall e ‘\I/, X

0 1.000 2.000 (m)
0.500 1.500

Fig. 1. Three-Dimensional (3D) geometry closed testbed model

Table 1

Boundary condition of the CFD model

Boundary Type Details

Petri dish . Gas Type: CH;CH,OH (ethanol vapor)
(Diameter: 0.06m) inlet Mass flow rate: 0.01kg/s

All walls, ceilings, and floor wall adiabatic
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The tetrahedron mesh type was applied in this model to fill up the model space. The mesh has an
element size of 0.2m? and produced about 108,187 total numbers of elements and 21,253 total
number of nodes as shown in Figure 2. The previous researcher which is Zhuang et al., [11] performed
an experiment with three different mesh sizes and he finds out that the final CFD computation result
does not depend on the mesh size. Therefore, the number of mesh produces in this model is sufficient
to run the simulation and also helps to reduce computer computation time. Hence, this study will not
run any experiment related to the comparison between different mesh numbers for the number of
mesh validation.

0.000 1.000 2.000 (m)
I
0.500 1.500

Fig. 2. Mesh grid for the testbed model

The simulations of the harmful gas dispersion performed on Intel® i5 Core computer. The gas was
emitted through the simulated petri dish which has been treated as an inlet boundary condition type
with a constant emission rate as stated in Table 1. The difference in this experimental setup was only
the initial condition of the ambient temperature. The initial ambient temperature was set up to three
different level which is 5°C (i.e., cold condition), 25°C (i.e., normal condition), and 40°C (i.e., warm
condition), while the relative humidity will be maintained at 50%.

The experiment setup has been run for both transient and steady-state analysis. For transient
analysis, the total simulation time for each simulation is 60 seconds with a step size of 0.25 seconds.
Initial spreading calculations with a time step of 0.10 seconds were performed and the comparison
showed that a step size of 0.25 seconds would be adequate. Therefore, there are 240 total steps
generated from the CFD simulation result. In addition, to ensure the gas dispersion is only affected
by ambient temperature and not by other parameters (e.g., wind) there is no significant airflow
introduced in the CFD models and the air turbulence also will be relatively low. Since the air velocities
in the present study are fairly low and no heat transfer is considered, it is expected that no special,
wall-induced effect will be encountered.

Upon conducting both transient and steady-state CFD simulations, the concentration profiles of
the dispersed ethanol vapor were analyzed and compared. The results from the CFD simulations
enabled the revelation of the significance of ambient temperature in indoor environments to the
process of gas dispersion.
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3. Results
3.1 Theoretical Study on The Role of Ambient Temperature on The Diffusion of Gas in The Indoor
Environment

The harmful gas contaminants are basically one type of molecule same as the molecule of the air
and naturally, they can diffuse into the air. Diffusion describes the movement of gas molecules from
a higher concentration to a lower concentration region. The diffusion process of the gas molecules
into the air is governed by Fick’s first law and Fick’s second law:

J]= —DVC (10)
ac
== V-(DVCQ) (11)

From Eq. (10) and Eq. (11), ] is the “diffusion flux” (i.e., the amount of the gaseous contaminant per
unit area per unit time), D is the diffusion coefficient or known to be diffusivity of the gas in the air
while C is the volumetric concentration of the gas contaminants.

The diffusion coefficient or diffusivity of the gas with the air can be obtained from the equation
derived by Cussler et al., [24].

3
1.858x 1073 T2 1 1
D= —7F%5—— |[—+— (12)
paABQ Mgy Mp

From Eq. (12), A and B are kindly indicating two different gaseous to be diffused into each other.
T is the absolute temperature in degrees Kelvin, p is the pressure, M is the molar mass of each type
of gas, o, = (64 + 0®)/2 which is the average collision diameter between the molecule, and Q is the
temperature-dependent collision integral. This equation shows that the diffusivity is positively
associated with the absolute temperatures of the gas and air. According to the kinetic theory of the
gases, all diffusivities increase with the temperature and pressure. For example, Figure 3 shows the
change of the ethanol diffusivity with the change in the absolute temperature of the ethanol and air.
Based on the graph, the ethanol diffusivity is directly proportional to the absolute temperature. As
the absolute temperature increases the diffusion coefficient between ethanol and air also increases.
The diffusion coefficient of Ethanol and air has an increment of 3.5% for every 5°C increment of the
absolute temperature. It means that as the diffusion coefficient of ethanol increases, it will rapidly
diffuse into the air. At 5°C, the ethanol has a reading of diffusion coefficient with 0.104 cm?/s while
at 40 °C, it has the reading with 0.130 cm? /s which has an increment of 25%.

For further observation, a simplified one-dimension model is shown in Figure 4. A long pipe model
with 3m in the length is lying horizontally. Since the distance from the contaminant source to the
ventilation exhaust in most indoor environments are in the range of 3m, so this length of magnitude
was chosen. The ethanol vapor will be released at different absolute temperatures to let it diffuse
into the pipe from the left (i.e., Point A) to the right end of the pipe (i.e., Point B) which is maintained
at zero concentration. Then the difference in the ethanol concentration in the pipe is observed.
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Diffusion coefficient of ethanol and air at different temperature

o
=3

=)
Z

0.140

0.120

Diffusion coefficient, cm”2 /s

=]
2

0.080
Temperature, °C

Fig. 3. Rate of ethanol diffusivity into the air at different temperatures

Point A Point B
Om 3m
X =3 meter

Fig. 4. Diffusion of ethanol in the static air

From the above model, it is assumed that the air inside the pipe is static. This is to ensure that
the diffusion of the ethanol is only affected by the difference in absolute temperature of both gases.
In this study, three different temperature reading at 5°C, 25°C, and 40°C were chosen. Therefore, the
diffusivity values of the ethanol will be different from each other depending on the temperature
level. For one-dimension (1D) situations such model above, Eq. (10) and equation Eqg. (11) can be
simplified as below:

ac
] = —DV£ (13)
ac 9%C
%= Doz (14)

when a steady-state is achieved, there is no diffusion occurs. Therefore, Z—i =0, and Eq. (13) can be

simplified as

a’c

2 _g (15)
with boundary conditions of g—i = —%for X =0, while C =0 for X = 3, therefore has the following

equation under the steady-state condition:

C=2(3-x) (16)
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when Eqg. (16) is applied for ethanol diffusion in the horizontal pipe model at a different temperature,
the concentration profile of ethanol at different temperature level are shown in Figure 5. Based on
the plot graph of the concentration of ethanol and length of the pipe above, the concentration of the
gas inside the pipe is diverse at different levels of temperature. It shows that the concentration of
ethanol tends to be zero concentration at a faster rate when the temperature is high. The difference
between the concentration of ethanol at 5°C and 40°C is 25% while the difference between the
concentration of ethanol at 5°C and 25°C is 14%. The reason is that when the temperature tends to
be increased, it will also increase the diffusivity of the ethanol gas into the air inside the pipe.
Therefore, any gases will diffuse rapidly when the temperature is high.

Concentration of ethanol at three different level of temperature

0.60

| J— 25°C 40°C

0.50

0.40

<
=]
o

Concentration of Ethanol, kg/m~»2
o
=
o

0.00
0.0 0.5 1.0 15 20 25 3.0

length, m

Fig. 5. Ethanol concentration profile inside the pipe at different temperatures

Now, this study will observe the effect of temperature with the distance of ethanol needed to
diffuse from Point A at constant concentration until it reaches zero concentration at Point B. Here,
from equation 4.5 we simplify the equation as below:

D
L=C7 (17)

from Eq. (16), the concentration of Ethanol, C, and the diffusion flux, / will be held constant. The
difference will be in the diffusivity value of the ethanol, D at different temperatures. Through the
calculation of Eq. (17), it was determined that at a temperature of 5°C, a length of 3m of pipe was
required for the ethanol concentration to reach zero. However, when the temperature was increased
to 25°C, the required length increased to 3.4m, representing a 13% increase in the length of the pipe.
At 40°C, a length of 3.7m was necessary, resulting in a 23% increase. These results demonstrate that
when the gas is released at a warm temperature, it will increase the spread distance of the gas. While,
when the gas is released at a cold temperature it will decrease the spread of the gas distance. This
phenomenon is attributed to the increase in kinetic molecular energy of the gas at higher
temperatures, causing frequent collisions between the molecules and leading to their diffusion over
a greater distance.
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3.2 Comparison of Concentration Contour from CFD Simulation

This section will discuss the results gained from the ethanol dispersion simulation at different
ambient temperatures (i.e., 5°C, 25°C, and 40°C). The concentration contour of three simulation
results has been obtained on the transverse plane at z = 0.01m for comparison. The ethanol was
released at the center of the simulated testbed platform for 1 minute and the simulation transient
result for every 10 seconds of the gas spread is shown in Figure 6. From the figure, it can be observed
clearly that there are some differences between the concentration contour of ethanol at different
levels of ambient temperature. The spread of the ethanol is not similar even though the mass flow
rate of the source for all the simulation are similar. At the early stage of the dispersion, the ethanol
tends to spread in a circular manner. Then, it spread until it reaches the testbed’s side wall and
continues to spread to another region. In 30 seconds and above, all the testbed area has been
completely covered by the ethanol concentration. These comparisons result implied that at high
ambient temperature, the gas tends to spread (i.e., diffuse) faster compared to low ambient

temperature.

Ethanol . 5°C 25°C 40°C Ethanol . 5°C 25°C 40°C
Mass Concentration Mass Concentration
3.476e-01 3.476e-01 v v "
3.161e-01 3.161e-01
2.845e-01 2.845e-01
2.530e-01 2.530e-01
2.214e-01 2.214e-01
1.899e-01 1.899e-01
1.583e-01 1.583e-01
1.268e-01 1.268e-01
9.523e-02 9.523e-02
6.368e-02 6.368e-02
i i P
:/‘!:z:glo.ncentration t =10 seconds :::::E:J;centranon t = 40 seconds
3.476e-01 3.476e-01 = | -
3.161e-01 3.161e-01
2.845e-01 2.845e-01
2.530e-01 2.530e-01 |
2.214e-01 2.214e-01 }
1.899e-01 1.899%e-01 ‘
1.583e-01 1.583e-01 ‘
1.268e-01 1.268e-01 ‘
9.523e-02 9.523e-02 ‘
6.368e-02 6.368e-02
3.213e-02 3.213e-02
[kg m*-3] [kg m*-3] - -
Ethanol . t =20 seconds Ethanal . t = 50 seconds
Mass Concentration Mass Concentration
3.476e-01 3.476e-01
2.845e-01 2.845e-01
2.530e-01 2.530e-01
2.214e-01 2.214e-01
1.899¢-01 | 1.899e-01
1.583e-01 1.583e-01
1.268e-01 1.268e-01
9.523e-02 9.523e-02
6.368e-02 6.368e-02
[kg m*-3] [kg m*-3] .

t =30 seconds

t = 60 seconds

Fig. 6. Ethanol concentration contour at different ambient temperatures and time
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Figure 7 compares their ethanol concentration at steady-state conditions. By taking very careful
visual inspection, the concentration of the ethanol spreads is completely different in terms of
concentration contour and also the spreading area. As the ethanol is dispersed away from the source,
the gas will mix with air and resulting in the decrease of ethanol concentration along with the
distance. In addition, as the ambient temperature increases the distance of the ethanol dispersion
also increased. This result is consistent with the theoretical findings in section 3.1 of this paper.

Ethanol .
Mass Concentration

. 3.476e-01
3.161e-01
2.845¢-01
2.530e-01
2.214e-01
1.899-01
1.583e-01
1.268e-01

9.523e-02
I 6.368e-02

3.213e-02
[kg m"-3]
Fig. 7. Ethanol concentration profile at steady-state condition

3.3 Percentage Deviation Contours

In this section, an index known as the percentage deviation (PD) is introduced as a means to
guantitatively evaluate the difference in ethanol concentration profile. This is necessary as visual
inspection alone is not considered to be a sufficient method, due to its lack of accuracy and rigor. The
following equation has been utilized to obtain quantitative results:

PD = 'CAC sl » 100% (18)

B

where PD is the percentage deviation, C, and Cy is the concentration reading at a particular point on
the horizontal z-plane (i.e., 0.01m) for two different result samples. This study will observe the
significant difference between the concentration of ethanol at different ambient temperatures. If the
PD values were greater than 5% in 50% of the sample plane, then the difference between the
concentration will be considered as significant.

From contour maps in Figure 6, when t=10 seconds, the concentration difference (i.e., PD>5%)
between 5°Cand 25°Cis 84.91% of the sample plane area. While the difference (i.e., PD>5%) between
5°C and 40°Cis 96.54% of the sample plane area. Both of the concentration differences (i.e., PD >5%)
are more than 50%. After 30 seconds of dispersion (i.e., t = 30 seconds), the concentration difference
between 5°Cand 25°C started to reduce to about 66.33% while the concentration difference between
5°C and 40°C was reduced to 80.33% from the sample point. Then, after the time of dispersion falls
between t= 40 seconds to t= 60 seconds, most of the outstanding area (i.e., an area where PD>5%)
for concentration difference between 5°C and 25°C and concentration difference between 5°C and
40°C reduces to about 40.50% and 72% respectively.

In a steady-state condition, as depicted in the contour maps in Figure 7, it was determined that
there was a 65.90% concentration difference (i.e., PD > 5%) across the sample plane area for an
ambient temperature level between 5°C and 25°C. Furthermore, when the ambient temperature
level was increased to 40°C, the concentration difference (i.e., PD > 5%) across the sample plane area
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increased to 70%. These observations, both in steady-state and transient results, suggest that higher
ambient temperature results in a greater difference in the concentration of ethanol compared to
lower temperatures. Table 2 and Table 3 show the summary of PD values of ethanol concentration
for transient and steady-state results respectively.

Table 2

Percentage Deviation (i.e., PD > 5%) values of the transient results

Ambient Temp. Comparison 10sec 20sec 30sec 40sec 50sec 60sec
5°Cand 25°C 84.91% 75.64% 66.33% 64.17% 59.33% 40.50%
5°C and 40°C 96.54% 90.89% 80.33% 80.17% 79.17% 72.00%

Table 3
Percentage Deviation (i.e., PD > 5%) values of the
steady-state results

Ambient Temp. Comparison Steady-state
5°Cand 25°C 65.90%
5°C and 40°C 70.00%

3.4 Dispersion Distance Comparison

The present section endeavors to compare the dispersion distance of ethanol concentration in
the simulation outcome. The information on the ethanol concentration at a particular point was
recorded and contrasted at varying ambient temperatures, as shown in Figure 8. The measurements
of 600 samples of ethanol mass concentration were taken along the yellow line shown in Figure 1. It
shows the ethanol concentration profile for each ethanol dispersion distance at different ambient
temperature levels (i.e., 5°C, 25°C, and 40°C) at transient and steady-state conditions.

As depicted in Figure 8, the ethanol concentration profile at t = 10 seconds demonstrates a
significant variation in terms of dispersion distance when the gas is released at different ambient
temperatures. The dispersion of the gas tends to travel a greater distance when it is released in warm
air, as opposed to cooler temperatures. Note that, all parameters of the simulation were held
constant, with the exception of ambient temperature. Further insight into the variations can be
observed by examining Figure 9, which illustrates the Region of Interest (ROI) of ethanol
concentration at the point of maximum dispersion. At 5°C, when t = 10 seconds the gas dispersed at
a distance of 2.40m. However, when the temperature increased to 25°C and 40°C the distance of
dispersion has an increment of 13.75% and 32.50% respectively. Specifically, it is observed that
variations in ambient temperature significantly impact the dispersion distance of the gas.

From Figure 10, it can be observed that there was also a difference in the dispersion length of the
ethanol at different ambient temperatures during the steady-state condition. To get a better
visualization of the difference, Figure 11 plots the ROI of ethanol concentration which on the tip of
the dispersion. Now, the difference can be seen clearly, at 5°C the ethanol molecule tends to diffuse
shorter distances compared to when the ambient temperature at 25°C and 40°C. By the quantitative,
the distance of the ethanol diffusion increases by 10.36% when the ambient temperature increases
from 5°C to 25°C. While the dispersion distance has the increment up to 15.03% when the ambient
temperature further increases to 40°C. This result agrees with the theoretical calculation in section
3.1.
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Concentration profile of ethanol at 10 seconds of dispersion
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Fig. 8. Ethanol concentration profile released at different ambient temperatures (transient
t=10seconds)
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Concentration profile of ethanol at steady state condition
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Fig. 11. Ethanol concentration profile at the tip region of the dispersion (steady-state)

Table 4 and 5 shows the maximum distance of the dispersion at different ambient temperature
and the percentage change of the length of dispersion by referring to 5°C as the initial distance.

Table 4

The distance of the dispersion and change percentage (transient, t = 10 seconds)
Ambient Temp. Level Max. length of dispersion, (m) Change percentage, (%)
5°C 2.40 -

25°C 2.73 +13.75%

40°C 3.18 +32.50%
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Table 5
The distance of the dispersion and change percentage (steady-state)
Ambient Temp. Level  Max. length of dispersion, (m)  Change percentage, (%)

5°C 3.86 -
25°C 4.26 +10.36%
40°C 4.44 +15.03%

4. Conclusions

In conclusion, ambient temperature plays a crucial role in determining the dispersion of harmful
gases in indoor environments. The results of the theoretical study and CFD simulation indicate that
an increase in the ambient temperature leads to an increase in the spread distance of the gas, while
a decrease in ambient temperature results in a decrease in the spread distance. These results provide
valuable insights into the importance of temperature control in mitigating the spread of harmful
gases in indoor environments. By managing temperature effectively, industrial and residential
settings can reduce the risk of harmful gas incidents, which pose significant threats to public health
and safety. It is imperative to further research this issue to develop more effective methods of
temperature control, and to enhance our understanding of the mechanisms behind gas dispersion in
indoor environments.
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