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Modelling of the Dispersion of Butane in an Enclosed Space  
on the Example of a Professional Kitchen

Modelowanie rozprzestrzeniania się butanu w przestrzeni zamkniętej  
na przykładzie kuchni gastronomicznej

ABSTRACT
Purpose: This study investigates the dispersion of liquefied petroleum gas (LPG) following an accidental leak in an unoccupied commercial kitchen, with 
the objective of identifying areas with critical gas concentration levels that may lead to fire or explosion if an ignition source is introduced. Understanding 
the spatial and temporal evolution of leaked gas is essential for improving fire prevention strategies, optimizing ventilation design, and enhancing the 
safety of commercial cooking environments.
Project and methods: A three-dimensional Computational Fluid Dynamics (CFD) model was developed to simulate the release and dispersion of gas 
inside a closed kitchen enclosure measuring 2 × 2 × 2 m. A realistic leak source was characterized by a constant mass flow rate of 0.3611 g/s under 
quiescent conditions. The numerical model enabled the prediction of gas concentration fields, flow structures, turbulence intensity, and Reynolds num-
ber distribution throughout the transient leakage process. Particular attention was paid to the evolution of combustible gas accumulation and to the 
identification of regions where flammable mixtures are likely to develop.
Results: The simulation results reveal that the highest gas concentrations accumulate and stabilize approximately 10 cm above the floor, confirming 
the tendency of leaked gas to remain in the lower part of the enclosure. The flow is characterized by significant turbulence in the vicinity of the leakage 
source, where the Reynolds number reaches a maximum value of 23 597, promoting rapid mixing between the leaked gas and the surrounding air. In 
contrast, gas concentrations remain negligible at heights exceeding 1 m during the transient phase, indicating that the upper part of the kitchen remains 
essentially unaffected throughout the leakage period.
Conclusions: These findings demonstrate that areas with critical concentration levels are located near the floor, where combustible mixtures are more 
likely to persist and where ignition sources would present the greatest risk of fire and explosion. The study provides valuable insights into the behaviour 
of accidental gas leaks in confined commercial kitchens and contributes to the development of safer kitchen layouts, improved ventilation strategies, 
and more effective fire risk assessment methodologies.
Keywords: OpenFOAM, simulation, confined fire, critical concentration
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ABSTRAKT
Cel: Celem pracy była analiza rozprzestrzeniania się gazu płynnego (LPG) wskutek przypadkowego wycieku w kuchni gastronomicznej oraz wskazanie 
miejsc, w których stężenie gazu może stwarzać zagrożenie pożarem lub wybuchem w przypadku pojawienia się źródła zapłonu. W analizowanym 
scenariuszu przyjęto, że w czasie wycieku w pomieszczeniu nie przebywają ludzie. Określenie zmian stężenia uwolnionego gazu w czasie i przestrzeni 
ma istotne znaczenie dla zapobiegania pożarom, właściwego projektowania wentylacji oraz poprawy bezpieczeństwa w kuchniach gastronomicznych.
Projekt i metody: Opracowano trójwymiarowy model z wykorzystaniem obliczeniowej mechaniki płynów (CFD), umożliwiający symulację uwalniania 
i rozprzestrzeniania się gazu w zamkniętym pomieszczeniu o wymiarach 2 × 2 × 2 m. Źródło wycieku odwzorowano, przyjmując stałe masowe natężenie 
wypływu wynoszące 0,3611 g/s oraz brak początkowego ruchu powietrza. Model numeryczny pozwolił określić rozkład stężenia gazu, strukturę prze-
pływu, intensywność turbulencji oraz rozkład liczby Reynoldsa podczas wycieku. Szczególną uwagę poświęcono gromadzeniu się gazu palnego oraz 
określeniu miejsc, w których mogą powstawać mieszaniny palne. 
Wyniki: Wyniki symulacji wskazują, że największe stężenie gazu występuje i stabilizuje się na wysokości około 10 cm nad podłogą. Potwierdza to 
tendencję gazu do gromadzenia się w dolnej części pomieszczenia. W pobliżu źródła wycieku przepływ charakteryzuje się znaczną turbulencją. Liczba 
Reynoldsa osiąga w tym obszarze maksymalną wartość 23 597, co sprzyja szybkiemu mieszaniu się uwolnionego gazu z otaczającym powietrzem. Na 
wysokości powyżej 1 m stężenie gazu w analizowanym okresie pozostaje natomiast znikome. Oznacza to, że wyciek praktycznie nie wpływa na warunki 
panujące w górnej części pomieszczenia.
Wnioski: Wyniki wskazują, że miejsca, w których stężenie gazu osiąga wartości krytyczne, znajdują się w pobliżu podłogi. W tej części pomieszczenia 
mieszaniny palne mogą utrzymywać się najdłużej, a obecność źródła zapłonu stwarza największe zagrożenie pożarem lub wybuchem. Badanie dostarcza 
istotnych informacji na temat przebiegu przypadkowych wycieków gazu w zamkniętych kuchniach gastronomicznych oraz może wspierać projektowanie 
bezpieczniejszych pomieszczeń, doskonalenie rozwiązań wentylacyjnych i rozwój skuteczniejszych metod oceny ryzyka pożarowego.
Słowa kluczowe: OpenFOAM, symulacja, pożar zamknięty, stężenie krytyczne
Typ artykułu: oryginalny artykuł naukowy
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Introduction 

The build-up of gas in enclosed spaces is a major safety con-
cern [1], particularly when it comes to flammable or explosive gases. 
Commercial kitchens and unattended cooking are the leading 
causes of fires in the United States [2], and represent environments 
where the risks of gas accumulation are heightened due to the con-
centration of heat-generating equipment, potential gas leaks and 
the use of fuels. Studying the critical gas concentration in these 
enclosed spaces is essential for preventing accidents, whether 
these involve explosions, fires or poisoning from gases such as 
methane, butane or propane. In this context, modelling the accu-
mulation and concentration of gases within an enclosed space, 
such as a commercial kitchen, is essential for assessing and pre-
venting potential risks. The concept of ‘critical gas concentration’ 
refers to the minimum concentration of gas in an enclosed space 
at which the probability of an explosion or fire becomes significant, 
based on the lower and upper explosive limits (LEL and UEL). Inad-
equate or poorly designed ventilation can quickly lead to concen-
tration levels exceeding critical thresholds [3]. Furthermore, these 

environments present a context in which safety issues are particu-
larly sensitive, as an explosion could result in loss of life [4]. As the 
flash point is a very important characteristic of any fluid, it can sig-
nificantly affect the combustion regime, which may lead to a rapid 
explosion or, in critical cases within tunnels, develop into a deto-
nation [5]. Certain materials are sometimes found to have a domi-
nant influence on gas diffusion behaviour, which can be observed 
using a  new pressure-based diffusion coefficient model [6].  
Several test gases have already been evaluated, visualised and 
validated in the field of gas dispersion in closed chambers, such 
as helium [7], hydrogen [8] and chlorine [9]. 

Aims 

Using a numerical approach that optimises computational 
costs while analysing key fields for more accurate assessment of 
the risk of explosion, this study models the dispersion of butane 
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in an air-filled enclosed space, investigates the influence of fluid 
dynamics, and analyses high-risk areas to identify zones with 
critical gas concentrations as shown in Figure 1. 

The CFD simulations associated with this work are validated 
using several established numerical methods, including codes 
such as CFD Fluent [9], CFD-FLACS [10], CFD Flacs Hydrogen [11], 
ANSYS [12], FDS [13], [14] and OpenFOAM [15].

Materials and Methods

Numerical Code
One of the most important CFD software packages in recent 

years is OpenFOAM (Open Field Operation and Manipulation). In 
a single package, it brings together a large library of interconnected 
applications capable of solving a vast array of scientific problems. 
OpenFOAM is an open-source computational fluid dynamics sim-
ulation software package created by Weller et al. (1998) [16].  
He began developing the software, then known as ‘FOAM’, in 1989.  

Henry Weller, the lead developer of this software, is also 
a co-founder of the OpenFOAM Foundation, established in the 
United States on 5 August 2011, which distributes OpenFOAM 
under an open-source licence. 

Regarded as the primary visualisation tool provided with 
OpenFOAM, ParaView enables the analysis and visualisation of 
CFD simulation results produced using OpenFOAM. There is also 
an older viewer for OpenFOAM called paraFoam, but ParaView is 
more effective at visualising OpenFOAM data and is a registered 
trademark of Kitware [17]. 

This application enabled us to explore, analyse and present 
the fields calculated in this work, such as the air volume fraction, 
the turbulent kinetic energy dissipation rate, the turbulent kinetic 
energy, the turbulent kinematic viscosity, the static pressure, the 
hydrostatic pressure, and the fluid velocity. The meshing was car-
ried out using ‘blockMesh’, the modelling and simulation using 
‘OpenFOAM-6’, and the results were analysed in ‘ParaView’ (see 
Figure 3). To ensure the numerical calculations ran smoothly and 
with good stability, a Dell Latitude 5500 was selected, featuring 
an 8th-generation Core i7 processor, 512 GB SSD storage, 32 GB 
RAM, 8 CPUs, an integrated Intel UHD Graphics 620 graphics card 
with 16 GB of memory, a 15.6-inch screen and a 64-bit Ubuntu 
18.04 (Linux) operating system. 

Professional Kitchen and Gas Model
A professional kitchen, such as in a hotel, is not a conven-

tional kitchen, as it is subject to specific health and safety regu-
lations [18] imposed by various international standards. This pur-
pose-built space is designed specifically for the preparation of 
large quantities of food in accordance with precise standards [19].  
For the purposes of this study, the authors use as a model the 
kitchen of a local cement factory, the dimensions of which have 
been scaled down. It is located in the port industrial zone of 
Douala, with butane as the cooking gas. The properties of the 
gas and air within the enclosure are shown in Table 1. 

Butane is an alkane, a type of saturated hydrocarbon whose 
molecular composition consists of carbon (C) and hydrogen (H) 
atoms. Its chemical formula is C4H10; it can be liquefied under 
pressure at room temperature and stored in cylinders or tanks. 
Pure butane is colourless and odourless; for safety reasons, 
a small amount of an odorant is added to it so that leaks can be 
easily detected in an enclosed space. Butane is a Liquefied Petro-
leum Gas (LPG) extracted in small quantities from natural gas 
and in large quantities from crude oil during refining. 

Mathematical model
The RNG k-ε model (Yakhot et al., 1986) [20] incorporates cor-

rections derived from renormalisation group theory. It improves 
the representation of high-shear flows and separations, whilst 
providing a better fit for turbulent viscosity. The RNG k-ε model 
derives from a rigorous statistical technique known as ‘Renormal-
isation Group’ theory. It is similar to the standard k-ε model but 
includes certain improvements. Of the available turbulence mod-
els, the RNG k-ε model has been selected for this study. 

This choice is justified by the fact that, having been devel-
oped using group renormalisation theory (RNG), it provides an 

Figure 1. Kitchen enclosure under consideration (2 x 2 x 2 m). ‘Source’ 
is shown in blue in the centre

Source: Own elaboration.

Figure 2. Kitchen enclosure mesh (2 x 2 x 2 m). ‘Wall’ is marked in red 
on each wall

Source: Own elaboration.
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analytical formulation of the constants, making it more general 
and accurate than its standard counterpart, the Reynolds-averaged 
Navier-Stokes (RANS) equations. It is particularly well-suited to 
shear flows with steep velocity gradients, which are typical of gas 
jets. The study examines the dispersion of gaseous butane within 
a closed chamber, with the aim of determining the critical concen-
tration likely to reach or exceed a safety threshold governed by the 
LEL and UEL. This phenomenon is transient and involves a differ-
ence in density compared to air, resulting in buoyancy and strati-
fication effects. The carrier fluid is air, which is considered incom-
pressible, with gas dispersion governed by convection due to air 
flows and by diffusion. All these flow characteristics have guided 
our choice not only of a turbulence model, but also of a model that 
takes into account a large part of the characteristics of our flow, 
including buoyancy and the turbulent Reynolds number of the gas 
leak in question. This model is implemented and parameterized 
according to its structure in the OpenFOAM computational code 
and coupled with the interFoam solver; it has been numerically ver-
ified and qualitatively compared with the results of several studies 
in the same scientific context [21], [22]; direct experimental valida-
tion has yet to be carried out [23]. The equations solved in this code 
are based on the principles of conservation of mass, momentum, 
chemical species and turbulence:

(a) Conservation of mass:
 				                                          (1)
                             

(b) Conservation of momentum: 

						       (2)

(c) Conservation of energy:

 (3)

A total of seven fields were calculated in this study: 
–	 The volume fraction of air (αair or alpha.air)
–	 The turbulent kinetic energy dissipation rate (ε)
–	 The turbulent kinetic energy (k)
–	 The turbulent kinematic viscosity (vt or nut)
–	 The static pressure (p)
–	 The hydrostatic pressure (p_rgh)
–	 The fluid velocity (U)

(d) Equation for turbulent kinetic energy:

        (4)

(e) Dissipation equation:

 

      (5)

(f) Equation for turbulent kinematic viscosity: 

                                            (6)

(g) Correction factor equation: 

                                      (7)

with

                                            (8)

where Sij is the strain tensor.

(h) The model coefficients are [17]:
–	 Cμ = 0.0845;
–	 C1 = 1.42;
–	 C2 = 1.68;
–	 C3 = 0;
–	 σk = 0.71942;
–	 σε = 0.71942;
–	 η0 = 4.38;
–	 β = 0.012.

Figure 3. Calculation launch process 

Source: Own elaboration.

Table 1. Air and butane properties

Source: Own elaboration.

Air Butane

ρair = 1.204 kg · m-3 ρbut = 2.52 kg · m-3

vair = 1.562 · 10-5m2 · s-1 vbut = 2.77 · 10-6m2 · s-1

μair = 1.88 · 10-5kg · m-1 · s-1 μbut = 7 · 10-6kg · m-1 · s-1

- LEL: 1.8%

- UEL: 8.4%
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(i) The effective diffusivities:

                               (9)

The ability of gas to diffuse is characterised by diffusivities. 
This parameter describes the rate at which fluids propagate and 
mix. In the examined case, the expressions for the diffusivities of 
turbulent kinetic energy (k) and dissipation (ε) are given in Equa-
tion 9 of this article. This equation depends on the molecular kin-
ematic viscosity, the turbulent kinematic viscosity, and the turbu-
lent Prandtl numbers of k and ε. Given the often mixed nature of 
fluids, the weighted average kinematic viscosity (vweig) is defined 
[24], [25] by the following equation :

                             (10)

With this new formulation of the weighted kinematic viscos-
ity, Equation 9 for the effective diffusivities becomes:

                      (11)

Mesh of the enclosed enclosure
The numerical model used for the study was created with 

dimensions of 2 × 2 × 2 m, giving a volume of 8 m3. The mesh 
was generated with 68,921 nodes, 196,800 faces, 187 200 internal 
faces, and 64 000 cubic cells of dimensions (0.05 × 0.05 × 0.05 m)  
at a rate of 40 on each side. The results of the calculations are 
analysed using images and curves at different time intervals. The 
analysis is carried out at different critical times, with lines on the 
horizontal (diagonal) and vertical (lateral) planes. Each field is 
first analysed separately and then as a group. When the mesh 
grid is hidden, the following result is obtained in Figure 4 below.

with numerical dimensions of (1.2 × 1.2 × 0.1 m for the LEL and 
1.2 x 1.2 x 0.467 for the UEL), is coloured blue (Figure 2) or green  
(Figure 4) and is completely filled (100%) with butane gas of initial 
density (2.52 kg · m−3). The kitchen enclosure is initially filled with 
8 m3 of air (100%), shown in red (Figure 2) or yellow olive (Figure 4),  
with an initial density of (1.204 kg · m−3). The enclosure is com-
pletely sealed, hence the absence of windows and doors. These 
doors also constitute a major simulation parameter in several 
studies on fire safety [26], [27].

Results and Discussion 

Visual and graphical dynamics of LEL fields
The gas canister placed inside the chamber and initially com-

pletely filled has a volume of 0.144 m3, representing 1.8% of the 
chamber, as shown in Figure 4. When the gas is released, it gradu-
ally spreads throughout the chamber. Using the LEL critical value, 
the distribution of the gas within the chamber can be analysed. 
The graphical fields are analysed in detail at different positions. 
The chamber measures 2 × 2 × 2 m with a diagonal extending 
from one corner to another. The diagonal is estimated to have 
a length of ; the approximate length of the diagonal 
of this cube is <  >. This diagonal will be used to accu-
rately visualise the effects of the propagation and proportions of 
the various fields analysed in this study. Another line on the side 
face will allow us to compare the differences observed between 
the centre and the areas near the walls.

The volume fraction of air and butane (LEL) 
Figure 5 below shows the distribution of butane and air con-

centrations within the chamber; the image on the left was cap-
tured after 5 seconds and the one on the right after 10 seconds. 
This result demonstrates the high concentration of gas in the 
lower part of the enclosure:

Figure 5. Source and virtual measurement points within the enclosure. 
The legend ranges from 0(0%) to 1(100%)

Source: Own elaboration.

The kitchen enclosure is modelled according to the follow-
ing principle: a gas box positioned at (0.8, 0.8, 0.0) within the 
enclosure, at its base, representing the kitchen floor. This box, 

a)
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The butane is concentrated towards the bottom of the cham-
ber because the chamber was initially filled with air. This air there-
fore makes way for the butane gas, which initially swirls and 
then stabilises almost completely near the floor from 10 sec-
onds onwards. It should be noted that this is close to reality as 
the density of butane gas is greater than that of air. Areas close 
to the ground present a high risk of explosion should a source of 
ignition be present.

Geometry of turbulent kinetic energy (LEL) 
Within the kitchen enclosure, the energy varies, ranging from 

low values near the walls and gradually increasing towards the 
centre of the enclosure before gradually decreasing back to 
the level of the walls. Looking at the variations in the peaks in 
Figure 6, it becomes clear that the area dominated by high val-
ues of turbulent kinetic energy is the centre of the chamber in 
the diagonal direction. The lateral direction of the chamber is 
dominated instead by very low values at the centre and also at 
approximately 0.25 m in length, with a peak of over 0.0005 m2/s2.  
Nevertheless, a  slight correlation of low values is observed 
across all areas close to the chamber walls. 

Figure 6 below shows two images highlighting the critical 
points of turbulent kinetic energy.

The distribution of k indicates areas where air-butane con-
centrations change rapidly and is indirectly linked to these con-
centrations for the assessment of the formation of flammable 
atmosphere; this applies to areas close to the ground around 
the source.

Geometry of the k-dissipation rate (LEL) 
The dissipation-rate field, ε , complements k’s analysis of dis-

persion mechanisms. The shape of the curve showing the evo-
lution of the dissipation rate is almost identical to that of the 
turbulent energy, albeit with different values. However, a general 
overview is provided by the graphical representation of this field 
in the Figure 7 below.

Figure 5. Distribution of air (and butane) within the enclosure at 5 s (a) 
and 10 s (b). The legend for alpha.air and alpha.butane ranges from 
0(0%) to 1(100%)

Source: Own elaboration.

Figure 6. Turbulent kinetic energy at a height of 0.05 m at 10 s:  
a) diagonal position b) lateral position

Source: Own elaboration.

a)

a)

b)
b)
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This graph was captured at the tenth minute, and the same 
applies to the k-field. The peaks are divided into three: the largest, 
of approximately 0.00045 m2/s3, is at the centre of the chamber; 
the average peak, around 0.00025 m2/s3, is at 0.05m diagonally; 
and the weakest peak, close to 0.0001 m2/s3, is near the walls. 
As for the diagram on the right showing the lateral values, the 
highest peak is close to 0.00018 m2/s3 at approximately 0.25 m 
along the lateral length, with a low value at the centre of the walls, 
namely around 0.00012 m2/s3. 

Static pressure (LEL) 
The analysis of this field is required to ensure the consistency 

of the numerical model and is not directly related to the risk of 
explosion, but rather to the state and motion of the gas mixture, 
as shown in Figure 8. The one on the left was taken at 1.5 s, and 
the one on the right at 10 s. Very violent effects are observed 
at ground level initially, and then the situation stabilises almost 
completely towards the bottom of the chamber after a relatively 
long time.

The lower part of the chamber is dominated by very high 
readings in red; this is practically at ground level, and this rise is 
observed as soon as the butane gas is released into the cham-
ber. It then moves towards the corners, before returning towards 
the centre and stabilising at almost 1 cm from the ground from 
the tenth second of dissipation. This parameter is used to char-
acterise the pressure conditions of the mixture of fluids within 
the chamber and, where applicable, any changes in pressure at 
a specific location.

Hydrostatic pressure (LEL) 
This other pressure reflects the effect of the weight of the 

fluids at the bottom of the chamber, stabilising more or less 
throughout the chamber. It is also a parameter that depends on 
the depth of the chamber, the density of the fluid and gravity. 
For this pressure, we observe significant turbulence initially as 
the butane begins to spread throughout the chamber, followed 
by stability towards the bottom and slightly in the corners. Fig-
ure 9 below illustrates the effects of hydrostatic pressure within 
the enclosure.

b)

b)

Figure 7. The dissipation rate of k at a height of 0.05 m at 10 s:  
a) diagonal, b) lateral position

Source: Own elaboration.

Figure 8. Effect of pressure (kinematic static pressure) in the 
enclosure at 1.5 s (a) and 10 s (b). The legend for p ranges from 0 m2/s2 
to 4.1 x 10-1 m2/s2, this pressure was obtained by division using a local p 

Source: Own elaboration.

a) a)
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The second is marked by a turbulent disturbance at the bot-
tom of the chamber, which gradually settles down at the bottom. 
The variations in height remain within a relatively narrow range. 
p_rgh solves the problem of gravity-driven flow.

Geometry of the propagation velocity (LEL) 
The velocity vector field with which the gas spreads through 

the chamber at the tenth second is relatively weak and stable. 
Its graphical variations, symmetrical with respect to the chamber, 
highlight very high peaks and very low troughs. The image on the 
left was taken diagonally across the chamber, and the one on the 
right was taken laterally, close to the kitchen walls. In this sce-
nario, these two images captured at identical times clearly show 
that one cannot rely on a single trajectory to analyse the behav-
iour of the velocity within the kitchen enclosure:

Figure 10 above shows two graphs: one with a peak instabil-
ity and the other, on the right, which is almost linear. The graph 
on the left has a high peak of approximately 0.026 m/s and a low 
peak of 0 m/s. The propagation velocity is therefore zero near 
the walls and then rises abruptly as one begins to move away 
from the walls, followed by an irregular decrease to a value of 
approximately 0.003 m/s at the centre of the chamber. Varia-
tion in velocity facilitate the transport and mixing of butane; the 
extent of the explosion-hazard zones therefore depends on the 
speed of propagation.

Geometry of turbulent kinematic viscosity (LEL) 
The turbulent kinematic viscosity is also closely related to 

the curvatures of k and ε, as these values are all governed by the 
same basic formulation (Equation 6). 

Figure 11 below shows the variation of vt at a height of 0.05 m  
for the diagonal direction and for the lateral direction.

a)

a)

b)Figure 9. Effect of hydrostatic pressure (pseudo-hydrostatic pressure) 
in the enclosure at 2 s and 10 s. The legend for p_rgh ranges from  
1.0 x 10-1 Pa to 4.1 x 10-1 Pa

Source: Own elaboration. Figure 10. The propagation velocity at a height of 0.05 m at 10 s:  
a) diagonal, b) lateral position

Source: Own elaboration.

b)
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The peaks in turbulent kinematic viscosity are distributed 
across three regions: the lowest values near the walls, the aver-
age values at approximately 0.5 m from the centre along the diag-
onal, and the highest value at the centre of the chamber, as shown 
in the graph on the left. In the graph on the right, which shows 
the values on the side walls, there are two peaks: the highest, 
of approximately 1.15e−5m2/s, at 0.025 m from the corner, and 
the lowest, at the centre of the side wall, with a value of approx-
imately 9e−6m2/s. The effect of turbulent transport is therefore 
represented by nut, enabling the diffusion and redistribution of 
butane within the chamber to be interpreted.

Analysis of fields at the critical UEL point
Unlike the lower explosive limit, which was analysed using lin-

ear models at specific times and on specific surfaces within the 
chamber, the upper explosive limit is analysed using a time-de-
pendent dynamic model. We examine the evolution of the ‘UEL’ 
at every instant throughout the 10-second simulation of butane 
gas dispersion within the kitchen chamber. The analysis is car-
ried out using digital sensors within the chamber, the positions 
of which have been carefully selected. The gas container placed 
inside the chamber is initially filled to a volume of 0.672 m3, rep-
resenting 8.4% of the chamber’s volume, as shown in [Figure 4]. 
When the gas is released, it gradually spreads throughout the 
chamber. Using the critical UEL value, the distribution of the gas 
within the enclosure can be analysed.

The first three virtual sensors provided an opportunity to dis-
play simulation images and tables summarising, within 10 sec-
onds, the effects occurring at each virtual sensor. However, for 
the fourth virtual sensor, the study focuses specifically on the 
area of the virtual sensor closest to the gas release in order to 
highlight certain key parameters of our modelling. To this end, 
particular emphasis is placed on the first 20-time steps, i.e. 1 s, 
corresponding to the first second. The position of the fourth vir-
tual sensor is shown in pink in Figure 4. At this position, we can 
observe the behaviour of the fields right at the start when the gas 
is released; we are even able to obtain precise information on the 
turbulence at that exact moment. 

Volume fraction and fluid velocity over time at virtual sensor 4 (UEL) 
The two curves have been plotted on the same graph to 

observe how one varies with respect to the other. In Figure 12 
below, the black graph shows the volume fraction and the blue 
graph shows the magnitude of the velocity at which the two flu-
ids are moving within the chamber at this virtual sensor 4. This 
is a time series, and the focus will be in particular on what hap-
pens between 0 and 1 s.

b)

Figure 11. The kinematic turbulent viscosity vt at a height of 0.05 m at 
10 s: a) diagonal, b) lateral position

Source: Own elaboration.

Figure 12. Temporal evolution of alpha.air the air/butane 
concentration [%] and U velocity [m/s] at virtual sensor 4 (UEL)

Source: Own elaboration.

Source: Own elaboration.

Table 2. Orientations of the four virtual sensors

Virtual 
sensor Sensor 1 Sensor 2 Sensor 3 Sensor 4

Orientation 
[Figure 4]

Front
Right 
side

Left side
Bottom near 
the source

The pink lines on the graphs mark the most significant area of 
the study at virtual sensor 4. There is a sharp increase in the gas 
propagation velocity once released; the velocity rises to approxi-
mately 1.35 m/s before reaching 0.5 s. The velocity then stabilises 
at values very close to between 0 and 0.1 m/s until the tenth sec-
ond. Regarding the volume fraction of air and butane gas, we also 
observe very low air concentrations in this zone during the first 
few seconds, with air proportions dropping to near zero and leav-
ing room only for the flow of butane gas, as at 0.4 s. This zone is 
particularly dominated by butane gas concentrations at the start, 
followed by a sort of return of air. Indeed, the air initially displaced 
by the butane gas gradually returns, and the mixing process con-
tinues as the experiment progresses until the tenth second, when 
the volume fraction of air stabilises between 0.5 and 0.6. 
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Combined fields vt, k, ε over time at virtual sensor 4 (UEL) 
In this section, the interpretation of the curves in the figure 

below reveals several details regarding the behaviour of the turbu-
lent kinematic viscosity, turbulent kinetic energy and dissipation 
rate fields. The three curves reach their highest peaks between 
0 and 2 seconds (see Figure 13).

The authors focus in particular on the time intervals between 
0 and 1 second, and these sections have been marked with small 
pink lines on each curve. The curves have three distinct zones. The 
first zone is marked by a sudden rise in pressures, immediately fol-
lowed by a rapid drop between the initial state and the first second, 
with peaks reaching approximately 0.5 m2/s2 for static pressure 
and 1.1 Pa for hydrostatic pressure. Then, between the second and 
third seconds, these peaks drop further to approximately −0.7 m2/s2 

 for static pressure and −0.4 Pa for hydrostatic pressure. This is 
followed by an increase in the values of these fields, fluctuating 
around 0 m2/s2 for static pressure and 0.4 Pa for hydrostatic pres-
sure between the third and tenth seconds (see Figure 14). Analy-
sis of digital virtual sensor 4 regarding the Reynolds number [28] 
provides information on the level of turbulence in this part of the 
chamber. Three aspects of this turbulence are carefully examined: 
the molecular Reynolds number, the effective Reynolds number 
and the turbulent Reynolds number. However, the most significant 
Reynolds number is the effective Reynolds number, as it provides 
information on the combined effect of the molecular and turbulent 
components on the actual diffusion at that moment.

For this virtual sensor 4, at 0.4 s the Reynolds numbers are:

Remoll = 23597.19
Reeff = 115.42
Ret = 2407.49

Figure 13. Temporal evolution of  turbulent kinematic viscosity [m2 · s−1],  
k turbulent kinetic energy [m2 · s−2], ε dissipation rate [m2 · s−3] at virtual 
sensor 4 (UEL)

Source: Own elaboration.

Figure 14. Temporal evolution of p static pressure (kinematic static 
pressure) [m2 · s−2] and p_rgh hydrostatic pressure (pseudo-hydrostatic 
pressure) [Pa] at virtual sensor 4 (UEL). [p was obtained by division using 
a local ρ]

Source: Own elaboration.

After a second has elapsed, a gradual decrease in the field 
values is observed, leading to the gases stabilising within the 
closed chamber at this point. A proportional relationship is also 
observed between these three values; they evolve almost in uni-
son, with values at around the tenth second being almost equal 
and all tending towards values very close to 0. 

Static pressure and hydrostatic pressure at virtual sensor 4 (UEL) 
The curves in the figure below show the static pressure and 

hydrostatic pressure at virtual sensor 4. The static pressure is 
represented by the purple curve and the hydrostatic pressure by 
the orange curve. The evolution of these curves provides infor-
mation on the physical phenomena occurring at this level of the 
chamber from the first to the tenth second. For the 0.4 s time 
step, the diffusivities at virtual sensor 4 are:

The position of these virtual sensors was also chosen on 
the basis of the phenomena observed during the simulation. The 
results show that, across the entire height of the walls under con-
sideration, butane gas is more concentrated at a height of approx-
imately 10 cm above the floor of the chamber, whilst the upper 
section, above 1 m, is entirely filled with air. These results indeed 
show that it is more effective to position cooking gas leak detec-
tion sensors closer to the floor in order to prevent or avoid certain 
explosion accidents [29], [30] such as the one that occurred in 
2024 at a hotel training centre in Douala, leaving approximately 
18 victims in its wake [4].
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Conclusion

Throughout this study, which examined how to predict changes 
in the concentration of a combustible gas within an enclosed space 
and to determine the conditions under which its dispersion leads 
to the formation of a flammable atmosphere. The objective was to 
identify, within a confined space, the critical concentration zones 
for butane gas lying between the LEL and the UEL following a sim-
ulated leak of this gas. We chose kitchens as a case study due to 
the high number of accidents observed in these environments in 
recent years in Cameroon [4] and worldwide [2]. The model kitchen 
was first defined with dimensions of 2 × 2 × 2 m, and OpenFOAM 
simulation software was used to model and compute the various 
fields. The results reveal that the majority of critical gas concentra-
tions are located in the lower regions of the chamber, approximately 

10 cm above the floor. This work did not merely involve examining 
the concentration of the gas, but also establishing a relationship 
between its distribution and various flow-related fields. Despite the 
limitations of this study, which was confined to a small kitchen, the 
information derived from these results can provide a solid basis for 
fire safety engineers when designing kitchens [31], as well as for 
industries involved in the processing and storage of LPG, such as 
butane, to identify strategic locations for the installation of safety 
sensors and gas leak detectors for preventative purposes, in accord-
ance with the specifications relating to the flammable properties of 
each gas. This work also provides a foundation for future large-scale 
CFD studies in kitchens concerning the risks of explosion associ-
ated with accidental gas leaks. Future work will consider incorporat-
ing an energy equation to simulate thermal convection in a kitchen 
and extend the simulation duration.

vweig [m2/s] D
k ; 

D
ε [m2/s] Remol Reeff Ret

Sensor 1 (at t = 5 s) 1.06 · 10-5 2.56 · 10-4 1266.09 71.78 196.88

Sensor 2 (at t = 5 s) 1.56 · 10-5 1.81 · 10-4 10.66 1.23 90.58

Sensor 3 (at t = 5 s) 1.51 · 10-5 3.01 · 10-4 258.57 17.64 161.60

Sensor 4 (at t = 0.4 s) 2.77 · 10-5 7.88 · 10-4 23597.19 115.42 2407.59

eff eff

Source: Own elaboration.

Table 3. Results at the various virtual sensors

Symbols

dV – Volume element [m3]
U – Velocity [m · s−1]
ρ – Density [kg · m−3]
t – Time [s]
T – Stress tensor [Pa]
f – Acceleration [m · s−2]
p – Static pressure (kinematic static pressure) [m2 · s−2]
etot – Specific total energy [J · kg−1]
q – Heat flux [W · m−2]
k – Turbulent kinetic energy [m2 · s−2]
ε – Dissipation rate of turbulent kinetic energy [m2 · s−3]
αair (alpha.air) – Volume fraction of air [%]
αbut (alpha.butane) – Volume fraction of butane [%]
p_rgh – Hydrostatic pressure (pseudo-hydrostatic pressure) [Pa]

σk, σε, C1, C2, C3, Cμ, η0, β – Model coefficients [-]
η – Correction factor constant [-]

 – Effective diffusivities [m2 · s−1]
μ – Dynamic viscosity [kg · m−1 ·s−1]
ν – Kinematic viscosity [m2 · s−1]
G – Generation of kinetic energy from turbulence  

 due to buoyancy [W ·m−3]
Sij – Deformation tensor [s−1]
Re – Reynolds number [-]
s – Specific energy source [W · kg−1]
Remol – Molecular Reynolds number [-]
Ret – Turbulent Reynolds number [-]
Reeff – Effective Reynolds number [-]
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