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 In recent years, ozone has gained popularity as a powerful disinfectant and 

sanitizer. As it can transform into harmless oxygen and disinfect challenging 

areas, it's a great disinfectant option for healthcare settings, such as an 

ambulance.  However, ensuring the ambulance is fully sanitized is crucial 

because the ozone water mist needs to be distributed without human 

intervention; hence, an ozone generator with self-activation is applied to 

disinfect the air and surfaces. Furthermore, assessing ozone's efficacy and 

distribution in a sanitization system remains in a preliminary phase, 

highlighting the importance of studying the behavior, visualization, and 

efficiency of ozone mist. This study provides a transient Computational 

Fluid Dynamics (CFD) simulation of ozone mist dispersion in a small, 

enclosed space possessing minimal air outlets. Unlike steady-state models 

that only capture peak exposure conditions, the time-dependent approach 

used here allows for observation of both the build-up and subsequent decline 

of ozone concentration over time. The simulation results show that ozone 

levels rise rapidly during the first 60 seconds due to mist generation and then 

begin to decrease as the ozone decays and escapes through the small 

opening. This behavior closely resembles actual disinfection scenarios, in 

which regulated ozone emissions must be followed by adequate decay or 

ventilation before re-entry. By integrating boundary leakage and transient 

modeling, the research provides a significant understanding of how 

operational timing influences ozone retention and dispersion. These findings 

play a significant role in the progression of safer ozone-based disinfection 
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INTRODUCTION 

The powerful oxidizing nature of ozone (O₃), a molecule composed of three oxygen atoms, makes it a great 

disinfectant and hygiene agent (Vitali & Valdenassi, 2019). In the last few years, the adoption of ozone for 

sanitizing purposes has attracted considerable interest, notably in areas where sanitation is vital, such as 

medical centres and rescue vehicles (Epelle et al., 2022). The power of ozone in neutralizing various 

pathogens, comprising bacteria, viruses, and fungi, highlights its potential as a fantastic alternative to 

typical chemical disinfectants (Wang et al., 2022). By producing ozone mist, establishments can accomplish 

comprehensive surface disinfection without the detrimental residues often linked to traditional sanitizers. 

This groundbreaking method not only improves sanitation protocols but also fosters a safer atmosphere for 

both patients and healthcare practitioners, particularly during the transportation of individuals with 

infectious illnesses (Muley et al., 2020). 

Ozone is flexible in both vapor and liquid forms, thus proving useful for water treatment and 

disinfecting surfaces. One notable application of ozone water in the form of mist is its role in water 

treatment, which incorporates the distribution of ozone gas in fine droplets or particles to disinfect and 

elevate water quality, yielding advantages, including robust disinfection efficacy, oxidation of organic 

compounds, and reduction of taste and odour problems (Evans et al., 2003; Rosdi et al., 2024). Additionally, 

academic inquiries have shown that while it is chiefly utilized for water treatment, it is likewise capable of 

eliminating molds, bacteria, and fungi, as well as inactivating viruses on a variety of surfaces and in aerosols 

present in the atmosphere (Torres-Mata et al., 2022).  Besides that, an extensive review was done by 

Grignani et al. (2021) on the role of ozone as an air and surface disinfectant in the conjuncture of COVID-

19. They concluded that ozone at a low concentration is a powerful agent for the disinfection of air, surfaces, 

and some personal protection devices. Furthermore, ozone does not leave chemical residues, making it an 

environmentally friendly option for sanitization. It serves a function in food hygiene aimed at the 

elimination of pathogens without detracting from the organoleptic qualities of food, thereby sustaining both 

quality and safety (Tzortzakis, 2016). While ozone water and mist confer significant advantages as 

sanitizing solutions, their use must be managed with caution to avoid potential health and safety dangers. 

The concentration and exposure time of ozone need to be optimized to ensure efficacy without causing 

harm to personnel or the environment.  

To minimize health risks related to ozone exposure in closed environments, a careful analysis of ozone 

levels and exposure periods is necessary (Gopikrishnan et al., 2025). The standard approach of measuring 

ozone concentration often involves the use of chemical sensors or sampling devices that require physical 

presence in the environment being monitored (Samsudin et al., 2017). These methods can be fraught with 

risks and high costs due to several factors, namely safety risk, high cost, labor-intensive, and limited spatial 

coverage (Pang et al., 2017). In contrast, Computational Fluid Dynamics (CFD) offers an alternative 

approach to measuring ozone concentration that can lessen these risks and reduce costs. The initial 

investment in CFD software can be offset by the reduction in equipment and personnel costs over time 

(Khalid et al., 2025). Furthermore, CFD can be integrated with real-time monitoring systems, allowing for 

continuous assessment of ozone levels (Stoelle et al., 2021). This capability enables immediate 

modifications to the disinfection process if concentrations exceed safe thresholds, further enhancing safety 

and effectiveness.  

The literature assessment on past research on ozone movement in closed settings through 

Computational Fluid Dynamics (CFD) analysis presented several remarkable papers, each delivering key 

insights into the role and spread of ozone for sanitization. To begin with, CFD enables the analysis of gas 

flow distribution, yielding important information regarding the efficient use of gas, particularly ozone, for 

techniques, especially in mobile treatment environments such as 

ambulances. 
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disinfection and its dynamics under different environmental conditions (Ioannidis et al., 2025). This 

approach is essential for maximizing ozone utilization across various environments, including hospital 

rooms, public transport, and residential areas. In medical facilities, CFD simulations have been utilized to 

examine the dispersion of ozonized mist for sanitization purposes (I. Anton Schroer et al., 2022). The study 

found that ozone concentrations were higher near the generator and decreased with distance, achieving 

effective sanitization levels within a short time frame. For public transport, CFD models have been 

developed to predict ozone concentration and its efficacy in disinfecting surfaces. These models have been 

validated with empirical tests, showing high disinfection rates for viruses similar to SARS-CoV-2 (Falcó 

et al., 2021).  CFD simulations in residential settings have shown that ozone concentrations can vary 

significantly based on the orientation of the house and the floor level, with higher concentrations observed 

on upper floors. This has implications for indoor air quality and health risks, particularly for children (Zhang 

et al., 2023).   

Ambulances often have lingering odors from various medical procedures and patient situations, making 

their removal an arduous task. Due to that, ambulance staff and patients are exposed to different airborne 

pollutants during emergency transport, including airborne pathogens and volatile organic compounds. 

Ozone mist has been shown to effectively reduce microbial contamination, making it a promising candidate 

for enhancing sanitation protocols in ambulances used for COVID-19 patients (Gómez-Castillo et al., 

2023). However, its high reactivity and potential health risk elevated concentrations make it essential to 

carefully control its distribution within enclosed spaces. Furthermore, although ozone is increasingly used 

for disinfection in enclosed environments such as ambulances, limited research has focused on its transient 

concentration behavior in spaces with small openings or imperfect sealing. Most existing studies rely on 

steady-state models or assume completely airtight conditions (Shi et al., 2020), which do not accurately 

reflect the leakage and ventilation characteristics typical of real ambulance interiors. This creates a gap in 

understanding how ozone builds up, distributes, and decays over time under realistic conditions. In 

particular, the effect of minor air exchange on ozone retention and safety thresholds remains underexplored. 

In response to that matter, the purpose of this study is to simulate the time-dependent concentration 

profile of ozone mist in an ambulance-like environment with a small air outlet. By modeling both the 

increase phase during mist generation and the natural decay afterward, the study aims to evaluate how space 

leakage influences ozone distribution, disinfection effectiveness, and safe reentry timing. The results are 

intended to support practical decision-making in generator placement, misting duration, and ventilation 

strategy for mobile medical disinfection. 

 

METHODOLOGY 

Physical Model 

In the first step, before starting the CFD simulation is pre-processing to characterize the parameters of 

the model and the simulation. This includes characterizing the geometry, which creates a three-dimensional 

model using Ansys: Space Claim as shown in Fig 1 below. The geometry of the ambulance cabin is 

constructed with the measurement of 3 m length, 1.9 m wide, and a height of 1.8 m. The geometry is also 

designed with simple equipment consisting of two chairs and a stretcher, which is all set in the name 

selection. Next, the inlet boundary condition will be determined, which will act as the entrance for the ozone 

mist to be diffused inside the ambulance cabin, while a small ventilation slit will be set as the outlet, which 

will act as ventilation for the ozone mist to flow out of the ambulance. The inlet for the ozone mist was 

designed with measurements of 0.4 m by 0.15 m and a thickness of 0.05 m, while an outlet measuring 1.88 

m in length, 0.2 m in width, and 0.2 m in thickness was constructed at the bottom of the back wall. 
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Fig. 1. Geometry constructed on ANSYS space claim. 

Mathematical Model 

To simulate the transient dispersion of ozone mist inside an ambulance cabin, ANSYS Fluent’s 

embedded mathematical models were employed to capture both fluid dynamics and species transport 

phenomena. The airflow was governed by the unsteady incompressible Navier–Stokes equations, which 

express the conservation of mass and momentum. Turbulence effects were modelled using the realizable 

k-ε model, which provides improved accuracy for complex internal flows with recirculation and streamline 

curvature (Isa et al., 2019). Ozone concentration was predicted using the species transport model, which 

solves the convection-diffusion equation for chemical species. This combination of models enabled 

accurate transient tracking of ozone concentration evolution and retention within the semi-enclosed space 

of the ambulance (Falcó et al., 2021). The details of the governing equation can also be referred from 

Tamaddon Jahromi et al. (2021). 

To simplify the analysis and focus on spatial distribution effects, several assumptions were made in 

this study. First, the ozone mist was modelled as a continuous gaseous phase using the species transport 

model, without accounting for liquid droplet dynamics. This means that the mist, although composed of 

tiny water droplets with ozone, is incorporated in the simulation as a dense gas mixture. This characteristic 

is frequently observed in mists composed of particles below 10 µm, for example, ultrafine water mists used 

for firefighting (Adiga et al., 2007). In this simulation, the properties of the ozone mist, including its density 

and mass diffusivity, are set similar to those of water vapor to match the droplet dynamics. This method 

simplifies the problem by using a species transport model to calculate concentration changes over time, 

instead of tracking individual droplets with a Lagrangian or discrete particle method. 

Furthermore, the simulation is conducted in a transient within setting for 300 s of active ozone misting 

due to the computer limitation. Airflow within the space is considered mildly turbulent, depending on the 

inlet condition, and no additional sources of ventilation or heat transfer are included. The space is assumed 

to be semi-enclosed during misting, with no occupants or external air exchange. However, an outlet was 

introduced on the wall opposite the ozone mist generator to facilitate convergence and maintain numerical 

stability during the analysis. While the actual application of ozone mist disinfection typically occurs in a 

sealed or semi-sealed environment to retain mist concentration and maximize surface contact, the inclusion 

of an outlet boundary was necessary to prevent unphysical pressure build-up and allow proper mass 

conservation within the computational domain (Li et al., 2016).  

Boundary Condition 

In this section, several parameters are specified as boundary conditions for the simulation. One key 

input is the inlet, where the mass flow rate is defined. This value represents the ozone distribution entering 

the ozone mist generator and is set to 0.018 kg/s, and ozone mist mass fraction was 0.04257, which reflects 
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a standard operational rate for such devices (I. Anton Schroer et al., 2022). The outlet is assigned a gauge 

pressure of 0 Pa (gauge), representing atmospheric pressure. The working fluid is modeled as water vapor, 

with its properties sourced from the ANSYS Fluent materials database. Additional settings, including 

turbulent intensity and turbulent viscosity ratio, follow ANSYS Fluent's recommended default values. Both 

the inlet and outlet are assumed to be at a temperature of 300 K, and no-slip boundary conditions are applied 

throughout the domain. 

Although the transport properties are similar to those of water vapor, the mass characteristics of the 

ozone mist are attributed to water. This hybrid approach had been validated by Adiga et al. (2007) and 

provides a more accurate representation of the mist's behavior in confined spaces, effectively bridging the 

gap between gas-like motion and water-based mass properties. A molar mass of 24.45 g/mol was calculated 

for the mist by Tian-shui et al. (2013), based on the ideal gas law applied at standard conditions (1 atm, 298 

K) and an assumed density of 1000 kg/m³. The numerical solver automatically computed the 

thermodynamic parameters for the gas mixture, which consisted of air, ozone-enriched mist, and ozone-

depleted mist. The mixture’s viscosity was determined using a standard mixing rule, while its density was 

assumed to follow ideal gas behavior. Additionally, the mass diffusivity of both ozone-containing and 

ozone-depleted mist in air was calculated based on kinetic theory principles. 

Validation of the Computational Meshes  

A mesh sensitivity study, also known as a grid independence study, is typically conducted in 

Computational Fluid Dynamics (CFD) simulations. For this study, the maximum cell length was selected 

and employed for meshing and running the simulation. The reason for this is that the maximum cell length 

directly impacts the mesh resolution, making it an essential parameter in any grid independence study. 

Three computational meshes were created using the Fluent meshing model, comprising 1.3 × 105, 4.59 × 

105, and 1.22 × 106 number of cells. Poly-hexcore elements were employed, and the three grids' results 

were assessed via the Grid Convergence Index (GCI) method (Fig 2 (a) and (b)). The point that gives 

minimal advantage can be found by studying variations in average density at the stretcher location about 

the maximum cell length. As the mesh grows finer, there is a trend towards convergence in the average 

density of ozone mist at the stretcher location. As mesh refinement increases, density slightly decreases 

further refinement beyond 1.22 × 106 number of cells does not yield significant improvements in accuracy. 

The mesh containing 1.22 × 106 number of cells elements was selected for its computational efficiency and 

minimal impact on results (Zainudin et. al, 2023). 

  
(a) (b) 

Fig. 2. Mesh with 1.22 × 106 number of cells (a) full view (b) zoom view of the mesh refinement. 
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Validation of Mathematical Model 

The benchmark experimental case designated as Case 1 in the Wang & Chen (2009) article was 

employed for verification and validation. As it also assesses the fluid dynamics of a jet in a room, this article 

is appropriate for the validation of the current study. A cube-shaped chamber with a 2.44 m edge, as shown 

in Fig 3 serves as the experiment's setting. A slit in the room's left wall's top area (0.03 m in height) allows 

air to enter the domain. Another slit in the right wall (0.08 m high, close to the room floor) functions as the 

air exit. For this validation, measurements were taken along line 10, located 25 cm from the wall, to acquire 

velocity data, which allowed for the derivation of the velocity profile (U) and turbulent kinetic energy 

(TKE). The validation boundary conditions were steady state, an inlet air velocity of 1.366 m/s, and an air 

outlet set as a pressure outlet. The turbulence model was k-e Realizable, but with enhanced wall functions. 

With 2.22 x 105, 5.3 x 105, and 1.1 x 106 elements, three computational meshes were generated to ensure 

mesh independence from the results of Case 1. The GCI method was used to examine these meshes, and 

the average difference between the coarse and medium meshes was 2.6%, and the difference between the 

medium and refined meshes was 1.9%. As a result, the refined mesh was utilized to validate the results. 

 

Fig. 3. The geometry used for the validation of fluid flows. 

Verification of CFD Results 

To ensure the reliability of the CFD simulation results, a literature-based verification method was 

adopted. Previous studies involving ozone dispersion in enclosed environments were reviewed to serve as 

benchmarks for comparison. The validation of this simulation was strengthened by comparison with the 

findings of Falco et al. (2021), who conducted both experimental and a transient ozone dispersion study in 

a tram environment that included natural ventilation through openings. Although the geometry and 

operational conditions differ from an ambulance, the inclusion of air exchange mechanisms makes their 

study particularly relevant for comparison. Their experimental exhibit a similar concentration trend with a 

rapid increase during the active misting phase followed by a gradual decline due to ozone decay and 

opening. The alignment in these time-dependent behaviors supports the credibility of the current model and 

demonstrates that it captures the essential physical processes governing ozone distribution in partially 

ventilated enclosed spaces.  
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RESULTS AND DISCUSSION 

Based on the post-processor stage, the visualization result will be expressed as an interpretation of the 

simulation to be understood. The obtained result will be assessed for the real-world ambulance and be used 

for further research. The result will also define the study's objective. 

Validation of Mathematical Models 

The accuracy of the fluid dynamic model utilized in this research was evaluated by comparing 

simulation outcomes of velocity and turbulent kinetic energy (TKE) against experimental findings from 

Wang & Chen (2009). Both datasets were normalized to enable a straightforward comparison: the height 

(Y) was adjusted based on the room height (L = 2.44 m), while velocity and TKE were normalized by their 

respective peak values (1.5 m/s for velocity and 0.05 m²/s² for TKE). The comparison, illustrated in Fig 4, 

reveals that the CFD solver employing the realizable k-ε turbulence model effectively captures the flow 

characteristics. The simulated velocity profiles correspond closely with experimental trends across control 

line 10, and the TKE distributions also exhibit a strong correlation with the observed experimental patterns. 

These findings affirm that the chosen turbulence model and simulation configuration are adequately 

validated and suitable for subsequent applications concerning ozone mist dispersion in the ambulance 

geometry. 

  
(a) (b) 

Fig. 4. The profiles of velocity (a) and TKE (b) at line 10, derived from numerical analysis in this study and 
experimental work by Wang & Chen (2009).  

Ozone Mist Concentration Dynamics within the Ambulance Cabin 

As shown in Fig 5, this study examined the ozone mist concentration in an ambulance over 300 seconds 

at 1-minute intervals to evaluate ozone's efficacy as a sanitizer, revealing dynamic dispersion across various 

surfaces. The initial 60 seconds saw peak ozone levels, with inlet concentrations at 32.39 ppm and outlet 

concentrations at 217.59 ppm, suggesting effective circulation within the ambulance. The ozone mist shows 

an initial concentration build-up near the ozone mist generator exit, followed by spatial dispersion 

influenced by natural convection and air leakage, mirroring the turbulent transition reported by Zulkifli et 

al. (2024). At 120 seconds, ozone concentrations significantly decreased to an average of 16.65 ppm; the 

inlet remained constant at 32.39 ppm, while the outlet fell to 6.99 ppm. This marked reduction indicates 

effective dispersion and dilution of the ozone mist, possibly facilitated by ventilation effects and the gradual 

saturation of the internal volume. At 180 seconds, the average concentration reached 41.03 ppm. 

Concentrations on various surfaces rose significantly, indicating a high density of ozone mist and effective 

dispersion. This phase highlights the transient behavior of the ozone mist, with concentration values 

fluctuating over time. 
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Time: 60 s 

 
 

 

Time: 120 s 

 

 

 

Time: 180 s 

   

Time: 240 s 

 
 

 

Time: 300 s 

 
 

 
 (a)  (b) 

Fig. 5. Ozone concentration at 60 s, 120 s, 180 s, 240 s, and 300 s (a) domain view, and (b) interior view. 
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While the substantial drop in surface ozone concentration at 240 seconds was initially attributed to mist 

escape through the outlet, the low outflow concentration (1.92 ppm) suggests that other mechanisms are 

likely more dominant. Natural decomposition of ozone in a moist and semi-confined space, combined with 

internal diffusion and dilution, are probable contributor to the observed decline (Giordano, 2020). At 300 

seconds, the inlet ozone concentration remained stable at 32.39. The outlet concentration of 1.42 ppm 

suggests a stable depletion of ozone within the ambulance. The concentrations measured on various 

surfaces range from 2.91 ppm to 3.85 ppm, indicating a trend towards consistent depletion of ozone mist.  

These findings highlight the transient and non-linear behaviour of ozone mist dispersion. The observed 

fluctuations over time reflect a dynamic balance between generation, accumulation, and ventilation-driven 

loss. Overall, the results confirm that ozone mist can effectively penetrate and saturate enclosed 

environments such as ambulance interiors, supporting its potential application as a disinfection strategy.  

Fig 6 illustrates the changes in the concentration of ozone at different places of a closed area during the 300 

seconds. These areas are the inlet, outlet, front and back wall, side wall, roof and floor, chair, and stretcher. 

Initially, all regions, except the inlet,  showed a rise in ozone concentration during the first 60 seconds, after 

which a steady decline was observed, despite the continuous generation of ozone. This trend can be 

attributed to the balance between ozone generation and its physical transport out of the domain through the 

small outlet, which was introduced to aid numerical convergence (Li et al., 2016). While ozone initially 

accumulated within the system, over time, the rate of loss primarily via outlet transport exceeded the 

generation rate. On the other hand, the inlet remained at a constant concentration of 32.39 ppm, which is in 

consonant with the location of the ozone being supplied. The input concentration for the ozone generator 

was adopted from I. Anton Schroer et al. (2022), who conducted their study in a controlled test chamber 

simulating a healthcare environment, where ozone concentration at the generator outlet was measured at 

approximately 32 ppm. This alignment reinforces the appropriateness of our inlet boundary condition and 

validates our selection based on real-world operating. 

At 120 seconds, the decrease in average ozone concentration indicates that the mist had dispersed from 

the inlet region and was undergoing dilution as it mixed with ambient air. However, by 180 seconds, 

localized increases in ozone concentration on various surfaces were observed. This suggests that the mist 

continued to disperse spatially and reached new regions within the ambulance interior, leading to a rise in 

surface concentrations despite the overall volumetric average decreasing earlier. In this context, dispersion 

initially caused dilution, but over time resulted in more uniform and effective ozone coverage across 

surfaces. While the substantial drop in surface ozone concentration at 240 seconds was initially attributed 

to mist escape through the outlet, the low outflow concentration (1.92 ppm) suggests that other mechanisms 

are likely more dominant. Natural decomposition of ozone in a moist and semi-confined space, combined 

with internal diffusion and dilution, are probable contributor to the observed decline. 

Although the current simulation spans only five minutes, the transient ozone concentration profile 

observed aligns qualitatively with the trend reported by Falco et al. (2021), who studied ozone dynamics in 

a tram with natural ventilation. In their study, ozone concentration decreased after an initial rise at around 

2 minutes, showed a secondary increase at approximately 4 minutes, and began a long-term decay phase 

after 20 minutes. Similarly, in the present study, the simulated concentration rises during the first 60 seconds 

due to mist injection, decreases by 120 seconds likely due to dispersion and partial leakage, and then shows 

a brief secondary increase before entering a decay phase after 180 seconds. Although the absolute durations 

differ due to system scale and injection parameters, the non-monotonic behavior observed in both studies 

supports the validity of the model in capturing realistic ozone transport and re-circulation in semi-enclosed, 

ventilated environments. This comparison strengthens confidence in the simulation results, particularly for 

short-term dynamics relevant to mobile disinfection protocols. 
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Fig. 6. Transient profile of the ozone mist concentration. 

OSHA Standards for Ozone Exposure 

While ozone is a highly effective disinfectant, its application must be carefully controlled to balance 

efficacy with safety. The optimal concentration for sanitizing an ambulance appears to be around 25 ppm 

for 30 minutes, but this may vary depending on the specific microbial load and environmental conditions 

(Gómez-Castillo et al., 2023). Cleaning the impacted area is of utmost importance, yet we must also follow 

safety measures to mitigate ozone exposure, thus guaranteeing that disinfection efforts do not adversely 

affect health. The Occupational Safety and Health Administration (OSHA) sets permissible exposure limits 

to protect workers from the harmful effects of ozone exposure in various occupational settings (OSHA, 

1999). OSHA Standards for Ozone exposure specifically, the U.S. Occupational Safety and Health 

Administration defines a permissible exposure limit (PEL) of 0.1 ppm for ozone over an 8-hour time-

weighted average.  

To contextualize the safety and effectiveness of the ozone mist disinfection strategy, the results were 

compared with OSHA’s permissible exposure limits (PEL) for ozone. OSHA limits exposure to 0.1 ppm 

over an 8-hour time-weighted average. The simulated ozone concentrations in this study were significantly 

higher, reaching peaks above 200 ppm at certain locations during the first 60 seconds. These elevated levels 

are intended solely for disinfection during unoccupied conditions and far exceed occupational safety 

thresholds. The simulation was limited to a short duration of 300 seconds, aligning with disinfection cycles 

in practice where personnel are not present. The ozone decay over time and the reduction of surface 

concentrations to below 10 ppm by 300 seconds suggest that safe re-entry is achievable following an 

appropriate ventilation period. Therefore, although the selected parameters exceed OSHA’s occupational 

exposure limits, they are justified for short-term, high-concentration disinfection scenarios, provided that 

access. However, it is important to remember that, in a real-world situation, this leak would pollute the area 

surrounding the ambulance, which is typically near the healthcare facility. This serves as a reminder that a 

specific standard operating procedure must be established during the sanitization process to mitigate 

potential health risks to ambulance users, including healthcare facility personnel and patients. Or else, to 

lessen health risks linked to improper handling during sanitization, a viable alternative would be to combine 

ozone with various disinfection strategies, such as ultraviolet light, so that sanitization efficiency can be 

increased and simultaneously reduce the amount of ozone applied (Samsudin et al., 2017). 
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CONCLUSION 

This study investigated the transient behavior of ozone mist concentration in a semi-enclosed ambulance-

like environment with a small opening, using a fixed ozone generator position. The simulation revealed a 

non-linear concentration pattern—initial increase, followed by partial decay, a secondary rise, and eventual 

dissipation—demonstrating realistic ozone dynamics over a short operational period. These results align 

qualitatively with trends observed in the literature, supporting the model’s validity. Although the nozzle 

position was not varied, the findings highlight how even a single-point ozone release interacts with spatial 

flow and leakage to affect overall concentration levels. This has important implications for ensuring 

effective disinfection while managing exposure risks in mobile healthcare settings.  

While simulation offers useful insights into short-term ozone dynamics, the lack of experimental data 

and simplification of leakage flow are noted limitations. Future studies should incorporate sensor-based 

measurements to validate results and explore longer-term behavior under varying environmental 

conditions. Overall, this study provides a foundational understanding for optimizing ozone-based 

disinfection strategies in emergency medical settings. Ultimately, the insights from this research provide a 

scientific foundation for practical decision-making in mobile healthcare settings, aiding in the development 

of safer and more effective ozone-based disinfection protocols. 
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