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Reducing direct exposure to exhaled aerosol through a portable desktop fan 
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A B S T R A C T   

Vulnerable individuals close to infected people emitting a respiratory cloud containing infectious load can inhale 
a pathogen dose, experiencing a more severe impact on their health compared to other individuals breathing the 
mixed air in the same room. In crowded spaces, this issue is crucial. Employing local airflow patterns can reduce 
the proximity risk of inhalation and subsequent transmission across short distances. This study proposes an 
experimental and numerical analysis of a novel personal and portable device creating a short-range air barrier to 
transmitting airborne pathogens in proximity. The portable device adopts V-shaped air blades affecting the 
trajectory of the particle-laden respiratory cloud emitted by the respiratory system of the infected individual. 
Experimental results, supported by CFD analysis, indicate that controlling local airflow through the V-shaped jet 
significantly reduces local particle concentrations by more than 60%, compared to typical scenarios without a 
local airflow control.   

1. Introduction 

The COVID-19 pandemic has increased the attention to health risks 
associated with airborne contaminants and poor indoor air quality 
(Baboli et al., 2021), (Anderson et al., 2020). Particles emitted by the 
respiratory system evaporate quickly and generate aerosols. Thanks to 
the long time airborne particles remain suspended, people get easily 
exposed to pathogens (Jensen, 2020) (Tang et al., 2021; Liu et al., 
2017a, 2017b; Jia et al., 2022). The presence of an infected occupant in 
an indoor environment forces the people around him to withstand the 
infectious aerosol emitted by his respiratory system, directly or indi
rectly (Nair et al., 2022; Azuma et al., 2020; Bourouiba, 2020; Jaya
weera et al., 2020; Xu et al., 2022a; Merhi et al., 2022). 

Ventilation systems and indoor airflow topology can effectively 
mitigate the spread of pathogens, reducing the exposure of vulnerable 
persons to infectious doses by direct and indirect mechanisms (Eilts 
et al., 2021; Melikov, 2020; Cortellessa et al., 2023). Dilution through 
ventilation and air filtration are common practices to reduce the con
centration of indoor airborne particles (Pistochini et al., 2022; Li and 
Tang, 2021; Gettings et al., 2021; Christopherson et al., 2020). A min
imum recommended 7–10 L/s outdoor airflow rate per person is rec
ommended (Bourouiba, 2021). This value increases to 15 L/s per person 
in specific circumstances, such as environments with the risk of tuber
culosis transmission (Morey, 1994). When dealing with COVID-19, both 
the Center for Disease Control and Prevention (CDC) (Center for Disease 

Control and Prevention, 2019) and the World Health Organization 
(WHO) (World Health Organization, 2021) require a ventilation rate of 
160 l/s/patient or at least 12 air changes per hour (ACH) in critical areas 
such as the Intensive Care Units (ICU). They also recommend the control 
of airflow patterns. 

However, mechanical ventilation systems optimized for indoor en
vironments seldom exceed 10 ACH (Bourouiba, 2021). 

Estimating ACH is crucial for occupancy assessment but is not the 
only key aspect. The indoor airflow pattern, impacting infective aerosol 
advection, can lead to non-homogeneous aerosol distribution within the 
space. Achieving perfect air mixing in populated areas is challenging 
when employing mixing ventilation. The formation of regions with 
higher particle concentrations due to airflow recirculation (Linden, 
1999; Zhang et al., 2020; Yuan et al., 1998; Shan et al., 2016; Bhagat 
et al., 2020) is a risk. On the other hand, displacement ventilation may 
offer more favorable conditions for the occupants. Indeed, when a stable 
transitional layer occurs, the contaminated upper layer can be separated 
from the lower area, creating a cleaner respiratory area and reducing 
occupant disease transmission risks (Wachenfeldt et al., 2007), (Hashi
moto and Yoneda, 2009). 

A similar effect of dilution of airborne pathogens can be achieved by 
cleaning the air with centralized mechanical systems or portable room 
air cleaners (Kelly and Fussell, 2019), (Morawska et al., 2020). 

However, although mechanical ventilation effectively decreases in
direct exposure by diluting indoor aerosol concentrations and renewing 
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indoor air, its effectiveness against direct exposure is limited. If 
vulnerable individuals are close to an infectious aerosol source, the 
general ventilation system cannot control locally the airflow, thus 
potentially failing to prevent the fast spread of infectious particles near 
the infecting person (Liu et al., 2017a), (Chen et al., 2020), (Ai and 
Melikov, 2018). 

In such cases, besides using protective masks for source control, 
preventing direct exposure to airborne particles is a crucial strategy to 
limit the transmission of respiratory viruses. (Bourouiba, 2021), (Chen 
et al., 2020), (Mikszewski et al., 2022). For example, the interposition of 
physical barriers reduces the direct transmission, intercepting the 
droplet flow and mitigating the occupants’ infection risk (Chan et al., 
2020; Ye et al., 2021; Ahmadzadeh and Shams, 2022; Ren et al., 2021; 
Mirzaie et al., 2021). 

Personalized airflow control is an effective tool investigated by re
searchers. Personalized Ventilation (PV) technologies, such as air cur
tains (Ma et al., 2022; Chen et al., 2021; Xu et al., 2022b; Mboreha et al., 
2022), directional jets (Xu et al., 2020), and portable air purifiers (Zhao 
et al., 2020), are the most common solutions. 

The scientific literature about the effectiveness of portable air puri
fiers, specifically used to reduce the direct contagion route, is extensive. 
These devices demonstrate their effectiveness as fast, deployable, and 
moderately cheap solutions (Cooper et al., 2022; Grinshpun et al., 2005; 
V Abhijith et al., 2022). Portable air purifier use has been associated 
with a wide range of infection risk reduction, from less than 10% to 
almost 90% on average in various indoor settings (Shen et al., 2021). 
The environment where the air purifiers operate considerably impacts 
their performance (Burgmann and Janoske, 2021; Curtius et al., 2021; 
Tobisch et al., 2021). Additionally, they can induce an airflow topology 
that can alter the distribution of particles in the room because air pu
rifiers generate high-momentum jets, potentially negatively affecting 
the occupants (Ham, 2020). Hence, it is vital to evaluate the correct 
position of air purifiers before using them. 

PV is frequently used in vehicles (such as automobiles and aircraft) to 
increase the comfort of travelers (Gao and Niu, 2008), (Ružić and Časnji, 
2011). A PV of 10 L/s and a centralized mixing ventilation system could 
significantly improve air quality with a maximum exposure reduction of 
pollutants of 97% (Al Assaad et al., 2021). Recent studies demonstrated 
that PV is a promising approach for short-distance airborne infection 
management, reducing bio-aerosol deposition on the face and the body 
and inhalation by up to 98%, 85%, and 100%, respectively (Xu et al., 
2021). 

However, all these solutions have drawbacks. PV requires specific 
ducting, which restricts its use to locations with favorable conditions. 
On the other hand, even though portable purifiers are ductless, they 
need appropriate filter management. If the air filter efficiency is high 
enough and does not drop off during its service life, its pressure drop 
associated with an adequate airflow rate may require a powerful and 
noisy fan while increasing energy use (“RESIDENTIAL AIR CLEANERS A 
Technical). 

In the existing literature, extensive research has been conducted on 
various ventilation strategies aimed at mitigating the transmission of 
airborne pathogens within indoor environments. However, there is a 
notable gap in studies focusing on short-range ventilation strategies that 
modify airflow patterns without relying on personalized ventilation (PV) 
or air purifier systems. While prior investigations often involve the 
placement of blowers in close proximity to occupants to reduce airborne 
transmission risks, these approaches typically incorporate either the 
introduction of fresh air through PV or the use of filtering systems to 
decrease aerosol concentration. This gap highlights the need for 
research exploring alternative methods for short-range airflow control, 
which could provide valuable insights into novel approaches for mini
mizing the spread of respiratory viruses indoors. 

1.1. Objectives 

Innovative technological solutions are essential in addressing the 
challenge of transmission of airborne pathogens indoors. The limitations 
of centralized mechanical ventilation systems hinder effective short- 
distance transmission risk mitigation for vulnerable individuals. Alter
native localized solutions for controlling airflow near the occupants are 
suitable, especially if they do not require adaptation to systems and 
buildings. Our investigation focuses on generating inertial control over 
particle motion to minimize the risk of direct transmission, diverging 
from conventional blowers by targeting airflow patterns in close prox
imity to individuals. Specifically, we explore alternatives such as air 
blades to create a barrier effect and air suction to redirect exhaled 
particles. To meet the study’s simplicity constraint, we emphasize so
lutions like the device employing air blades, which aligns with our aim 
to provide a deployable and effective approach for separating occupants. 

We present the results obtained employing a prototype of a novel 
personal device that works on the close direct exposure range. It consists 
of a desktop fan generating V-shaped air blades acting as a short-range 
aerodynamic barrier for exhaled aerosol particles. The device controls 
the local airflow without requiring outdoor air or air cleaners. Its goal is 
to reduce the risk of contagion without the drawbacks of more complex 
solutions. The device design aims to provide a safer region among people 
in crowded environments with a simple deployable solution. We provide 
an integrated strategy to evaluate the effectiveness of the desktop fan at 
short distances in reducing particle concentration. We excluded any 
centralized ventilation effect to assess the device performance more 
precisely. The detailed description of the device and its integration into 
the study are described in Section 2.1. We conducted the sensitivity 
study using the Computational Fluid Dynamic (CFD) STAR-CCM + code. 

2. Methodology 

We consider the methodology divided into three sections. Firstly, an 
experimental assessment investigated the impact of V-shaped air blades 
generated with a 3D-printed desktop fan on mitigating the transmission 
of exhaled aerosol particles in a crowded environment. A controlled 
environment simulated a gathering scenario with a mannequin head 
emitting airborne particles. An optical particle spectrometer measured 
the particle concentration and distribution with and without the desktop 
fan, assessing its impact. 

Secondly, the Star-CCM + CFD software modeled the experimental 
scenario, enabling the tracking of particle trajectories. Data evaluation 
enabled the study of the V-shaped air blades on air velocity and airflow 
topology around the occupants. 

Finally, we used an efficacy parameter to compare experimental data 
and CFD modeling results. This parameter serves as a quantitative 
metric to assess the agreement and effectiveness of both approaches in 
addressing the mitigation of airborne particle transmission. By inte
grating experimental data with computational simulations, this study 
provides valuable insights into the potential application of V-shaped 
desktop fans to mitigate the risk of airborne infection transmission in 
crowded environments. 

2.1. Experimental setup and testing procedure 

A desktop portable fan generates 90◦ V-shaped air blades, designed 
to establish individual safe zones in spaces where face masks may not be 
practical, such as restaurants. As shown in Fig. 1, this device aims to 
create an individual safer zone with minimized viral interaction while 
remaining connected to the rest of the group. Fig. 1b and c shows the 
two-dimensional schematics of the desktop portable fan. 

The form comprises a light main body, propped over the table by a 
base. The main body acts like a plenum by which 12 miniature, low- 
consumption 5-W fans, mounted in racks of 3 on each side of the 
cube, blow air to form the air blades. The air enters the main body 
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through the base. The V-shaped air blades generate a natural barrier to 
virus-laden aerosols by being positioned obliquely on the table. This 
device operates without cleaning the air over a short distance. 

The experimental setup goal is to quantify the effect of the V-shaped 
air blades in a quasi-realistic environment without any additional 
ventilation. The case study considers two people facing each other at a 
restaurant table while a generic micrometer-scale liquid aerosol 

generator simulated particle emissions from the respiratory tract of the 
infected person. 

In a normal indoor setting, detecting infected particles emitted by a 
person during breathing and speaking is challenging due to the high 
background concentration of ambient particulate matter (PM), and 
typical tests require a clean room environment (Chao and Wan, 2006), 
(Shao et al., 2020). A simpler but less conventional and alternative 

Fig. 1. a) 3D render of the portable and personal device (solid size: 0.10m × 0.10m × 0.25m) generating the V-shaped air blades, which is 3D printable. b) Side view 
and schematic representation of the air movement: air enters the main body or plenum through the base (a = distance from mouth to the top of device, b = distance 
from the bottom of the device to the table, c = width of the device, d = body height of the device and H = distance from top of the device to the table). c) Top view 
and schematic representation of the air movement: the device positioned in the center of a table can confine the susceptible area of each individual. d) Experimental 
setup including a mannequin head, the V-shaped air blades generator, a liquid aerosol generator connected to the mannequin head, the copper sampling probes 
located opposite to the aerosol source, a professional camera for side view imaging, two UV light source for fluoroscopy visualization of the contrast aerosol. e) 
Magnification of the 3D-printed personal ventilation device that generates the V-shaped air blades effect. 

H. Rasam et al.                                                                                                                                                                                                                                  



Atmospheric Environment: X 22 (2024) 100263

4

approach can be generating an aerosol jet with a particle concentration 
one order of magnitude higher than typical human respiratory emis
sions, allowing clear detection and visualization against the back
ground. This study used the second approach to test the device’s 
performance. The rationale behind employing a significantly heightened 
concentration involves simulating worst-case scenarios resembling 
super-spreading events (Morawska and Buonanno, 2021), (Miller et al., 
2021), thereby providing a robust test of the device’s performance under 
extreme but plausible conditions. This methodology is supported by 
aerosol physics principles, suggesting that such an increase in concen
tration should not materially affect the core dynamics of particle in
teractions, including coagulation, within the short timescales of our 
experiments Supplementary Information section 1(SI1) (Kulkarni et al., 
2011), (Park et al., 1999). The hypothesis underlying this testing con
dition is that such a high concentration does not significantly alter 
particle interactions or the advection mechanism induced by the fan. 
Consequently, the local effects of air blades on the aerosol jet with 
higher particle numbers remain comparable to those observed on a jet 
with fewer particles (Hinds, 1999). It is important to recognize the as
sumptions underlying this approach: while increasing the particle con
centration provides a stringent testing environment, it assumes the 
absence of significant deviations in particle dynamics at these elevated 
concentrations. This method, chosen for its practicality in simulating 
high-risk exposure scenarios, is predicated on a careful extrapolation of 
aerosol physics, aiming to ensure the reliability of detection in 
controlled settings without substantially altering particle behavior. 

The testing environment was a dark chamber (3x3x3 m) covered 
with light-absorbent foils, characterized by a Lambertian behavior, to 
reduce as much as possible direct light reflectance (Fig. 1d and e). We 
aerosolized a fluorescent liquid. Two UV LEDs (80 W, wavelength 
385–400 nm, aperture angle of the light beam 120◦) generated the 
contrast to visualize the liquid particles. We employed a professional 
camera to capture the particle behavior. In the dark room, on two 
opposite sides of a (0.8 × 0.8 m) table, we attached a mannequin head to 
the aerosol generator on one side and a probe on the other. The 
mannequin head replicated the human mouth and nose emissions. The 
desktop fan located in the middle of the table while a = 10 cm. The probe 
comprised a copper pipe (diameter 0.008 m) and was connected to a TSI 
3330 Optical Particle Sizer (OPS) (Li et al., 2022), measuring airborne 
particles within the 0.3–10 μm range. A conductive silicon pipe con
nected the probe to the OPS, minimizing particle losses caused by 
electrostatic charges (Yu et al., 2009). To address and quantify potential 
losses attributable to tubing, our approach incorporated a detailed 
theoretical analysis, examining loss mechanisms such as inertial 
impaction, diffusion, turbulent mixing, and the influence of tubing 
bends, in line with established aerosol physics principles as discussed by 
(Kulkarni et al., 2011), (Hinds, 1999). The results of this comprehensive 
evaluation, detailing the minimal yet quantifiable losses for each par
ticle size bin through different aforementioned mechanisms, are pre
sented in (SI2). Although these uncertainties are exceptionally low for 
each particle size bin, it’s important to recognize that they introduce an 
additional layer of uncertainty to our measurements. As such, these 
calculated losses could be added to the measurement uncertainty for 
each size bin, ensuring our analysis remains as accurate and transparent 
as possible. This careful consideration of tubing losses, even though 
minor, underscores our commitment to methodological rigor and the 
reliability of our findings. 

The testing procedure allowed the comparison of the aerosol trans
mission from the emitting source to the sampling probe, with and 
without the V-shaped air blades generated by the personal fan device. 

Each experiment was carried out for 300 s and repeated five times. 
During each interval between tests, we opened the air vents. An exhaust 
fan, mounted with a HEPA filter, removed the previously emitted fluo
rescent liquid particles still floating in the air inside the room. 

During the overall test duration (300 s), for the first 30 s the 
generator device remained inactive, and the background concentration 

was measured, then active for 15 s activation, and again turned off for 
the remaining time (255 s). Throughout the test period, the mannequin 
head, which served as a proxy for the infected individual placed at one 
side of the table, released fluorescent aerosol particles into the air 
through two nasal and one oral outlet. On the other side of the table, the 
copper pipe probe was located within the volume representative of a 
susceptible subject. The OPS device counted particles over a 30-s time
span and logged the fluctuation of the aerosol during the entire 300-s 
test trial. The OPS sizes particles over 12 size channels within the 
0.3–10 μm range (Morawska et al., 2009), (Johnson et al., 2011). Fig. 3 
reports the test results with and without the V-shaped air blades. 

Testo 405i and 440dp instruments (Table 1) measured the velocity 
field generated by the V-shaped air blades at each of the four outlet 
sections. We divided each outlet section (2 × 12.5 cm) into three col
umns and nine rows. Sensors measured each grid node’s average ve
locity and turbulence intensity over 1 min. We repeated the procedure 
three times for each node and each outlet section. Fig. 4 reports the 
velocity measurements and SI 7 represents the turbulence intensity 
measurements. 

2.2. CFD modeling 

A Computational Fluid Dynamics (CFD) model replicated the sce
nario of the experimental setup. We simulated the trajectory of the 
exhaled droplets in a host-to-host configuration and stagnated air con
ditions of the simulated indoor environment. 

The numerical characterization of the velocity, pressure, and tem
perature fields and the motion and interaction between the droplets and 
the fluid was carried out using the Star-CCM + software. We modeled 
the droplet dynamic with a Lagrangian multiphase approach based on a 
dispersed dilute two-phase flow. The Eulerian-Lagrangian method sol
ves the continuum equations for the airflow (continuous phase) and 
Newton’s equation of individual droplet motion. This method is 
particularly suitable for this study because the spacing between droplets 
in the exhausted air plume is sufficiently large, and the volume per
centage of the droplets is low enough (<10− 3) (Cortellessa et al., 2021). 

Particles generated in the simulation are spherical, with a density of 
1000 kg/m3, log-normal particle size distribution (Morawska et al., 
2009), (Johnson et al., 2011) within 0.3–10 μm (geometric mean size 
diameter 1.32 μm, and geometric standard deviation 2.04 μm). The 
SIMPLE solution algorithm, with a time step of 0.1 s, solved the transient 
equations of the problem. 

We did not model the buoyancy-driven human thermal plume 
(Bayram and Korobenko, 2022). Neglecting the human thermal emis
sion corresponds to a conservative scenario for the goal of this work, as 
the thermal plume can act as an air curtain to protect the person from the 
penetration of airflow exhaled by other people (Wei and Li, 2016). Other 
studies observed that the thermal plume can increase the exposure to 
particles generated near the floor, entrained in the human thermal 
plume boundary layer, and transported upward to the inhalation area of 
the subject (Sun et al., 2021). In contrast, our study positioned the pri
mary particle source, the emitter’s mouth, at the same height as the 
receiving individual’s nostrils and mouth. In addition, given the rapid 
evaporation of droplets smaller than 50 μm (Cortellessa et al., 2021), 
(Xie et al., 2007), (Chen and Zhao, 2010), we have excluded the 

Table 1 
Main characteristics of the instruments used during the experiments.  

Measurement 
instrument 

Functionality Measurement 
range 

Error 

TSI OPS 3330 Particle counting and 
sizing 

0.3–10 μm <5% 
(size) 

Hotwire anemometer 
Testo 405i 

Air velocity 0–30 m/s <5% 

Testo 440 dp Turbulence intensity 0–100% <1.5%  
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transient process from droplet to droplet nucleus in our CFD simulations 
(Bayram and Korobenko, 2022), (He et al., 2011; Seepana and Lai, 2012; 
Yang et al., 2018; Liu et al., 2020; Kang et al., 2015). Our study primarily 
focuses on post-evaporation particle transfer, as it aligns with our goal of 
understanding the advective effectiveness of V-shaped air blades. 

Furthermore, the Eulerian-Lagrangian numerical model was used to 
track particles during their path in the room. The particles reaching the 
mouth and nostril surfaces of the susceptible subject were considered 
and counted for the efficiency evaluation (Gallo et al., 2021), as reported 
in the following section. Table 2 list the boundary condition (B.C) 
values, the physics, and the solver models. It’s worth noting that the 
models used in Table 2 are fully justified in reference (Sheikhnejad et al., 
2022), a technical paper specifically addressing this subject. 

2.2.1. Geometry 
The distribution of droplets at close distances has been studied using 

the Eulerian-Lagrangian model. As shown in Fig. 2a, the geometry 
considered for this investigation consists of two identically sized in
dividuals seated 0.80 m apart on a table while a = 15 cm, d = 12 cm, and 
b = 25 cm, resulting in a total distance from the mouth to the table 
surface a + H = 52 cm. One individual is an emitter who exhales through 
the nasal and oral airways of the respiratory tract, represented by two 
cone-shaped injectors (Fig. 2b and c). The other individual is a vulner
able participant seated on the other side of the table and immersed in the 
airborne particles jet. The V-shaped air blades generator is placed at the 
center of the table. 

2.2.2. Mesh 
In our CFD simulations, a sophisticated meshing approach was uti

lized to ensure both computational efficiency and accuracy. The process 
began with the Surface Remesher, which created a detailed surface mesh 
crucial for accurately capturing the geometry. Any inconsistencies found 

were corrected by the Automatic Surface Repair, providing a robust 
foundation for subsequent meshing. Adaptive mesh refinement was then 
achieved through the Geometric Sensitivity model, which enhanced the 
mesh in critical areas based on geometric complexity. At the heart of our 
volume meshing strategy was the Polyhedral Mesher, selected for its 
ability to deliver detailed results without an excessive computational 
burden, effectively reducing the element count while maintaining ac
curacy. Addressing the specific challenges of meshing narrow spaces, the 
Thin Mesher ensured efficient and precise meshing, and the Prism Layer 
Mesher was instrumental in accurately capturing boundary layer effects 
near surfaces—a key aspect of aerosol dynamics (Cd-Adapco, 2017). 
This meshing strategy was finely tuned with specific parameters: a prism 
layer thickness set to 33% to adequately resolve near-wall gradients, a 
volume growth rate of 1.2, and a surface growth rate of 1.3 to ensure a 
balanced expansion of mesh size away from critical areas, and enhanced 
surface control around critical surfaces set at 0.3 to maintain high res
olution where flow dynamics are most complex. 

2.2.3. Grid independency 
In our CFD study, a crucial component was the grid independency 

analysis, ensuring that our simulation results were not significantly 
influenced by the size of the mesh used. This analysis was meticulously 
detailed in SI3 to transparently demonstrate the robustness of our 
findings against changes in mesh density. 

We generated four distinct meshes, each with a progressively smaller 
polyhedral base size, to scrutinize the mesh’s impact on the simulation’s 
average variation in the velocity field. This step was vital in identifying 
an optimal mesh that offers a reliable balance between computational 
demand and the accuracy of the results. Throughout this analysis, we 
observed that the differences in simulation outcomes across all four 
meshes were sufficiently small to indicate good mesh independence. 
Crucially, the comparison between Mesh 3 and Mesh 4 revealed an 

Table 2 
Solver and physics model (Sheikhnejad et al., 2022) and B.C used in the simulation.  

Model Particle tracking Background airflow Space Time Flow Viscous Regime 

Lagrangian Eulerian 3-Dimension Implicit unsteady Segregated Turbulent K-Omega 

Model Particle-air interaction Particle wall impingement Drag force Coefficient Equation of 
State 

Transition Near-wall treatment 

Two-way coupling Bai-Gosman Schiller-Naumann Constant density Gamma SST-k-ω 
B.C V-shaped air blades 

outlet velocity 
V-shaped air blades inlet 
gauge pressure 

Exhaled air plume initial 
velocity (Chen et al., 2020) 

Room 
Temperature 

Initial room 
pressure 

Airborne particle 
Temperature 

1.5–5 m/s 0 Pa 5 m/s 25 ◦C 1 atm 37 ◦C  

Fig. 2. a) Full control volume analyzed through CFD simulation; b) and c) the position and method of embedding particle injectors as a representative of the oral and 
nasal outlet of the respiratory tract in the simulation. 
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especially minimal difference, underscoring that further refinement (as 
seen in Mesh 4) did not yield significant improvements in simulation 
accuracy to warrant the additional computational resources. Therefore, 
Mesh 3 was chosen for our CFD analysis, representing the most effective 
compromise by ensuring both computational efficiency and the integrity 
of our results. 

The diminishing deviations observed with each successive refine
ment underscore the adequacy of Mesh 3 for capturing the necessary 
physical phenomena without undue computational burden. This grid 
independency test forms a cornerstone of our simulation’s validity, 
ensuring that the selected mesh density sufficiently resolves the flow 
field while remaining computationally feasible. 

2.3. Validation of CFD 

We evaluate the reliability of the CFD model through a comparison 
with experimental data. The validation uses an efficiency indicator (the 
efficiency coefficient ε) to evaluate how the CFD model’s predictions 
agreed with the experimental data. The comparison involved two 
operation modes: one with the desktop fan operating and another with 
the fan turned off. 

The efficiency ε, as reported in eq. (1), is calculated by dividing the 
difference (Δn) of the number of particles counted when the V-shaped 
air blades was functioning (non) by the number of particles counted 
when the device was off (noff). 

ε =
Δn
noff

(1)  

Where Δn = noff-non. 

2.4. Analysis of parameters influencing the efficiency of V-shaped air 
blades 

We performed a parametric analysis to assess the efficacy of desktop 
fans in different conditions, encompassing the investigation of three 
pivotal factors: fan location on the table, its height, and power settings 
(i.e., outlet air velocity). 

The fan location over the table varied, moving the fan of 0.1, 0.2, and 
0.3 m from the central axis connecting the scene’s two subjects, keeping 
the z coordinate constant. We studied the influence of the height by 
keeping the central position on the x-y plane and changing the fan 
operation height a = 0.05 m, 0.15 m,0.2 m, and 0.3 m (original loca
tion). In this part, our objective was to investigate the influence of the 
parameter of mouth-to-device-top distance on the device’s effectiveness. 
Rather than immediately constructing a new prototype with different 
lower dimensions, we chose to comprehensively analyze this parameter 
to understand its impact. This approach enables us to explore a range of 
stand heights, potentially varying from (value) to (value), based on the 

geometry studied. Finally, we modified the power settings by studying 
six different outlet velocities from 0 m/s (fan off) to 3 m/s. The particle 
emission rate was constant, equal to 10,000 particles per second with 
aforementioned size distribution, while the overall simulation duration 
was 6 s. Other conditions and parameters were constant for this sensitive 
analysis. This comprehensive parameter analysis facilitated a systematic 
investigation into the impact of fan location, height, and power settings 
on particle dispersion, yielding valuable insights into the effectiveness of 
desktop fans across a spectrum of conditions. 

3. Results and discussion 

3.1. Experimental results 

We measured the total detected particles at the same susceptible 
subject proxy location. Size resolved particle count indicated the particle 
number in each size bin, i.e., as a function of the optical particle size 
(presented in SI6). The arithmetic mean over five different tests, each 
with the device on and off, determined the average number of particles. 
Each trial lasted 300 s, and the total particle count restarted every 30 s. 
Fig. 3 show the average quantity of particles for the two different testing 
conditions, highlighting the effect of the V-shaped air blades generator 
when turned on. Each graph of this figure indicates the total number of 
particles for each size bin as a function of time. The analysis conducted 
on the aerosol jet without the operating device (Fig. 3a) demonstrated 
the good reproducibility of the experimental setup. The particle count 
followed a typical time-dependent pattern consistent across the size 
spectrum: the highest count was recorded between 90 and 120 s, and the 
lowest count between 0 and 30 s. 

Although using the desktop fan had a noticeable impact on test 
reproducibility, the comparison between Fig. 3a and b in terms of total 
particle count demonstrates the effectiveness of the V-shaped air blades 
generator in creating a safer zone. Indeed, the reduction of particles was 
between 70 and 80% in the optical diameter range of 0.35–0.84 μm. The 
highest decrease was 89% in the optical diameter range of 3–4 μm 
during the sampling time between 120 and 150 s. The cumulative 
number of particles over the full-size spectrum showed an average 
decrease of 78%, which we can consider as a reference value for the V- 
shaped air blades efficiency. In addition, in Fig. 3a, we observe the 
variation in particle concentration over time. Up to the 120-s mark, 
there is a continuous increase in particle concentration across all size 
bins, reaching a peak at 120 s, after which it gradually decreases and 
stabilizes. On the contrary, Fig. 3b illustrates the effect of the desktop 
fan being switched on, showing a slight increase until 120 s followed by 
reduction and stability, then a subsequent rise from 240 to 300 s. This 
latter increase might be attributed to an increase in bulk concentration, 
indicating the necessity for ventilation and filtration over prolonged 
periods. Alternatively, it could also be a result of measurement 

Fig. 3. Size resolved particle counts measured with OPS-3330, a) without and b) with the operation of the device generating the V-shaped air blades, over a total 
interval of 300 s with a 30 s timespan. 

H. Rasam et al.                                                                                                                                                                                                                                  



Atmospheric Environment: X 22 (2024) 100263

7

fluctuations. It should be mentioned that for a detailed examination, the 
particle size distribution graph for the maximum time span (90–120s) 
and the corresponding discussions are provided in Supplementary In
formation (SI6), offering an opportunity for in-depth investigation. 

Qualitative insights into the device operation were obtained using 
contrast fluoroscopy, with detailed visualizations provided in Supple
mentary Figure SI 6. The Supplementary Information elaborates on the 
observations made during the test, including the changes in droplet 
density and aerosol dispersion dynamics before and after device 
activation. 

Fig. 4 presents the velocity maps obtained from the experimental 
assessment. For each section, the maps illustrate that the highest ve
locity values are concentrated in the central area, while the values at the 
top and bottom are relatively lower. Interestingly, there are no notice
able differences between the left, center, and right columns. The velocity 
measurements range from the highest value of approximately 5.5 m/s to 
the lowest value of around 0.7 m/s. 

The exact values of the outflow velocity ranged between a minimum 
of 1.38 ± 0.81 m/s and a maximum of 4.58 ± 0.81 m/s, while turbulent 
intensity was 35.7 ± 5.4%. 

While small variations in velocity values exist among the different 
outlet sections, there is a general similarity in the trend of the curves. 
These velocity profiles are essential input conditions for the CFD 
modeling of the desktop fan in the scenario involving two individuals 
seated at the table in front of each other. The CFD simulations will 
further enhance our understanding of the air circulation dynamics and 
its potential influence on mitigating the transmission of airborne parti
cles in such a gathering setting. 

3.2. CFD results 

The CFD simulation was configured with a fan outlet velocity, as 
shown in Fig. 4 and turbulence intensity reported in SI 7, with an inlet 
gauge pressure of 0 Pa. Dry air at 25 ◦C and an initial pressure of 101325 
Pa are the boundary conditions for the room. We set the exhaled air 
plume velocity and the particle temperature to 5 m/s (Chen et al., 2020) 
and 37 ◦C, respectively (Yin et al., 2022), (Gittings et al., 2015). 

Fig. 5 displays a vector (5a, 5b, 5c) and contour (5d) representation 
of the velocity field produced by the V-shaped air blades, respectively. 
These figures show the V-shaped air blades created by the desktop fan 
provide four distinct zones. Due to the suction and blowing created by 
the V-shaped air blades, turbulent flow is created in these four zones, 
generating reverse flow near the occupant (Fig. 5c). In addition, the 
magnification shows the formation of two large eddies in the respiratory 

area of the susceptible person (the individual depicted in a posture of 
talking on a mobile phone represents the infected person. Conversely, 
the individual seated with a slight curve in their back is identified as the 
susceptible person), which could change direction and return particles 
with low momentum. In addition, based on the velocity profile pre
sented in this figure, it can be inferred that, due to the 90-degree dis
tance between the blades, the velocity created by the desktop fan is not 
expected to exceed 0.2 m/s on the occupants’ bodies, which aligns with 
the ANSI/ASHRAE Standard 55 (Thermal Environmental Conditions for 
Human Occupancy) for comfort. Furthermore, the streamlines and tur
bulent kinetic energy generated by the desktop fan are thoroughly dis
cussed and depicted in detail in SI4. 

To check the performance of the V-shaped air blades on the route of 
respiratory transmission of pathogens generated by the infective person, 
Fig. 5e and f show the transmission route of airborne particles in an 
indoor environment with and without the presence of the V-shaped air 
blades at different time intervals. According to results in Fig. 7e, when 
the V-shaped air blades is off, particles easily travel the 0.8 m inter
personal distance and enter the respiratory area of the susceptible per
son. Consequently, in the absence of obstacles, the vulnerable individual 
faces direct exposure to a viral load carried by particles of various di
ameters, with a significantly increased risk of infection. The particles 
originate as a cloud of droplets spreading after a brief distance. Finer 
particles stay on the original path and are still suspended in the air, 
while larger particles deviate from the original route. When the V-sha
ped air blades prototype is active (Fig. 5f), the new induced airflow 
pattern acts as an obstacle for the direct passage of airborne particles. 
The local airflow field generated by the V-shape jets alters the route of 
these particles, preventing them from entering a susceptible person’s 
respiratory area. 

Further, the two primary velocity fields deflect some of the particles. 
The second two blades mostly deflect this residue, and a very small 
number of particles enter the respiratory area of the vulnerable person, 
with a clear reduction of the infection risk. 

In our study, while focusing on the effectiveness of the portable 
desktop fan in reducing direct exposure to exhaled aerosols, we also 
recognize the potential for such devices to alter the deposition patterns 
of these particles on nearby surfaces (fomite). For example, the 
enhanced local airflow created by the fan can potentially increase the 
number of particles settling on the table (see SI5). Thereby, despite the 
less relevance of fomite transmission compared to airborne risk (Jones, 
2020), (Goldman, 2020) (Weber and Stilianakis, 2020), the device can 
elevate fomite transmission risk, highlighting the importance of regular 
surface cleaning and disinfection as part of a holistic approach to 

Fig. 4. a) Schematics of the vertical subdivision of the outlet section into three columns: left, center, and right. Velocity measurements were taken in each column at 
different heights with an interval of 12.5 mm. On the right, from b) to e), the maps show velocity profiles at the different heights for each column and four 
outlet sections. 

H. Rasam et al.                                                                                                                                                                                                                                  



Atmospheric Environment: X 22 (2024) 100263

8

reducing infection risks in environments where such devices are used. 
New studies need to investigate these aspects in multiple tables- and 
multiple persons-configuration. 

3.3. CFD validation 

The validation of the numerical model is based on the comparison 
between the data obtained from experimental measurements and data 
from the numerical simulation. The CFD simulation’s test settings are 
listed in Table 2, and we regarded the particle emission in this simula
tion as being generated in a speaking mode (Cortellessa et al., 2021). 
The exhaled air jet speed was 5 m/s (Chen et al., 2020), assuming the 
number of particles produced at one time to be 1000, with the flow rate 
of the particles produced from two 60-degree conical injectors equal to 
10000/s with the same size distribution as the previous part. In the CFD 
mode, the measure of particle counts considers the total number of 
particles reaching the surface of the nose and mouth of the susceptible 
person sitting at a distance of 0.8 m, as for the experimental campaign. 
Upon thorough examination of both experimental findings and CFD 
results presented in Fig. 6, it becomes apparent that the desktop fan 
effectively reduces the number of particles that enter the respiratory 
zone of individuals in close proximity. Fig. 6a and b demonstrate a 
consistent and proportional reduction in the particle size distribution 
across various size categories when the device is turned on, resulting in a 
stable configuration of the particle size distribution diagram. This 
pattern indicates the device’s proficiency in maintaining a uniform 
decrease in particle counts. The comparison of the results in Fig. 6 
demonstrates an acceptable agreement, indicating that the CFD model 
can be suitably used to analyze further the influence of the V-shaped air 
blades generator on the aerosol jet path. 

Upon closer comparison of the two figures, as particle size increases 
the reduction in the gap between the diagrams representing data with 
and without the device operation (serving as an indicator of device 
performance) is more drastic in the case of experimental diagrams to 
CFD counterparts. This trend can be attributed to two primary factors. 
Firstly, the difference in size distribution used in the CFD simulation and 
experimental tests plays a significant role. Secondly, the skewed nature 

of the particle size distribution employed in the experimental tests 
contributes to this observed pattern. Specifically, the production of 
larger particles is notably less than that of smaller particles, creating a 
distribution with a bias towards smaller sizes. For instance, the particle 
number reaching the susceptible person without the device operation 
was a mere 41 for particles within the 4 to 5 μm range, while a sub
stantial count of more than 220,000 particles was recorded within the 
0.3 to 0.4 μm range. The low number of particles reduces the repre
sentativity of the results. Consequently, we acknowledge this experi
mental limitation and, as a result, have excluded the efficiency data for 
particles larger than 4 μm in the comparison of experimental results with 
CFD simulations. 

According to this figure, our experimental results demonstrate that 
the portable device can effectively reduce the local concentration of 
aerosols in the vicinity of an infectious person by 73–89%. In contrast, 
CFD simulations suggest a somewhat higher reduction efficiency, 
ranging from 89 to 95%. Notably, within the submicron size range (<1 
μm), we observed a discrepancy in reduction efficiency of less than 12% 
between the experimental and CFD results. This variance highlights the 
complexities of accurately modeling aerosol dynamics at such particle 
sizes. The observed differences in reduction efficiency may stem from 
several factors, including discrepancies in particle size distributions 
between the CFD and experimental setups, fluctuations in the bulk 
transfer of particles and increased emission rates during experimental 
trials, and differences in experimental and simulated boundary condi
tions affecting wall-particle interactions. Recognizing the significance of 
accurately capturing the behavior of submicron aerosols, we identify 
this area as a key opportunity for further refinement of our model. We 
aim to enhance the model’s precision in simulating the dynamics of 
aerosols within this critical size range, thereby providing more accurate 
predictions of device efficacy in real-world scenarios. The ongoing effort 
to reconcile these differences underscores our commitment to advancing 
the understanding of aerosol-mediated virus transmission and the 
development of effective mitigation strategies. 

Fig. 5. Representation of velocity vectors. Image a) shows the velocity field on two vertical planes intersected with V-shaped air blades outlets. In b), c), and d), the 
velocity field depicts the effect of the device operation over the horizontal plane. In e) the airborne particle tracking in the closed environment without V-shaped air 
blades operation, while in f) Airborne particle tracking during V-shaped air blades operation. 
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3.4. Influence of fan position and power 

We conducted a systematic analysis to assess the performance of the 
desktop fan under different conditions. We focused on three key pa
rameters: axial deviation, height, and fan power, examining their impact 
on the fan’s efficacy. The objective was to assess their influence on the 
quantity of particles conveyed from an infective source to a vulnerable 
individual and evaluate the efficiency of the desktop fan in mitigating 
the spread of exhaled airborne particles using these three parameters. 

Each simulation had a duration of 6 s, and the emitter person 
consistently released a total of 10,000 particles per second with the 
previously stated size distribution. Unless explicitly specified, all pa
rameters remained identical throughout the analysis as for the previous 
simulation. 

3.4.1. Height 
The device’s height above the table is crucial to its performance. 

Specifically, aligning the device’s height with the mouth and nose of the 
user can enhance its efficiency. However, it’s important to note that 
opting for a lower height can have advantages, such as minimizing 
interference with eye contact and improving social interaction among 
individuals seated at the table. This consideration aligns with the pro
ject’s design constraints, prioritizing practical acceptability in social 
contexts. Nevertheless, according to Fig. 7a, increasing a (lowering the 
height of the desktop fan from the mouth tangential level) generates a 
dramatic increase in the number of particles reaching the susceptible 
recipient. This figure further shows that the fan efficiency remains un
varied from a = 0 to a = 0.15 m. The efficiency experiences a significant 
decline when a increases. In particular, for finer particles (<1 μm), the 
efficiency drops to approximately 31%. The fan’s capability to redirect 
particles diminishes due to alterations in local airflow dynamics and a 
diminished impact on particles suspended at higher levels. 

3.4.2. Axial deviation 
As the axial deviation increased from zero to 0.3 m, it became 

evident that the presence of the fan maintained its effectiveness for 
particles smaller than 1 μm, exhibiting an efficiency exceeding 90% for 
this particle size range. However, this efficacy diminished notably for 
larger particles, particularly those with an optical mean diameter of 
1.92 μm, where the efficiency dropped to less than 30% and even more 
for larger particles (Fig. 7b). The decline in efficiency with increasing 
axial deviation, particularly for larger particles, can be ascribed to the 
modified airflow patterns caused by the deviation. As axial deviation 
rises, the fan’s airflow loses effectiveness on the particle route, making it 
less able to redirect larger particles. We can explain this effect because 
larger particles possess greater inertia, making them less susceptible to 
the altered and less coherent airflow patterns caused by increased 
deviation. 

3.4.3. Fan airflow 
We explored a range of fan speeds to examine the effect of fan airflow 

on the desktop fan’s effectiveness in reducing the number of particles 
produced by an infected individual from entering the respiratory area of 
a susceptible person. Reducing the fan velocity corresponds to an in
crease of transmitted particles. Remarkably, at a velocity of 3 m/s, near 
100% efficiency is achieved by the desktop fan, whereas this efficiency 
declines to 37% at a velocity of 1.5 m/s, as depicted in Fig. 7c. This 
decrement in efficiency is markedly accentuated for a particle size <1.5 
μm, whereas the fan airflow effect in the coarser size range remains 
comparatively unaltered. 

These findings result from the complex interaction between fan- 
generated airflow, particle inertia, and the fan’s operating height. 
When fan velocity decreases, its ability to capture and disperse particles 
diminishes, particularly affecting smaller particles more influenced by 
viscosity than inertia. 

Fig. 6. Comparison of particle counts between the two testing modes (with and without the V-shaped air blades, operation over the 300 s test duration). Graph a) 
shows experimental results while b) the CFD results. In c) is reported the comparison of the efficiency of the V-shaped air blades between the experimental and 
CFD results. 
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4. Conclusion 

We studied a cheap, portable desktop fan capable of reducing the 
proximity risk of contagion without cleaning the air or using outdoor air. 
The device generates a 90◦ V-shaped air blades, which acts as a barrier 
that can deviate and contain a potentially infected respiratory cloud, 
thus protecting susceptible occupants against direct exposure to 
airborne pathogens. The experiments used a mannequin head connected 
to a liquid aerosol generator on one side of a small table An optical 
particle sizer provided the particle size distribution that could reach the 
inhalation zone of a susceptible person. The CFD simulation reproduced 
the experimental geometry using the Eulerian-Lagrangian model. The 
values of device performance metric derived from the experimental data 
and from the numerical simulations showed a good agreement. More
over, a parametrical analysis investigated the desktop fan’s effectiveness 
range, using the CFD model. 

The key findings are.  

- according to the experimental data, the V-shaped air blades can 
reduce the close transmission of infective airborne particles by up to 
84%.  

- the CFD model showed that the V-shaped air blades induces a 
reversal flow in the susceptible subject respiratory zone, which may 
change the direction of particles and return them with low 
momentum.  

- According to parametric analysis, the V-shaped air blades exhibited a 
100% efficiency in the range of mouth tangent to − 0.15 m height, 
0.1 m axial deviation, and velocities exceeding 2 m/s in mitigating 
the dispersion of exhaled airborne particles. Furthermore, its effec
tiveness remained above 30% even at a height of − 0.3 m, an axial 
deviation of 0.3 m, and velocities exceeding 1.5 m/s. 

We examined the proposed device’s effectiveness and efficiency as 
an innovative concept. The device demonstrated its effectiveness on 
direct exposure (“short-distance”). At the same time, the volumetric one 
(often called “long-distance”) should be reduced by ventilation or air 
cleaning. 

This work focused on the short-range effect of the innovative device 
in a single table scenario. The experimental setting was limited to a 
small volume with one table and focused on the local scale, excluding 
the accumulation of particles in the background. The CFD simulations 
were also limited to the same scope and some simplifications have been 
adopted to reduce computational time and to enable a parametrical 
study. The adopted assumptions were suitable for the assessment of the 
efficiency of the device. The results encourage to deepen the study of this 
device, increasing the details and considering number and size of 
inhaled particles. Future studies will also analyze larger rooms, multiple 
tables, concentration of aerosol in the indoor volume and the effect of 
dilution by ventilation and air cleaning for a longer duration. 
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